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Victor Blanco: un legado permanente

Victor puso su impronta en CTIO desde el comienzo - liderazeguotifico junto a un
gran respeto por Chile y por su gente. Su comprension de Aaédel Sur, Central
y del Norte - fue tanto intelectual como pragmatica. Estduymaa comprension, com-
binada con su natural humanidad y sus dotes de lider, hic@égcél un ser humano
respetado y muy querido por todos los que tuvimos la suerterdglo como Director
de CTIO durante 14 afios, particularmente durante los tismpbticamente sensibles
de Chile, al comienzo de los afios setenta. Mucho se ha eschte la enorme influen-
cia de Victor en el desarrollo de la astronomia en Chile eddaadas de los sesenta,
setenta y ochenta.

Sin embargo, creemos que le hubiera gustado ver su legadimed:fel rol signi-
ficativo que CTIO y el telescopio Victor Blanco han tenido es lecientes descubri-
mientos que cambiaron nuestra comprension del Universardyecto que establecid
la calibracion de las supernovas como indicadores exaetdssthncia, el relevamien-
to Calan/Tololo, se sirvié de una variedad de telescopiosteumentos disponibles en
CTIO, muchos de los cuales Victor contribuy6 a desarrdflaro quizas, lo mas impor-
tante, es que el éxito del proyecto produjo, como conseaueiertes lazos entre los
astronomos chilenos y el Observatorio, lazos que Victoardeld y cultivd mientras
fue su Director. Sin duda alguna, este trabajo contribuygran medida al descubri-
miento de la aceleracién del Universo, usando el telescdjmitor Blanco, lo cual fue
recientemente reconocido con el premio Nobel de Fisica dl&.20

Es asi que sus aportes contindian siendo la piedra angularedganblisqueda de
un mejor entendimiento de este Universo nuestro que, comadtzemos, esta domi-
nado por la energia oscura. El telescopio Victor Blanco e&stéste momento siendo
modificado para permitir la instalacion de la “Camara de glaeDscura” de gran cam-
po (DECam), con lo cual este telecopio pasara nuevamengeceejin rol de liderazgo
mundial. DECam se erigirda como el nucleo de las potencidisiae CTIO en los afos
venideros, ya que se proyecta como el primer paso para adanén la proxima década
de “grandes cantidades de datos” con LSST. Las contribeside Victor no pertene-
cen sélo al pasado sino que se palpan en el presente y sanradia el futuro.

¢,Coémo logrd Victor un impacto tan duradero? Simplementgueofue él quien
lideré el establecimiento de CTIO como un sélido hito preour nivel mundial, tanto
en sus logros técnicos como en su cultura de trabajo conjemau orgullo por la tarea
bien realizada. Esa fuerza de liderazgo, unida a una enbtaraatitud paternal hacia
su gente, es la que forjé el ambiente de gran familia que jeevdasta hoy en CTIO.
Sin embargo, sus aportes van mas alla de los limites del @ltsgo. Su participacion
activa dentro de la comunidad chilena hizo de CTIO un icorm iqpactd y sigue
impactando a generaciones de nifios chilenos a quienes s¢rami@s maravillas de la
astronomia en forma directa o indirectamente a través, jporpdo, de su Seminario-
Escuela, de visitas a Tololo o del trabajo de concientizasidbre la importancia de
éste en la exploracion del Universo.

Trasponiendo las fronteras de Chile, su influencia en larstnia se expandio por
el mundo, ya que Victor atrajo a jévenes astronomos a tnadajéololo, muchos de los
cuales son hoy reconocidos lideres internacionales ertiestzia. Victor le imprimio
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significado al caracter “Interamericano” de CTIO, tal comd&n manifestado otros
autores en este mismo volumen.

El legado permanente de Victor Blanco, materializado erO30mo institucion,
y su influencia en quienes estuvieron en contacto con éliagyest un tributo perdu-
rable al hombre que fue el motor y el alma del Observatorio.

Chris Smith Malcolm Smith
Director de CTIO, 2008-presente Director de CTIO, 1993300
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Victor Blanco: a Continuing Legacy

Victor set the tone for CTIO from the outset - scientific lei@thgp together with respect
for Chile and its people. His understanding of America - 8p@entral and North

- was both intellectual and pragmatic. That, combined withHumanity and natural
leadership, made him a respected and much loved human lding) we were lucky to

have as director at CTIO for 14 years - particularly duringpolitically sensitive times
in Chile in the early 1970s. Much has already been writteruabictor’s enormous

influence on the development of astronomy in Chile in the $980s and 80s.

However, we believe he would also have enjoyed seeing hisntang legacy:
the significant role that CTIO and the Victor Blanco telesebpve played in the recent
discoveries that have changed our understanding of ourets@v The project that es-
tablished the calibration of supernovae as precise distantlicators, the Calan/Tololo
Survey, used the broad array of telescopes and instrurm@néafailable at CTIO, many
of which Victor had a hand in developing. But perhaps moreartgntly, the success
of the project grew out of the strong ties between the Obsemvand Chilean as-
tronomers, ties which Victor developed and nourished wdliitector. Of course, this
work supported the discovery of the accelerating univens@g the Victor Blanco
telescope, which was recently recognized with the 2011 Nebee for Physics.

Indeed, his contributions continue to be the cornerstormupfjuest to better un-
derstand this Universe we now know to be dominated by darkggneThe Victor
Blanco telescope is now being modified for the installatiérihe wide-field Dark-
Energy Camera (DECam), taking the telescope again into ElWeadership role. DE-
Cam will be at the heart of CTIO’s capabilities for well intietcoming decade, even as
it provides the stepping stone into the following decadelnad ‘data” with LSST. Vic-
tor's contributions are not just of the past, but are also $e¢he present, and continue
well into the future.

How did he achieve this lasting impact? It was Victor's laatig that set CTIO
on a solid course as a world-leading facility, both in itshigical achievements and
its culture of close teamwork and pride in the work that iselomhat leadership was
combined with a father-like quality for the staff, which figrestablished the familial
atmosphere that persists to this day at CTIO. Neverthehésgontributions went far
beyond the boundaries of the Observatory. His active faation in the Chilean com-
munity established CTIO as a Chilean icon, impacting geiters of Chilean children
with the wonders of astronomy either directly, for exampietigh his work with the
Seminary School, or indirectly through visits to Tololo aisf a cultural conscious-
ness of Tololo’s role in exploring the universe. Beyond €hlilis impact on astronomy
spread as the young astronomers that he brought to Tololorioand grow eventually
spread out across the world, many becoming recognizechattenal leaders. Victor
gave meaning to the “Inter-American” nature of CTIO, as heerbrecognized in other
contributions in this volume. Victor's continuing legady, the form of CTIO as an
institution and the people he touched, is a lasting tribatdhé man who provided the
heart and soul for the observatory.

Chris Smith Malcolm Smith
CTIO Director, 2008-present CTIO Director 1993-2003
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Prefacio

El presente Boletin de la Asociacion Argentina de Astroroitdva el nimero 54
(BAAA54) e incluye buena parte de los trabajos expuestosoand oral y/o mural
en la Primera Reunién Binacional de Astronomia, llevadaba canjuntamente entre
la Asaciacion Argentina de Astronomia (AAA) y la Sociedadl|@ia de Astronomia
(SOCHIAS), durante los dias 3 a 7 de octubre del afio 2011 .aDietnion, realizada
a la memoria del Dr. Victor M. Blanco (1918-2011), tuvo lugaincipalmente en el
Centro de Convenciones de la ciudad de San Juan (Argendiltalnas sesiones para-
lelas se desarrollaron en el salén de actos del Institutoneeglia Eléctrica (IEE) de la
Universidad Nacional de San Juan (UNSJ), ubicado a sélo ukdras del Centro de
Convenciones. Las exposiciones murales fueron exhibiglate todo el evento en el
Centro Cultural Amadeo Contegrand, a s6lo 40 m del Centroatwéhciones.

La reunién conto con un total de 290 participantes provéesede Argentina, Chi-
le y otros paises. La organizacion de la reunién estuvo & cilgnstituto de Ciencias
Astronémicas de la Tierra 'y del Espacio (ICATE) y cont6 coawspicio del Gobierno
y de la UNSJ, del Consejo Nacional de Investigaciones Gieasiy Técnicas (CONI-
CET), del Fondo para la Investigacién Cientifica y TecnaagFONCYT), de la AAA
y la SOCHIAS, del Fondo para el Avance de la Ciencia AstrocaniFUPACA) y de
la empresa BARRICK. Se expusieron 9 conferencias invitgdastotal de 61 comu-
nicaciones orales, en tanto que 95 contribuciones fuerpnestas en forma de panel.
En el transcurso de la reunion se entrego el Premio José sic®eDr. Hugo Levato.

El presente ejemplar incluye los conceptos mas importaietéss exposiciones de
8 de los 9 conferencistas invitados. Incluye, ademas, anexto en forma resumida, la
mayoria de las comunicaciones orales y murales. Lameniable, algunos trabajos
no han podido ver la luz en el presente volumen por no habemd&bidamente remiti-
dos por los autores o bien por no haber satisfecho, segunni@ome los respectivos
evaluadores, los requisitos necesarios para su publicacio

Con la intencién de asegurar la calidad del presente Botetias las contribucio-
nes incluidas en este volumen han sido sometidas a un rgeistema de referato por
parte de reconocidos expertos del pais y del extranjero.oElit€ Editorial siente el
deber de expresar su sincero reconocimiento a todos logasoipiienes desinteresada-
mente, con responsabilidad e idoneidad, brindaron su amolas tareas de revision de
los trabajos sometidos al BAAA54. En este contexto, agexdes particularmente a
los colegas argentinos: Dres. Alejandro Corsico, Horaatiddi, Lydia Cidale, Gloria
Dubner, Daniel Carpintero, Mercedes Gomez, Cristina Mandtésar Bertucci, Hugo
Levato, Rubén J. Diaz, Andrea Costa, Mario G. Abadi, Jor@oRzalez, Analia Smith
Castelli, Leandro Althaus, Cristina Cappa, Lilia BassiBergio Cellone, Rubén Vaz-
guez, Sofia Cora, Pablo Cincotta, Gustavo Romero, Maridgtd)dPablo Recabarren,
Elsa Giacani, Guillermo Bosch, Hernan Muriel, Esteban afarnesto Eiroa y Daniel
Gbmez.

Agradecemos también a los siguientes colegas extranjeemgemtinos que re-
siden en el exterior: Dres. Eduardo Bica (Brasil), Charlesdto (Brasil), Leonardo
Bronfman (Chile), Néstor Sanchez (Espafia), Felipe Bao&fChile), José A. Garcia
Barreto (Espafia), Pedro L. Luque-Escamilla (Espafia), idduidardy (Chile), Ma-
tias Gomez (Chile), J. Alves (Austria), Susana Lizano (MeéyiLuis Carrasco (Méxi-
o), Isaura Fuentes-Carrera (Espafia), Monica Rubio (Cleerto Rodriguez-Ardila
(Brasil) Emilio Alfaro (Espafia), Nelson Padilla (Chile)yis Campusano (Chile), Marc
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Balcells (Espafa), Carlos Allende Prieto (Espafia), Esgar&arrasco (México), Lu-
ciano Fraga (Chile), Laura Sales (Alemania), Doug Gei€il€), Julio Navarro (Ca-
nada), Matias Zaldarriaga (Espafa), Nidia Morrell (ChiMaria T. Ruiz (Chile), An-
tonio J. Delgado (Espafa), Manuela Zoccali (Chile), Midglievez (México), Gustavo
Bruzual (Venezuela), Heinz Andernach (México), José A. aig® Onsurbe (México),
Rolando Dunner (Chile), Jim Hesser (Canadd), AlejandrcaREtgxico), Patricio Ro-
jo (Chile), Marcio Catelan (Chile), Abhijit Saha (Estadositlbs), Joao F. C. Santos
Jr. (Brasil), Jesus Maiz Apéllaniz (Espafia), Alberto Qaif@na (México), Leo Vanzi
(Chile), Ezequiel Treister (Chile), Margaret Hanson (BetaUnidos), Margarita Rosa-
do (México), Guillermo Torres (Estados Unidos), Zulemadiam (Brasil) y Manolis
Plionis (México).

En el transcurso de la reunién celebramos el quincuagésiarbocaniversario de
la fundacioén de la Asociacion Argentina de Astronomia, besdte que tuvo lugar en el
mes de septiembre de 1958 en el Observatorio Astronémido Aglilar (San Juan).
Como en ocasiones anteriores, esta reunion representdéagrdfiva oportunidad para
fortalecer los lazos cientificos y humanos entre colegasnérgs, habiendo consti-
tuido ademas una excelente ocasion de encuentro persdreakelegas argentinos y
chilenos. Sirva esta fructifera experiencia como muy bugecadente para concretar
en el futuro nuevas reuniones cientificas binacionale® éxgentina y Chile. Quie-
nes conformamos el Comité Editorial del BAAA54, tenemostinia conviccion de
gue esta Primera Reunion Binacional Argentino-Chilenaitia sn éxito desde todo
punto de vista. Prueba de ello es el presente ejemplar, elnaliaye contribuciones
especiales de reconocidos astronomos de uno y otro pais.

Resulta en verdad muy grato poder destacar la magnifica dareaganizacion
desplegada por el Comité Organizador Local, el cual estuegiado por: Maria Sol
Alonso, Georgina Coldwell, Ana Collado, Monica Grosso, AgsdJordan (represen-
tante de la SOCHIAS), Hugo Levato (Presidente); Stella kéala, Hernan Muriel (re-
presentante de la Comisién Directiva de la AAA), Natalia Blakna Mejivas, Natalia
Nufiez y Maria Eugenia Veramendi.

La reunién conté ademas con un Comité Cientifico de Organizgresidido por
los Dres. Paula Benaglia y Rodolfo Barba y conformado pobles. Cristian Beaugé,
Sofia Cora, Gloria Dubner, Simén Casassus, Doug Geislepdldo Infante, Andrés
Jordan y René Rohrmann.

El Comité Editorial se complace en expresar su agradecimetodos los cole-
gas quienes de una u otra manera, con su esfuerzo y dedichici@non posible que
esta reunion resultara un éxito. Agradecemos a las inistites auspiciantes y, muy
especialmente, al CONICET y al FONCYT, sin cuya ayuda ecacebrsta reunion
no hubiera podido ser realizada. Nuestro reconocimientm @niversidad Nacional
de Cérdoba y a la Facultad de Ciencias Astrondmicas y Geaéisle la Universidad
Nacional de La Plata por haber aportado fondos que peronitiarasistencia de un im-
portante nimero de estudiantes de ambas universidadesmEirte y, como ha venido
ocurriendo en las dos ediciones anteriores del BAAA, el @érditorial agradece
sinceramente al Ing. Simon Anun del Observatorio Astroonte Cérdoba por la
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muy valiosa colaboraron brindada a este Comité durantedbpl@ceso de edicion del
BAAAS54.

Juan J. Claria Paula Benaglia Rodolfo Barba
Editor Jefe Editora Invitada Editor Invitado
Andrés E. Piatti Federico Bareilles

Secretario Editorial Técnico Editorial
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Estudios de clima espacial basados en observaciones sosare
histdricas: recientes progresos y perspectivas

J .M. Vaquerd

(1) Departamento de Fisica, Centro Universitario de Méritmiversidad de
Extremadura, Espafia

Abstract. During the last decades, an effort has been made to imprave th
sunspot number time-series, one of the more useful dataisepéce climate
studies, using historical solar observations. Moreovet, anly the sunspot
number can be studied using these early solar records. @thalast years,
historical sources (i.e., sunspot drawings and solar sagieasurements) have
been also used to study the space climate. Here, | review sereat progress
on these issues. In a hand, there are some periods with vegufespot records
and sunspot numbers are not so reliable in these intervdlscuss the quality
of sunspot records during these interesting periods: (a)48645, (b) 1721
1761, and (c) 1779-1795. On the other hand, | discuss ttebildly of early
sunspot drawings, sunspot position data, and solar diardeterminations to
study long-term variations in our Sun. Finally, some infatimn on histori-
cal documents from Argentina and Chile related with spaoeate are sum-
marised.

Resumen. Durante las Ultimas décadas, se ha realizado un esfueraargar

jorar la serie temporal del nimero de manchas solares, ulus denjuntos de

datos mas utiles para los estudios del clima espacial, asatyebrvaciones his-
toricas. Sin embargo, no solo el numero de manchas solaesie mstudiarse
usandos estos datos solares historicos. Durante los 8ltafios, fuentes his-
toricas (como dibujos de manchas solares y medidas del satho) han sido

también usadas en los estudios del clima espacial. Aqusarévalgunos pro-

gresos recientes en estos estudios. Por un lado, hay algariodos con muy

pocos registros de manchas y los nimeros de manchas saleses tan preci-

sos en estos intervalos. Discuto la calidad de los regidtrante estos periodos
interesantes: (a) 1610-1645, (b) 1721-1761y (c) 1779-F&%otro lado, dis-

cuto la fiabilidad de antiguos dibujos de manchas solarégss dke posicion de

manchas solares y determinaciones del diametro solar gtaidiar las variacio-

nes a largo plazo de nuestro Sol. Finalmente, se resumemsalgiformaciones

sobre documentos histéricos chilenos y argentinos reladies con el clima

espacial.
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1. Introduccién

El concepto de “meteorologia espacial” se generalizd eedadh de los noventa del
siglo pasado. Por analogia, el concepto de “clima espasgdfia desarrollado también
durante los ultimos afios (Usoskin, 2008). Se han identificddramente tres tareas
principales para esta rama de las ciencias del espacio.iferpugar, necesitamos
comprender mejor la variabilidad solar, especialmentegolalazo e incluyendo los
eventos extremos. En segundo lugar, también necesitamgzender mejor las com-
plicadas interrelaciones entre el Sol, la heliosfera y ifessehteproxiesde la actividad
solar a largo plazo. En tercer lugar, necesitamos comprenejer el efecto a largo pla-
zo de la variabilidad solar sobre el entorno cercano a ladiespecialmente sobre el

clima global (Mursula et al., 2004).

—

/ Datos de fuentes documentales para la \
reconstruccion de la actividad solar

Directos Indirectos
Telescopicas A
Manchas X | latitudes
. Auroras ha
Solares A simple vista ajas
Corona Solar Datos
" Eclipses S
P Manchas geomagnéticos

Radia Solar
Otros =
Area de manchas

Otros

Figura 1. Esquema de los diferentes datos histéricos queepuser utilizados

para el estudio del clima espacial.

La reconstruccion de la actividad solar tiene por objetedt largas series tem-
porales de indices relacionados con el comportamientoalel 8s estudios han trata-
do este problema desde dos puntos de vista: usando datoaelttales y usando datos
proxy. Las fuentes documentales nos proporcionan observaditeh&ol (o relaciona-
das con él) mientras que los dafmexy nos proporcionan series de archivos naturales
gue estan relacionadas con la actividad solar tales comspeker de los anillos de
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los &rboles o las concentraciones de ciertos is6toposctadis. Evidentemente, cada
tipo tiene sus ventajas y desventajas. Los dptogy nos proporcionan series largas y
homogéneas (Usoskin et al., 2003a; Solanki et al., 2004).

Sin embargo, los datos documentales tienen una resoluemporal mayor vy,
ciertamente, muestran una relacién directa con algunaectspdel comportamiento
de nuestro Sol. El caso mas evidente es el del nUmero de nsasclaaes observadas
con un telescopio en luz blanca cuyos primeros registromsentan al afio 1609. Aun-
gue éste sea un ejemplo muy llamativo, existe un amplio raegoeosibilidades para
reconstruir la actividad solar a partir de documentos (féidy). Una revision reciente
de este tipo de datos puede consultarse en Vaquero y Vazpes) (

0g
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taunder
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Mediewval minimo deF

n7
05 Spdrer -
minirmo

de
05 Rt Dalton
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Numero de manchas
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03 Cort

0z

"

i
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aho

Figura 2.  Evolucién del nimero de manchas solares obsenadanple vista
(media movil de 50 afios) usando los datos compilados porevacgi al. (2002).

Dos de los ejemplos mas llamativos son las observacionesadehas solares
realizadas a simple vista, especialmente por astrononmioss;ldurante los ultimos 22
siglos (Nagovitsyn, 2001; Vaquero et al., 2002; ver Figyrs & serie del nimero de
noches en las que se observaron auroras boreales duratit@elniilenio (Silverman,
1995). Vaquero y Vazquez (2009) han mostrado que los grandgsnos y minimos
seculares de la actividad solar mostrados con estas dotesukistoricas coinciden
con los obtenidos con datos de is6topos (Usoskin et al.,)20@7obstante, los datos
histéricos deben ser interpretados cuidadosamente.

2. Elndmero de manchas solares

La serie temporal del nimero de manchas solares es protmiikenma de las mas fa-
mosas de la historia de la ciencia. Las primeras definicideésimero de manchas
solares se deben a Rudolf Wolf quien, en el siglo XIX, mezeltndnera magistral dos
cantidades observables con un pequefio telescopio: el aldeegrupos de manchas
solares y el nimero total de manchas individuales. El nUme/olf, también llama-

do numero internacional de manchas solares y numero de amsolares de Zirich,
ha sido mantenido por los sucesores de Wolf (Waldmeier,;16Kinnon, 1986; Van-
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lommel et al., 2004) y actualmente es mantenido por el “Sofarences Data Analysis
Center” (Clette et al., 2007; Clette, 2011).
200
180
160
140
120
100
80
60
40
20 y {1
0 - | | . |

1600 1650 1700 1750 1800 1850 1900 1950 2000

Afio

—— Mimero de grupos de manchas solares
—=— Mlmero internacional de manchas solares

Numero de manchas solares

Figura3. Evolucién de las dos versiones del nUmero de marschares.

A finales del siglo XX fue definido el nimero de grupos de mascwdares por
Hoyt y Schatten (1998) con la intencion de hacer un indiceamemdoso y mas au-
toconsistente. Para ello, la base de datos histérica dehaarsolares fue revisada y
ampliada notablemente. No obstante, hay algunos periooiodedlos valores origi-
nales de la serie desarrollada por Hoyt y Schatten (1998psoa fiables debido al
escaso numero de observaciones registradas. La serieasstZompleta de registros
diarios desde 1800 hasta 1995 y desde 1645 hasta 1727. Samgembay muy pocas
observaciones durante el periodo previo al Minimo de Mau(ii0-1644) y durante
gran parte del siglo XVIII (desde 1728 hasta 1799). Incluap &fhos en los que no
hay ninguna observacioén disponible (1636, 1637, 1641, 17445 y 1747). Por ello,
algunos autores han intentado mejorar esta serie intemtafidnar los huecos (Letfus,
1999) o desarrollando métodos estadisticos para estintalittad de la serie y pro-
porcionar valores mejores aln cuando el nUmero de obsenecisea muy pequefio
(Usoskin et al., 2003b; Vaquero et al., 2012).

Otra posibilidad mucho mas interesante es encontrar adasenes historicas de
manchas solares que no han sido utilizadas hasta ahoraerda@004), por ejemplo,
encontré un comentario del astronomo mexicano J. A. Alzag¢eagyudd a conocer me-
jor la actividad solar en el afio 1784. Aun mas llamativo esagldjo de Vaquero et al.
(2011) que ha cambiado completamente el paradigma de comizigeel Minimo de
Maunder. Hasta este trabajo, se pensaba que la transiciéctidielad solar normal al
estado de gran minimo era muy abrupta, tal como se veia endalseHoyt y Schatten
alrededor del periodo 1635-1645. Sin embargo, Vaquero &QGid1) mostraron que la
actividad solar de estos afios estaba muy mal caracteridguatir de antiguas obser-
vaciones del astrénomo G. Marcgraf ahora localizadas (gger& 4 como ejemplo) y
haciendo una revision de todas las observaciones consegnida base de datos de Hoyt
y Schatten (1998), Vaquero et al. (2011) han mostrado quaraition al Minimo de
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—

Figura 4. Ejemplo de los dibujos de manchas solares hechddgregraf. Este
dibujo muestra las manchas solares desde el 21 hasta el Zptientbre de 1637.

Maunder fue menos brusca de lo que pensabamos y que los tssstitares previos
al gran minimo tuvieron amplitudes muy pequefas.

3. Laposicién de manchas solares

La posicion de las manchas solares es un parametro importantos estudios del
comportamiento del Sol a largo plazo. Podemos estudiardla&én a largo plazo de
la rotacion solar, la asimetria entre los dos hemisferas)dngitudes activas del Sol
y otras cuestiones de interés gracias a las posiciones dealashas solares. Hoy en
dia, disponemos de una interesante coleccion de datos id@pes de machas solares
en el siglo XVIII gracias a los trabajos de R. Arlt (2008, 2p@@ien digitalizé los
dibujos de manchas solares originales de J.C. Staudacharpamiodo 1749-1796,
evalué su utilidad para la determinacion de las posicioedagimanchas y construyo
un diagrama de mariposa para la segunda mitad del siglo XMlldigitalizacion y
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andlisis de los dibujos antiguos es una tarea muy pesadall®oCristo et al. (2011)
disefiaron el programa “HSunspots” y determinaron la paside las manchas solares
observadas por L. Zucconi desde Abril de 1754 hasta Juni@@@ (Figura 5).

Aralysis | Viewing ¢ Edting | Tracking | Statistics

Author:
L. Zuccoi Load Sunspat Image
N
Location \ :
Hare: Coordinates
enice [ w e ~|f3 | 0 =
12 =2 =| e =] [E =
Date anc Hewr [IT}
Date: Hour
[a0/0411734 -l [i2 =]:fo0 =] :fm - Hew
Solar E pheresis - £
po: LD P Diameter
39722 1848773 -24 5364 05267
Groups Sunspoty
Opertions
Idenificatcr |centiicator " Ry hite Hiely
—
Mew Group = -

Figura5. Pantalla principal del programa HSunspots paemélisis de dibujos
histéricos de manchas solares (Cristo et al., 2011).

Pese a estos esfuerzos recientes, el conjunto de datos adlasaimslos estudios es
el del Royal Greenwich Observatory (RGO). Este obsen@ioimpilé observaciones
de una pequefia red desde Mayo de 1874 hasta 1976, cuando & E@dk (USAF)
tomo el relevo en esta tarea. No obstante, existen algumpgntos de observaciones
previas al programa de observaciones del RGO. Entre elldsnpos citar a grandes
observadores solares como Soemmering, Carrington, P8taerer, de la Rue, etc.

Algunos de estos conjuntos de datos han sido utilizadosdedeaminar la evolu-
cion de la rotacion solar. Balthasar et al. (1986) mostraonlos datos del RGO son
de gran interés para determinar la rotacion diferenciaBoédurante el largo periodo
de observaciones que cubre completamente (1874-197&h&ABajo et al. (2010)
utilizaron los datos proporcionados por Peters para estlalrotacion diferencial en el
periodo 1847-1849.

4. Medidas histéricas del radio solar

Hoy en dia, sigue siendo materia de debate si las variacitmieadio solar estan corre-
lacionadas con el ciclo solar. Toulmonde (1997), Pap e2@0X) y Rozelot (2001) han
recopilado observaciones histdricas del radio solar de88@. Desde el siglo XVIIl, el

valor del radio solar rpidamente converge a su valor adRilbés et al. (1987) sugirié
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la existencia de un radio solar mayor durante el Minimo derieau Lo cierto es que
hay un conjunto histérico de datos del radio solar que alnansido examinado con
detalle.

Pianve neiia Ousen Mpordve s & Fermgins

Figura 6.  Antiguos grabados mostrando la planta y una petigspale la linea
meridiana del templo de San Petronio en Bolonia (ltalia).

Durante los siglos XVII'y XVIII, las lineas meridianas de leatedrales de Bo-
lonia, Roma, Florencia y Paris fueron utilizadas como geanabservatorios solares
(Heilbron, 1999). El mas antiguo de estos observatoriod de éa Catedral de San
Petronio en Bolonia (Figura 6). Durante ochenta afios (16B36), algunos cientificos
y clérigos observaron el Sol casi initerrumpidamente helsamas de 300 paginas del
registro publicado por Eustachio Manfredi (1736). Cadaaelat contiene el diametro
aparente del Sol, aparte de otros datos. Vaquero y Vazq0eg)2ser la Figura 5.10 de
la pagina 227, compilaron todas las medidas del radio sataninutos de arco, hechas
en San Petronio. La serie temporal es muy ruidosa y no esdidigher un resultado
concluyente, por lo que este conjunto de datos requierenvratigacion exhaustiva.
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5. Clima espacial y documentos histéricos chilenos y argenbs

En general, los documentos histéricos generados en Anlétaza que estan relacio-
nados con el clima espacial no han sido ni explorados nrzatibs hasta ahora. Un
ejemplo claro de esta infrautilizacion se plasma en la ldekalbibliografia del tra-
bajo de reconstruccion del nimero de grupos de manchagsdiacho por Hoyt y
Schatten (1998). El Unico registro latino-americano quesemtan es la coleccion de
observaciones del Sol realizadas en el Observatorio deaRtsismica de San Miguel
de Argentina. Ademas, indican que la serie temporal que é@opilado no esta com-
pleta y tiene huecos debido a que no han conseguido loc#izanleccion completa
de datos publicados por este Observatorio. Por lo tantalaque interesante trabajo de
recuperacion de observaciones realizadas en obsenglatiimoamericanos. Un avan-
ce de esta labor, usando archivos mexicanos, fue hecha goeiay Moreno-Corral
(2008).

La recuperacion y el andlisis de este tipo de documentomtatiericanos en ge-
neral, y de Chile y Argentina en particular, es una tarea euéaesta todo por hacer.
Como un ejemplo de lo que podemos encontrar, citaremodetidale J. L. y A. B. Ni-
colini titulado “Las Manchas Solares y su Prevision a Larggz®' que fue publicado
en Buenos Aires en 1921. En él podemos comprobar como astosnaficionados han
realizado observaciones de interés.

Por Gltimo, me gustaria resaltar que la primera aurorataluggistrada y datada
con precision fue observada en Chile en 1640. Willis et 0092 han demostrado
que existen varios documentos relacionados con las mgsieseiticas en Chile que
describen auroras australes entre el comienzo de Febrérinalede Abril de 1640,
probablemente asociadas a actividad geomagnética retaurtea Figura 7 muestra un
grabado que muestra una “batalla en el aire” (una descrigfiica de la aurora en
Europa y otras partes del mundo en esa época) incluida ebrardk Alonso de Ovalle,
SJ, titulado “Historica Relacion del Reyno de Chile” puatio en Roma en la imprenta
de Francisco Caballo en 1646.
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12 J. M. vVaquero

Hoyt, D.V., Schatten, K.H. 1998, Solar Phys. 179, 189.
Letfus, V. 1999, Solar Phys. 184, 201.

Manfredi, E. 1736, De Gnomone Meridiano Bononiensi ad Deirénii, Bononiae, Laeli a
Vulpa.

McKinnon, J.A. 1986, Sunspot Numbers 1610-1985, Report {38GNDC-A, Boulder.
Mursula, K., Usoskin, I.G., Cliver, E. 2004, Solar Phys.422.

Nagovitsyn, Yu. A. 2001, Geomagnetism and Aeronomy, 41, 680

Pap, J., Rozelot, J.P., Godier, S., Varadi, F. 2001, Astkstrophys., 372, 1005.

Ribes, E., Ribes, J.C., Barthalot, R. 1987, Nature, 330, 629

Rozelot, J.P. 2001, J. Atmos. Terr. Phys., 63, 375.

Sanchez-Bajo, F., Vaquero, J.M., Gallego, M.C. 2010, Sekeys., 261, 1.

Silverman, S. M. 1992, Reviews of Geophysics, 30, 333.

Solanki, S.K., Usoskin, I.G., Kromer, B., Schussler, M.eBe. 2004, Nature, 431, 1084.
Toulmonde, M. 1997, Astron. Astrophys., 325, 1174.

Usoskin, I.G., Solanki, S.K., Schussler, M., Mursula, Klarko, K. 2003a, Physical Review
Letters, 91, 211101.

Usoskin, I.G., Mursula, K., Kovaltsov, G.A. 2003b, SolaryBh 218, 295.
Usoskin, I.G., Solanki, S.K., Kovaltsov, G. A. 2007, A&A, 4,7301.
Usoskin, I.G. 2008, Living Rev. Solar Phys., 5, 3.

Vanlommel, P., Cugnon, P., van der Linden, R.A.M., Berghspdh, Clette, F. 2004, Solar
Phys., 224, 113.

Vaquero, J.M., Gallego, M. C., Garcia, J. A. 2002, GRL, 297.9

Vaquero, J.M. 2004, Solar Phys., 219, 379.

Vaquero, J.M. 2007, Adv. Spa. Res., 40, 929.

Vaquero, J.M., Moreno-Corral, M.A. 2008, Geofisica Intgional, 47, 189.

Vaquero, J.M., Vazquez, M. 2009, The Sun Recorded ThrougtoH), Springer.

Vaquero, J.M., Gallego, M.C., Usoskin, I.G., KovaltsovAG2011, ApJ, 731, L24.

Vaquero, J. M., Trigo, R.M., Gallego, M.C. 2012, Solar Pldai:10.1007/s11207-011-9901-8

Waldmeier, M. 1961, The Sunspot Activity in the Years 161954, Schulthess and Company
AG, Zurich.

Willis, D.M., Vaquero, J.M., Stephenson, F.R. 2009, Antmy & Geophysics, 50(5), 20.



Asociacion Argentina de Astronomia
BAAA, Vol. 54, 2011
J.J. Claria, P. Benaglia, R. Barba, A.E. Piatti & F.A. Balet, eds.

PRESENTACION MURAL

Exploracién del modelo coronal MHD de Uchida
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Abstract. We present an analysis of the MHD model of an isothermal solar
corona with radially symmetrical magnetic field and gravifiiie solution in the
approximation “WKB” was presented by Uchida (1968). The slaslexplored

for different coronal conditions and heights of initial pebation to study the
propagation of coronal waves and reproduce the observedathéstics of phe-
nomena such as Moreton waves. Finally we discuss the obtagselts.

Resumen. Presentamos un andlisis del modelo MHD de la corona solar iso
térmica con campo magnético de simetria radial y graveda@ solucion en

la aproximacion “WKB” fue presentada por Uchida (1968). Esmo es ex-
plorado para distintas condiciones coronales y alturaa gerturbacion inicial

a fin de estudiar la propagacion de ondas coronales y reprddsacaracte-
risticas observadas de fendbmenos tales como las ondasoMoFehalmente,
discutimos los resultados obtenidos.

1. Introduccién

Las ondas Moreton fueron descubiertas por Moreton [Mor€l®60), Moreton &
Ramsey (1960)], en observaciones cromosféricad €nSon visibles como una pertur-
bacion tipo arco, con uno o dos frentes semicirculares suwsepropagandose ambos
con la misma velocidad (casi constante, entre 500 y 2000s) en distancias entre
100 Mm y 500 Mm del origen, con duraciones tipicas de 3 a 6 rogwtribuibles al
paso de una onda por la atmésfera solar. Su origen fue asaxifadguraciones inten-
sas. Algunos trabajos indican que la perturbacion se desace medida que avanza
(Warmuth et al. 2004a, 2004b). Los frentes semicirculaeegh una extension angular
entre 60 y 120 grados. En algunos casos no son visibles pgueesie inferir su paso
por la erupcién u oscilacion de filamentos. Uchida (1968)ie&el fendbmeno como
una onda magneto-acustica del modo rapido propagandosecendna solar, la que
se refleja hacia abajo desde una cierta altura coronal y cegtefbarre la cromosfera.
Esta onda es visible en datos Hia.

2. El Modelo de Uchida

Uchida (1968) presentd una solucion para un modelo MHD deneosolar esférica
isotérmica, con un campo magnético global radial en préseiecgravedad, en la apro-

13
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ximacién “WKB” (Wentzel-Kramers-Brillouin). Las ecuacies linealizadas para un
plasma de conductividad infinita son:

3}
—p—|—d1v(p0v) =0

ot
ov 1
poat—l—gradp pg—4—(rotH0><h—|—roth><H0) = 0
dp
8t+po(a0d1VV+V g) = 0
oh

i rot(vx Hp) = 0
dondep es la densidad; es la presiong es la velocidad del sonido,es la velocidad del
fluido, H denota el campo magnético “estacionario” (promedio tealjpdr el campo
magnético de la perturbacion MHDgyes la aceleracion de la gravedad. El subindice
“0” denota cantidades en equilibrio.
A partir de estas ecuaciones, Uchida deriva las ecuaciamedasgcriben las velocidades
de las perturbaciones en coordenadas esféricas.

¢ 2 1 2 2\ 2 Q%ijg
- = — 2L %434 D
(87“) 20377 l{ (ao + VA) w 3

o (R

= K’ui,

donde:D = \/{(a% PV Wt M} — 4a2V2h, Ry = Rozp, K = kg/Ro,

A= J{(l +B2)Q2 + (212 — 4B204, B = ay/Va = Bo(Zexp {% (% - 1)} :
Q) = wRg/aoky. La velocidad de Alfvéri/, se expresa en funcion de la velocidad de

Alfvén en la base de la cororigyy comoV3 = V32 (*exp {57@ (1 - %)} :
0

Entonces, la solucion completa en el espacio de las faseprEsa como:

® = K [ pdr + ko — wt + cte, dondeu_ corresponde al modo répido de propagacion
de ondas MHD . La propagacion sélo es posible para valorgsXdd. Segun Uchida
(1968), los paquetes de onda so6lo se propagan hasta urgacalitanal dondg se anula

y son reflejados hacia alturas inferiores.

En la aproximacion WKB, la propagacion de los paquetes da®oed lleva a cabo en
trayectorias dond® — ® = cte con lo que:

- {K/(,u—kg—aw—kgk 8k9)dr+(k9+5kg)9—(w+5w)t}
9

<K/,udr—|—k99—wt>—|—cte
6w<K/8—’udr—t>+6kz9< / Mdr+9)+cte—0
Ow ok
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De donde se derivan las ecuacione® ge al seréw, dkg arbitrarios

N on , AF{(1+8) 2+
0 = K/ aked - 2/ CQA dC
2 ~2 2\ ~—2
o whe (A AP (1452 2
t——|—K/ R —dr = 2a0/1 Ap <
oL ‘S‘O‘L‘ o ‘PQQuete‘s‘d‘e‘ ‘Or‘wdo‘ . OE Frjotis \/\//
—
4 =
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Y [Radios Solares]

|
N

— I
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il

Figural. lzquierda: trayectorias de los paquetes de ongsiolas para distintos
Q. Derecha: frentes de onda obtenidos a partir de estas toaigec

3. Meétodo de calculo

Calculamos las trayectorias de los paquetes de of@agt(¢) utilizando el método de
Romberg con extremos abiertos, obteniendo valores a atterde( = R X 1073,
para( creciente hasta que se anula, a partir de donde consideramos una reflexién
especular. Obtenemos las curvas paramétricas de losdréatenda en coordenadas
polares a partir de las trayectorias de los paquetes de oaedamente calculadas, con
una resolucion temporal de= 5 seg, interpoladas con la técnitapline” . En la
Figura 1 se aprecian estas trayectorias y los frentes dealnédaidos a partir de ellas.
Determinamos las distancias recorridas por los frentesxda desde el origen y como
funcion del tiempo sobre cinco circunferencias ubicadofuaes de O, 30, 60, 90 y
120 Mm sobre la superficie solar, para distintos valoresyden un medio coronal con
temperaturd’ = 1,5 x 10K, H = 2G, go = 2,74 x 10* em/seg? y p = 3,16 x
10716 gr /em3. En la Figura 2 se muestran las distancias recorridas y lasigades
calculadas parg? = 0,5 x 1072, donde se aprecia que esas velocidades son cada vez
mayores a medida que se llega a alturas coronales mas aleagidoramos también

el comportamiento de los frentes de onda a nivel cromosf@atocando el origen de

la perturbacion a alturas entre10 y 90 Mm sobre la superficie solar, notando que las
velocidades cromosféricas aumentan al aumentar la dltura
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Figura2. Izquierda: distancias recorridas por los fredéesnda a distintas alturas
sobre la superficie solar. Derecha: velocidades de estueérpara? = 0,5x 1072

4. Conclusiones

Estimamos el valor del paramet§ = a3/V 3, en la base de la corona en el rango
2 x 1072 < B < 4 x 107!, a partir de considerar valores de velocidades de las
ondas Moreton en el rango 500 - 20B@:/seg, con duraciones entre 3 y 6 minutos.
En el caso que los frentes Moreton sean ondas de choque (Waetai. 2004b), los
valores de3? seran mayores que los estimados. Los resultados numéstasodelo
de Uchida indican que la velocidad de los frentes de onda@tamraemedida que la onda
avanza, lo cual esta en desacuerdo con los resultados atiseiales que indican que
las velocidades de los frentes se mantienen casi constadigsinuyen. Este resultado
podria indicar que los frentes Moreton observados son odel@hoque tipo “blast”,
las cuales tienden a desacelerarse a medida que se propégianuth et al. 2004a).
El modelo también indica que la velocidad de los frentes da@s mayor a mayores
alturas. El efecto de suponer el origen de las ondas a una altsobre la superficie
solar, resulta en una mayor velocidad a nivel cromosféfisho podria sugerir que la
dispersion en las velocidades observadas de las ondasdvsetiebe a diferencias en
la altura del origen de las mismas, ademas de variaciones eohdiciones del medio
en el cual propagan o diferente nUmero de Mach magnetoiazéstel caso de tratarse
de ondas de choque.
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Abstract. In this work we present a study of the interaction betweearland

the plasma in Saturn magnetosphere from the data obtairtbdtivéi magne-
tometer on board Cassini during one flyby to the saturnianmio@009. The

analisys of the data was divided in two parts, one correspgnit the entire

trajectory and the other corresponding to a few hours aralosest approach.
Also, an MHD code was utilized to reproduce the observation.

Resumen. En este trabajo se presenta el estudio de la interacciéa €itén
y el plasma de la magnetésfera de Saturno, a partir de los datenidos con
magnetémetro a bordo de la nave Cassini, durante un pasegnodflyby) al
satélite realizado en el afio 2009. El analisis de los datdiwisko en dos partes,
uno global (toda la trayectoria) y otro local (region de iateion). Se utilizo,
ademas, un cédigo MHD para reproducir la observacion.

1. Introduccién

TitAn (R = 2.575 km) es el Unico satélite del Sistema Solar que se saberia una
atmésfera importante compuesta principalmente por NemégNiemann et al. 2005).
Orbita a 20Rg (Rg = 60.268 km) y la mayor parte del tiempo se encuentra inmerso
dentro de la magnetésfera de Saturno (Bertucci et al. 20Bhido a esto, interactla
con el plasma alli presente que, esa distancia, se encgebtarrotando a una veloci-
dad relativa al satélite de 120 km/s.

Desde el afio 2004 la nave Cassini realiza flybys periédicededor de Titan, propor-
cionando una gran cantidad de datos acerca del plasma yrgmsaen sus inmedia-
ciones y facilitando el estudio de su magnetésfera inducida

En este trabajo mostramos el analisis del flyby T51 (Vilariz'Angelo 2011) del afio
2009, utilizando los datos del magnetometro (Dougherty. 2084) a bordo de la nave.
La seleccion del flyby se baso en la altitud de la nave al masdiogocamiento (MA),
la hora local correspondiente al MA y la regién exploradasifiema de coordenadas
(TIIS) utilizado tiene al eje +x apuntado en la direccion deatacion ideal del plasma,
el eje +y hacia Saturno y el +z perpendicular al plano orligalitan.

Para reproducir la interaccion entre Titan y el plasma dedgmatésfera de Saturno,
se utilizé el cédigo MHD Mexcal (de Colle 2004). Esta simigacutiliza el mismo
sistema de coordenadas empleado para analizar los dat8. (TI

19
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Figural. Geometriadel flyby T51 en el sistema de coordendtasEn rojo se
muestran los vectores de campo medidos durante la traigedior verde se indica
la direccion del Sol al momento de MA.

2. Flyby T51

Durante el flyby T51, que tuvo lugar el dia 27/03/2009, Cassiplor6 a Titan desde
el hemisferio Sur hacia el Norte, con una trayectoria cagigeicular al plano orbital
del satélite. EI MA ocurrio a las 10,1 Hora Local de Saturnb$iH(04:43:36 TU), con
una altitud de 988,1 km (ver Figura 1).

Andlisis global En la Figura 2 se presentan los gréaficos correspondientanagaitud

de las componentés,, B, y B., junto con el valor del médulo dB. Concentrandonos
en las variaciones de mayor escala, es notable el cambigm® gile presenta la com-
ponenteB,, lo cual puede explicarse pensando que la nave cruza la bajardente
del disco magnético de Saturno (Arridge et al. 2008) dursumteayectoria, pasando de
un I6bulo a otro. La component®,, por su parte, también sufre un cambio de signo.
Sin embargo, esto podria ser sélo una oscilacién alredesloe (ver de 18:00 h a
9:00 h TU).

El valor absoluto de la componeni®, presenta una variacion idéntica a la observada
para el modulo de3, lo gue deja en evidencia el caracter dominante de la missta. E
variacion puede deberse a la expansion de la hoja de cergara direccion radial que
separa las lineas de, provocando una disminucién de la intensidad. Luego, eluiedd
de B disminuye hacia el ecuador del planeta en lugar de aumeotag hubiera sido
si el campo fuera el de un dipolo aislado.

Andlisis local Los graficos de la Figura 3 muestran el comportamiento deolapao-
nentes del campo magnético dentro de la regién de interademel grafico del modulo
del campo,B, podemos observar un incremento en su intensidad que czanéenca
de las 4:00 h TU y alcanza un maximo valor de 8 nT a las 4:36 h Dsteiormente,
esta intensidad disminuye rapidamente hasta llegar a on gda~4 nT a las 4:42 h
TU. Algunos minutos después, vuelve a aumentar mostramdgiab a las 4:52 h TU,
para luego disminuir hacia el valor inicial. Podemos peqgsat, de acuerdo con la geo-
metria de la trayectoria, la nave atraviesa la barrera ntiagrde Titan a latitudes (del
satélite) cercanas al polo sur, por lo que el primer aumeata thtensidad del campo
se debe al apilamiento de lineas de campo en el sector delglasidente (en nuestro
sistema de coordenadas, el plasma corrota idealmente gadeidn +x). En este caso,
la de mayor intensidad es la componefig lo que indica que las lineas de campo
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estan estiradasen la direccion . La posterior disminucion puede explicarse si, luego
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Figura2. En el siguiente orden se muestran las variacicglesd@dulo deB, B,,
B,y B, enfuncion del TU y de la altitud de la nave respecto a Titanredades de
R, paratoda la trayectoria. La linea roja indica el momentd/oe

de la regién de apilamiento, Cassini se introduce en la iansgp magnética, dentro de
la cual B es menor. Por ltimo, el segundo aumento del moédulb e producto de un
nuevo cruce con la barrera magnética cuando Cassini sadendagnetosfera inducida
de Titan; aqui el campo tiene mayor componente en la dineceigor ser esta la com-
ponente dominante y porque cerca del plano ecuatorialiaadide campo no estan
tan deformadasSimulacién Las Figuras 3 y 4 muestran el resultado de la simulacion
para la trayectoria del flyby T51. En el modelo, un plasma tggneo se mueve a 120
km/s en la direccién x El campo magnético ambiente apunta en la direccz@on
una magnitud de 5 nT. Titan se ubica en el centro de la sintulaepresentado por una
esfera conductora (en cuya frontera se aplica la condiGidh = 0) de radio de 3296
km, contemplando la altitud de la ion6sfera. Debido a es®résultados reflejan las
variaciones de menor escala presente en las observacitaesmyponente que mejor
se reproduce es I&., siendoB, la que menos aproxima. El modelo reproduce un pico

mas angosto que el observado en el moduldelas 4:52 h TU, ya que no se tiene en
cuenta la presencia de la atmésfera neutra de Titan, qua ayulbicar la barrera mag-
nética a mayores altitudes. Luego, durante la trayectepeoducida con la simulacion,
la nave pasa muy cerca de la barrera magnética pero no leeatrav

3. Conclusion

Las rotaciones observadas en las componentes del cangoB, (analisis glo-bal)
son evidencia de que Titan se encuentra inmerso en la hOJarderrte al momento

LCon respecto a la configuracion de lineas en un campo dipmierat
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Figura 3. (A la izquierda) Médulo dé& (arriba), B, (abajo), (a la derechd},
(arriba) y B, (abajo) en funcion del TU y de la altitud de la nave respectiténT
en unidades d&, en la region de interaccion. La linea roja indica el momeleio
MA. La linea azul respresenta los valores obtenidos en lalagion.
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Figura4. Mapas de contorno del médulo Hey vectores obtenidos de la simu-
lacién, correspondientes a los cortes en los planos xziémdp), yz (centro) y xy
(derecha) al momento de MA.

del flyby. Debido a que este es un pasaje cercano al mediod&atdeno, esta hoja
aparenta ser gruesa (la transicionigjees muy suave) y posiblemente las fluctuaciones
de pequefia escala observadas ocurran debido a la turlautamsu interior. El andlisis
de la region de interaccion permite destacar los rasgos emeajes de la magnetos-
fera inducida de Titan, los cuales son reproducidos razememte en la simulacion, a
pesar de que la misma es un modelo simplificado de la intéracaifuturo, se espera
mejorar el cddigo numérico para obtener una mejor repradncte las observaciones.
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Abstract. In the framework of the “Nice model”, we compute the formatio
of the solar system giant planets by concurrent accreti@olids and gas, and
study the dependence of this process on the surface profhe pfotoplanetary
disk and the size distribution of the accreted planetesmsVe focus on the
conditions that lead to theimultaneous formatioof two massive cores, cor-
responding to Jupiter and Saturn, which should be able whrdee cross-over
mass (where the mass of the envelope equals the mass of hendrgaseous
runway starts), while two other cores should be able to grpwouJranus and
Neptune’s current masses. We find that the simultaneousat@mof the gi-
ant planets is favored by flat surface density profiles andhbyaiccretion of
relatively small planetesimals.

Resumen. En el marco del “modelo de Niza”, calculamos la formacionade |
planetas gigantes del sistema solar por acrecion simaltdaeolidos y gas, y
estudiamos la dependencia de este proceso en funcion derfdespde den-
sidad superficial (de sélido y gas) del disco protoplanetaren funcion de la
distribucién de tamafio de los planetesimales. Nos cengamdas condiciones
gue conducen a liormacion simultaneale dos nucleos masivos, que corres-
ponden a Jupiter y Saturno, los cuales deben ser capacesadeaal la masa
critica (cuando la masa de la envoltura se iguala a la masadd#to, y co-
mienza el crecimiento exponencial de la envoltura gasepsahtras que otros
dos nudcleos deben ser capaces de crecer hasta las maséesatgudrano y
Neptuno. Encontramos que la formacion simultanea de lo®tda gigantes se
ve favorecida por perfiles suaves de densidad superficial yapacrecion de
planetesimales relativamente pequefios.

1. Introduccién

La configuracion inicial del modelo de Niza (Tsiganis et &8l02) representa la con-
figuracion orbital del sistema solar exterior al momentoaddisipacion del gas de la
nebulosa solar primitiva. Este modelo propone una confighmanicial compacta para
las orbitas de los planetas gigantes (ertre UAy ~ 15 UA).
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En nuestro trabajo previo (Guilera et al. 2010), hemos deltzato un codigo nu-
mérico para calcular la formacién simultdnea de planeenggs inmersos en un disco
protoplanetario que evoluciona con el tiempo. Adoptamogisep clasico con una ley
de potencia para las densidades superficiales de sélidas YPae el disco de plane-
tesimales, consideramos una distribucion de tamario, ethedos radios de los mis-
mos toman valores entvg”” (pardmetro libre) y 100 km, con pasos seleccionados de
tal manera de que el cociente de las masas entre los suctsivagos es un factor
dos. Ademés, consideramos una distribucion de masa denfefor/dm o m—5/2
(la mayor parte de la masa de solidos esta contenida en loste&males mas pe-
guefnos ). También tenemos en cuenta la migracion de lostptamales debido a la
friccion del gas nebular. De esta manera, la evolucion delodde planetesimales es-
ta dada tanto por la migracion de los mismos como por la duretg planetesimales
por los protoplanetas en formacién. Asumimos que la compengaseosa del disco
se disipa exponencialmente con un tiempo caracteristidd rdélones de afos. Para
el crecimiento de los nucleos, hemos adoptado el régimened@rdento oligarquico,
calculando las velocidades relativas de los planetesinfatra del equilibrio (ver por
ejemplo, Chambers 2006).

Finalmente, las ecuaciones que gobiernan la evolucion elevigltura gaseosa se
resuelven autoconsistentemente acopladas a la ecua@dtetjoe la tasa de acrecion
de planetesimales, empleando un método de diferenciaasfifde tipo Henyey) y la
fisica constitutiva detallada se describe en (Fortier e2@0D7; 2009; Guilera et al.
2010). Hemaos utilizado este codigo para calcular por parmvee la formacionn situ,
pero en forma simultdnea, de los planetas gigantes dehsisselar (Guilera et al.
2011).

2. Resultados

Asumimos que los perfiles de densidad superficial de solidpasysiguen una ley de
potencia de la forma

a P _9
Es = Thielo Z:0 55 UA g cm

EQ a -bp _9
Y = 4 <5.5 AU) gem @)

en donde la densidad inicial de solidos en la posicion deelufi5 UA) se impone

enX = 11 g cm™2, nhiel tiene en cuenta la condensacion de elementos volatiles mas

alla de la linea de hielo (1 8i> 2.7 UA, 1/4 sia < 2.7 UA), y zo = 0,0153 (Lodders

et al. 2009) es la abundancia inicial de elementos pesadelsSm (adoptamos para el

cociente gas/sdlido el valor dg 2.

Procedimos de la siguiente manera: en primer lugar cal@ddanformacion ais-
lada de cada planeta (por formacion aislada nos referimadarhacion de un solo
planeta inmerso en el disco). Para cada situacion realzamrtas simulaciones cam-
biando solamente el tamafio del radio ml’nimpi(’) en la distribucion de tamafio. El
objetivo de este procedimiento fue buscar un intervalo e¢oarulos radios de los pla-
netesimales para que la formacion aislada de todos lostptase produzca en menos
de 10 millones de afios. Después, y con estos resultados amguia, buscamos un
valor éptimo der™" para poder calcular la formacién simultanea de los cuatioep!
tas gigantes de[psistema solar en una escala de tiempo dblagain la vida media
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estimada para los discos protoplanetarios. Este procedimse repitié para diferentes
valores del indice de potenciaque describe los perfiles de densidad del disco. Para
perfiles abruptosp( ~ 2), no se encontraron distribuciones de tamafio comun para los
radios de los planetesimales que permita la formacion deuaiso planetas al mismo
tiempo en menos de 10 millones de afos (Fig. 1). Sin embagaya, gerfiles suaves

(p ~ 1) la formacion aislada de los cuatro planetas es posible @osrae 10 millones

de afios para un intervalo comudn en los radios de los planetkes, dondeg”'" podria
oscilar entre 10 my 200 m (Fig. 1). Por lo tanto, para estogsza calculo la forma-
cion simultanea de los planetas gigantes para una distiibae tamafio entreg”" y

100 km, donde tomamos parﬁ”” varios valores discretos de entre 100 my 200 m.

Los resultados se resumen en la Tabla 1. Para estos casstspauesultados para
Japiter y Saturno , tanto para las masas criticas como pat&éipos a los cuales se
alcanzan las mismas estan en buen acuerdo con la vida mddsdiscos protoplane-
tarios (Haisch et al. 2001) y las estimaciones tedricas deques nlcleos (Guillot 2005;
Militzer et al. 2008). Las masas criticas de Urano y Nept@snltan mas grandes que
sus masas actuales, sin embargo, sus nucleos, al momentadeaa sus masas ac-
tuales, estan en acuerdo con las estimaciones tedricas efgrsatura interior actual
(Podolak et al. 2000). Remarcamos el hecho de que la escéientfo de formacion
de los gigantes gaseosos fue mas corta que las correspesdiebrano y Neptuno.
Ademas, parag”” = 100 m la escala de tiempo de formacién de los cuatro planetas
fue similar.

Japiter Saturno Neptuno Urano

r;’“” M. te M. te M. te M. te

[m] [Mg] [10%afiog | [Mg]  [10%afio$ [Mg)] [10%afiog | [Mg]  [10%afiog

100 32.03 2.14 28.53 1.98 26.97 2.81 24.25 4.18
(15.61) (2.27) | (13.50) (3.13)

150 28.87 2.73 23.85 2.80 22.01 4.97 19.08 7.15
(15.23) (4.11) (12.90) (5.90)

200 26.54 2.96 19.17 3.82 18.83 7.68 16.15 11.26
(14.65) (6.43) (12.40) (9.55)

Tabla 1. Masa critica y tiempo al cual se alcanza la misma en funcidrragéo minimo de la

distribucién de tamafio de los planetesimales para la faGmaimultanea de los planetas gigantes del
sistema solar considerando un disco con densidades siglesfide solidos y gas a~!. Las cantidades
entre paréntesis para Urano y Neptuno corresponden a ladabsécleo y al tiempo al cual se alcanza
la masa actual de dichos planetas.
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Figura 1. Tiempo al cual se alcanza la masa critica como funcion dé raéhimo de la distribu-
cién de tamario de los planetesimales para la formaciérdaisla cada planetérriba: un disco con
densidades superficial&s oc a~2. Abajo: un disco con densidades superficiaesx a~!. Los trian-
gulos en blanco (rombos en blanco) corresponden al tiempaahlNeptuno (Urano) alcanza su masa
actual v 17y ~ 14.5 masas terrestres, respectivamente). En gris se muesttarebio en comuin que
se utilizé para calcular la formacién simultanea de los fAgtias.
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Abstract. The discovery of planets around other stars is undoubteuyod
the most significant achievements of modern astronomy. €textion of more
than 700 extrasolar planets combined with more than 230tetday candidates
identified by the Kepler space telescope has proven theHatour solar sys-
tem is not unique and many planets, in particular those aimd our Earth,
may exist elsewhere in the universe. Although the deteaifcan Earth-sized
planet in the habitable zone of a Sun-like star is still a lelngiing task, as-
tronomers have been able to identify slightly larger olgdatown as super-
Earths in the habitable zones of M stars. These objects, tivitin capability
in retaining a moderate atmosphere, a possible dynamiesdntand a mag-
netic field, present promising venues for searching forthhl® planets. This
paper presents a short review of the current state of rdsearthe formation of
Earth-sized planets and super-Earths, and their detemttamd low-mass stars.

Resumen. Indudablemente, el descubrimiento de planetas alrededotrds
estrellas es uno de los logros mas significativos de la astrttnmoderna. El
telescopio espacial Kepler ha permitido detectar mas deléb@tas extrasola-
res, junto con mas de 2300 candidatos a planetas. Esto dmptegue nuestro
sistema solar no es Unico y de que muchos planetas, en farécuellos si-
milares a nuestra Tierra, pueden existir en otras partesnil@rso. Aunque la
deteccion de un planeta del tamafio terrestre en la zonahkbite una estrella
de tipo solar sigue siendo una tarea dificil, los astrononawssido capaces de
identificar objetos un poco mas grandes, conocidos comafsliprras”, en la
region habitable de estrellas de tipo M. Estos objetos, epaadad de retener
una atmosfera, un posible interior dinamico y un campo miagmeépresentan
lugares prometedores donde buscar planetas habitabkestr&isajo presenta
una breve resefia del estado actual de la investigacion lsdiorenacion de pla-
netas del tamafio de la Tierra y super-Tierras, y su deteetidorno a estrellas
de baja masa.

1. Introduction

The discovery of planets orbiting other stars in the pastdeaades has confirmed
the longstanding idea that the Sun and our solar system anenitque and there are
many other planetary systems around other stars. Thestreléorts of astronomers to
detect suclextrasolarplanets fruited when the first exoplanets were discoveré®2
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around the pulsar PSR B 1257+12 by Wolszczan & Frail follolwgdhe discovery of
the first extrasolar Jovian-type planet around the Sundike 51-Pegasi in 1995 by
Mayor & Queloz.

Thanks to advances in observation and detection techmalotiere are now more
than 700 confirmed extrasolar planets and more than 2308taigrcandidates. Almost
all these objects depict physical and dynamical charatiesithat are unlike those of
the planets in our solar system and as such unexplainablaebgurrent theories of
planet formation and dynamics. While in the solar systems;gjants such as Jupiter
and Saturn are in large orbits and smaller objects such dk Bad Venus are closer
in, many extrasolar planetary systems are host to Jujierel larger bodies in or-
bits smaller than the orbit of Mercury to the Sun. Also, ualik our solar system
where planetary orbits are almost circular, the orbits ohynextrasolar planets are
considerably elliptical. These unexpected dynamicalattaristics of exoplanets have
had profound effects on our views of the formation and dycairévolution of plane-
tary systems and their habitability. The theories of pldaghation, which have been
primarily developed to explain the formation of the planetsour solar system, are
now constantly revisited and their applicability to exaptary bodies are continuously
challenged. This paper presents an overview of some of tiedkenges in particular
in regard to the formation and detection of extrasolar ladet planets and the state of
the current research on addressing them.

2. Dynamical characteristics of extrasolar planets

A survey of the currently known extrasolar planets pointéwo distinct differences
between the orbits of many of these objects and the planetsiro$olar system. As
shown by figure 1, many extrasolar planets with masses simila few times larger
than that of Jupiter are in close-in orbits with periods magtaller than the period of
Mercury around the Sun. This is a characteristics that i&enthe orbital architecture
of the planets of our solar system. In our planetary systengxaected from planet
formation process, small, terrestrial-class objects arelaser orbits whereas large,
giant planets are farther out. Also, as shown by figure 1, naditlye extrasolar planets
have orbital eccentricities much larger than zero indigathat unlike the orbits of the
planets of our solar system, which are almost circular, tigoof these objects are
highly elliptical.

The close-in orbits of extrasolar giant planets and thdiptality are outstanding
issues that are in contrast with the models of planet foonatiAs explained in the
next section, planet formation processes result natunallylanetary bodies that are
in almost co-planar and circular orbits. Also, the theowéshe formation of giant
planets require these objects to form at large distancesawhere material is available
for the planet to accrete. These all suggest that the higénéricities of the orbits of
some of the extrasolar planets and their close proximith&r tparent stars must be
the result of a post-formation process. In order to betteletstand the origin of these
processes, it proves useful to review the theories of plametation and their natural
consequences on the orbital and dynamical characteristignetary bodies. In the
next section, we present a brief review of planet formatimoties from the initial state
of dust coagulation to the final stage when gas-giants anesteal planets are formed.
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Figure 1.  Graphs of the mass and orbital eccentricities whsglar planets (exo-
planet.eu).

3. Formation of planets

Planet formation is one of the most outstanding problemstroaomy. Despite cen-
turies of theoretical efforts in explaining the formatiohtloe planets of our solar sys-
tem, this problem is still unresolved and the formation efnglts is still an open ques-
tion. Although it is widely accepted that planet formaticggms by the coagulation of
dust particles to larger objects in a circumstellar diskas gnd dust known as nebula,
the details of this process are unknown and the formatioieoit @nd terrestrial planets
is not fully understood.

In this section, we present a review of the processes thalt iesthe formation
of planets. We begin by explaining different models of therfation of giant and
terrestrial planets in our solar system, and discuss tpeiiability to the formation of
extrasolar planets.

3.1. The four stages of planet formation

Planets are formed in a circumstellar disk of gas and dudtdgaoagulation of micron-
sized dust grains to larger objects. At the beginning of phiEcess, dust grains are
strongly coupled to the gas and their dynamics is driven hy-gravitational forces
such as radiation pressure, and also by gas drag. Becauspattisles follow the
motion of the gas, their relative velocities are small. Agsuit, they slowly approach
one another and gently collide. Laboratory experimentscanaputational simulations
have shown that such gentle collisions result in the fragtaivth of dust grains to
larger aggregates (Figures 2, Smoluchowski 1916, DominiKigens 1997, Blum et
al 1998, Wurm & Blum 1998, Blum & Wurm 2000, Blum et al 2000, kis& & Blum
2004, Blum 2006, Wada et al 2007) This process continuebthatiractal bodies bend
on their own and form small, mm- and possibly cm-sized object

In the second stage, the cm-sized pebbles grow to km-sizdidsdknown as plan-
etesimals. The process of planetesimal formation is onéebtggest mysteries of
planetary science. This is primarily due to the fact thaikenthe first stage where
collisions among dust particle facilitate their growth &wder sizes, collisions of cm-
or dm-sized bodies with one another do not seem to resulein sticking and growth
to larger objects (Blum & Wurm 2008, Wurm et al 2010). As dustigs grow, their
coupling to the gas weakens (i.e., they move faster in the(§ésidenschilling 1977)
and they show more of their independent dynamics. When tvjectsbreach several
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@ 1.9 pm S0,

Figure 2.  Coagulation of dust particle to fractal aggregéBum et al 1998).

centimeters or decimeters in size, their relative velesitbecome so large that their
collisions may result in breakage and fragmentation (&\irm et al 2010). Known
as thecentimeter-sized barriersuch disruptive collisions prevent the growth of small
bodies to larger sizes.

The difficulties do not end here. In the event that some ceztérrsized bodies
manage to grow, the subsequent increase in their velocéiases many of them, in
particular those with sizes of 1 to several meters, to eitwdlide and shatter each
other, or rapidly spiral towards the central star. Knowrhasiieter-sized barrierthese
effects continue until the nebula is deprived of enough nedgeto form planets.

The puzzling fact is that despite these difficulties, plartt exist and the above-
mentioned issues were somehow overcome. Many theoretiodéls have been de-
veloped to solve this puzzle (Johansen et al 2007, Cuzzi 20@8, Weidenschilling
2010). However, they all have limitations and none has beknta present a complete
and comprehensive scenario for the formation of km-sizadgiksimals. The current
leading theory, known as thetreaming instabilityis based on the fact that a planet-
forming nebula is a dynamic environment whose propertias structure vary with
time. These variations, in particular in a gaseous disc, maifest themselves as dif-
ferent structures in the nebula. For instance, regions mppga where the pressure of
the gas is locally enhanced. The appearance of such staatult immediately affect
the motions of particles in their surroundings. As oppose tebula with a mono-
tonic pressure gradient where gas-drag and pressure giad&use inward migration
of solids, in the vicinity of pressure-enhanced regions Mlocity differences between
solid objects and gas molecules cause solid particles tergndnward and outward
migrations, and accumulate around the location of pressaséma (Figure 3, see also
Haghighipour & Boss 2003 a&b, Haghighipour 2005).

In a gaseous disc, the turbulent eddies created by magtettonal instability
are examples of such high-pressure regions. As shown bynsehaKlahr, & Hen-
ning (2006), and Johansen et al. (2007, 2008), the formafidinese turbulent eddies
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Figure 3.  Accumulation of solid objects around pressuiga@ced regions.

causes small cm- and dm-sized objects to accumulate inviogiities, and increases
the local density of solid material. As the accumulationafcsobjects continues, their
local spatial density increases until their region becomawitationally unstable and
the accumulated bodies fragment into several 100-1000ikedplanetesimals. This
mechanism known as streaming instability is currently treding scenario for plan-
etesimal formation. Other mechanisms including trappihdust particles in vortices
(Barge & Sommeria 1995, Klahr & Henning 1997, Lyra et al. 28)08nd trapping
of particles in pressure-enhanced regions created by tq@oeation front of water in
the protoplanetary disk (Kretke & Lin 2007, Brauer et al. 28&b, Lyra et al.2009b)
have also been shown to be effective and contribute. We ttedereader to articles by
Blum & Wurm (2008) and Chiang & Youdin (2010) for reviews otthurrent state of
research in this area.

At the third stage of planet formation, the situation is eliént. Here, the inter-
actions among planetesimals are primarily gravitatioSithce the protoplanetary disk
at this stage is populated by km-sized and larger objectisioas among these bod-
ies are frequent. In general, frequent collisions in a cexvdnvironment result in
low eccentricities and low inclinations which facilitateet merging and accretion of
the colliding bodies. As a planetesimal grows, the influenmee of its gravitational
field expands and it attracts more material from its surrongsl In other words, more
material will be available for the planetesimal to accrerg] as a result the rate of its
growth is enhanced. Known asnaway growth this process results in the growth of
km-sized planetesimals to larger bodies in a short timer¢@af 1969, Greenberg et al
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Figure 4.  Core accretion and disk instability models of giplanet formation
(Boss 2002).

1978, Wetherill & Stewart 1989, 1993, Kokubo & Ida 1996, 20@@& & Makino 1993,
Weidenschilling et al 1997).

At large distances from the central star (e)g.5 AU from the Sun) where the
rotational velocities are small, the collisional growthptdinetesimals is more efficient.
At such distances, planetesimals approach each other mih selative velocities and
their impacts are likely to result in accretion. Also, bezadfar from the star, the tem-
perature is low, the bulk material of such planetesimalsimarily ice which increases
the efficiency of their sticking at the time of their collisioAs a result, in a short time,
planetesimals grow to large objects with masses equal tavarfasses of Earth. As
this process occurs while the nebular gas is still arounolvigig planetesimals grad-
ually attract gas from their surroundings forming a largelypbaith a thick gaseous
envelope and a mass equal to a few hundred Earth-massesis Atdte, a gas-giant
planet is formed. This mechanism that is known ascibre-accretionrmodel is widely
accepted as the model of the formation of gas-giant planaiari solar system (Figure
4) (Pollack et al 1996, Hubickyj et al 2005, Lissauer et al20ovshovitz et al 2010).

At distances close to the central star, the accretion ofgieimals follows a
slightly different path. Similar to the process of the fotioa of the cores of gas-
giant planets, the collisions of planetesimals at thisestagy result in their growth to
larger bodies. However, the efficiency of planetesimaletoan will not be as high and
as a result, instead of forming objects as big as the core$aof glanets, accretion
of planetesimals in this region results in the formation@fesal hundred moon-sized
bodies known aglanetary embryasComputational simulations (Bromley & Kenyon
2006) and analytical analysis (Goldreich et al 2004) hawsvsithat when the masses
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of these embryos reach the lunar-mass, planetesimals clmger damp their orbits

through dynamical friction, and the runaway growth endse gravitational perturba-

tion of the resulted planetary embryos affect the dynamicsnaller planetesimals and
cause them to collide with one another and/or be scatterdadg® distances where they
may leave the gravitational field of the system. This growttl elearing process con-
tinues until terrestrial planets are formed and the smadisraining bodies (asteroids)
are in stable orbits (Kokubo & Ida 1995, 1998, 2007, MorHidslal 2000, Chambers

& Wetherill 2001, O’Brien et al 2006, Raymond et al 2006, Kbkiet al 2006).

The above-mentioned processes, although seeminglylsfiaigard, are extrem-
ely complex. The immensity of the nebula, the enormous nummiiateracting objects,
and the complicated physics that is involved in their intBoms make it impossible
for any simulation of planet formation to include all ne@@yscomponents and to be
fully comprehensive. These simulations are also congtahtillenged by observations
that reveal more characteristics of planet-forming emrinents. For instance, during
the formation of giant planets, the core-accretion modglires the nebular gas to be
available as the core of Jupiter grows and accrete gas fesuitounding. The com-
putational simulations presented in the original paper bjakk et al (1996) suggest
that this time is approximately 10 Myr. In other words, in@rdor gas-giant planets to
form by the core-accretion model, the lifetime of the nebglas has to be comparable
with this time. However, the observational estimates ofliffleéimes of disks around
young stars suggest a lifetime of 0.1-10 Myr, with 3 Myr bethg age for which half
of stars show evidence of disks (Strom et al 1993, Haisch 20@1, Chen & Kamp
2004, Maerker et al 2006). Any model of gas-giant planet &irom has to be able to
form these objects in less thay8 Myr.

Several efforts have been made to overcome this difficulsysiiown by Hubicky;j
et al (2005) and Lissauer et al (2009), increasing the serflensity of the nebula to
higher than that suggested by Pollack et al (1996) significaeduces the time of the
giant planet formation. Furthermore, an improved treatnoérthe grain physics as
given by Podolak (2003), Movshovitz & Podolak (2008), andvstwovitz et al (2010)
indicates that the value of the grain opacity in the envelofphe growing Jupiter in
the original core-accretion model (Pollack et al 1996) s high, and a lower value
has to be adopted. This lower opacity has led to a revisedweo$ the core-accretion
model in which the time of giant planet formation is consaddy smaller (Hubickyj
et al 2005, Movshovitz et al 2010). Most recently, Bromley &rigon (2011) have
developed a new hybrid N-body-coagulation code which habled this authors to
form Saturn- and Jupiter-sized planets in approximatelyyt. M

An alternative mechanism, known as ftlisk instabilitymodel, addresses this is-
sue by proposing rapid formation of giant planets in a gadigihally unstable nebula
(Boss 2000a&b, 2003, Mayer et al 2002, 2004, 2007, Duriseth 2007, Boley 2009,
Boley et al 2010, Cai et al 2010). In this model, local graidtaal instabilities in the
solar nebula may result in the fragmentation of the disk tesive clumps which sub-
sequently contract and form gas-giant planets in a shod (figure 4). Calculations
by Boss (2000a) and Mayer et al (2002-4) show that an unstiiblecan break up
into giant gaseous protoplanets in approximately 1000syedthough this mechanism
presents a fast track to the formation of a gas-giant plarsiffers from the lack of an
efficient cooling process necessary to take energy away &@ianet-forming clump
in a sufficiently short time before it disperses.
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Figure 5.  Type I (left) and Type Il (right) planetary migiati (Courtesy of F Masset).

3.2. Effect of planet migration

A common feature among the formation scenarios mentionedeais the implicit as-
sumption that planets are formed in-place. Although the-fiysnation migration has
been presented as a mechanism for explaining the closesits @f objects such as
super-Earths (objects with masses ranging from 2 to 10 ttheof Earth), these sce-
narios do not include the effect of the possible migratiostdF-forming planets (for
instance, at the stage when cores of giant planets are fgyminthe collisional growth
of protoplanetary bodies. They also do not consider theilpitigs of the migration of
planetary embryos during the accretion of these objectsveder, studies of the inter-
actions of disks and planets have made it certain that plaigration occurs and has
profound effects on the formation of planetary systems hedinal assembly of their
planets and smaller constituents.

Planetary migration has been used extensively to explaiexistence of close-in
Jupiter-like planets. In fact, it was the detection of thstfitot Jupiter around the star
51 Pegasi (Mayor & Queloz 1995) that prompted scientistevisit theories of planet
migration in our solar system, and apply them to extrasdemgis. At present, planet
migration is well-developed and widely accepted as partafraprehensive formation
mechanism.

Depending on the physical and dynamical characteristiggaofets and their cir-
cumstellar disks, migration occurs in different forms. Tive major types of planetary
migration are Type | and Type Il migrations. The migratioclsssified as type | when
the planet is small and does not accrete nebular mategali{idoes not create a gap
in the nebula while migrating). When the planet is large acttetes material during
its migration, a gap will appear and the migration is clasdifas type Il (Figure 5).
Numerous articles have been published on this subject winiébrtunately makes it
impossible to cite them all here. We refer the reader to apgiNelson et al (2001),
Masset & Snellgrove (2001), Papaloizou & Terquem (2006) atidles by Chambers
(2009) and Armitage (2010) for a review on this topic and tffiecés of planet migra-
tion on the formation and dynamical evolution of planetargtems.

The contribution of giant planet migration to the formatiohterrestrial planets
may appear in different ways. A fully formed migrating gigolanet affects the dy-
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namics of interior protoplanetary bodies by either incirggsheir orbital eccentricities
and scattering them to larger distances, or causing themigmate to closer orbits.
The migrated protoplanets may bbepherdedy the giant planet into small close-in
regions where they are captured in mean-motion resonadceshown by Zhou et al
(2005), Fogg & Nelson (2005-9), and Raymond et al (2008)urdoSun-like stars,
the shepherded protoplanet may also collide and grow tedgial-class and super-
Earth objects. Also, as shown by Mandell & Sigurdsson (20Baymond et al (2006),
and Mandell et al (2007), in more massive protoplanetargsdigsound such stars, the
out-scattered protoplanets may also collide and grow togtéay-sized bodies.

4. Habitability

It is important to note that the notion of habitability is defd based on the life as we
know it. Since Earth is the only habitable planet known to hokind, the orbital and
physical characteristics of Earth are used to define a HAbifdanet. In other words,
habitability is the characteristic of an environment whiets similar properties as those
of Earth, and the capability of developing and sustainingtalife.

The statement above implies that the fact that the only &bleitplanet we know
is Earth has strongly biased our understanding of the dondirequired for life. From
the astronomers’ point of view, and owing to the essentil tivat water plays on life
on Earth, the definition of a habitable planet is tied to thespnce of liquid water.
However as simple this definition might be, it has strong eations to a variety of
complex interdependent processes that need to be unraaetednderstood to make
predictions on which planets could be habitable. The bagnciple is that the surface
temperature and pressure of a planet should allow for liguater. This is determined
by the amount of irradiation that the planet receives fromdtar, and the response of
the planet's atmosphere (Figure 6). The latter delicatefyetids on the composition of
the planet, and that in turn determines the heat transparhamésm, cloud presence,
and many other atmospheric properties.

The irradiation from the star is contingent on the type ofgstar and the planet's
orbital parameters. The atmospheric composition, on therdiand, depends on the
in-gassing, out-gassing, and escape histories of the tplaftee in-gassing and out-
gassing accounts are intrinsically connected to the mtelsinamics of the planet, while
atmospheric escape is related to a variety of thermal andh@mal processes, which
themselves are linked to the presence of a magnetic field. ot clear how delicate
the balance between these different processes could beis Mavident if there are
different pathways that could yield a habitable planet. Eaosv, the fact that Earth has
succeeded in developing life indicates that our planet biighie followed one, perhaps
of many evolutionary paths that resulted naturally in a clempystem by the series of
steps and bifurcations that it encountered. It is importantote that the complexity
and interdependence of these processes cannot be takédexscevior the uniqueness
of life on Earth. The road ahead is to understand which piapetharacteristics are
indispensable, which are facilitating, and which are a bgipct of evolution. For that
purpose, and in order to assess the possibility that a plergt a super-Earth) may
be habitable, a deep understanding of these processesnfiegior composition and
dynamics, planet’s magnetic field, and atmospheric cheniatits) is required. We
refer the reader to Haghighipour (2011) for a comprehensview.
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5. Detection of habitable planets

The fact that a habitable planet has to maintain a modernatesghere, a dynamic inte-
rior, and a magnetic field puts stringent constraints on iteeand mass of this object.
In general, similar to our solar system, terrestrial-clalsgcts are more favorable for
being habitable. However, the small sizes of these bodiesdince extreme difficulties
in detecting them. On the ground, the Precision Radial Wsloechnique, also known
as Doppler Velocimetry is the most promising method for clitg habitable Earth-
like planets. However, even large telescopes such as Keclotdbave the necessary
sensitivity to detect a planet similar to Earth at 1 AU aroarsblar-type star. While the
amplitude of the radial velocity of a Sun-like star as indlby an Earth-sized planet
at 1 AU is at most of the order of 1 cm/s, the most sensitive igrebased telescopes
at present are only capable of detecting stellar radialciteds with amplitudes at the
limit of 1 m/s. In the space, on the other hand, the situatiomore promising. The
most efficient planet detection technique in this case islthasit Photometry. Using
this technique, CoRoT and Kepler space telescopes haveabéio successfully de-
tected over 100 planets of different masses and sizesglingseveral super-Earths and
planets in the habitable zone. However, this technique ti€ntirely free of issues as
well. The detection of a planet with transit photometry iieggifollow up observations
and confirmation with other techniques, mainly the radidbeity which, as mentioned
above, suffers from lack of sensitivity.

A possible way to by-pass these difficulties is to focus tHiertf on smaller and
cooler stars. Low-mass stars such as M dwarfs present the prasising targets
for searching for Earth-size planets. As the least massars,sM dwarfs show the
greatest reflex acceleration due to an orbiting planet. Atszause of their lower
surface temperatures (compared to that of the Sun), théab#bizones of these stars
are in much closer orbits (0.1-0.2 AU) providing a great apymaity for planets slightly
larger than Earth in the HZ to induce detectable amplituddabe radial velocities of
their central stars. Simulations of planet formation sstjgfeat planets formed around
M dwarfs are generally smaller than gas-giants and moreaptghin close-in orbits
(note that Jovian-type planets have in fact been detecmehdrM stars. Also note
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that precision Doppler surveys are optimally sensitivent@l$ orbits). It is therefore

not surprising that during the past few years, more than 2asxar planets have
been detected around 18 M stars. The following presentsieweif the currently on-

going programs on detecting habitable planets around M gking different detection
techniques.

5.1. Precision radial velocity technique

The most successful technique in detecting extrasolaredas the Precision Radial
Velocity Technique. This technique that is based on the areasents of blue/red-

shifts of the spectrum of the light of a star due to the gréeitel attraction of a massive
companion (e.g., a planetary body) has been successfulaatig close to 700 planets.
Although the current sensitivity of the radial velocity iique has reached to a level
that allows for the detection of super-Earths around solass stars, the most profound
success of this technique has been the detection of Eadl-planets in the habitable
zones of M stars.

More than half of the planets detected by radial velocityuatbthe M stars are
of the size of Neptune or smaller. The majority of these pkaiaee in close-in orbits
with orbital periods as small as 1.3 days (e.g., HD 41004 B uxk&r et al 2004).
Among these planets is the first detected super-Earth, aaith-Ehass object in an
approximately 2-day orbit around the M-dwarf GJ 876 (Rivetal 2005), a proba-
ble 3 Earth-mass planet in the habitable zone of the M-dwé#&sé 581 (Vogt et al
2010), and the recently announced 2.4 Earth-mass suptr-6dr667Cc detected in
the habitable zone of the M star GJ 667C (Anglada-Escudé2&tiadl) (Figure 7).

There are currently several radial velocity surveys thatgefor habitable planets
around M stars. Among these surveys, the Lick-Carnegieei8planet Survey (Rivera
et al 2010, Haghighipour et al 2010, Vogt et al 2010), the M2&nhBt Search Project
(Clubb et al 2009, Apps et al 2010), and the HARPS Search fath®on Extrasolar
Planets (Bonfils et al 2005, Udry et al 2007, Mayor et al 2b®@)ve been successful
in detecting several prominent terrestrial-class objantssuper-Earths.

5.2. Transit photometry

The second most successful technique in detecting exarggiainets is the Transit Pho-
tometry. In this technique, the measurements of the dimmiitige light of a star due to
a passing object is used to detect planetary companionsré-8shows the schemat-
ics of this technique. As an example, the actual light curivéhe star HD 209458,
the first star for which a planetary transit was detected|sis shown. The transiting
planet in this system is a 0.64 Jupiter-mass object in a &5edbit (Charbonneau et al
2000). In addition to the detection of planets, transit phatry has also enabled as-
tronomers to determine the size, density (Leger et al 20B8rtkidnneau et al 2009), and
in some cases, the chemical elements in the atmosphereaneitiimg planets (Tinetti
et al 2007).

There are currently several transit photometry surveysub@ground- and space-
based telescopes to search for Earth-like planets and-Eaptrs (we refer the reader
to exoplanet.eu and exoplanets.org for more details). Aytbe ground-based sur-

Lhttp://ww.eso.org/sci/facilities/lasilla/instrumeftiarps/
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Figure 7.  Lick-Carnegie-IfA Exoplanet Survey. Left: A Saitmass planet in
the habitable zone of the M star HIP 57050 (Haghighipour éxC4l0). Right: A
2.4 Earth-mass super-Earth in the habitable zone of the M&1&667C (Anglada-
Escudé et al 2012).

veys, the MEarth projett a roboticly controlled set of eight 40 cm telescopes at the F
L. Whipple Observatory on Mt. Hopkins in Arizona, has beefedb detect the first
super-Earth transiting an M star (GJ 1214b, a 5.69 Earttsmémet around the M
dwarf GJ 1214) (Nutzman & Charbonneau 2008, Irwin et al 2@@QaCharbonneau
et al 2009). In space, the two telescopes CoRaid Keplef have successfully de-
tected many planets and over 2300 planetary candidateg thgntransit photometry
technique. The CoRoT space telescope, a collaborationeketwrance, Brazil, and
several European countries, has detected close to 50tingnplanets including the
most prominent super-Earth, CoRoT-7 b. Kepler space wpestias revolutionized
our understanding of planetary systems and planet formétigories by detecting over
60 planets including the first transiting multi-planet gystand over 2300 planetary
candidates. These candidates include several entirekpenged geometries (e.g., Six
very closely spaced planets with five closer to their stan thiercury is to the Sun,
resonant chains involving three or four-body resonandesies orbiting binary stars)
that demand new theoretical explanations.

During the past two decades, advancements in telescopebaetdving technologies
have increased the sensitivity of detection techniquesnzeme the discovery of many
small planets possible. The trend is continuing and is ta@idproaching the level at
which planets with sizes from 1 to 10 Earth-masses will ralti be discovered. With
the successful operation of Kepler and CoRoT space telesc@nd with the future

2https://www.cfa.harvard.edu/ zberta/mearth/
3http://smsc.cnes.frfCOROT/index.htm
“http://kepler.nasa.gov/
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Figure 8.  Top: Schematics of transit Photometry Techni@ottom: light curve
of HD 209458 (Charbonneau et al 2000).

launch of telescopes such as JWST, the detection of habitdtasolar planets will
soon become a matter of routine observations.
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Abstract. In this contribution we present a comparison of the spectijois
properties of three groups of objects: brown dwarfs, “Hqtitéu” extrasolar
planets and giant solar system planets, in particular &ugitd Saturn. We col-
lect all published spectra from the literature and compleg tharacteristics.
Elements such as water vapor(®) and methane (CH are present in practical
all analyzed objects. On the contrary molecules such asnartonoxide (CO)
and carbon dioxide (C§) are only detected in the spectra of planets.

Resumen. En esta contribuciéon se presenta una comparacion de laiggasp
des espectroscopicas de tres grupos de objetos: enanasmesamplanetas ex-
trasolares de tipo “Hot Jupiter” y planetas gigantes gaseds| Sistema Solar,
en particular Jupiter y Saturno. Para realizar esta corojgarase recopilaron
todos los espectros disponibles en la literatura al presé&ttanalisis realiza-
do muestra que mientras elementos como el vapor de agu@) (Hel metano

(CH,) estan presenten en practicamente todos los objetosadadizcompues-
tos como el monoxido de carbono (CO) y didxido de carbonosj@stan soélo

presentes en las atmosferas de los planetas estudiados.

1. Introduccién

En esta contribuciéon se presenta una comparacion de lagsgaoles espectroscopicas
de enanas marrones, planetas extrasolares y planetasegigagaseosos del Sistema
Solar. Se analiza la presencia de distintos componentesians en sus atmésferas,
en busca de similitudes o analogias y diferencias. El ebjetiméas largo plazo del
presente trabajo, es investigar la posible existencia desanuencia continua en las
caracteristicas espectroscopicas y en las propiedadessfien particular la tempera-
tura, entre los planetas, por un lado, y las enanas marrpoes| otro. Para el presente
trabajo se utilizaron espectros publicados en la litesat@rrespondientes a un grupo
de enanas marrones (Kirkpatrick 2005, Cushing et al. 2@l conjunto de planetas
extrasolares (Southworth 2008, Knutson et al. 2009, Swaéh €010, Seager & De-
ming 2010, Madhusudhan et al. 2011) y a los planetas Jupigegaturno (Encrenaz
2008, Burrows 2009).
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2. Enanas marrones

Las enanas marrones son objetos de masa subestelar conaemgse superficiales
entre~ 500 K y 2000 K, incapaces de mantener reacciones nucleantisicas de
fusion del hidrogeno en su nucleo. El limite superior de masgalas enanas marrones
es relativamente bien conocido, estando comprendido E#ré5 y las 80 masas de
Jupiter (My), dependiendo de la metalicidad. Con relacién al limiteriof, éste seria
de unas 13 M, valor a partir del cual el objeto es capaz de fusionar todiesterio.

La poca emision de energia por parte de estos objetos dedmajseitatura <
3000 K) lleva a que sea muy dificil observarlos en la regidicéplel espectro. Es por
ello que su estudio se realiza en el intervalo de longituéesndla del infrarrojo. En
vista de las distinciones existentes entre sus componespestroscopicas y las de los
objetos estelares propiamente dichos, debié extendesmzilgncia de Harvard hacia
los tipos espectrales mas frios, agregandose las dlagdsy, muy probablemente en
un futuro cercano, la clasé Asi, se conocen unos 600 objetos pertenecientes a la clase
L que contienen bandas débiles de 6xidos metalicos (TiO, MDY, notorias bandas de
hidruros-metalicos (FeH, CrH, MgH, CaH) y prominentes dsele metales alcalinos
(Nal, KI, Csl, Rbl). Mientras que, los 200 objetos catalammén la clasd presentan
fuertes bandas de absorcién dgademas, de bandas de absorcién del metang)(CH
caracteristica que solo habia sido encontrada en los ptagigfantes del Sistema Solar
y en Titan. La principal fuente de espectros asociados abfas de clasek y T
corresponden al trabajo publicado por Kirkpatrick (200t Gltimo, se han propuesto
enanas candidatas de claseAl presente son las menos numerosas, con un total de
seis miembros. Sus espectros, extraidos del trabajo dengusthal. (2011), exhiben
bandas de metano (GH agua (HBO) y, posiblemente, amoniaco (§H

3. Planetas extrasolares

Se denomina planeta extrasolar o exoplaneta a un planetarkjtee una estrella dife-

rente al Sol y que, por lo tanto, no pertenece al Sistema.$dea actualidad se han
hallado poco méas de 700 planetas. Entre los métodos maadt para su deteccion
se encuentran la técnica de los transitos planetarios giéct Doppler. Las mismas
favorecen la deteccién de planetas gigantes, iguales o gerrizamarno que el planeta
Japiter, con 6rbitas muy cercanas a su estretldd(1 UA) y periodos orbitales muy
cortos ¢ 3 dias). Dichos planetas se conocen en la literatura combJitifters”.

Para los planetas con transitos es posible, al menos enpiwincbtener durante
el transito los llamados espectros de transmision, cuarekpectro estelar es transmi-
tido a través de la atmdsfera del planeta. Esta es la técmpheada para la deteccion
de Na | en la atmésfera de HD 209458b (Charbonneau et al. 2808jnativamente,
también es factible obtener espectros de planetas quétdrandservado el espectro
de la estrellat- el planeta y luego restar la contribucién de la propia datrebtenien-
do un espectro durante la ocultacion, cuando el planetaw&ado de la visual del
observador por la estrella. En general, éste es el métodeadwpen la observacion
de la mayoria de los espectros de planetas extrasolaremitilgs al momento, tales
como: HD 189733b (Tinetti 2007, Swain et al. 2010), WASP-{¥hadhusudhan et al.
2011), TrES-4b (Knutson et al. 2009), HATP-7b, TrES-2b,948b, XO-1b, XO-2by
HD 189733b (ver Seager & Deming 2010 y las referencias aliigiomadas). Si bien
estos espectros presentan distintas relaciones sefialrsaw, la gran mayoria de ellos
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evidencian la presencia de moléculas de vapor de agi@)(khetano (CH), diéxido
de carbono (Cg) y monoxido de carbono (CO).

4. Planetas gigantes del sistema solar

Los espectros de Jupiter y Saturno, dos de los planetastgigael Sistema Solar, que
se ubican mas alla de las 5 UA del Sol, han sido tomados dedloajtis de Encrenaz
(2008) y Burrows (2009). Estos espectros estan dominadds peesencia de  He,
CH, e hidrocarbonos, tales como NHPH; y unas pocas especies del oxigeng@H
CO, y CO). Ademaés, presentan productos de la fotodisociacibmei&no como ¢H,
CyHg.

5. Resultados iniciales

La Tabla 1 muestra una sintesis de los elementos quimicestdeos, al presente, en
los espectros de enanas marrones de tipdse Y, en planetas con transitos y en los
planetas gigantes del Sistema Solar. El andlisis de lostgpesstudiados indica la
existencia de una continuidad de ciertos componentes cosngue constituyen las at-
mosferas de los objetos considerados, tal como ocurre samdééculas de vapor de
agua (HO) y de metano (Cl). Sin embargo, la intensidad de ambas puede aumentar o
disminuir conforme la temperatura varie. Notar que si béentémperaturas decrecen,
desde las enandshasta Saturno, existen rangos de temperatura comunestienlpa
entre las enands tardias,T e Yy los exoplanetas, por lo cual la presencia de los mis-
mos elementos en las atmésferas de enanas marrones y plaoatsulta llamativa.
Ademas, resulta posible identificar compuestos tipicosade cina de las atmosferas
de los objetos seleccionados en particular, tal como sucedel monéxido de car-
bono (CO) y el diéxido de carbono (G los cuales son elementos que se observan
principalmente en las atmosferas planetarias. Otro elengere llama la atencion es la
molécula de NH, presente en las atmoésferas de las enanas Y y en las de lesaglan
Jupiter y Saturno, aunque no detectada en la actualidad exdplanetas.

Cabe mencionar que también ha sido posible obtener espeliteztos (i.e., es-
pacialmente resueltos) de unos pocos exoplanetas detectatliante imagen directa.
Estos son los casos de 2M1207b (Patience et al. 2010) y HRo8E¥¥man et al.
2011) y HR 8799c (Janson et al. 2010). Dado el pequefio nineephadetas de es-
te tipo y la pobre calidad de los espectros disponibles, ectlzalidad, postergamos
su andlisis para un futuro préximo. Sin embargo, vale la pecalcar que no difieren
significativamente de los espectros de los exoplanetasiomamos.

La comparacion global de las propiedades espectroscopeckss atmdsferas de
enanas marrones, por un lado, y planetas, por el otro, imditaas continuidades en
cuanto a la presencia de determinados elementos quimig@s EH,). Esto es, prin-
cipalmente, consecuencia de la coexistencia de objetowelsas clases para tempe-
raturas que van entre aproximadamente 600 y 1500 K. Otropuwestos (tales como,
CO y CO) ocurren principalmente en atmdsferas planetarias, pquéosu deteccion
proporcionaria un indicio adicional sobre la naturalezaste tipo de objetos. Nuestro
proximo objetivo es realizar una confrontacion mas dedallde las atmosferas de estos
grupos de objetos, para lo cual también se emplearan distmbdelos de atmdsferas
de enanas marrones y planetas (ver, por ejemplo, Allard)2010
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Tabla 1. Propiedades espectroscépicas de enanas maegopinetas de tipo
“Hot Jupiter” y Jupiter y Saturno.

Elemento Enanad Enanast Enanasy Exoplanetas Jupiter Saturno
Vapor de agua Si Si Si Si Si Si
Oxidos metalicos TiO,VO no no no no no
Hidruros metal. FeH,CrH,MgH no no no no no
Metales alcalinos | Nal,KI,Csl,Rbl no no Nal no no
Hidrocarburos no CHy CHy CHy CHy CHy
Oxid. no metal. no no no CO,CO; CO,COy CO,COy
Otros compuestos no no NH3 no NH3,PH3 NH3,PH3
Otr. elem. neutr. no no no no Ho,He Ho,He
Temperaturas [K] 2300 — 1500 1500 - 600 < 600 < 1500 152 147
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CN and CH bands in exoplanet host stars
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Abstract. We measured the strength of CN and CH molecular bands in a sam-
ple of stars with and without exoplanets (indie&3839,0S4142 andCH4300).

The indexdS3839 seem to present smaller values for stars without axefs.

No correlation is found between molecular bands and exeplparameters,
supporting the primordial hypothesis of planet formatihe CN band strength
seem to increase with C, N and Fe abundances. This couldimxtléeast in

part the dissimilar distributions of CN observed for staigand without exo-
planets. We caution that this is an initial result based liatireely small number

of objects.

Resumen. En este trabajo medimos la intensidad de las bandas malesula
CN y CH en una muestra de estrellas con y sin exoplanetaxémdt3839,
0S4142 yyCH4300). El indiceyS3839 parece ser menor en estrellas sin exopla-
netas. El hecho de que la banda CN aumente con la metaligidade explicar

al menos en parte las diferentes distribuciones obsereadastrellas con y sin
exoplanetas. Advertimos que hasta el momento las muestnagstivamente
pequefias.

1. Introduction

Main-sequence exoplanet host (EH) stars are, on averagdal-rich in comparison to
no-EH stars (e.g. Santos et al. 2004). Fischer & Valenti §2808owed that the probabi-
lity to present an exoplanet increase with the metallicitthe star. On the other hand,
the molecular content in the atmospheres of EH stars doegceived the same atten-
tion in literature. In particular, molecular bands of CN ab are readily observed in
the spectra of solar-type stars.

Different molecules are commonly detected in protoplanyedésks, such as bright
lines of CO and HCO. Also lines of DCO", CN, HCN, CCH and other molecular
species are observed (see e.g. the review of van Dishoe®j. ZDiferent works shows
that molecules are present in protoplanetary disks andidseiimportant ingredients
in the planet formation.

Then, the aim of this work is to directly compare (to our knegde, for the first
time) the molecular strengths in the atmospheres of statsamd without low-mass
companions or exoplanets. This study will help to deternifitiee strength of certain
molecular bands observed in main-sequence stars couldapiale in the planet for-
mation process. Also we search for possible correlatiohgdsn the molecular indices
and exoplanet parameters (semi-major axis a, eccentgciyd planet mass m seni).
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This comparison allow us to support the primordial scenafiplanet formation, fo-
llow a reasoning similar to Bond et al. (2006). In this scemtre abundance content of
the star is similar to their original parent cloud. Howewee, caution that the accretion
hypothesis (i.e. the increase of abundances due to extaohalion of material) could
not be totally excluded.

2. Observational material

We observed 38 southern EH stars from the California and ég@ggrand the Geneva
Observatory planet search listg'he 38 stars we observed have V magnitude between
1.5 and 8.9 and spectral types FGK (5, 26 and 7 objects, risggl, as specified in
the Hipparcos database. We also observed a sample of 1:stdasown to have any
planetary-mass companions (Santos et al. 2004, Bond €8, &illi et al. 2006). The
19 stars we observed have V magnitude between 2.8 and 8.pedita types FGK (2,
11 and 6 objects, respectively). The stars studied in thikwo not present IR excess
indicative of circumstellar dust.

The spectra were obtained at Complejo Astrénomico El Leor{€ASLEO) bet-
ween April 21 and 25, 2008 and October 10 and 15, 2010. We be€2115 m telescope
equipped with a REOSC echelle spectrograph and a TEK 1024xCCD detector. We
have used a grating with 400 lines mf The spectra cover a range 3500-650and
the S/N ratio is~150. The data were reduced using IRAF procedures anditaieds
task was used to measure the strength of the molecular bands.

3. Spectral indices

We measure the strength of 2 CN bands-a883 A,~4215 A and a CH band at4300
A using the spectral indices S3839, S4142 and CH4300 definkterature (e.g. Har-
beck et al. 2003). The index definitions are:

S3839= -2.5log Lasei-ssst

F3894-3910'

S4142= -2.510g jp— Fa120-4216

—4080+0.5F4240—4280 '

CHA4300= -2.5l0g 57— 12ssiats

—4280+0.5F4390—4460 '

where Rgg1_3s884, for instance, is the summed spectral flux in ADU counts fr@613
to 3884 A. To determine the uncertainty, we assumed pureophutise statistics and
added the dispersion of the indices derived from indivickdctra. The average dis-
persions are 0.151, 0.098 and 0.064 for S3839, S4142 and @H4Sspectively. We
applied a temperature and gravity correction similar toldak et al. (2003) and refe-
rred the corrected indices to 853819,0S4142 andCH4300.

There is a general agreement betweendB88839 andiS4142 values, however
S4142 is less sensitive to the intensity of the CN molecubaifelck et al. 2003, Pancino
et al. 2010). Then, we adopt the index S3839 to measure #magstr of the CN band,
similar to these literature works.

http://exoplanets.org, http://obswww.unige.ch/exopla
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Figural. Distribution of the indice8CH4300 andyS3839. EH and no-EH stars
are showed by filled and empty histograms, respectively.

4. Molecular bands in EH and no-EH stars

We present in the Figure 1 the distribution of the indié€H4300 andyS3839. EH
and no-EH stars are showed by filled and empty histogrampectsely. In the Ta-
ble 1 we present the average and dispersion of the indicesFijure 1 and the Table
1 shows that the distribution GiCH4300 values for EH and no-EH stars are simi-
lar. However, fordS3839 no-EH stars seem to concentrate in relatively smadleles
(6S383%<~0.6). The difference is also present in the values of TabfeKlolmogorov-
Smirnov test gives a probability df;20 that both distributions represent the same po-
pulation. We caution that this is an initial result and mdas are needed to verify a
significative difference.

No clear relation is apparent between molecular indiceseanglanet parameters
(a, e and m seni), which is naturally explained by the prirardcenario of planet
formation (e.g. Bond et al. 2006). However, the accretigodtiyesis could not be totally
excluded.

5. Carbon abundances from atomic lines

The stellar parameters. ¢, log g, [Fe/H] and{ (microturbulence velocity) have been
derived by requiring excitation and ionization equilibriwof Fe lines with the program
FUNDPAR (Saffe 2011). The C | abundances are determined éaquivalent widths of

2 lines (5380.34 and 5052.17A) measured with the SPLOT task of IRAF. Our spectra
do notinclude relatively intense N | lines, then we colledtd¥bundances from literature
(Ecuvillon et al. 2004b). There is a good agreement betwierCtl abundances and
literature (Ecuvillon et al. 2004a) for 26 stars in commowetage difference-0.05
dex).

Tablal. Average and Dispersion of molecular indices for BH ao-EH stars.

EH stars no-EH stars

(n=38) (n=19)
0CH43004+0 0.08+:0.04 0.106:0.05
0S3839+0 0.34£0.24 0.2@:0.17

The strength of the CN molecular band seem to increase wathlithndances of C,
N and Fe, as showed in the Figure 2. Then the CN molecule demenitheir individual
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Figura 2. Index¥S3839 vs abundances of C I, N | and Fe, respectively. EH and
no-EH stars are showed by filled and empty points, respégtive

components C and N, and both abundances scales with Fe. IfaE${ase metal-rich,
then we could expect different distributions for the CN noale. This could explain,
at least in part, the dissimilar distributions of CN presehin the Figure 1 and Table
1. The dependence between the molecular intensity and aboedaf their elements is
expected in the case of molecular equilibrium. We cauticairathat these results are
based on relatively small samples.

6. Summary

We measured the strength of the CN and CH molecular bandsampls of EH and
no-EH stars. The indeS3839 seem to present a different distribution for EH and no-
EH stars. The difference in the distributions could be exgld, at least in part, with
the fact that the strength of the CN molecule scales with Fegtars are metal-rich).
We expect to increase the number of stars to verify the teredenbserved in this work.
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Abstract. We present our analysis of s§pitzer Space Telescopecondary

eclipse observations of WASP-8b at 3.6, 4.5, and/81@ We derived light-

curves, determined the planet’s day-side infrared emissiad characterized
the planet’s atmosphere. We found a solar chemical conmosthe absence
of a thermal inversion layer, and a low energy redistributizer its surface.

Resumen. En este trabajo presentamos el andlisis de las observaderseis
eclipses secundarios del exoplaneta WASP-8b en 3.6, 4.9, yn8 obtenidas
con elTelescopio Espacial Spitzdberivamos las curvas de luz, determinamos
la emision térmica del planeta en el infrarrojo correspent a su cara ilumi-
nada, y caracterizamos la atmdsfera planetaria. Encoosrama composicion
guimica solar, la ausencia de una capa de inversion térynigaa baja redistri-
bucion de energia sobre su superficie.

1. Introduction

When transiting exoplanets pass behind their stars, a dappeclipse event, the ob-
served drop in flux provides a direct measurement of the dap¢hermal emission.
Since the first detections (Charbonneau et al. 2005; Dentiag 2005), near thirty of
the closest orbiting exoplanets have been observed atd&goeclipse, most of them
with the Spitzer Space Telescoféflerner et al. 2004). Among them, WASP-8b is the
coolest Hot Jupiter with an equilibrium temperature of 94ZEkKch observed waveband
samples the temperature at a specific altitude in the ptaagtiosphere. By combining
them, we can estimate a broadband spectrum and thermakpobfihe planet (Mad-
husudhan & Seager 2009). In general we see that the mosiaieddplanets show
an inversion layer in their atmosphere (Fortney et al. 2@@yows et al. 2008) in
contrast with those less irradiated (like WASP-8b), butegtions (e.g., Madhusudhan
et al. 2011; Blecic et al. 2011; Fressin et al. 2010; Machatei. 2008) indicate that
the picture is not completely understood yet.

Queloz et al. (2010) announced the discovery of WASP-8bplaeet orbits the
brighter A component of a binary stellar system in an ecae(r= 0.31) and retro-
grade8.16-day orbit. With a mass d?.18 M ;,, and radiusl.08 R ;,,,,, WASP-8b is a
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relatively dense planet (92 g cnm3). The unusually large eccentricity along with a de-
tected drift in the radial-velocity curve suggest the pneseof a planetary companion.

2. Observations

Using the Infrared Array Camera (IRAC, Fazio et al. 2004 Dacember 2008 and July
2010, theSpitzer Space Telescopbserved one secondary eclipse at 3w, three at
4.5 m, and two at 8.Q:m of the WASP-8 system. During the observations the point-
ing showed a frame-to-frame jitter0.01 pixels) and hour-long periodic oscillations
(~0.1 pixel amplitude). The separation between the centetisedfarget star (WASP-
8A) and the secondary (WASP-8B) was3.7 pixels in the frames, making the analysis
particularly challenging.

3. Data Analysis

We used our Photometry for Orbits, Eclipses and Transit&E(P@ipeline to produce
light-curves of the target using the Basic Calibrated Datages provided bgpitzer
Initially, POET creates a bad pixel mask for each image caimbithe Spitzerbad
pixel masks and an iterative-rejection method. Then finds the center position of the
target in the array with a double Point Spread Function (Fi&Hyg routine. Following
Crossfield et al. (2010), we created a PSF model with Tiny Taftware* to fit the
positions, fluxes, and sky level to the target and the secyrsdar with ay? minimizer.

We obtained the light-curves from interpolated circulagr@yre photometry (Har-
rington et al. 2007) after removing the secondary star flithee by subtracting the
PSF model of WASP-8B or discarding the pixels within a ciacwdperture centered at
the secondary position. We tested a broad range of apeddiie WASP-8b’s eclipse
depths are in the order of 0.1% of the system flux, comparalilecttelescope system-
atics. They, largely observed and documented, can havedmiboral (amp detector)
and spatialifitrapixel) components, and vary for each band (Agol et al. 2010; Clmarbo
neau et al. 2005). The eclipse and both systematics varsaéintangle to produce the
observed lightcurveF'(z, y, t); to correctly account for their contribution we simulta-
neously modeled the light-curves as

F(.’L’,y,t) - Fsl(x7y)R(t)E(t) (1)

F; is the out of eclipse system flu¥:(¢) is the eclipse model (Mandel & Agol 2002).
We empirically determined the ramp modél(¢), testing dozens of combinations of
exponential, logarithmic, and polynomial functions. Wedisur Bi-Linearly Interpo-
lated Subpixel Sensitivity (BLISS) mapping technique {®teson et al. 2011) to trace
the intrapixel variation/ (x, y), on the surface of the detector. We usegfaninimizer

to find the best model parameters.

To determine the best aperture radius and WASP-8B sulmractethod, we searched

for the data set with minimum standard deviation of the ndized residuals (Steven-
son et al. 2010; Campo et al. 2011). Then we selected bestmadpl by minimizing

http://irsa.ipac.caltech.edu/data/SPITZER/docsAtailysistools/tools/contributed/
general/stinytim/
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the Bayesian Information CriterioBIC = x? + kIn N, with k¥ and N the number
of free parameters and data points, respectively (LiddeZ2Campo et al. 2011). We
sampled the posterior distribution of the free parametedsestimated the uncertain-
ties with a Markov-chain Monte Carlo (MCMC) Bayesian algom. We found an
eclipse depth 06.115 + 0.023 % at 3.6m (Fig. 1),0.0695 + 0.020 % at 4.5:m, and
0.0930 + 0.023 % at 8.0um.
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Figure 1.  WASP-8Db lightcurve at 38m. Left: Raw (black) and best fit model
(blue) photometry. The- 2% oscillations depend on the target center position (in-
trapixel effect).Right: Normalized eclipse light curve with the systematics rendove
The eclipse depth)(115%) is much deeper than our prediction.

4. Atmospheric Analysis

In eachSpitzerband the eclipse depths are equivalent to the planet-tdistaratios.
Using Kurucz models (Castelli & Kurucz 2004) for the starctpam, we determined
the planet emission. We used these measurements to e#dlysinfer the molecular
abundances and the pressure—temperatt&’) profile of the day-side atmosphere by
combining a one-dimensional atmosphere model with an MCEl@per (Madhusud-
han & Seager 2010). The radiative transfer code that caésithe atmosphere model
assumes hydrostatic equilibrium and energy balance. Tliremaecules included are
CO, CG, H20, and CH.

The higher emission at 3,6 than at 4.5:m of WASP-8b indicates that the planet
does not have a thermal inversion (Fig. 2). The fitted modetspm has nearly solar
composition. The 3.6um brightness temperature$,(= 1554 K) was surprisingly
larger than the equilibrium temperature, which is hard tavithout a high day-side
emission and hence, low redistribution to the night sideanubst zero albedo.
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Abstract. In this work we propose a method to indirectly determine tee v
locity of the stellar windp,, of the GO V star HD 209458\, = 1, 148M)
which is known to have a transiting planet HD 2094588,(= 0, 714M ;).

To estimate the value of the stellar wind, we simulated tlublem assuming
diferent values ob. andni,. For each model (different pairs of andmni,)
we adjusted the value ofi, to obtain the observed 5% of absorption in dvy-
for the whole line width. Then, we calculate the byabsorption for different
widths of the line.

The best fit model is determined by comparing with the obgiemns

Resumen. En este trabajo proponemos un método para determinar deganane
indirecta el valor de la velocidad del viento estetar, en el sistema planeta-
rio HD 209458, el cual esta conformado por una estrella dedgpectral GO

V (M, = 1,148M;) y un planeta del tipo Jupiter caliente denominado HD
209458b (1, = 0,714M ;). Para estimar la velocidad del viento de la estrella
HD 209458, se simulo el problema suponiendo diferentesesidev. y ni,,.

En cada modelo se ajustd,, tal que se obtuviera una absorcion del 5% para
todo el ancho de linea Ly- Luego, se calculd la absorciéon en byusando
distintos anchos de linea. El modelo que mejor ajusta ed petet el cual los
valores de absorcion en los diferentes anchos, el tiemp@usgito y el perfil de

la linea, son consistentes con los valores obtenidos devalogenes.

1. Introduccién

Las primeras observaciones obtenidas con el espectr6§fid® a bordo del telesco-
pio espacial Hubble dieron lugar a la discusion acerca deleptaje de absorcion en
la linea de emision Lyr que produce el transito del exoplaneta HD 209458b. Vidal-
Madjar et al. (2003) encontraron una absorcion del 15 % dradioea, lo que sugiere
la presencia de una atmdsfera extendida mas alla del I6buRndhe del sistema. Por
otro lado, Ben-Jaffel (2007) obtuvo una absorcion del 8,9%hyea y sugirié que el
material no estaria escapando del planeta. Actualmeniées, @iscrepancias en las me-
diciones fueron resueltas. Absorciones encontradas dimées del C I, O Iy Si lll
(Vidal-Madjar et al. 2004, Linsky et al. 2010) terminarorr ponfirmar el escenario
predicho por Schneider et al. (1998). En el trabajo de Stdmef al. (2007) se simu-
16 la exdsfera cometaria de HD 209458b para un valor fijaoddo que lleva a un
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Unico valor para la tasa de pérdida de masa del planetazastilo el mismo cddigo
hidrodindmico (Raga et al. 2000), reproducimos el problessistema HD 209458
para diferentes valores dg, ajustando los valores d&, a un determinado valor de
absorcion en Lya.

2. Calculo de absorcién en Lya

De los parametros obtenidos (densidad, velocidad y termyejaen la simulacion, se
calculd la absorcion en Ly para un transito planetario inclinando la grilla compu-
tacional un angulo i = 86.87°.

La profundidad o6ptica;,, para cada instante es:

7= / niood(Av)ds, (1)

donde los limites de integracién son la superficie de lalesiyesl borde del dominio
computacionaln ; es la densidad numérica del hidrogeno neutres la frecuencia,
Av = v — 1y es el “offset” del centro de la linea, es la absorcion en la seccién
transversal del centro de la linea@yAv) es el perfil Doppler de la linea. Considerando
que a una determinada el disco estelar emite una intensidad uniforme, se calcula

la intensidad vista por un observadfy = I, .e™. Integrandol, en todo el disco
estelar, se obtiene el decaimiento de la intensidad conuidiuale la frecuencia media
debido a la presencia del planeta:

v2

ki = ! / <e™ >dy, 2
[* Vi =12 Jiny

donder, y 15 representan el rango de integracion.

El célculo se realiz6 dentro de 3 rangos de integracion (es, iara 3Av distintos),

los cuales corresponden a los empleados en los trabajosldeMadijar et al. (2003),

Ben-Jaffel (2007) y Vidal-Madjar et al. (2008), donde seusl#ron absorciones del

15+4 9%, correspondiente Av = [-120 — 100]km/s, 8.242.1 %, correspondiente av

=[£200]km/s y 52 %, correspondiente Av = [-320 — 200]km/s (ver Tabla 1).

2.1. Simulacion

Se utilizé una grilla adaptiva de 6 niveles con un maximo gelweion de 1,8 x0*
km. Se emple6 un dominio computacional de 7% km (0,49 UA), 1,85 x10” km y
7,4 x107 km en las direcciones x, y, z, respectivamente.

Laestrellay el planeta se simularon como un viento isotafia estrella se ubica en el
centro del dominio computacional, con iy de 9,0 x10~14 M /afio (correspondiente
a un flujo de iones de 5,23073% s—1). El viento estelar se varié de 400 a 1200 km/s
(ver Tabla 1). El planeta orbita en el plano xy y su vientodienna velocidad de 42
km/s (velocidad de escape), orbitando en el plano xy.

3. Conclusiones
Los modelos propuestos barren valoresddentro del rango aceptado para el Sol. A

cada modelo se le ajusto el valor dig, para obtener una absorcion del 5% encLy-
(semejante al 5 2% obtenido en el trabajo de Vidal-Madjar et al. (2004)),tdede
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Modelo v M, At 1—1/L (%) 1—1/1.(%) 1—1/I(%)
km/s 1016 Mg/afio 10'°g/s) h  [—320 — 200]km/s  [£200]km/s [—120 — 100]km/s
M1A 400 0.4149 — (0.26) 29.4 5.1 6.6 11.5
M1B 400 0.7884 — (0.5) 30.5 9.5 12.2 20.2
M1C 400 1.1826 — (0.75) 31.7 11.9 15.3 25.4
M1D 400 1.5768 — (1) 32.2 13.4 17.3 28.8
M2A 800 0.82125 — (0.52) 4.4 4.7 6.1 10.6
M2B 800 1.5768 — (1) 7.8 9.6 12.3 19.8
M2C 800 3.1536 — (2) 12.2 16.1 20.6 30.8
M3A 1200 1.5768 — (1) 4.4 4.9 6.4 11.1
M3B 1200 2.3652 — (1.5) 6.1 9.1 11.6 18.3
M3C 1200 3.1536 — (2) 8.3 13.9 17.7 25.8

Tabla1l. Modelos de vientos estelares. Los rangos de veldtidcen referencia
al ancho de lalinea considerado, dond820 — 200]km/s es toda la linea y{120 —
100]km/s es el centro de la linea.
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Figura 1. Intensidad normalizada de la linead.yen funcién del tiempo para
un valor fijo deni, (izquierda) y para distintosi,, que proporcionan un valor de
absorcion del 5% (derecha).

un rango de integracion correspondientdwa= [-320 — 200] km/s (todo el ancho de
la linea). Seguidamente, se calculd la absorcion para #bcéa la linea ([-120 — 100]
km/s) y para un ancho intermediai200] km/s), como en los trabajos de Vidal-Madjar
et al. (2003) y Ben-Jaffel (2007), donde se encontraronralmses del 15- 4%y 8,9

+ 2,1 %, respectivamente.

Los resultados obtenidos se presentan en la Tabla 1. Aldguerse que todos los
valoresv, contemplados pueden reproducir los valores de absorcegrvdrdos dentro
del error de los distintos anchos de linea.

Esto refuerza lo argumentado por Vidal-Madjar et al. (20&8)re las discrepancias
en los valores de absorcion en byebtenidos por Vidal-Madjar et al. (2003) y por
Ben-Jaffel (2007). Es decir, el valor de absorcion deperaeahgo de integracion
usado para calcularla. La Figura 1 muestra la intensidachal@rada de la linea Ly
para 3 modelos con el mismo, (izquierda) y para distintosi, que ajustan el 5%
de absorcién (derecha). Del panel izquierdo deducimos jiiengoo de transito y la
profundidad de la linea aumentan a medida que crece el valQr &n ambos paneles
se aprecia que el modelo de= 400 km/s presenta dos minimos de absorcion. Esto es
debido a la estructura dinamica de la cola cometaria queo s@bserva en el gréafico
del escalar pasivo en el panel derecho de la Figura 2, peesargstrangulamiento en
la direccién de la visual.

Considerando aquellos modelos que ajustan las absorciisesvadas para cada an-
cho de linea y teniendo en cuenta que el tiempo de transibetalao es de aproxima-
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Figura2. Cortesen el plano orbital de la simulacion 3D spoadiente a los mo-
delos M1A (derecha) y M3A (izquierda) donde se muestran lagas de densidad
(panel superior), temperatura (panel intermedio) y esgalsivo (panel inferior).

damente 4 h, los modelos que mejor aproximan el escenarisisiema HD 209458
son: M2A y M3A. Una manera de discernir entre estos dos medsdia utilizar la
asimetria del perfil de absorcion de by-

Para los modelos elegidos, el rangordg obtenido, (0.5 - 1.0) 30'° gr/s, esta por

debajo del propuesto en la literatura(3 - 7) x 100 gr/s, a pesar de que las barridas
estan en un rango muy acotado.
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Abstract. In this contribution we present 3 complete planetary ttangb-
served with the 40-cm telescope “Horacio Ghielmetti” leckin San Juan (Ar-
gentina). These objects correspond to a continuous phaticrmeonitoring pro-
gram of Southern planet host-stars that we are carryingiocg snid-2011. The
goal of this project is to detect additional planetary masggads around stars
with known transiting-planets through Transit Timing \#&ions (TTVs). For
all 3 transits the depth and duration are in good agreemehttie published
values.

Resumen. En esta contribucion presentamos las curvas de luz corapleta
transitos planetarios observados con el telescopio “Hwmi@bielmetti” de 40-
cm localizado en San Juan (Argentina). Estos objetos quneten al programa
de monitoreo fotométrico continuo de estrellas con planéé Hemisferio Sur
gue estamos llevando a cabo desde mediados de 2011. Eliprafgsste pro-
yecto es detectar objetos de masa planetaria adicionaézedbr de estrellas
con planetas transitantes, ya conocidos por medio de i@meg en los tiem-
pos de minimo (TTVs). Para las 3 curvas de luz obtenidas) tamrofundidad
como la duracioén, estan en buen acuerdo con los valorecpdbs.

1. Introduccién

Hasta el momento, mas de 700 planetas extrasolares hanesattadios por medio de
diferentes técnicas. En particular, los métodos de vedoliddial y de transitos planeta-
rios, son los que han provisto el mayor nimero de detecci®oesin lado, la medicién
de variaciones en las velocidades radiales estelarestparamocer el periodo orbital,
la excentricidad y la masa minima del planeta; mientras queeti de la observacion
de transitos se pueden derivar la inclinacion y el radiogikmio relativo (cociente en-
tre el radio del planeta y el radio de la estrella). Luegoolalginacion de mediciones
espectroscopicas y fotométricas, permite calcular laidadsplanetaria. Sin embargo,
por el momento, la principal desventaja para llevar a catmtg® de calculos, es que
las mediciones espectroscopicas estan limitadas por laitadgle la estrella.

En la actualidad existe otro método para la deteccion deefdlanEsta técnica se
basa en el hecho de que si la estrella alberga un Unico plargtmces el intervalo
de tiempo entre transitos sucesivos sera siempre el mison@l Bontrario, la presen-
cia de otro cuerpo de masa planetaria en el sistema puedecpredriaciones en el
periodo del planeta transitante debido a la interacciéwnitgonal entre ambos. Es-
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tas variaciones en los tiempos de minimo o TTVs (por susssigtainglés “Transit
Timing Variations”) son las que dan el nombre a la técnica gdem llegar a ser del
orden de decenas de minutos (Holman & Murray 2005). Cuangianeta transitante
es perturbado por uno que no transita, la fotometria nosifgeaitener sélo su radio,
mientras que para el perturbador, no podemos obtener elpadi si la masa. Es decir,
la densidad planetaria no puede ser determinada para nirgulos planetas, excepto
en el caso en que el perturbador también transite. Estdisague la técnica de TTVs
podria llegar a ser la Unica capaz de estimar la masa y, panto,tla densidad de
planetas terrestres, debido a que muchas de las estreflagstituyen las muestras
de futuros relevamientos, son demasiado débiles para fredstiecciones de planetas
de tipo-Tierra por medio de velocidades radiales (Holman &tsly 2005).

Motivados por los resultados que promete esta técnica, m@am@s en junio de
este afio un programa de monitoreo fotométrico continuo tlellas del Hemisferio
Sur, con planetas que presentan transitos, con el fin deaetaciaciones en los tiem-
pos centrales de los mismos. Especificamente, en estaboonin presentamos las
curvas de luz completas de 3 transitos planetarios.

2. Adquisicion y reduccion de las imagenes

Para llevar a cabo este trabajo, estamos utilizando urctges MEADE de 40-cm de
diametro, localizado en el Cerro Bureck dentro del Compfejtronémico El Leon-
cito (San Juan). Este instrumento, con razon focal /8, istensle un sistema éptico
Ritchey-Cretien “advanced” que permite reducir la comaaaniinagenes, y presenta
una resolucion tedrica de 0.28 segundos de arco. El telescopnta ademas con una
rueda de filtros UBVRI de Johnson y una camara Apogee Alta tdbun tamarfio de
pixel de 9um. Si bien el tamafio del campo es4#x 40/, el area util se reduce-a
34'x 34’ debido al vifieteo. Actualmente, el control del observates completamente
remoto.

Por cada noche de observacion, tomamos imagenes de ddlibcpe se utilizan
para corregir las imagenes del objeto de interés. Luegenebtos magnitudes instru-
mentales por medio de la taraatofot. Esta es una tarea que estamos desarrollando en
IRAF, la cual todavia no ha sido completamente automatiziaitzialmente,autofot
emplea una imagen de referencia (seleccionada previaments usuario) para iden-
tificar en cada una de las imagenes restantes los centros dsttallas de interés del
campo. Una vez que los centros fueron identificados comegtite, obtiene para cada
imagen informacion sobre los alrededores de cada objetitizaua técnica de curvas
de crecimiento (Howell 1989) para evaluar cual es el tamafimé que debe tomar la
apertura. Es decir, calcula la magnitud para distintastagery cuando la diferencia
entre las mismas es menor o igual a 0.001, adopta esa magrstugmental. Al eje-
cutar el programa, obtenemos un archivo de salida que centantre otras cosas, la
magnitud instrumental y el tamafio de la apertura utilizaala pada estrella de cada
imagen.

3. Obtencién de las curvas de luz

En la Figura 1 mostramos los 3 primeros transitos planetaompletos que obtuvimos
en el marco de este proyecto. Estas curvas de luz corregpanids estrellas con pla-
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netas WASP-28, WASP-44 y WASP-4, las cuales fueron obsasvddrante las noches
del 27/8, 28/8 y 17/10 de 2011, respectivamente. Todas ke ediciones fueron toma-
das en el filtro “clear” para mejorar la resolucion temporkls/tiempos de exposicion
fueron elegidos de modo que ninguna de las estrellas delaaatprara el CCD. En
todos los casos, para realizar la fotometria de aperturaggsos un radio interno para
el anillo de cielo de 5 pixeles medidos desde el radio de |e@pey un espesor para el
mismo también de 5 pixeles. En cada caso, para llevar a cdbwiaetria diferencial,
adoptamos como estrellas de comparacion aquellos objetoampo que no presenta-
ron variaciones superiores a la centésima de magnitud yicayce de color fuera, en
lo posible, similar al de la estrella de interés. Agrupanossguntos de la curva de luz
en intervalos de fase de igual duracion y luego realizampsoghedio de los mismos.
Finalmente, para cada curva obtuvimos el mejor ajuste aupgp (indicado con una
linea negra continua) empleando el método iterativo desen Poddany et al. (2010).
En la Tabla 1, mostramos los valores de profundidad y dumaaidenidos a partir de
nuestros datos y los extraidos de la base de datos de tgagsiffanetas extrasolates
Incluimos, ademas, el valor promedio del “seeing” de caddeo

Tablal. Valoresde profundidad (P)y duracion (D) obten&tosste trabajo (sub-
indice N) y publicados en la literatura (subindice L). Laws@tp y tercer columna
indican la dispersién de los datos correspondientes a ecada ¢ el valor promedio
del “seeing” de la noche.

Objeto oN Seeing Py Dy Pr, Dy
[mmag] [ [mmag] [minutos] [mmag] [minutos]
WASP-28 3.0 4.4 19.2 199.4 19.4 182.5
WASP-44 3.0 35 18.4 148.3 18.3 134.8
WASP-4 3.6 2.9 31.2 126.9 194 129.9

4. Conclusiony pasos a seguir

En las 3 curvas de luz, tanto la profundidad como la durac&tos transitos plane-
tarios, concuerdan con los valores publicados en la litexato cual indica que los
procedimientos adoptados para realizar las observacioteseducciéon de los datos
son correctos. El siguiente paso es investigar y probaredifes algoritmos para re-
mover efectos sisteméaticos. Por otra parte, en futurogjyalemplearemos el cédigo
de Mandel & Algol (2002) para ajustar las curvas de luz. Digdws meses siguientes
continuaremos con las observaciones remotas de tranktostarios y comenzaremos
con el andlisis de variaciones en los tiempos de minimo.
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Abstract. Cosmic dust is very important in the evolution of the Uniegiige-
cause itis used for creation of planets and ultimately lifes partially produced
in the interstellar space but also in the immediate envirmis of stars. Until
recently, only cool stars and very luminous hot stars wersicered to be dust
producers. We found a new large group of Galactic hot statts mbderately
low luminosities that seem to produce even more dust thartuth@ous hot
stars. | review known types of stars that produce dust ancritbesproperties of
the newly discovered group. A detailed comparison with#@3B objects that
show some similar properties is presented. Hypothesed #imarigin and the
evolutionary status of this group is discussed.

Resumen. El polvo césmico es muy importante en la evolucién del Urseer
porque es utilizado para la creacion de planetas y de videatesalmente pro-
ducido en el espacio intestelar pero también en el entortasdestrellas. Hasta
hace muy poco se consideraba que solo las estrellas friaggtlallas calientes
muy luminosas eran responsables de producir polvo. Nasetroontramos un
nuevo grupo de estrellas calientes galacticas con lundades moderadas que
parecen producir ain mas polvo que las estrellas calientgduminosas. Se
hace una revision de los tipos de estrellas conocidos quripea polvo y se
describen las propiedades del grupo descubierto. Se raugsircomparacion
detallada con objetos post-AGB que muestran similaresiguiages. Se discu-
ten algunas hipotesis sobre el origen y estado evolutivasiedtrellas de este
nuevo grupo.

1. Introduction

Stars and stellar systems can be surrounded by circumgi€ts) envelopes at various
evolutionary stages. The envelopes may be a result of staaton, mass loss from a
single star, or mass exchange between stellar companiansnuitiple system. They
may include only gaseous material or they may provide fdderaonditions for dust

formation. Studying the CS matter and processes that le#id formation provide

us with understanding of important issues, such as evoluifogalaxies and planet
formation, refine our knowledge of adjacent quiet evoludignstages and explain the
causes for evolutionary transitions. In particular, dieces of Vega-type stars, which
retain protostellar dust during most of their main-seqeelnes, and Proto-Planetary
Nebulae, post-AGB stars that drive earlier created CS dtsthe interstellar medium,
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done with the InfraRed Astronomical Satellite (IRAS) dtlysurvey gave a tremendous
impetus to studies of the stellar evolution and CS dust ftiona

Nevertheless, not all evolutionary phenomena and not aflaes for the CS enve-
lope formation are understood. A particularly interestitags of objects is intermediate-
mass £3-20 M,) stars. Many of them challenge the theory of stellar evotutby
showing strong emission-line spectra and non-sphericati@wslopes. There is grow-
ing evidence that the majority of them are born in pairs (dMgSwain & Gies 2005)
which play a key role in generating remarkable CS phenomerm, (in Be stars,
Miroshnichenko 2011, and Planetary Nebulae, de Marco 2088)mechanisms re-
sponsible for creation, accumulation, and temporal benafi CS matter are still un-
clear. One of the long-standing puzzles of modern astraghys to explain the B[e]
phenomenon (the simultaneous presence of forbidden Imesteong IR excess radia-
tion due to CS dust in spectra of hot stars). This talk is nyailelvoted to revealing the
properties of one stellar group that exhibit this phenomeanrdd its possible connection
to the Galactic dust production cycle.

2. Galactic dust and stars with dusty envelopes

It is currently thought that up to 90% of the dust in the MilkyaWis produced by
evolved cool stars. The origin of dust in these objects thgelstrong stellar winds is
well understood. Low stellar temperatures£T<3000 K) allow dust sublimation (at
1500-2000 K) near the stellar surface, at high densitiesSofn@tter (Gail & Seldmayr
1986). Many low- and intermediate-mass stars pass thraughed-giant and AGB
stages, producing a lot of dust.

Dust formation may also occur near hot starsz(™10000 K) and has been un-
derstood only in three types of such objects: Wolf-Rayeimmlnous Blue Variables,
and supergiants with the B[e] phenomenon. They are evoheskive & 30—40 M,)
and luminous lpg L/L, > 5) objects with extremely dense radiation-driven winds.
Dust can form there due to the presence of already produadg ledements and self-
shielding of the wind parts (e.g., in clumps) from dust-o®ghg UV radiation (Bjork-
man 1998; Curé, Rial, & Cidale 2005). However, the numbehes$é objects is small in
the Galaxy, and they cannot supply much dust even having iosssates comparable
to those of cool stars.

There are several other classes of hot stars and stell@nsystith a hot star that
have CS dust in their envelopes. Pre-main-sequence Hedigetand their descen-
dants, main-sequence Vega-type stars retain dusty diske #ie time of formation.
Therefore these stars are not responsible for the formafiolew dust. Symbiotic bi-
naries (a cool giant and a degenerate companion, a neugioorst white dwarf) and
VV Cep type binaries (a cool supergiant and a hot dwarf) Ess€& dust that is formed
near the cool companion. Only about half objects of thedatte classes have dust in
their CS envelopes.

3. Objects with the B[e] phenomenon
The largest known class of dusty objects with a hot star ieaibjwith the B[e] phe-

nomenon. The phenomenon was discovered by Allen & Swing&(lth B-type
stars that display forbidden (e.g., [O 1], [Fe II], and [N)lidnd permitted emission
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lines (e.g., HI and Fe Il) along with large IR excesses due $odOst. Lamers et
al. (1998) recognized four subgroups of B[e] objects witlwkn evolutionary status,
namely: pre-main-sequence Herbig Ae/Be, symbiotic bésa@ cool giant and a white
dwarf/neutron star), compact Planetary Nebulae, and gigmes. They confirmed the
discoverers’ suggestion that the B[e] phenomenon is foorabjects at very different
evolutionary stages, but with similar conditions in the® énvelopes. Howeve;50%
of the originally selected 65 Galactic objects remain ussiféed.

Mostly double-peaked permitted optically-thick lines ibjects of all B[e] sub-
groups indicate that CS gas is non-spherically distrib(geagl, Zickgraf 2003). Optically-
thin forbidden lines form in low-density outer parts of thesgous disk. Their presence
suggests that the disks are large (larger than those of Bevdtiéch lack forbidden lines
and have typical sizes 6£20-30 stellar radii, e.g., Bjorkman et al. 2002). The dust
can form at distances of100 stellar radii from the hot central star, but this process
is only efficient if the stellar wind is strong or there is a thaagism of the material
accumulation near the star.

Reasons for dust formation are known for all four above nomeidl groups of
objects with the B[e] phenomenon. It forms near cool giantsyimbiotic binaries;
in Planetary Nebulae it is left from the previous, AGB staB¢eg] supergiants have
very dense stellar winds; and Herbig Ae/Be stars get it frathiant molecular clouds.
Studies of the B[e] phenomenon suggest that the nature ahgtienary status as well
as mass loss and dust formation mechanisms are the leasstaudkin the unclassified
objects.

4. FSCMa objects and their properties

The original unclassified objects (Miroshnichenko 2007 a0 new ones found by
Miroshnichenko et al. (2007, 2011) form the FS CMa group. fla@ group properties
are described below.

1. A steep decrease of the IR flux)at> 10um (Figure 1), unusual in hot stars that
emit enough high-energy photons to warm even distant CS dims$ suggests
that the dusty envelopes are compact.

2. An extremely strong line emission. Theine equivalent width is over 100 A in
the spectra of the majority of the group objects, up-®&00 A in a few strongest
line emitters (e.g., MWC 17, FBS 0022-021, Figure 2). It iscacpanied by
free-free and free-bound radiation that veils the steltecta. In addition, the
CS distortion of the optical brightness can be upttbmag, depending on the
system’s geometry and the tilt to the line of sight (Mirostiv@inko et al. 2005,
Carciofi et al. 2006).

3. The luminosity range. It was revealed primarily from oighiresolution spec-
troscopy that allowed us to derive kinematical distancegatd ~20 FS CMa
objects (Figure 3). Even taking into account the above roaad effect of CS
veiling, it becomes clear they can be intrinsically mucts leeninous than Ble]
supergiants. Their location near main-sequence but ovade range in lumi-
nosity (2.5< log L/L 5 <4.5) suggests that CS dust near hot stars is much more
common than previously thought.
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Figure 1.  Upper panels: Spectral energy distributions of tecently discovered

objects (a — IRAS 21095+4726, b — IRAS 02110+6212) with gt photomet-
ric data. These data were first presented in Miroshnichehkb €2010). Lower
panels: Spectral energy distributions of two group objebterved with the Spitzer
Space Observatory (c — IRAS 07080+0605, d — IRAS 07348B8). Symbols: filled
circles — optical photometry, squares — near/IR K photometry from the 2MASS
survey (Cutri et al. 2003), open triangles — MSX data (821, Egan et al. 2003),
and filled triangles — IRAS data (12 and 28). Solid lines show a Kurucz (1993)
model atmosphere for dwarfs with 4 = 8500 K (panels a and b), 9500 K (panel c),
and 16000 K (panel d). Spitzer data are also shown by soli lin panels ¢ and
d (both main area and insets). The data are dereddened usingeeage Galactic
interstellar extinction law (Savage & Mathis 1979) and $pddype estimates from
the literature.

Let us now consider the major problem in understanding af ginoup — its evo-
lutionary status. We have put some constraints on it by altion of several possi-
bilities. There are only two classes of hot dusty objectshiirtregion of the Hertz-
sprung-Russell diagram: pre-main-sequence Herbig Adéde and post-AGB Proto-
Planetary nebulae. Unlike the FS CMa objects, pre-maineystg stars possess larger
dusty disks/envelopes, exhibit stronger far-IR excessdgetain them longer than the
near-IR excesses (Miroshnichenko et al. 1996, Malfait et1898). Only exposure
to UV radiation from nearby stars in star-forming regionsildadestroy cold dust first
(Hollenbach & Adams 2004), and FS CMa objects are not foursdigh regions.
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Figure 2. FS CMa objects with the strongest lihes. The equivalent widths are
over 700 A. Intensities are normalized to the continuum \eaelengths are shown
in Angstroms. Most other group objects exhibit the line gglgint widths in excess
of 200 A.

Similarly, post-AGB stars do not match well with the obselpeoperties of FS CMa
objects. Post-AGB stars with initial masses>®f5 M@ evolve so fast that spectral
changes due to increasinggTcan be detected within a decade (Blocker 1995, see Fig-
ure 3). Additionally, their IR spectral energy distributi (SEDS) typically peak at
A >30 um. Neither of these features is observed in FS CMa objectsog@inichenko
2007). Low-mass<1 M®) post-AGB RV Tau stars evolve very slow and pass through
the T.g range of B-type stars still retaining hot dust. They everupgahe same region
of the IRAS color-color diagram as the FS CMa objects. HoweR¥ Tau stars ex-
hibit much weaker line emission, and the groups can be sigolanaing near-IR colors
(Miroshnichenko et al. 2007). Furthermore, hot stars inR8e&CMa objects do not
show obvious signs of evolution, such as spectral lines afyhelements as seen in
post-AGB binaries (Gielen et al. 2009), and are unlikely éodescendants of cooler
post-AGB objects with circumbinary dusty disks (Van WinlcRe07).

Until recently we thought that some FS CMa objects might berimediate-mass
post-AGB stars (Miroshnichenko et al. 2009). However, dgtf 326 Proto-Planetary
Nebulae (Szczerba et al. 2007) shows that only seven out Bf-dr A-type objects
with IRAS data satisfy the photometric criteria for FS CMaealts (Miroshnichenko et
al. 2007), but only one (that is also an FS CMa object caneitiétvC 939) exhibits
strong line emission.

An unlikely, but possible explanation is that the FS CMa graonsists of un-
evolved~2-20 M, single stars that undergo episodes of strong mass lossatises
of which are not predicted by the current theory of stellasleon. We found that
mass loss rates &l > 10~7 M, yr—!, which are predicted only for single supergiants
with L > 10° L® (Vink et al. 2001), are required to explain the Balmer linesgths
in most FS CMa objects (Miroshnichenko 2008, Carciofi et QL®).
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Figure 3. A part of the Hertzsprung-Russell diagram withitpmss of FS CMa

objects with known fundamental parameters (Miroshnicloe@007, Mirosh-

nichenko et al. 2007a). Solid lines represent the Zero-AgaNbequence (ZAMS)
and evolutionary tracks of single stars (Schaller et al. 2)98arked with initial

masses. Dashed-lines show evolutionary tracks of post-8@E (Blocker 1995).
The post-AGB tracks are labeled with a stellar remnant madsaa approximate
time period during which these objects cross the shownvatef effective temper-
atures.

5. Binarity

We believe that a more likely cause for the large amount of @8annear the FS CMa
objects is mass transfer in binary systems. It is curremtbjaar that this is the case, but
our observations have already detected companion star@bjects show signatures of
a cool or a degenerate (neutron star or white dwarf, Cl Cammpeamion. Several other
objects exhibit radial velocity variations or spectraltteas that may be attributed to
orbital motion. Companions in a few more were detected tjinaspectro-astrometry
(e.g., FSCMa and HD 50138, Baines et al. 2006) or interfetontelD 87643, Millour
et al. 2009). In all cases but one (MWC 623, Zickgraf 20018, Bhtype primaries are
more luminous AV > 2 mag) than the secondaries.

There are additional arguments to support the binary nattitbke FS CMa ob-
jects. In binaries, CS gas may accumulate in the compani®oshe lobes and cir-
cumbinary area, making the density sufficient for dust faroma Theoretical studies of
intermediate-mass binaries (Wellstein et al. 2001, VarsBergen et al. 2008) predict
periods of rapid mass transfer (up4010—2 M yr—! due to a Roche lobe overflow),
when the star that gains mass cannot accept all of it. Nesleds, FS CMa binaries do
not seem to fill their Roche lobes. If the hot companion fiksRibche lobe, there is no
space for CS gas that gives rise to the line emission (as iX¥-Bs/ binaries, Reig et
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al. 1997). In the opposite case, the cool companion wouldigater than the hot one.
Therefore, the group may represent a phase when the mastetranover, but the CS
matter is still bound to the system.

6. Dust production

The contribution of hot stars to the Galactic dust produrctmestimated to be next to
nothing (Gehrz 1989). For example, 24 known dust-produbdifegf-Rayet stars may
account for~1% of the dust, and B-type stars were not even consideredsapishauc-
ers. However, these estimates have not been updated dogitegst 20 years. The large
luminosity and mass range of the FS CMa objects suggestdhibatshould largely
(by a factor of 100) outnumber more massive Wolf-Rayet siadscreate a noticeable
amount of Galactic CS dust.

In order to find out how much dust is produced by FS CMa obj¢ietsr observed
parameters (e.g., spectral energy distributions, spdaoteaprofiles, polarization pa-
rameters) need to be carefully modeled. The first group bljbose spectral energy
distribution and Blamer line profiles we successfully medelith the HDUST code
introduced by Carciofi & Bjorkman (2006) is IRAS 00470+64Z(ciofi et al. 2010).

The derived stellar parameters for a statistically sigaiftcsample of the group
objects then need to be compared with evolutionary track®dth single stars (e.g.,
Meynet & Maeder 2000) and binary systems (e.g, Van Rensbheagal. 2006, 2008).
The derived amount of CS dust produced by the objects willdued to recent data
for dust production by various stellar populations to refimerelative dust production
rates in the Galaxy, as it was done by Gehrz (1989) and by Med<et al. (2009) for
the LMC.

In order to constrain the dust chemical composition in FS Gigects, we ob-
served 25 group members and candidates with the SpitzeeSfdescope IR spec-
trometer IRS. Silicate emission features were detected imbaerved objects except
for IRAS 07080+0605 (Fig. 1c). The structure of the Af+-feature and presence of
forsterite bands at 23.3, 27.8, and 331 suggest that the dust was formed some time
ago and already processed by stellar radiation. Objects latie-B/early-A spectral
type stars also exhibit emission features which are atgtto Polycyclic Aromatic
Hydrocarbons (Leger & Puget 1984) or to Small Carbonaceookeddles (Bernstein
& Lynch 2009). The IR flux level of all the objects is compablith that of earlier
observations (MSX, IRAS).

7. Conclusions and future studies

Summarizing our previous studies, it becomes clear thaE$h€Ma group is not the
original “zoo” of emission-line stars with dusty environmg (Allen & Swings 1976,
Lamers et al. 1998). The above analysis shows that therenfyrdveo known possi-
bilities for their nature and evolutionary status. Our isssuggest that we discovered
a new manifestation of the B[e] phenomenon and expandedatigerof hot star lu-
minosity that allows CS dust formation by2 orders of magnitude than previously
thought.

The FSCMa group is already the largest (currentlyO objects) among those
of Galactic hot stars with CS dust (e.g-20 Luminous Blue Variables;-50 Herbig
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Be stars,~40 B-type post-AGB stars are known) and will grow larger ascamstinue
searching for its members in available catalogs. Initildc@®n of candidates is based
on photometric criteria (Miroshnichenko et al. 2007). Thadidates are then observed
spectroscopically at low-resolution to check for the pneseof the B[e] phenomenon.
Properties of the objects that exhibit this phenomenon antbdr studied with high-
resolution spectroscopy (spectral line content to coimsttee temperature and lumi-
nosity, radial velocity to determine kinematical distaneed multicolor photometry
(to determine the spectral energy distribution). Findhg object’s observed properties
are modeled to determine physical parameters of the steilhiICS components (e.g.,
Carciofi et al. 2010).
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Abstract. We present a spectrocopic study of the symbiotic binary CD
-43°14304. We analyze flux and equivalent width variations altivegorbital
phases. Spectral changes also suggest a possible actithity lnot component.
We discuss the structure of the profiles in the emission lirfies|, He |, He I,

[O 111], Raman band\ 6825 and ions of high excitation. Physical parameters of
the hot component and the spectral type of giant are alse e

Resumen. Se presenta un estudio espectroscoépico de la binaria sioa{@D
-43°14304. Se analiza la variacion de flujos y anchos equivaemdéuncion de
la fase orbital. Se observan también algunos cambios eafgsctjue sugieren
una posible época de actividad de la componente calienidis8ge la estruc-
tura de los perfiles de las lineas de emision de H |, He I, HOIlJI], la banda
Raman\ 6825 y las emisiones de alta excitacion. Asimismo se caloulbs
parametros fisicos de la componente caliente y el tipo &spele la gigante.

1. Introduccién

Las estrellas simbidticas son binarias interactuanteame Iperiodo compuestas por
una estrella gigante fria que transfiere materia hacia umpaiera caliente (en la
mayoria de los casos una enana blanca) y una nebulosa iamjmadodea el sistema.

CD -4314304 es un sistema simbiotico amarillo tipo S, compuestapa enana
blanca y una gigante de tipo espectral entre K5-MO0 (Schudtibeck, 1988) y K2 (Pe-
reira & Roig, 2009). Distintos valores de extincion inteeésr han sido propuestos,
variando desdé’g_y < 0.2 (Schmid & Nussbaumer, 1993) hadig 1, =0.76 (Lu-
na & Costa, 2005). Schmid & Nussbaumer (1993) determinanartemperatura de la
componente caliente dé =110000 a partir de espectros en el ultravioleta y el opti-
co. Schmid et al. (1998) determinaron la curva de velocidatiat de la componente
gigante, con un periodo de 1448 dias.

2. Caracteristicas espectrales

Las observaciones se realizaron entre 1995 y 2009 en CASufi2ando el espec-
trografo Echelle REOSC (CCD TEK) en dispersion cruzadasado al telescopio de
2.15 mJorge Sahade
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Los espectros muestran un continuo bien definido, con l&pcés de bandas de
absorcion de TiO e intensas lineas de emision de HI, Hel, Hell y las bandas Raman
A6825 yA7082 (ésta ultima considerablemente méas débil que la primelesapare-
ciendo en algunos espectros), y emisiones prohibidas di,[[@aVIl] y [FeVll]. Las
dos dltimas son comunes en sistemas que presentan las lolnelaésion Raman y/o
en los casos que los sistemas simbidticos han sufrido algdé erupcion. En cada
uno de los espectros se midio el ancho equivalente y el fluppgada una de las lineas
de emisién presentes. Para el analisis del sistema sé& ddilefemérides de Schmid et
al. (1998), donde la fase cero corresponde a la época de maiwcidad radial de la
componente gigante.

3. Estructura de los perfiles de emision

La mayoria de las lineas son relativamente angostas y &astEn esta seccion se
analizaran los perfiles de aquellas que no lo son.

La Figura 1 es una muestra representativa de la estructuos gerfiles de H.
Estos muestran considerables cambios tanto en intensatad en la forma de los
mismos. Se observan dos claras componentes, siendo elzpicmas débil o de igual
intensidad que el rojo. El pico azul permanece practicaeneanstante a lo largo de
todo el ciclo orbital, mientras que la intensidad del picjo fmarece estar relacionado
con la fase orbital, mostrando las mayores intensidades k% fases 0.110 y 0.347,
excepto en agosto de 2001 (fase 0.284) donde se observaemsidad mucho menor.
Schmid et. al. (1998) observaron un comportamiento sindiakH y lo explican me-
diante un efecto de ocultamiento de esta linea, el cual depéa la orientacion de la
binara.

Las bandas de emision Ramah6825,7082 se forman por dispersion Raman de
fotones de OVAA1032,1038 con atomos de HI (Schmid 1989). La Figura 2 mukestra
perfiles mas representativos de la bar8825. Se observa que son asimétricos, siendo
considerablemente mas intensos hacia el rojo. La esteudtufos perfiles no muestra
grandes cambios en nuestras observaciones. El ancholegtévasta relacionado con
el movimiento orbital, siendo méaximo cuando la componeiéete esta detras de
la gigante (en fase 0.75), y minimo en la otra conjuncion,laaromponente caliente
frente a la gigante (Figura 2). Sin embargo es de notar qoenestoncuerda con el
trabajo de Schmid et. al.(1998), quienes observan un magehancho equivalente en
las dos conjunciones.

Los perfiles de [Olll] muestran una estructura de doble piogas intensidades
relativas en la mayoria de los casos son iguales. Algunosdpdrfiles observados
parecen presentar una absorcion tipo P-Cygni. Las intedsgison muy variables e in-
dependientes del movimiento orbital, llegando inclusosagdarecer en uno de nuestros
espectros.

4. Parametros estelares

Los espectros analizados en este trabajo permiten obtiipr espectral de la gigante
usando el indice de absorcién molecular Tidado por Kenyon & Fernandez Castro
(1987). Los resultados muestran variaciones que corrdspamtipos espectrales entre
K2 y MO. Esta dispersion en los resultados puede explicansdapinfluencia de la
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Figural. Muestra representativa de los perfiles de emigdrindordenados se-
gun la fase orbital.A la derecha de cada perfil se muestraleafée observacion del
espectro. Para una mejor visualizacion se los distribuycuarios de la fase orbital.

componente caliente y de la nebulosa ionizada, asi comaéambr la configuracion
geomeétrica del sistema.

A fin de determinar la temperatura y luminosidad de la compinealiente, se
calcul6 primero la extincion interestelar usando las Brdmemision de Hell (caso B),
ya que ellas no son afectadas por efectos de autoabsorbi@mjéndose~z _1=0.29.
Luego, se corrigio por enrojecimiento los flujos de las eoniss de K, Hell A\4686 y
Hel \4471, y usando los métodos sugeridos por lijima (1981) Kemfoal. (1991), se
obtuvo para la componente caliente una temperatura de 03R §Quna luminosidad
de 1400 L,,,.

5. Discusion y conclusiones

A partir del analisis realizado, se puede concluir:

» Se confirma una correlacion entre la intensidad del pioco dej Hy y el movi-
miento orbital del sistema.

 La diferencia que presenta entre este trabajo y los argeri comportamiento
del ancho equivalente de la banda de Raman con la fase prhitgiere que
las variaciones del mismo no pueden estar relacionadasadlel movimiento
orbital sino con cambios en la regién de formacion de dicmalbaAdemas, los
cambios en las emisiones de [Olll], que incluyen la desejdaride la misma,
podrian ser atribuidos a algun tipo de actividad de la cormpi@ncaliente.
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Figura2. Izquierda:Muestra representativa de los perfiles de emision de la banda
Raman\6825.

Derecha:Anchos equivalente de la banda Raman en funcién de la fagalobis-
tintos simbolos corresponden a distintos ciclos orbitales

» La componente gigante tiene un tipo espectral tan tardimdd0. La tempera-
tura de la componente caliente es de 130 000 K y su luminosisldé 1400 L.
Estos valores estan en buen acuerdo con los hallados poids&idussbaumer
(1993).
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Abstract. It has been know for decades that stable magnetic fields exist
some stars. However, it has not been possible to constratytaally a field
configuration that can be proved to be stable. It is then coctbte to study
general processes that can drive an instability, sincectmsprovide clues on
how to construct an equilibrium. An example of this was giwved977, when
Flowers and Ruderman described a perturbation that déséaba purely dipo-
lar magnetic field. They considered the effect of cuttingdtas in half along a
plane parallel to the symmetry axis and rotating each3dt&lin opposite direc-
tions, which would cause the energy of the magnetic field énetkterior of the
star to be greatly reduced. We formally solve for the enefdl@external mag-
netic field and check that it decreases monotonously aloagtiire rotation.
Finally, we consider the stabilizing effect of adding a idet field by studying
the internal energy perturbation when the rotation is noedmlong a sharp cut,
but with a continuous displacement field that switches thection of rotation
across a region of small but finite width.

Resumen. Se ha sabido por décadas que campos magnéticos establen exis
en algunas estrellas. Sin embargo, no ha sido posible aonatraliticamente

un campo cuya estabilidad pueda ser demostrada. Es entumtssuctivo es-
tudiar procesos generales que pueden conducir a una iitidsidbya que éstos
pueden entregar claves sobre como construir un equilibrcejemplo de esto
fue dado en 1977, cuando Flowers y Ruderman describieropemarbacion
gue desestabiliza un campo puramente dipolar. Ellos cerasith el efecto de
cortar la estrella por la mitad a lo largo de un plano paradtkje de simetria,

y rotar cada mitad eA0° en direcciones opuestas, lo cual reduciria la energia
del campo magnético afuera de la estrella. Resolvemos loendée la energia
del campo magnético externo y verificamos que ésta decrefcerda monoto-

na durante toda la rotacién. Finalmente, consideramo®eleéstabilizante de
afadir un campo toroidal estudiando la perturbacion deedagéa dentro de la
estrella cuando la rotacién no se realiza a través de un fiootesino con un
desplazamiento continuo que cambia su direccion de rotacibavés de una
region de grosor pequefio, pero finito.

81



82 P. Marchant et al.

1. Introduction

Large-scale magnetic fields are present in many stellactshjand they appear to be
long-lived since they do not evolve in a timescale accesdiblobservations. This is
contrary to our common experience with the magnetic fieldhefgun, where small
scale structure and a dynamic nature are the norm. Theset®lajiee mostly stably
stratified so dynamo effects are expected to be irrelevakeaping the strength of the
magnetic field, which should be in a state of stable equiliri It is then important to
study possible equilibrium configurations that could bespre: in these objects, as mag-
netic fields can have an important impact on angular mometramsport and diffusion
processes in stars.

Even though these long-lived fields have been known to exishbre than half a
century, it has not been possible to find an analytic moded fald that has been shown
to be in stable equilibrium. However, stable configuratibase been found to exist
via numerical calculations, where an initially random figklally evolves into an ap-
proximately axisymmetric configuration that is a combioatof toroidal and poloidal
components of similar energies (Braithwaite & Spruit 2004 )these simulations, once
a stable configuration has been achieved, the decay of thadidtiven by Ohmic dis-
sipation, and it can be seen to evolve in a timescale comigatalthe lifetime of the
star.

The study of general instabilities that can affect magrfeids can give us clues
of the properties required by an equilibrium configurati@vith regard to the stability
of purely poloidal fields, Flowers & Ruderman (1977) arguledttany poloidal field
that has the shape of a dipole outside of the star should hehlas In an analogous
way to a couple of aligned magnets, one half of the star cauldwith respect to the
other producing a quadrupole (as shown in figures 1 and 2)hisncontribution, we
summarize our formal proof of the Flowers-Ruderman insitglfor a pure dipole and
our study of the stabilizing effect of a toroidal field (Maectt et al. 2011).

Figure 2. In a similar way to the
aligned magnets, each half of a star with
a dipole field could rotate in opposite di-
rections, until it reaches a state of stable
equilibrium.

Figure 1. A couple of aligned

magnets is in an unstable state of
equilibrium. Figure adapted from

Braithwaite & Spruit (2006)

2. Formal proof of the instability

To prove the Flowers-Ruderman instability, the followingnglifying assumptions are
made:
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» The star is perfectly spherical, and all hydrodynamic djtias are functions only
of r.

» Magnetic flux is completely frozen into the fluid.

 QOutside the star there is a perfect vacuum.

Under these conditions, only the energy of the magnetic Giatdide the star changes,
and this was calculated as

= B2dV = E, [1 + (A —1)sin? Q} , 1)
81 Jr>R
whereE), is the initial energy of the dipole outside the sf@ris the angle of rotation
of each half of the star, and is a numerical constant that results from an infinite series
that could not be summed analytically. Also, a quariitgefined as

T [ () 2

was considered. Since the field is only displaced on theaeiffais a constant through
the entire rotation. It was shown that due to the consematioY, the final energy
is smaller than the initial one, which implies that the canstA in (1) is smaller
thanl, and the energy decreases monotonically with the angletafioa. Moreover,
the conservation of allowed us to obtain lower and upper bounds for this number,
0.5463 < A < 0.5466, but in principle this could be solved with arbitrary précis

Using perturbation theory, it was seen that all the net workedwvas due to surface
currents induced by the perturbation.

3. Stabilizing effect of a toroidal field

With a toroidal field, a sharp cut is not possible. Howeveg oan take both halves
of the star to rotate in opposite directions, with a thin $iian region in which the
direction of rotation switches continuously (see figure 3).
In this case, the “bending” of toroidal field lines opposes displacement, so for

a sufficiently strong toroidal field we would expect the figde stable to the Flowers-
Ruderman instability mechanism. We considered partiquladels for the poloidal and
toroidal components with variable strength, which reslitea dipole field outside the
star. The poloidal field was given by

358, l , 67t 37«6]

Bp=Vax Vo, afr)= T _gﬁ_{_?R‘l sin’ 6, 3

and the toroidal field was modeled as contained in a torush@arsin figure 4, with
the strength of the field given by

A

Br = Byp cos? (ZZ—WR) ¢ 4)

where the meaning gf andy is illustrated in figure 4.

Under these conditions, we estimated that the system itestdien the ratio of
poloidal to total magnetic energy satisfies /Er < 0.96. This means that a very
weak toroidal field is sufficient to stabilize the star.
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Figure 3.  Performing a smooth Figure4. Thetoroidal field was
cut to the star due to the presence modeled as contained in a torus of
of a toroidal field. radiusuR.

4. Conclusions

We showed that a pure dipole field is unstable to the FloweideRnan instability
mechanism by direcly evaluating the external energy of tagmetic field for an arbi-
trary angle of rotation for each half of the star, and provhag it decreases monotonously
along the entire rotation.

To study how a toroidal field could stabilize the star agaihstperturbation de-
scribed by the Flowers-Ruderman instability, we considgrarticular models for the
toroidal and poloidal components of the field. In this calse,dut had to be performed
smoothly, as shown in figure 3. Under these conditions, thé fias stable to the
Flowers-Ruderman instability when the ratio of poloidatdtal magnetic energy satis-
fiesEp/Er < 0.96, so a very weak toroidal field is sufficient to stabilize therst
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Abstract. We have performed a near-infrared photometric monitorihg%
galactic young star clusters and star-forming regionswknasNIP of Stars
between the years 2009-2011, using the Swope telescopesaCarmpanas
Observatory (Chile) and the RetroCam camera. The primajgctie of the
campaign is to perform a census of photometric variabilitguxh clusters and
to discover massive eclipsing binary stars. In this work,describe the gen-
eral idea, the implementation of the survey, and the firdtrpieary results of
some of the observed clusters. This monitoring program rsptementary to
the Vista Variables in the Via Lacte@/VV), as the brightest sources observed
in NIP of Starsare saturated iNVV.

Resumen. Hemos realizado un monitoreo fotométrico infrarrojo de 89 c
mulos jovenes y regiones de formacion estelar galacticemaido comaNIP
of Stars entre 2009-2011, utilizando el telescopio Swope del Qbsanio las
Campanas (Chile) y la camara RetroCam. El objetivo primégita campara es
hacer un censo de variabilidad fotométrica de tales cuUmyldsscubrir binarias
masivas eclipsantes. En este trabajo presentamos la idesagédel proyecto, la
implementacion de un datoducto semiautomatico, como maddi¢m resultados
preliminares en uno de los ciimulos observados. Este pragiamonitoreo es
complementario al relevamientdsta Variables in the Via Lacte@g/VV), dado
gue las fuentes mas brillantes observadalliéhof Starssaturan ervVV.

1. Motivation and sample selection

The mass, mass-loss and rotation are among the most imppai@meters that govern
the stellar evolution. In the context of stellar masses,swa<O and WR-type binaries
are key objects because they enable us to determine minimragsa® from the solution
of their radial-velocity (RV) curves, and in the case to ¢wia the orbital inclination

(for example through eclipsing binaries), we can get alleatasses. Knowing the
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multiplicity of massive stars is important because thisdabas a deep impact on stellar
evolution, the initial mass function, and on the energy medaof its environment and
helping with clues about their origins (Zinnecker & York®QZ).

The ample majority of studies about massive eclipsing m@sactomes from ob-
servations in the optical range, therefore the sample igdario very few objects with
relatively low reddening. Surprising to learn that of theD33-type stars which are
counted in théThe Galactic O Star CataloGOS Maiz Apellaniz et al. 2004), there
are only 38 eclipsing or ellipsoidal variables. From thisiugy, no more than fifteen
systems have reliable light- and RV- curves. The panoramdtieg in the infrared is
much worse: there are only five massive eclipsing systentspuiblished data. Conclu-
sion: all our knowledge about the absolute masses of mastsive of O- and WN-type
is derived from only few tens of objects. A situation whictspe challenges.

The primary objective of this project is to conduct a censughmtometric vari-
ability in a set of young galactic open clusters and star fiogmegions affected by large
extinction Ay = 6 — 30). From those variable stars, we are specially interestédein
massive eclipsing binaries, which can be observed speopazlly to determine ab-
solute stellar parameters. We have selected thirty-nifecti@ayoung clusters and star-
forming regions following these criteria: a) clusters mistmore or less resolved at
scale of one arcsecond, with uncrowded background to gabkelphotometry. Thus,
clusters like Arches are discarded; b) some of its massivalees must have spectral
classification; c) previous studies must have indicatiothefpresence of at least five
stars with spectral type earlier than BO; d) such stars nmaust the H-magnitude range
8 < H < 12.

This NIR photometric monitoring program is very complenantto theVista
Variable in the Via Lacte&VVV, Minniti et al. 2010) survey, as the brightest sources
of NIP of Starsare saturated iVVimages.

2. Observing campaigns and pipeline

The observations were carried out using the RetroCam caatiehed to the Swope
1-meter telescope at Las Campanas Observatory (Chile)glthiee seasons in 2009
to 2011. Thirty-eight observing nights presented photoimebnditions, from a total
of seventy-three nights. Ten nights were completely lost tlubad weather. The
RetroCam camera (Hamuy et al. 2006) consists of an one-rixej&wckwell Hawaii-
1 HgCdTe array, with a spatial scale@b4 per pixel, which provides & x 9’ field-of-
view (FOV). This spatial resolution is about four times bethan Two-Micron All Sky
Survey imagesaqMASS Cutri et al. 2003). The monitoring campaign was performed
preferentially in theH filter, and occasionally in/s andY(, as this camera does not
have K -band filter.

For the reduction of hundreds of thousands of observatisa$ave implemented
a semi-automated pipeline, which is based in part on thespiires used in théarnegie
Supernova ProjedlCSRE, Hamuy et al. 2006). The requirements of our project are much
more severe tha@SPin terms of background subtraction in areas with high-dgrofi
stars and very bright nebulosities. The pipeline is based saries o RAF scripts,
shell scripts ingawk FORTRANcode, and makes use 8Extractorcode (Bertin &
Arnouts, 1996). Furthermore, it is structuredRgthonprogramming language. In a
second stage, we plan to obtain astrometric solutions USwarpand Scampcodes
(Bertin, 2006), and the photometric zero-points usthgASSand VVV surveys. Re-
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Figure 1. Left. RetroCaniic image of the star-forming region IRAS 16177—
5018 obtained in July 2009, the FOV is abaat. This is an example of an infrared
cluster with relatively uncrowded background. Right: tleeecof this cluster.

duced images and metadata are being stored in a databasgetdnydySQL Figure
1 shows an example df images.

3. First steps in the photometric analysis

In a first stage, we are performing aperture photometry ofallsat of objects in order
to check the photometric stability of observations. Frois firocess we are getting
excellent results, which guarantee relative errors coaiparto those obtained using
well exposed CCD images in the optical range.

Figure 2 shows some results of the differential photometnyfif’e H- mosaics
of the young clusters Danks 1 and 2. This differential ph@tynis relative to aH ¢
mosaic used as reference image. A mearf-0.02 mag is obtained for the instrumental
magnitude difference for twenty images of Danks 1 and 2, érdngel4 — 16 mag
(S/N> 200). Thus, about 5% of the sources show variability greater Paa these stars
are potential variables. After this stage of photometriarabterization of the sample,
we plan to design a pipeline to perform automapeiht-spread-functiorphotometry
and we will start to test thinage-subtraction algorithim(Alard & Lupton, 1998).

As a pilot case, we have observed the massive eclipsingybir@d5 (O5.5V +
09V, P = 1.41d) in the Carina Nebula, with the aim to evaluate the qualftyhe
differential photometry procedures. Figure 3 shows thesptidight-curve of FO15 in
the Y. band, which can be compared with that published by Niemeda ¢€2006) using
optical All-Sky Automated SurvéjSAS (Pojmanski 2003) observations. In spite of the
fact that aperture photometry of FO15 was done without thaguiate photometric
calibrations, it is clear the superior quality of the NIRHiecurve.
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Busqueda de objetos extensos en el Relevamiento VVV (Vista
Variables in the Via Lactea)

L. Baravallé, M. V. Alonsd>? & J. L. Nilo Castellori*

(1) Facultad de Matematica, Astronomia y Fisica, UniveasidNacional de
Cordoba)

(2) Instituto de Astronomia Tedrica y Experimental (IATEXUCET),
Cérdoba

(3) Observatorio Astronémico de Cérdoba, Universidad daeal de Cérdoba
(4) Departamento de Fisica, Facultad de Ciencias, Uniwadide La Serena,
Cisternas 1200, La Serena, Chile.

Abstract. The systematic galaxy mapping behind the Milky Way is imaott
for studying the distribution of galaxies to understanddiggamics of the Lo-
cal Group and structures in the Universe. Our participaitiotne VVV survey
provides us a great opportunity to perform extragalactidiss with this deep
photometric survey in five passbands. We show preliminayltgin our search
for extended objects in selected fields of the VVV. In paticuwve focus on the
evaluation of different criteria involved in the separatietween point and ex-
tended objects.

Resumen. El mapeo sistematico de galaxias oscurecidas por la Viaehact
es importante para estudiar la distribucion de galaxiastgneier la dinamica
del Grupo Local y de las estructuras en el Universo. La ppamion en el re-
levamiento VVV, nos brinda una gran oportunidad para raalima busqueda
de objetos extensos en la region de la Via Lactea, por setevangiento foto-
métrico profundo en cinco bandas. Se muestran resultagtmjrares de una
blusqueda de objetos extensos en campos seleccionados YeEx\particu-
lar, se evallan los criterios que definen la separacion ehjetos puntuales y
extensos.

1. Introduccién

Debido a nuestra ubicacion en la periferia de la Via Lactég,(8€ observa en el cielo
una franja de estrellas, polvo y gas. Esta franja nos im@dkzar estudios de objetos
distantes a causa de la absorcion, disminucion de la idi@sy enrojecimiento de
los mismos. En el rango Gptico, este oscurecimiento es n@@iante, aumentando al
acercarnos al ecuador galactico (Schlegel et al. 1998).

La busqueda de galaxias detras de la VL, es importante ptadiasla distribu-
cion de galaxias en todo el cielo y, en particular, entent&repo Local. Los rele-
vamientos de galaxias, en general, estan incompletos Emada Zona de Exclusion
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(ZoA eninglés), cubriendo un 25 % del cielo. Una de las piasele este tipo de estu-
dios ha sido Renée Kraan-Korteweg quien lideré en la décald@0drelevamientos en
distintas longitudes de onda, desde el infrarrojo cercalas andas de radio. Kraan-
Korteweg et al. (1998) fueron quienes realizaron el primadrdjo en este sentido donde
se discuten las muestras y sistematicidades inherenteslifdeentes longitudes de on-
da utilizadas. En el infrarrojo, las particulas de polvo disto de la VL son menos
opacas a la radiacion de objetos de fondo. Uno de los relevansi mas importante
en estas longitudes de onda es el 2 Micron All Sky Survey (2BASkrutskie et al.
1997), el cual cubre todo el cielo en las bandas J, H y K. Laiblistion de cerca de 1.6
millones de galaxias observadas en este relevamiento,adeisian de las estructuras
en gran escala en el universo cercano. En la ZoA, Jarrett @040) buscaron fuentes
extensas en el 2MASS. Los pocos estudios de objetos extendasegion de la VL y
la participacion en el relevamiento The Vista Variableshim Via Lactea (Minniti et al.
2010), constituye una gran oportunidad para realizar getelée estudios.

2. Relevamiento VVV

El relevamiento VVV (http://www.vvvsurvey.org) comprenths observaciones en el
infrarrojo cercano del “bulge” y de una region del plano mede la VL en 5 ban-
das, cuyas magnitudes limites sa=21.3,Y=20.7,/=20.2, H=19.3 y K s=18.2 mag.
VVV cubre un area de 520 grados cuadrados, llevandose a cabal telescopio VIS-
TA de 4m de diametro, ubicado en el Cerro Paranal (Chile)n@@ueon una camara
en el infrarrojo cercano que esta compuesta por 16 deteater@048x 2048 pixeles
y una escala de 0.35 arcsec/pix. El procesamiento de los datealizado por CASU
(Cambridge Astronomy Survey Unit), generando catalogtsiétricos en las bandas
observadas. El objetivo de VVV es el estudio de objetos azstely la clasificacion
gue proporciona CASU es simple, lo que motiva fuertementestldio que se esta
realizando.

3. Tratamiento de datos

Para este trabajo, se selecciondé el TILE d1d&)(0=11h50m18,72sj2000=-60°21'9"),
con menor extincion, en la periferia del disco galacticatée@ose campos altamente
poblados. El TILE {° x 1°3’) se dividi6 en 18 partes iguales, en un arreglo aé& 3
para facilitar su analisis, eligiendo para este estuditinpirgar, la region que llama-
mos d115-7 (20< 15). Fueron analizadas las imagenes combinadas en las bandas Z
Y y Ks, utilizando SExtractor (Bertin & Arnouts 1996) parapgbcesamiento de las
mismas, y creandose un catédlogo fotométrico en dichas bahdaeparacion estrella-
galaxia, punto crucial en este estudio, fue definida a trdeéparametro Class-star,
gue es un indice de estelaridad, siendo menos confiable aangaie los objetos son
més débiles. Teniéndolo en cuenta, se consideraron olgatdsales a aquéllos con
Class-star- 0.9 y extensos con Class-star0.9. Estos ultimos superan los 16.000, los
mas brillantes se estan analizando a través de una inspegsi@l. A partir de otros
parametros generados por SExtractor como: magnitudpscielad, indice de concen-
tracion C' = 5log( flux80/ fluxz20), donde flux80 y flux20 corresponden al 80y 20 %
del flujo del objeto, respectivamente), radio que contienmitad de la luminosidad
total (r1/2), se fueron evaluando distintas regiones d&ésten Diagramas Color Mag-
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nitud, por ejemplo. En estos diagramas, se inspeccionasoialinente aquellos obje-
tos extensos con magnitudesKk2.5y -0.8(Ks-Z)< 1.6, correspondientes a estrellas
saturadas y objetos con 12:Bs<15.5 y -0.3(Ks-Z)<1, a estrellas muy brillantes,
los cuales fueron eliminados de nuestro catalogo de obgatiemsos. En la Figura 1
puede verse un Diagrama Color Magnitud (Panel a) y corgrasi entre diferentes
parametros, como ser elipticidad, r1/2 y C de esta muestarada. Cabe recordar que
1.5< C <2.5 corresponde a galaxias Espirales <26 <3.5 a galaxias Elipticas.
C >5 es encontrado para galaxias cD que se ubican en los certaigyiilos de ga-
laxias. Los paneles (a) y (c) son correlaciones tipicag efijetos extensos, como los
encontrados en Alonso et al. (2008). Los otros (b) y (d) nmaesjue hay una variedad
de elipticidades que se pueden encontrar para estos glyjetesa que sean brillantes o
débiles, no existiendo una clara correlacion. En el pangdfdden observarse objetos
conC' >5 que fueron analizados con mayor detalle.
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Figura 1. Relaciones entre parametros fotométricos: RapeDiagrama Color-
Magnitud, Panel (b), relacidn entre elipticidad y magniks] Panel (c), relacion
entre r1/2 y magnitud Ks y Panel (d), relacion entre indiceateentracion y elipti-
cidad.

Se llevé entonces a cabo una inspeccion visual de estos®kyeensos con€b,
analizando ademas sus otros parametros fotométricos.tdla Tgresenta los parame-
tros fotométricos de estos objetos. Este es un primer @naliss resta continuar esta
inspeccion visual, identificando otros grupos de interéeediferentes graficos.
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Tablal. Seleccion de objetos extensos €on 5.

« ) C Ks-Z Ks Class-Star| ¢ r1/2
11:50:00| -59:49:42| 5.492 | 0.6717| 18.35 0.18 0.646 | 2.265
11:50:10| -59:52:25| 5.085| 1.087 | 18.33 0.25 0.553| 2.021
11:50:16| -59:51:09| 7.66 | 1.502 | 17.71 0.83 0.448| 1.754
11:40:19| -59:58:43| 5.236| 1.522 | 15.77 0.35 0.723| 2.953
11:50:35| -59:56:27| 5.005| 0.1664| 17.38 0.18 0.481| 3.257
11:50:52| -59:51:31| 6.347| 1.274 | 18.31 0.06 0.561| 2.724
11:50:49| -59:56:20| 6.855| 1.162 | 17.54 0.76 0.605| 2.421
11:50:49| -59:58:03| 6.191| 1.128 | 19.00 0.69 0.385| 1.689
11:51:15| -59:51:50| 5.058| 1.207 | 17.93 0.68 0.581| 2.137
11:51:54| -59:59:35| 6.498| 1.158 | 18.16 0.23 0.466 | 2.107
11:52:06| -59:55:08| 8.493| 1.418 | 18.48 0.09 0.653 | 2.893
11:52:05| -60:00:48| 4.959| 1.123 | 17.93 0.08 0.584 | 2.991
11:52:15| -60:00:01| 5.856| 1.897 | 18.72 0.61 0.508 | 2.458
11:52:17| -60:04:30| 6.88 | 2.047 | 18.58 0.09 0.681| 2.588
11:52:38| -60:03:05| 7.996| 2.073 | 18.48 0.30 0.543| 2.43
11:52:49| -59:57:32| 5.212| 0.8733| 17.79 0.17 0.491| 2.546
11:53:01| -59:58:45| 5.802| 1.504 | 17.14 0.04 0.647 | 5.486
11:53:19| -60:01:50| 7.514 | 0.1041| 18.37 0.02 0.538 | 2.486

4. Conclusiones

Utilizando SExtractor en 1/18 parte del TILE d115, se hatuago diferentes parame-
tros fotométricos, lograndose, con buenos resultadoayaejps objetos detectados en
3 grupos: estrellas, objetos extensos y objetos sin clasifResultados preliminares vy,
a modo de ejemplo, muestran que se han encontrado entrgétasotiasificados como
extensos, algunos con €5, posibles candidatos a sistemas de galaxias. Estosaresult
dos solo seran confirmados a través de estudios especiimmsdpor Ultimo, el TILE
completo fué procesado con un procesador de 2 nlcleostatelecaproximadamente
600.000 objetos en 15 minutos, lo que hace a SExtractor unanfienta versatil para
estos estudios.

Referencias

Alonso, M. V., Coldwell, G. V., Sdchting, I., et al. 2008, MMS, 385, 2254
Bertin, E. & Arnouts, S., 1996, A&A , 117, 393

Jarrett, T. H., Chester, T., Cutri, R., et al. 2000, AJ, 128 2
Kraan-Korteweg, R. C., 1998, Sci. Am., 279, 28

Minniti, D., Lucas, P. W., Emerson, J. P,, et al. 2010, New3,,433
Schlegel, D. J., Finkbeiner, D. P., & Davis, M. 1998, ApJ, 5826

Skrutskie, M. F., Schneider, S. E., Stiening, R., et al. 19912 Impact of Large Scale Near-IR
Sky Surveys, 210, 25



Asociacion Argentina de Astronomia
BAAA, Vol. 54, 2011
J.J. Claria, P. Benaglia, R. Barba, A.E. Piatti & F.A. Balet, eds.

ORAL PRESENTATION

Lithium depletion boundary under rotation and spots coverage

D. Opitz' & J. Gallardd

(1) Universidad de Chile

Abstract. We present theoretical evolutionary models for very low srare-
main sequence stars (VLMSs). These models take into actbergffect of
rotation and spots coverage. The results show that rotatidnspots coverage
change the internal structure of VLMSs significantly, prcidg among other
things, lower central temperatures and by hence a slowerafalithium de-
pletion for a given stellar mass. We also have determinedoitegion of the
Lithium Depletion Boundary (LDB) of the modified models and thave com-
pared our new estimations with recent LDB measurements w@rakeyoung
open clusters. One of the main results is that rotation antssverage effect
lead to increase ages (from LDB) compared with the ages freR dagram
isochrone fitting for the analysed young open clusters. hearanalysis and
details in a forthcoming paper by GallardoOpitz (2012).

Resumen. Presentamos modelos evolutivos modificados siguienddsenal
fenomenoldgico de manchas y campos magnéticos presentdsragerior de
estrellas jovenes de baja masa. En particular, estamagdatips en estimar
edades de cumulos jovenes siguiendo los modelos acé @éssiten compa-
rar con estimaciones recientes publicadas por diferentgmog.

1. Introduction

There are several different methods to estimate the age gilng open clusters. One
of them is to use isochrones to the pre-main sequence (PMf)gimn from the H-R
diagram. Another way is to use the Lithium Depletion Bougdd@DB), a technique
that shows the lithium depletion is a strong function of the af stellar and sub-stellar
objects (e.g. Soderblom et al. 1993b; Barrado y Navascuék €004). However,
there are significant differences in the derived ages of ga@iars determined by two
mentioned methods when they are compared, i.e., the LDB ageaton is (almost)
always much older than age estimation using isochronesgfitti

This work is devoted to study VLMSs evolution under the dffefcrotation and
spots coverage following the analysis done by Chabrier.€Gl7), where they intro-
duced/modified two parameters:ands, related to the standard length mixing parame-
ter and a spot coverage factor, respectively. We have athtye internal structure and
the physical quantities such central temperature, efflecemperature, lithium abun-
dance, etc. Moreover, we present the relation between thmdasity and the age of
these modified evolutionary models and in particular, waugoour attention on the
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resulting lithium depletion boundary and the differencesage estimation from the
standard LBD.

2. Results

We present the evolution of central temperature and theitittabundance for a mass
of M=0.2 M® and M=0.8 M>. We compare three different models=1.9 and5=0.0
(spot free star)n solid line (hereaftestandard mod¢) «=0.5 and5=0.0 in the dashed
line (hereafteractive rotation modéland a=1.0 and$3=0.3 (70% of the star free of
spots), in the dotted line, (hereaftactive spots modgl The central temperature for
a star of 0.2 Mp and 0.8 M» are shown in Fig 1. As we can see the activity in both
modified models yields a central temperature cooler than adified model (a non-
active star). The most biggest impact is produced by anesfiots model.

0 20 20 60 80 100 120 % 10 20 30 20 50 60
Time [Myr] Time [Myr]

(a) log(Tc) for a mass of M=0.2 M. (b) log(Tc) for a mass of M=0.8 M.

Figure 1.  Evolution of the central temperature for a star.@f M@ (left panel)
and for a a star of 0.8 M (right panel) The solid line shows thetandardevolution
(«=1.9,5=0.0). The dashed line corresponds to a model us#@.5 and spot-free
stellar surface, i.63=0.0. The dotted line represents a model witfl.0 and5=0.3.

Another important parameter is the lithium depletion etiolufor the same masses
showed in Fig. 1. These models are displayed in Fig. 2. As¢héral temperature for
theactive rotationandactive spotsnodel is colder, in both modified models the lithium
burning starts at older ages. The effect on the change ofthieat temperature is more
critical for theactive spots modgWwhere the depletion of lithium begins even at more
older ages, as the dotted model displays. Very interesirthe model for an object
of 0.8 M®, where practically lithium burning is not placed in the stherefore, we
are able to establish a preliminary conclusion which inisahat LDB is not a valid
method for masses larger than 0.&M

We have estimated the age for five clusters using the threelsmpdesent in this
paper: Pleiadesy Persei, IC 2391, NGC 2547 and IC 4665. We show the curves
for the three modified models of the LDB as a function of agehm Fig. 3. The
luminosities were calculated from the bolometric magresudhowed in the Table 1.
From the Table 1., another preliminary conclusion that carestablished is that the
age estimation of the LDB from active models is older thanddad LDB, which can
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(a) A(Li) for a mass of M=0.2 \b. (b) A(Li) for a mass of M=0.8 M.

Figure 2.  Lithium depletion evolution for a stellar obje002 M® (right panel)
and 0.8 Mv (left panel). The solid line shows tlstandardevolution (=1.9,5=0.0).
The dashed line corresponds to a model usin@.5 and spot-free stellar surface, i.e,
(£=0.0. The dotted line represents a model witkl.0 and3=0.3.

Table 1.  Properties of the used young open clusters. Thentoll shows the
name of the cluster. The column 2 corresponds to the bolaomatignitude. The
column 3 gives the Luminosity. Columns 4 corresponds to #r&ved ages using the
pre-main sequence isochrones from the models of Baraffe 2062). The derived
ages from the presented modified models are display in: colu(tandard modg)
column 6 éctive rotation modéland column 7 4ctive spots modgl

Open Cluster Bol log(ih) PMS LDB Rotation Spots
Name Mag [Ergs] [Myr] [Myr] LDB[Myr] LDB [Myr]
IC 2391 10.24  -2,20 35 52 55 60
aPersdl 1131  -2.62 70 83 86 90
IC 4665 8.65 -1.56 25 24 26 29
NGC 2547 9.58 -1.93 25-35 37 39 41
Pleiade%c 12.14  -2.96 100 131 133 145

@ Manzi et al. (2008)° Stauffer et al. (1999¥, Stauffer et al. (2007).

be explained following the analysis done for the centralgerature and the lithium
depletion. A simple picture is when a star rotates fastefaariths spots, the convective
flux is inhibited and the central temperature is reduced aedefore, star will take
longer to start burning its lithium abundance than a staatireg slower.

Finally, we have also compared our ages derivation with ties aletermination
from other authors (See Fig. 3(b)). From this comparisoncare see that our three
models fit with observational data from PleiadesRer and IC 4665. But only two of
them (standard and rotation modelsyith the other two clusters, NGC 2547 and IC
2391.
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Figure 3. LDB as a function of age for the three presented tsodehe solid
curve shows thetandard modelthe dashed curve,active rotation modednd the
dotted curve anodel with spot¢a)Left panel: The horizontal lines represent the
luminosities for LDB of diverse clustef®)Right panel: Observational values are
displayed with their error bars. The observational datdrare Barrado y Navascués
et al. (1999, 2004), Stauffer et al. (1998, 1999), Burke et(aD04), Jeffries &
Oliveira et al. (2005) and Manzi et al. (2008).

por contribuir a que este congreso se enriquezca con mudimgds interesantes y
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Experiencias y avatares en la instalacion local del prograa ATLAS

D. C. Merld" & L. A. Milonet

(1) Observatorio Astronémico, Universidad Nacional de @@ira, Argentina.

Abstract. In this paper we briefly describe the steps required for liasitan
of ATLAS code by Robert Kurucz. Subsequently, we summatiéarniplemen-
tation and its comparison with our code MAPCOR, finding agreet on the
structures of pressure when we look deeper layers, but sisneepancies in
outer layers due to its limitations.

Resumen. En este trabajo realizamos una breve descripcion de los pase-
sarios para la instalacion del programa ATLAS desarroljamoRobert Kurucz.
Posteriormente, resumimos su implementacion y la postesimparacion con
nuestro codigo MAPCOR, encontrando acuerdos en las astasctle presion
cuando analizamos capas profundas, apareciendo algustaspdincias en ca-
pas mas externas debido a limitaciones de nuestro programa.

1. Introduccién

El codigo ATLAS y otros codigos asociados constituyen unéagénerramientas mas
analizadas en variados contextos astrofisicos, tales asraimaosferas estelares y las
sintesis de poblaciones estelares. Histéricamente fusig@ea conocimiento publico
cuando su autor, Robert Kurucz (1970), realizaba su tesi®idd en la Universidad
de Harvard. Fue escrito originalmente en Fortran IV, cudada@omputadoras de esa
época eran estaciones de trabajo bajo sistemas operativbé JJVAX-VMS vy las
computadoras personales (PCs) estaban en fase de desarroll

Con el advenimiento de las PCs y de los sistemas operativesdigo abierto
(principalmente Linux), los programas de uso cientificaodnemigrando progresiva-
mente hacia ellos, si bien ya existian sistemas operatiggsgtarios que disponian de
compiladores Fortran, C y C++. Asimismo, fueron aparemevetsiones de compila-
dores de uso no comerciales que eran compatibles con estErmas operativos libres
Yy, en consecuencia, permitieron la utilizacion de estosig®g cientificos en las PCs.

2. Procesos de Instalacion

2.1. Instalacion del IFC

A la hora de programar en cualquier lenguaje necesitamosgsteme operativo de
trabajo y un compilador. Sbordoret al. (2004, 2006) desarrollaron una versiéon del
codigo ATLAS9 y software relacionados para ser compiladzando ellntel Fortran
Compiler(IFC), version 8.1y actualizaciones, las cuales puedqrodeyse libremente
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para aplicaciones cientificas desde el sitio web:

http://software.intel.com/en-us/articles/non-comerarsoftware-development/
Nosotros elegimos como sistema operativo la distribucibaritu (v.11) de Linux

y la version 2011pdated 4 del IFC; el primero tiene la ventaja de instalarse automa-

ticamente, incluyendo el particionado del disco duro. Larfigl resume la secuencia

de instalacion del IFC.

Recepcion
Serial
Number

Instalacion
(sudo)

Seleccion
compilador

Aceptar

licencia Registro

Descarga

D

D

D

D D

Figural. Secuencia esquematica de instalacion del IFC.

El IFC tiene licencia académica y dispone de mucha docurciéntapor lo que
deberia agradecerse de alguna manera por ello.

2.2. ATLAS bajo Linux

El codigo ATLAS dispone de un conjunto de lineas de comandosp(s y de los
archivos masivos binarios ODpacity Distribution Functioly necesarios para el
calculo de los modelos de atmdésfera. También incluye aky@emplos templatey
gue se pueden tomar como referencia para realizar la ef@gummmo asi también de
tutoriales. Estos archivos se pueden acceder libremente en
http://wwwuser.oat.ts.astro.it/atmos/Download.htrskyencuentran disponibles en for-
matotar.bz2 Ellos se indican en la figura 2. Para su instalacion, se dabajar como
superusuarioy seguir la secuencia mostrada en la figura 3.

ATLAS

I 1 1 I 1
lines lines_at12 bin ODF scripts

[ecomandos (lineas ATLAS12 (precompilados (odf y xR pi
SYNTHE) y SYNTHE) de src y utilities) ATLASS nuevas)

utilities [Ilnalaa m:\a: docur
“.ﬁ:";,’;‘i?;n‘r (prog. Y codigos) SYNTHE) (manuales)

Figura2.  Archivos constitutivos del ATLAS9.

Crear Copia de Descomprimir Recompilar Ejecutar
directorio archivos al . codigos make all en
kurucz directorio tar -xvjf g

src y utilities

Figura3. Pasos para la instalacion del ATLAS9.

3. Resultados Numéricos

3.1. ATLAS9vs. ATLAS6

Primeramente, efectuamos nuestras primeras corridasnti®lcoomparando con los
modelos clasicos calculados con ATLAS6 (Kurucz, 1979)aplo elegimos un mo-
delo convectivo solar dé.; =5500 Ky logg=4. Como el codigo ATLAS9 requiere un
modelo inicial a partir del cual comenzar la iteracion,izgitnos la grillal A/ / H]=0.0;
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Verp=0.0 km/s] / H=1.25;(5000K;4.0) de Castelli & Kurucz (2003)
(http://lwwwuser.oat.ts.astro.it/castelli/grids. himddaptando la abundancia solar del
papery codificando 3 bloques de 15 iteraciones en cada uno. La figuonaestra la
comparacion realizada.

20e+5

Modelo Kurucz (1979)
- ATLASS cfabund . Kurucz (1978)

————— ATLASY cfabund. G&S (2003)

15845 - —-—-— Modelo Castelli & Kurucz (2003)

P [dy/cm?)

10e+5

50e+4 | Qe Tog=5500K, log g=40

T

5000 6000 7000 8000 5000 10000

0,0

Figura4. Comparacion de un modelo solar (5500 K; 4.0) afildo los calcula-
dos por Kurucz (1979) y por Castelli & Kurucz (2003), y lasccéhdas mediante
ATLAS9 con las abundancias de Kurucz (1979) y Grevesse & 841998) (utili-
zada por Castelli & Kurucz (2003)).

3.2. ATLAS9vs. MAPCOR

También comparamos un modelo solar (5500 K; 4.0), calcutadoATLAS9, con un
modelo de similares caracteristicas utilizando nuestiigogdMAPCOR (Merlo, 2007),
utilizando una composicion quimica mas simple dada por m&eGrevesse (1989).
La figura 5 muestra esta comparacion, donde se observa unuenybuerdo en las ca-
pas profundas, no asi en las capas superficiales, con di@sgorcentuales promedios
del 30 %, las cuales crecen a medida que se ingresa en la atey@tanzan un valor
maximo en T= 5500 K para luego decrecer y siendo despreciapbetir de T=6500
K. Esto se debe, por un lado, a que nuestro codigo corrigestahdicion de tempera-
tura utilizando las variaciones en el flujo y né la derivadiantiemo, la cual resulta ser
mas apropiado en capas superficiales debido al desacopdaeradiacion y la materia
gue ocurre aqui; por otra parte, el tratamiento convectiwLdiliza nuestro cédigo es
el clasico y merece un analisis mas realista. Todo estamtimnhes se encuentran en
etapa de revisién actual.

4. Conclusiones

Luego de la instalacién e implementacion del codigo ATLA&Sertimos los cuida-
dos que se deben tener al comparar modelos calculados ctabidados utilizando
cédigos similares, como queda reflejado en la figura 4, dedbididerencias menores
en las abundancias quimicas utilizadas. Al utilizar neesfidigo como generador de
modelos preliminares, se obtuvieron resultados aceptaneapas profundas, no asi
en las capas superficiales, como lo muestra la figura 5. Unaugzrados estos pro-
blemas, nuestro siguiente paso sera utilizarlo como géaede modelos preliminares
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14e45

—— ATLAS
e MAPCOR

12e+5

P [dyfem2] |

10e45

G0e+d

Gle+d

Q.. T.=5500 K log g=4.0

406+ suar | ef

20e+
; TIK

oo

5000 6000 7000 5000 9000 10000

Figura5. Comparacion de un modelo solar (5500 K; 4.0) cattmiton ATLAS9
(trazo discontinuo) y con MAPCOR (trazo continuo). Notabeén acuerdo en las
capas profundas, no asi en las superficiales.

con abundancias arbitrarias para ser utilizado en el cONIAAS 12, este Ultimo en
proceso de instalacion.
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Busqueda de variaciones de las abundancias quimicas con ldeel
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Abstract. The purpose of these project is to verify if some relatiorsekie-
tween chemical abundances of some critical elements anagihef the stars.
We selected HgMn stars in different clusters and field stats data in the
Hipparcos catalog to provide the correct position in the H&gycam. In these
report we show some results obtained analizing the posstibhels observed
in the chemical abundance vs age relation for 4 sample stdis:129174,
HD 186122, HD 78316 and HD 53244. The observations were dadthetie
CASLEO EBASIM spectrograph between the years 2007 and 2010.

Resumen. El propdsito del proyecto es verificar si existe alguna iétaen-
tre las abundancias quimicas de elementos criticos detfeiasde HgMn y
la edad de las mismas. Hemos seleccionado estrellas de HgMifedentes
cumulos y estrellas de campo que posean datos en el cataipgartebs, para
posicionarlas adecuadamente en el diagrama HR. En estanmamidn mostra-
mos algunos resultados obtenidos analizando las pos#nidenicias observadas
en la relacién Abundancias Quimicas vs. Edad, para cuatlasdestrellas de
nuestra muestra: HD 129174, HD 186122, HD 78316 y HD 5324¢ obaerva-
ciones se realizaron con el espectrégrafo EBASIM del CASERte los afios
2007 y 2010.

1. Introduccién

Las estrellas quimicamente peculiares (CP) segin Prel@d), son aquéllas que pre-
sentan cierta anomalia quimica en algunas lineas de absdirtiensificada o debilita-
da) de sus espectros. Las estrellas de HgMn pertenecergalipotiCP 3, para las cuales
son sobreabundantes principalmente el Hg (claramentalevisn la linea\ 3984 A) y

el Mn, ademas de otros elementos como P, Y, Pt, Ga, entre S8iusampos magnéti-
cos suelen estar ausentes o muy débiles. Algunas mediaderesnpos longitudinales
fueron realizadas por Mathys & Hubrig (1995) y de campos réagos radiales por
Nesvacil et al. (2004). Las temperaturas de las CP3 se e@nanemn un rango dé, de
10000 a 15000 K; sus tipos espectrales entre B6 y Al y classntiadsidad en lll o V
(Wolf 1974). La tasa de binarias es superior al 50 % y tienefoges entre 3—20 dias
(Gerbaldi 1985).
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2. Lamuestra

Las estrellas HD 129174, HD 186122, HD 78316 y HD 53244 fuex@accionadas
de los catalogos de Renson et al. (1991) y Schneider et &1)1Ras observaciones
fueron realizadas en el Complejo Astrondmico El Leoncita ebtelescopio "Jorge
Sahade"de 2.15 m y el espectrografo echelle de banco EBASivk Diciembre de
2007 y Julio de 2010. La resolucion de este espectrografe £539000. La reduccion
de los espectros fue realizada de manera estandar uttizeacaquetes de IRAF
cubriendo el rango entre 3700 a 6500 A aproximadamentenzdodo una relacion
S/N del orden de 250.

3. Las abundancias quimicas

Para determinar abundancias quimicas, empleamos el n@&silco de determinacion
de abundancias que consiste en medir anchos equivalertesdistintas especies qui-
micas (usamos la taregplotde IRAF). Los parametros fundamental&s,y log g, se
determinaron en primera aproximacion en base a fotomelrigsude Stromgrem y
luego se mejoraron mediante sintesis espectral. ObtuMimsasiodelos de atmésfera
(utilizamos como modelo inicial los de Castelli (1997) é&egcon metalicidad solar)
y las abundancias quimicas con los programas ATLAS9 y WIDTikl@ucz 1992),
respectivamente.

Para este trabajo, realizamos recientemente una busquéadase de datos del ESO
(European Southern Observatory) y pudimos obtener eggalibrados en flujo UVES
para 3 de las estrellas, mientras que nos fue cedido por astigador un espectro FE-
ROS para la restante estrella, pudiendo realizar la ssrespiectral déf .

En la tabla 1 se presentan los parametros atmosféricosidtsgunto con otros datos
de interés para realizar el andlisis, los cuales fuerorc@elgados de distintos cata-
logos. Las velocidades de rotacidvsifi) fueron obtenidas de Abt et al. (2002), las
paralajes del catalogo de Hipparcos & Tycho (ESA 1997), desles se determinaron
con el programa PARAM 1.1 (da Silva et al. 2006) al cual se@ecke forma interac-
tiva por internet.

Para corroborar los valores obtenidos con este prograrieambs a las estrellas en el
diagrama HR y le ajustamos las isdcronas correspondieatascpda caso. Utilizamos
las is6cronas de Padova (Girardi 2000), asumiendo los ex&&43 — 1) especificados
en la tabla 1. Pudimos abservar que las edades estimadasdsddronas estan dentro
del rango de los valores obtenidos con el programa PARAMSiri embargo, seria
necesario realizar un ajuste mas preciso de las isdcrooak) gue los calculos nece-
sarios para analizar las posibles tendencias entre abtindardad fueron realizados
con los valores tabulados en la tabla 1. En la Figura 1 se nauglsliagrama HR vy el
ajuste de las iso6cronas correspondientes.

!image Reduction and Analysis Facility.

2http://stev.oapd.inaf.it/cgi-bin/param.
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Tabla1l. Parametros de las estrellas estudiadas.

HD V  vsini T, logg Velocidad Paralaje E(B-V) Log(edad)
Micro. (&)

129174 449 25 12400 3.75 0.0 10.28 0.030 8.12

186122 6.33 13 12500 3.40 0.0 4.53 -0.045 8.05

78316 523 15 12900 3.75 0.0 6.74 0.008 8.03

53244 411 30 13400 3.55 0.2 8.11 -0.012 8.03

Figural. Estimacion de edades mediante el ajuste de isE&tedricas.

Los simbolos corresponden a: asterisco HD 53244, cuadeatmHD 78316, trian-
gulo lleno HD 129174, circulo lleno HD 186122.

Las lineas corresponden a las isocronas tedricas: en limeegula la correspondien-
te a Log(edad) 8.25y la linea continua a Log(edagB.50.

4. Resultados

A continuacion, mostramos en la Figura 2 las relacionesnat#s entre abundancias y
edades para algunos de los elementos criticos en lasa&stlelHgMn analizadas.

Si comparamos las abundancias obtenidas respecto al soltearoos que los elemen-
tos Hg, Xe y Ga se presentan muy sobreabundantes en todagrias analizadas,
excepto para HD 53244 que no presenta Ga. Los elementos MIV, && presentan
sobreabundantes en las cuatro estrellas, mientras que 3 \pfsentan levemente
sobreabundantes para todos los casos.

De los graficos mostrados podemos decir que, como resultatimimar, puede sos-
pecharse una tendenaigecienteen abundancias quimicas a medida que la estrella
evoluciona para los elementos Mn, Y y Sc. En el caso del Scveedn cuenta una
linea para determinar la abundancia para HD 53244 (asigrizar lo que este valor se
considera dudoso. Se sospecha una tendencia opuestaexiaraes decir una tenden-
ciadecrecientale la abundancia con la evolucién de la estrella para loseglta P y
Zr. No se observa, sin embargo, tendencia alguna para loeetes Hg, Xe y Ga.

No podemos considerar concluyentes las tendencias oldssrya que es necesario in-
cluir mas puntos en los graficos de manera de poder contameomayor cantidad de
estrellas que cubran un rango mas amplio en edades.
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Figura 2. Relacién Abundancias Quimicas vs. Ed@hel Superior Izquierdo:
Tendencia creciente de las abundancias para el Mn, R&®| Superior Derecho:
No se observa tendencia de las abundancias para el Hg, Xd&a@el Inferior:
Tendencia decreciente de las abundancias para P, Zr. Lbslssisiguen los detalles
explicados en la Figura 1.
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Abstract. Here we report on the discovery of a giant, highly-collintajet

from Sanduleak’s star in the Large Magellanic Cloud (LMC)thWa physical
extent of 14 parsecs at the distance of the LMC, it repredaettargest stellar
jet ever discovered, and the first resolved stellar jet béyba Milky Way.

Resumen. En este estudio presentamos el descubrimiento de un jettgiga
desde la estrella de Sanduleak, en la Gran Nube de Magallaoesina exten-
sion fisica de 14 parsecs a la distancia de la Nube, éste eyel et estelar que
se haya descubierto, y el primero claramente resueltoatiela Via Lactea.

1. Introduction

In 1977 N. Sanduleak reported on the discovery of a variablsson-line object in
the direction of LMC ¢=05:45:19.569/=-71:16:06.72 (J2000)). On the basis of the
suspected spectral variability, he suggested that thesauas “some type of eruptive
variable star rather than a planetary nebula” (Sandule@k)19 he object (since then
simply known as Sanduleak’s star) was included by Allen (3@8nong the symbiotic
stars candidates in the LMC, in spite of some conflicting enat that is still wai-
ting for a suitable explanation, mainly, the absence of atg-type stellar signatures
in the optical spectra. Nowadays, the symbiotic nature ofd8kak’s star appears, if
not well-established, at least less contradictory: améegstrongest proofs favouring
a symbiotic classification there is the optical emissior lapectrum, reminding of a
dusty-type symbiotic star (Belczynski et al. 2000; MunariZitter 2002) and, even
more constraining, the presence of the Raman banis6&25, 70824, observed only
from bona fidesymbiotic stars.

In this contribution, we report on the discovery of a giarnghly-collimated jet
from Sanduleak’s star in the LMC, obtained by using the MageTelescopes at the
Las Campanas Observatory, Chile (Angeloni et al. 2011).
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2. The observations

As part of a systematic observational campaign aimed atcteizing the symbio-
tic phenomenon outside the Milky Way, we have used the Laspaaas Observatory
(LCO) Magellan Telescopes to obtain medium-resolutiongesaand spectra of a re-
presentative sample of symbiotic stars in the Magellanau@$. For one of our survey
object, Sanduleak’s star, we have discovered a giant highilimated outflow, which
we show in Fig. 1. The discovery image was taken withRlagmond and Beverly Sac-
kler Magellan Instant CameréMagIC) at the Magellan-Clay Telescope on 2010 Au-
gust 26. In order to constrain the kinematics in the jet ofdbéaak’s star, spectroscopy
has also been performed with theamori-Magellan Areal Camera and Spectrograph
(IMACS - Dressler et al. 2011) on Magellan-Baade Telescope.

3. Analysis and results

3.1. Imaging

The images obtained through th&x+[NII] narrow-band filter clearly reveal a jet with
an overall extent of 58 arcseconds. Using a distance modquw#is8.5 for the LMC
(Schaefer 2008), this leads to a projected length of mone idapc. This makes it, to
our knowledge, théargest bipolar stellar jeever observed, as well as tfiest resolved
bipolar stellar jet beyond the Galaxy

The jet complex is made up of a fairly regular and exceptigr&lmmetric pat-
tern of knots and apparent bow-shocks. The most notableréesasre the opposite and
highly symmetric pairs of spear-like knots marking the vedge of the flow, which
appear as its brightest regions in tHex+[NIl] image. Both located at 29 arcseconds
from the central source, they display a distinguished \psldaconfiguration and have
the remarkable size of 2 pc (NE knot) and 1.5 pc (SW knot),eetbely. Two broad
arcs of emission perpendicular to the flow axis are cleadjbie in the proximity of
the NE knots, extending for almost 5 pc. The SW lobe is charaeld by a series of
smaller, less collimated knots that seem to have cleareateostill clearing, their way
through an elongated nebula which, very close to the enaygygce and with a pro-
jected diameter of almost 3 pc, displays the characteri$tcdumpy turbulence due to
hydrodynamical (e.g., Rayleigh-Taylor) instabilitiesta¢ working surface.

The Ha~+[NII] luminosity of the brightest knots are of a few ¥0erg s~1, still
several order of magnitude larger than knot luminositigyical Herbig-Haro objects
(Raga & Noriega-Crespo 1998) and planetary nebulae (Geegalt al. 2009).

3.2. Spectroscopy

The IMACS spectrum mentioned in Sect. 1 shows [NII] tracing ¢jlobal jet kinema-
tics (with the NE lobe receding from, and the SW lobe movinga us) which is
characterized by a distinctive profile in which the flow radigocity v, increases li-
nearly with the distance from the origin ¢,.q o 7). This behaviour is fairly common
in proto-planetary nebulae (Corradi 2004, Huggins 200@)exaptive stars (Weis et al.
1999). It is believed to indicate that the outflow is dictabsdself-similar expansion,
confirming the ballistic character of the knot trajectorgdhe explosive dynamics of
its ejection (Dennis et al. 2008). The high degree of symynietithe point-velocity
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Figural. Ha+[NIl] emission line image of Sanduleak’s star taken with Ray-
mond and Beverly Sackler Magellan Instant Camera (Magl@eaiMagellan-Clay
Telescope, Las Campanas Observatory, Chile. The image isetult of the sum
of three exposures of 900 sec each, through an interferdteresfhich isolates the
Ha6563+[N11]6548,6584 emission lines along with the underdycontinuum. The
equatorial coordinates and the absolute spatial scaleeditage are also indicated.

distribution of the knots gives weight to the hypothesiseafurrent outbursts from the
central source at the origin of Sanduleak’s star jet.

A careful examination of the long-slit spectrum across #iegveals that the bulk
of the knot emission comes from [NII], unusually strong (e[§lll]/H o ~ 6 in knot
A, [NllJ/H o« ~ 4 in knot C), providing incontrovertible evidence of shockyzed gas
(Sabbadin & D Odorico 1976). No traces of [OINp4959, 5007 and [OIN6300, nor
of the [SII] AN6717-6731 doublet are detected from the knots, prevensnigom gi-
ving any reliable estimate of the physical conditions (eefpctron temperature and
density) in the flow. Nonetheless, the upper limits in the liatios that one can deri-
ve on the basis of these non-detections ([OlI§/KE 0.2; [SII/Ha < 0.2) suggest a
fairly extreme chemistry, in which nitrogen is strongly enkbed over oxygen, and whe-
re sulphur (a valuable tracer of low electron density in &edcenvironments) seems
virtually absent.
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4. Concluding remarks

The true nature of Sanduleak’s star remains a mystery, iedlyeso in light of our dis-
covery of the largest stellar jet to date. The size and lusitp®f the individual knots
in the jet; their high collimation, maintained at distandesond 7 pc from the cen-
tral source despite a not-relativistic flow speed; the di/ssize of the jet itself: all this
represents observational evidence that challenges otgntwinderstanding of these
fascinating structures. In this respect, and whateverriggny we think that the Sandu-
leak bipolar outflow is destinated to turn into a crucial 4est for future modeling of
astrophysical jets. As part of our follow-up study, we are/applying to collect further
data over the entire electromagnetic spectrum to build gpbete self-consistent view
of this unique obiject.
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SN 2010ev: detailed study of a high-velocity type la Supern@a
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(4) Max-Planck-Institut fur Astrophysik, Karl-Schwarkgd-Strae 1, 85741
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Abstract. We present intensive monitoring of the Type la Supernova (SN
la) 2010ev, discovered by the Chilean Automatic Supern@ah (CHASE).
Multi-band optical photometry was obtained, along withdp#scopy ranging
from 7 days before to 20 days after the time of B-band maximight,|plus a
spectrum obtained 9 months after the explosion, duringébelar phase. From
the light curves we infer that this is a SN la of normal brigigs, which suf-
fered significant reddening. Spectroscopically, this Shrigs to the subclass
of high velocity gradient (HVG) events.

Resumen. Presentamos el seguimiento intensivo de la supernova dédatip
(SN la) 2010ev, descubierta por el CHilean Automatic SupaasEarch (CHA-
SE). Se obtuvo fotometria 6ptica multi-banda y gran cobamspectroscdpica
entre 7 dias antes y 20 dias después del maximo de la curva,dedis un
espectro obtenido 9 meses después de la explosion, duagaselnebular. De
las curvas de luz concluimos que se trata de una SN la de bailtoal, que ha
sufrido un significativo enrojecimiento. Espectroscopieate, esta supernova
pertenece a la subclase de eventos de alto gradiente dedeel¢ElVG).

1. Introduction

There is a general consensus that SNe la are thermonuclplsiexs of carbon-
oxygen white dwarfs that occur when the Chandrasekhar rmagsd approached via
accretion in a binary system (see Hillebrandt & Niemeyer@00The nature of the
companion star as well as the details of the flame propagatimnhowever, under de-
bate. Despite this, SNe la are used as distance indicatassimology due to their
homogeneous peak luminosities, as calibrated from theesbiaghe early light curve.

Spectroscopically, however, SNe la exhibit some diversigt does not correlate
with light-curve parameters such as the post-maximum weciteAm 5 (B) (Phillips
1993). The diversity is seen, for example, in the expansaacity gradients;, com-

109



110 C. Gutiérrez et al.

puted from the evolution of the $i A6355 line. Benetti et al. (2005) separate SNe la
into low velocity gradient (LVG; withog; < 70 km s~! d~!) and high velocity gradi-
ent (HVG;og; > 70 km s~ ! d~!). Maeda et al. (2010) argued that velocity gradients
vary as a consequence of different viewing directions tdwdhe same axisymmet-
ric model. Thisunification modehklso explains the observed correlation betwégn
and the shift of lines from ashes of the deflagration phasesuned in late-time spectra.

We investigate SN 2010ev in the context of this physicalyp&t The object was
discovered by the Chilean Automatic Supernova Search (E)ARgnata (2009) on
2010 June 27.05 UT, located Ht6 East andl2”4 South of the center of NGC 3244
(Pignata et al. 2010) (Table 1). In this paper we show thegshetric and spectroscopic
analysis of SN 2010ev. We present the spectroscopy seqfremceone week before
maximum to three weeks later and we examine a nebular sped¢taken about 270
days after maximum. Also, we present the light curveBINRI.

Table 1.  Main parameters of SN 2010ev and its host galaxy.

Host galaxy NGC 3244
Host galaxy type SA(rs)¢d
Redshift 0.0092
RAgsy 1072528399
Decs —39°49'51"2

Date of B maximum JD = 2455385 (July 7 UT)
Magnitude at maximum B = 14.50 + 0.02 mag

Amys(B) 1.08 + 0.02 mag
E(B — V)Host 0.27 = 0.02 mag
E(B — V)Gal 0.10 ma@

“Source: NED (NASA/IPAC Extragalactic Database).

2. Photometry

Optical, multi-band BVRI photometry was obtained with thenBhromatic Robotic
Optical Monitoring and Polarimetry (PROMPT) telescope€atO!. The light curves
and the fits toB andV bands are shown in Figure 1. The data range frento +68
days with respect t@3-band maximum light. We obtai®,,,., = 14.50 + 0.02 mag,
Vinax = 14.29 4+ 0.01 andAm5(B) = 1.08 + 0.02 mag. ComparingBuax — Vinax)
with the calibration by Folatelli et al. (2010), we obtain ashgalaxy reddening of
E(B —V)max = 0.27 £0.02 mag. Withz, we calculated the absolute magnitude in B,
Mp = —19.34+0.04 mag. This leads to is a photometrically normal SN la thatesefi
significant reddening.

http://www.physics.unc.edu/ reichart/prompt2.html
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Figurel. Left: BVRIlight curves of SN 2010e\Right: Fits to theB- andV -band
light curves.

3. Spectroscopy

Optical spectra were obtained betweei and +19 days with three different instru-
ments: X-Shooter at the ESO Very Large Telescope (VLIGMOS-S at the Gemini
Observatory, an8WFCCD at Du Pont Telescope of the Las Campanas Observatory.
Data reduction for the GMOS-S and WFCCD was performed witAARwhile for
X-Shooter the dedicated pipeline was employed for most efptocess, leaving the
telluric line correction and flux calibration to be done WilRAF. Figure 2 shows the
spectroscopic evolution covering 26 days aroditixdand maximum.

The spectra show that SN 2010ev is a normal SN la, with largerapidly de-
creasing Sill A\6355 expansion velocities. Around maximum the velocity is about
13,300 km s, and from its subsequent evolution, we obtain a gradierit;of= 164
km s~! d=!. This places SN 2010ev among the high velocity gradient (H8Se la
(Benetti et al. 2005). The intensity ratio of the I8iA5972 and Sill A6355 absorp-
tions isR(Si11) = 0.2 (Nugent et al. 1995), which is consistent with the ones fdoyd
Benetti et al. (2005) for HVG SNe la.

A spectrum obtained around 270 days past maximum light witli $hows red-
shifted lines produced by ashes of the initial deflagratidfithin the picture of Maeda
et al. (2010), this means that the explosion was ignitecdteffter on the opposite side
of the observer. As shown in Figure 2, the redshift is coaststvith the object being
an HVG SN. SN 2010ev appears to be an extreme case in thisdiagr

4. Conclusions

We studied the photometric and spectroscopic properti€Na?010ev. We found that
this event is a photometrically normal SN la that sufferephigicant reddening. Spec-

2|RAF is distributed by the National Optical Astronomy Obs&ipries (NOAO), which are operated by the
Association of Universities for Research in Astronomy (AA)RInc., under cooperative agreement with
the National Science Foundation.
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Figure 2. Left: Spectroscopic sequence of the Type la SN 2010ev, covering 26
days around maximum light. Reddening correction has not lagplied. Right:
Silicon velocity gradient versus nebular velocity for 20 &Kom the sample of
Maeda et al. (2010) plus SN 2010ev, which stands out in thgralm as the object
with the largest velocity gradient.

troscopically, this object shows a very large silicon vélogradient and, consistently
with the picture of Maeda et al. (2010), redshifted lineshef teflagration ashes in the
nebular phase.

Acknowledgments. Nucleo Milenio de Supernovas (P10-064-F), Centro de As-
trofisica FONDAP 150100003, Centro BASAL CATA (PFB-06) armsti®dad Chilena
de Astronomia (SOCHIAS).

References

Benetti, S., et al. 2005, ApJ, 623, 1011

Folatelli, G., et al. 2010, AJ, 139, 120

Hillebrandt, W. & Niemeyer, J. C. 2000, ARA&A, 38, 191
Maeda, K., et al. 2010c, Nature, 466, 82

Nugent, P. et al. 1995, ApJ, 455, 147

Phillips, M. M. 1993, ApJ, 413, 105

Pignata, G., etal. 2009, in AIP Conf. Proc. 1111, Probing/@tBopulations Out to the Distant
Universe, ed. L. A. Antonelli et al. (Melville, NY: AIP), 551

Pignata, G., et al. 2010, Cent. Bur. Electron. Telegram4234



Asociacion Argentina de Astronomia
BAAA, Vol. 54, 2011
J.J. Claria, P. Benaglia, R. Barba, A.E. Piatti & F.A. Balet, eds.

PRESENTACION MURAL
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Abstract. We present the results of the abundance analysis of two HgMn

single-line binary systems: NGC 2287-106 and NGC 6025-14e 3pectro-
scopic observations have been carried out aCi@plejo Astronémico el Leon-
cito (CASLEO) with the REOSC spectrograph in cross-dispersiodancover-
ing the spectral range 3800-5800 A. Compared to the Sun, NI2&-64 shows
great overabundances of Hg, Mn, P, Ga and Xe, while Hg, MRRtand Zr are
overabundant in NGC 2287-106.

Resumen. Presentamos los resultados del analisis de abundanciagside
dos sistemas binarios de lineas simples de HgMn: NGC 2287%NiGC 6025-
14. Las observaciones fueron obtenidas con el espectooBOSC en dis-
persion cruzada en €omplejo Astrondmico el Leonci{€ASLEO) y cubren
un rango espectral de 3800-5800 A. En comparacion con eN&il; 6025-14
muestra grandes sobreabundancias de Hg, Mn, P, Ga y Xe rasianie Hg,
Mn, Sr, Pty Zr son sobreabundantes en NGC 2287-106.

1. Introduccién

Las estrellas de HgMn son estrellas quimicamente pecsil@eacterizadas por lineas
intensificadas del Hgll y/o del Mnll. En general, estas daggresentan grandes so-
breabundancias de elementos tales como Mn, Ga, Y, Pt, Hg yn¥émstras que ele-
mentos tales como He, Mg, Ni y Al suelen ser deficientes (Tak#didai, 1991). Las
abundancias observadas pueden ser el resultado de unaeforgrhbinacion de va-
rios procesos fisicos, incluyendo campos magnéticos decasta topolégica compleja,
distribucion no homogénea de ciertos elementos en la atmagstnomalias isotdpicas,
efectos de comparieras binarias y bajas velocidades d@rotac

En este trabajo presentamos la determinacién de abundateidos sistemas SB1 per-
tenecientes a cumulos abiertos: la estrella 106 del cim@@€ BRR287 (numeracién de
Harris et al. 1993) y la estrella 14 de NGC 6025 (numeraciéfitlembi 1975). La
presencia de estrellas peculiares en cimulos es partioertide (til porque en esos ca-
sos es posible conocer la edad de la estrella, su luminoalsaluta y su composicion
guimica original a partir del estudio de las estrellas néemdel cimulo. Sin embar-
go la informacién sobre estrellas de HgMn en cimulos es asEasla literatura sélo
existen catalogadas 22 estrellas de HgMn pertenecient@s@ulos abiertos, de las
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cuales so6lo dos poseen determinaciones de abundanciascdNiea 2009, Cowley et

al. 2010).

Las observaciones utilizadas fueron obtenidas con instntethdel CASLEO. Se usé

el espectrégrafo tipechelleREOSC montado en telescopio de 2.15 metros. Los espec-
tros resultantes cubren un rango espectral de 3800 a 5808sAep una relacion S/N

de aproximadamente 60 y una resolucion~d&3000 para\ = 5000A. Los espectros
usados para la determinacién de abundancias son el resdigagromedio de los es-
pectros observados (en total 15 observaciones de NGC 2#8Y-33 observaciones de
NGC 6025-14) y poseen una relacion SIN70 en una region cercana a 4700 A.

2. ldentificacion de lineas espectrales y medicion de ancheguivalentes

Con el fin de determinar las especies atdmicas presentes espectros, se identifi-
caron las lineas utilizando listas de lineas tipicas deliestrmormales de los tipos es-
pectrales analizados, ademas de las frecuentemente atisersn estrellas de HgMn.
La mayoria de éstas pertenecen a la tabla de Moore (194%stelse encuentra entre
las utilizadas por Castelli & Hubrig (2004). Una vez identfias las especies atémi-
cas presentes en los espectros, se obtuvieron los anchesleaues a partir del ajuste
de una funcion gaussiana a cada linea individual utilizdadareasplotdel programa
IRAF. Las lineas tenidas en cuenta para el calculo de ladabgias quimicas fueron
aquéllas utilizadas por Castelli & Hubrig (2004), Adelmarale (2006) y Zavala et al.
(2007).

3. Determinacion de los parametros atmosféricos y céalculoedabundancias

Se estimaron los parametros atmosféricos fundamentetapetatura efectiva y grave-
dad superficial, usando el codigo TempLogG (Rogers, 19%6a &lo se utilizaron los
indices fotométricos del sistema de Ginebra, obtenidoa Bade de datos de estrellas
en cumulos abiertos WEBDA.

Los valores obtenidos se mejoraron mediante el ajuste ddlgela linea de Balmer,
Hg, usando una observacion de alta relacion S/N y perfilestisiosécalculados utili-
zando el programa SYNTHE (Kurucz, 1993a). Para NGC 2287-dl0@ejor acuerdo
entre el perfil tedrico y el observado se obtuvo para una teahpa de 12 000K Yog g
igual a 4.0. En el caso de NGC 6025-14, el mayor acuerdo exgrnedrfiles se obtuvo
para una temperatura de 13 100 Koy g igual a 3.90 (ver Figura 1).

Finalmente, se selecciond la temperatura teniendo enalebndicion del balance
de ionizacion para los elementos presentes en dos estadwszieion. En el caso de
NGC 6025-14, con la temperatura obtenida a partir del afiesia linea de Balmer, se
cumple el balance de ionizacién para los dos estados dea@diz en los que se en-
cuentra el Fe. Por su parte, en NGC 2287-106, para satisfexter balance el modelo
requiere una temperatura menor, adoptando para estdeestral . = 11900 K.

Se calcularon los modelos de atmosfera utilizando el pnogrATLAS 9 (Kurucz,
1993b) y se determinaron las abundancias usando el progxdbBibH 9 (Kurucz 1970).
La velocidad de microturbulencig, se determiné de forma tal que las abundancias del
Fe sean independientes de los anchos equivalentes y queretwadratico medio con
respecto al promedio sea minimo (Blackwell et al. 1982). gtaimos velocidades de
microturbulenciaé= 1.1kms! y ¢=0.8kms! para NGC 2287-106 y NGC 6025-14,
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Comparacion entre los perfiles sintéticos (lineazos) y los perfiles
observados (linea continua) de la linéa para los cuales se logré la mayor concor-
dancia, para NGC 2287-10&uierdg y NGC 6025-14 derecha.

respectivamente.

Se calcularon las abundancias de todos los elementosficmbis en el espectro, ex-
ceptuando H y He. Los valores de abundancias obtenid@SV{;e,ento/Niotar) €ON
los errores cuadraticos medios y el nimero de lineas wdizara su determinacion
se muestran en la Tabla 1, junto con los valores de las abciadasolares dados por
Grevesse & Sauval (1998).

4. Resultados

NGC 2287-106 mostré sobreabundancias de Mn, Y, Sr, Zr, Pt.yLHg abundancias
del Hg y el Pt alcanzaron valores de [+6.5] y [+3.2] dex copeeto al valor solar, res-
pectivamente. Sin embargo, estos valores no son confiaddescdie fueron calculados
a partir de una Unica linea y que las estrellas de HgMn suealsaep una compaosi-

Tablal. Abundancias obtenid&® Neiemento/Niotal-
Elemento NGC 2287-106 NGC 6025-14 Sol
Tog Nelmento/Ntotal | IV° delineas| Iog Neimento/Niotal | INC de lineas

cn -3.85+ 0.10 2 -3.78+£0.14 2 352
ol -3.02 1 - -3.21
Mg | -4.60+ 0.02 2 - -4.46
Mg Il -4.64 1 -4.88 1 -4.46
Sill -4.46+ 0.15 8 -4.37+0.15 8 -4.49
Pl - -4.50+ 0.27 3 -6.59
Sl -5.02+ 0.08 2 - -4.71
Call -5.31 1 -4.93 1 -5.68
Till -6.45+ 0.19 24 -6.30+ 0.19 18 -7.02
cril -5.87+0.13 20 -6.08+ 0.19 9 -6.37
Mn | -4.58+0.21 2 - -6.65
Mn Il -4.64+0.23 28 -4.68+ 0.23 29 -6.65
Fel -4.18+0.15 6 -4.07+0.31 5 -4.54
Fell -4.24+0.20 79 -4.08+0.18 76 -4.54
Gall - -6.19+ 0.18 3 -9.16
Sril -7.62+0.14 2 - -9.07
Yl -7.40+0.12 7 - -9.80
Zrll -7.38+0.15 11 - -9.44
Xe ll - -5.47+0.12 3 -9.83
Pt Il -6.96 1 - -10.20
Hg Il -4.37 1 -5.57 1 -10.91
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cion isotdpica peculiar de estos elementos. Por su pastaplandancias de Mn, Yy Zr
resultaron 100 veces superiores al valor solar, mientrasei®r presentd una sobre-
abundancia de [+1.4]. Por otro lado, S y C mostraron levesidgtias, Ca, Tiy Fe son
levemente sobreabundantes y, O y Mg presentaron abundasitidares a las solares.
NGC 6025-14 present6 sobreabundancias de P, Mn, Ga, Xe yddgrés ultimos ele-
mentos presentaron las mayores anomalias, con exceso8.6g [+4.3], [+5.3] dex
para Ga, Xe y Hg, respectivamente. Mn y P presentaron aboiadathe [+2.0] dex. Sin
embargo, Ca, Ti y Fe mostraron abundancias levemente etgm@l valor solar, Mg
y C resultaron ser levemente deficientes y para el Cr y el $ivohbs abundancias
similares a las solares.

Los resultados de abundancias obtenidos para ambos sistermaonsistentes con las
abundancias determinadas para estrellas de HgMn con tetugzer entre los 11000 y
13000 K, como HD 191110 (Catanzaro et al. 2003), 112 Her (Etyiabva et al. 1996).
Ademas, si se consideran las abundancias de las estreltdgiie dadas por Takada-
Hidai (1991), las abundancias obtenidas en este trabajocsetran entre los valores
tipicos observados para estas estrellas.
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Separacion de espectros en sistemas multiples espectrqicos
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Abstract. As aresult of a spectroscopic survey of early-type multipdes, we
detected subsystems with three or more components whictadia velocity

variables. In order to analyze these complex spectra weama an extension
of the disentangling method by Gonzdalez y Levato (2006). \&&cdbe the
principles of this new technique. It allows to obtain theiwdblial spectra of
the components and to measure their radial velocities etor higher-order
systems. Also we present the application of the method taiiadysis of the
guadruple system HD 44333.

Resumen. Como parte de los resultados de un relevamiento espeqpiosco
de sistemas estelares multiples de tipo temprano, se hectaldd subsistemas
con tres 0 mas componentes que varian en velocidad radial.aBardar el
andlisis de estos espectros morfolégicamente complejds desarrollado una
generalizacién del método de separacion de espectroddsirte Gonzalez y
Levato (2006). En este trabajo se describen las caraatesigbrincipales de
esta nueva técnica, la cual permite obtener los espectrias demponentes y
medir sus velocidades radiales en sistemas de orden mayw. dambién se
presenta su aplicacién en el analisis del sistema cuadriplé4333.

1. Introduccién

Es bien sabido que la superposicién de las lineas espscttalias componentes en
binarias de doble linea dificulta la medicién de velocidadégales y el analisis espec-
tral de cada estrella. Como es de esperar, este problemeasa ag sistemas multiples
con mas de dos componentes visibles en el espectro. En iomsilveinte afos, se
han desarrollado varios métodos para separar los espdettas componentes y/o me-
dir velocidades radiales en sistemas binarios especpusside doble linea (ver, por
ejemplo, Bagnuolo y Gies 1991, Zucker y Mazeh 1994, Simonuyn$1994, Gonzéalez
y Levato 2006, en adelante GLO6). En particular, el métod6&3ts un procedimiento
iterativo que involucra poco tiempo de calculo, es flexiblgrgporciona muy buenos
resultados.

A partir del seguimiento espectroscopico de una muestrastiErgas mdultiples con
componentes tempranas, se han detectado subsistemas sae mds componentes
gue varian en velocidad radial. Para obtener los espedmmados de cada una de
ellas y medir sus velocidades radiales, se ha desarrolla@generalizacion del méto-
do GLO6, la cual puede aplicarse a sistemas con un orden diplinidad arbitraria.
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2. Descripcion de la técnica

La separacion de espectros multiples se divide en dos eggjgase repiten iterativa-
mente. Estas se implementaron a través de dos scripts de IBAGuales se ejecutan
mediante las tareapbina_Ny rvbina_N De la misma forma que los scripts originales
para binarias, ambos involucran calculos simples entredpsctros observados y cons-
truidos, que se efectlian con las tareas usuales de IRAF paniputacion de espectros
(dopcor, sarith, scombine

spbina_Ncalcula los espectros separados. Para ellohézglersde los espectros in-
cluidos en la lista de entrada deben contener velocidadgisnprares para todas las
componentes que se desea separar. Para calcular el esftdroomponente iCse
desplazan todos los espectrgs(j&i) en VR(J y se sustraen de los espectros origina-
les. Las diferencias obtenidas se desplazan de acuerdoafleaVRA y se combinan

para formar el espectroiQCabe mencionar que no es necesario contar con espectros
de entrada para las componentes para comenzar a iterar.

rvbina_Nmide la velocidad radial de cada componente en los espeaitdrestrada me-
diante correlaciones cruzadas unidimensionales. Paral@ltarea resta los espectros
calculados previamente para las restantes estrellasadadplk de acuerdo a sus veloci-
dades radiales y mide la velocidad de la componente de snteeéliante correlaciones
cruzadas con demplateasignado a ésta. Para cada conjunto de espectros calculados
para las componentes, la tarea se ejecuta iterativamestee dlaanzar la convergencia

de las velocidades. Luego se repite la primera etapa ejetutauevamentspbina_N

3. Aplicacion al sistema cuadruple HD 44333

HD 44333 forma parte de una muestra de sistemas australegloscen el Multiple
Star Catalogue (MSC, Tokovinin 1997, 2010) que se estazamalo. Este sistema es-
ta clasificado en la literatura como una binaria visual, ayita tiene un periodo de
102.34 afios (Seymour y Mason 2000). Sin embargo, HeintZji®&ecté diferencias
de velocidad radial de aproximadamente 30 km/s con respanidiciones anteriores,
a partir de lo cual el sistema esta clasificado como triplel ¢SEC. Recientemente,
Royer et al. (2007) atribuyeron un tipo espectral A4.5V y uabcidad de rotacion
vsini=191 km/s a la componente primaria.

Se obtuvieron 23 espectros de este sistema, en los que stadmidas lineas de tres
estrellas de baja rotacion que varian en velocidad radipérpuestas a la componente
mas brillante de lineas anchas. En la separacion de espestremplearotemplates
sintéticos (Bertone et al. 2008) convolucionados con psrfibtacionales adecuados.
Los espectros obtenidos para las component8ss@@ muy similares a loemplates
seleccionados para cada una de ellas, lo cual indica quedaas®on de espectros es
apropiada y permite estimar el tipo espectral de cada coemperdel sistema. Por otra
parte, se obtuvieron muy buenos resultados en la recoosgirude los espectros obser-
vados mediante la suma de los espectros de las componesptazaelos de acuerdo a
sus velocidades radiales. En la Figura 1 se comparan sesdienun espectro observa-
do con la superposicion de los espectros separados de lapoentes.

3.1. Ajustes orbitales y caracteristicas del sistema

Las dos componentes de baja rotacion de mayor temperattrg ) forman un
subsistema SB2. En el panel izquierdo de la Figura 2 se pgeesksjuste de sus veloci-
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Figura2. Ajustes orbitales de las componentes de HD 44333.

Tablal. Parametros orbitales de los subsistemas binaibl®H4333.

Subsistema SB2 (C1-C2) SB1 (C3)
P(dias) 5.564189 171.797714
To(HJD-2450000) 5083.906016 5123.342403
\V~(km/s) -17.18 -10.47
K1(km/s) 75.72 28.50
K2(km/s) 87.86

e 0.09 0.36

w(o) 197.5 359.6




120 M. E. Veramendi & J. F. Gonzalez

dades radiales obtenido empleando minimos cuadradossperdion cuadratica media
de los datos con respecto al ajuste orbital es de 1.6 km/sapdvas componentes. La
tercera componente de lineas finas (C3) es una SB1 cuyo ajb#td se presenta en
el panel derecho de la Figura 2. Los cuatro puntos que seaapaés del ajuste corres-
ponden a espectros en que las lineas de esta componenandstabmente solapadas
con las de C1ly C2. En la Tabla 1 se listan los parametros itk los subsistemas
binarios. Se obtuvieron masas minimas de 1.34\WL.16 Mo para las componentes
de la SB2. Los espectros separados conducen a estimar sipestrales F6V, FOV y
G2V.

La componente espectroscopica mas brillante es una astiellineas anchas cuya
temperatura y velocidad de rotacion son consistentes cwalores publicados para
la componente A del sistema visual. Para ésta se obtuvo lozEdad radial media de
-40 km/s, con una dispersion cuadratica media de 9 km/s.

Con los datos disponibles al presente, no resulta claraist@configuracion del sis-
tema multiple. Una posibilidad es que se trate de un sistei@draple en el que A esté
formada por C3y C4y B por C1y C2. Otra alternativa es que Bastépuesta de dos
binarias y no se haya detectado la compafiera de C3. Lasoresdile brillos entre las
componentes estimadas en base a sus espectros, junto dandadia de magnitudes
publicada para el par visual (WDS, Mason et al. 2001), indigae la primera confi-
guracion es mas probable. Sin embargo, la diferencia deideltes entre los centros
de masa de los subsistemas espectroscépicos y la compalgealia rotacion es un
resultado llamativo.
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Abstract. We are carrying out a bibliographic compilation of nearanéd
(NIR) (0.7 — 5.0 um) spectroscopic studies available for stars in the Galacti
O Star Catalog (GOSC, Maiz Apellaniz et al. 2004). This cdatipin allows
us to quantify the precise degree of knowledge about NIRtsgdénformation
for GOSC sources, such as band coverage, spectral resolejoivalent-width
measurements, etc. This bibliographic compilation hagaraiext step toward
the development of a new catalog of O-type stars observediorthe NIR,
which will be annexed to the GOSC. In this poster paper wegmtgsreliminary
results derived from a set of different attributes extrddi®m the retrieved
papers.

Resumen. Estamos llevando a cabo una recopilacion bibliografica sie$s

tudios espectroscopicos en el cercano infrarr@jo 5.0 xm) disponibles para
las estrellas del Catalogo de Estrellas O Galacticas (GO®B(Z Apellaniz et

al. 2004). Esta recopilacién nos permite cuantificar de foprecisa el grado
de conocimiento acerca de la informacion espectral en ehnerinfrarrojo pa-

ra las estrellas del GOSC, tales como banda de cobertucdciEm espectral,
medidas de anchos equivalentes, etc. Este proyecto tiepgximo paso defi-
nido que es el desarrollo de un nuevo catélogo de estrell@sad® observadas
so6lo en el cercano infrarrojo, el cual sera anexado al GO8@sEe trabajo pre-
sentamos resultados preliminares de un conjunto de aisilextraidos de las
publicaciones recolectadas.

1. Motivation

There are many open questions about the spiral structurstaltar distribution in the
Milky Way (MW). While the structure outlined by star forminggions (SFR) and
molecular clouds is relatively well known, it is difficult tee drawn using only massive
stars and young open clusters. In spite of the progress rtraspiral structure beyond
2 kpc from the Sun, as well as that on the far side of the Galaxpoorly determined.
Lépine et al. (2011) show how dramatic is this situation. iTReures 7 and 9 plot the
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distribution of CS and maser sources (tracers of SFRs) iGHiactic Plane, in contrast
with stellar optical/NIR tracers like Cepheids and youngmglusters. Comparing
these two distributions, we can infer that about 90% of theabptructure as traced by
the youngest stellar populations is still completely unkno

On the other hand, the knowledge of the number and distoibuif massive stars
is intrinsically important because these stars play a atucie in the dynamic and
chemical evolution of the MW.

Modern deep NIR sky surveys (e.g. VVV, Minniti et al. 2010; IISS, Hewett
et al. 2006) are opening a new window of galactic exploratiolVe now have the
opportunity to discover an abundant population of hiddessiva stars from the stel-
lar candidates selected from those surveys. Thus, NIRreecpy, through spectral
classification, is an indispensable tool allowing us to aeiee the nature of these can-
didates.

At present, the primary source of knowledge about massars $vith 99% com-
pleteness aB < 8), is the Galactic O Star CatalogGOSC, Maiz Apellaniz et al.
2004). The GOSC collects information for the optically bitiest galactic O-type stars
(370 objects), providing coordinates, spectral typescapand near-infrared photom-
etry, and other useful information. Sota et al. (2008) prakthe second version of
GOSC, which seeks to extend the cataloghto< 14. Moreover, we are part of the
Galactic O-Stars Spectroscopic Sury6OSSS, Maiz Apellaniz et al. 2011), this all-
sky intermediate-resolution spectroscopic optical supfell O-type stars, is designed
to revolutionize the spectral classification system thlhobhgyh-quality and homoge-
neous spectroscopic observations of more than one thodaygde stars. Based on
GOSSS data, Sota et al. (2011) re-discussed the specssifidation system and pre-
sented a new atlas of O Stars.

In the NIR regime, the general spectroscopic classificaymtem for O-type stars
is based on a few atlases (e.g. Hanson et al. 1996, 2005)e Hilases constitute the
tool to perform a Morgan-Keenan (MK) process of spectrassifecation in the NIR
regime in a similar way as in the optical. Unfortunately, ¢fuality and incompleteness
of the published NIR spectroscopic atlases is not enougbpimduce the MK system
in this regime, and many ambiguities are detected.

We are planning a new NIR spectroscopic survey in order &bésh the basis of
a spectroscopic classification system for O-type stars iédimparable in quality and
number of standards to that performed in the optical by So&h €2011). As a first
step, we are now retrieving bibliographic spectroscopmsoueces for the GOSC sources
in the NIR domain, which allow us to quantify the precise @egof knowledge about
NIR spectral information for GOSC entries, like band cogeraspectral resolution,
equivalent-width measurements, etc. This bibliograploimgilation has a clear next
step toward the development of a new catalog of O-type stesreed only in the NIR
(GOSC-IR), which will be annexed to the GOSC.

In this poster paper we present preliminary results deriv@t a set of different
attributes extracted from the retrieved papers.

2. The bibliographic catalog
We retrieved the spectroscopic bibliographic informatien370 GOSCv1 sources us-

ing the NASAAstronomical Data SystehDS). We deployed different strategies to
find papers which contain spectroscopic observations (¥erays to IR) of GOSC
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Figure 1. Left: Distribution of the number of published papers with NIR spec
troscopy for O-type stars by year interval. The first puldidipaper showing an
I-band photographic spectrum of an O-type star correspar@géctre infrarouges
de quelques étoiles des premiers types entre 6500 et 889@Adrillat & Houziaux
(1967).Right: Distribution of the number of O-type stars by number of papBiote
that almost 50% of GOSC sources have no published NIR sgectpic information.

entries. The total number of bibliographic entries counge®8229 (including part of
year 2010), from which 837 entries are related to NIR spsctpy for 196 stars (Fig-
ure 1). These entries correspond to 123 independent paphkesfirst obvious result
is that almost 50% of the GOSC stars have not published gsecipic observation
beyond 0.7um. We must say that the definition of the NIR regime can be aibkyt
We decided to include as a NIR spectroscopic observaticgetbpectra obtained in the
spectral range 7004 to 5 um. Thus, the NIR lower limit can include mamyptical
papers, as théandZ bands are accessible using CCD detectors or photograttespl

From the bibliographic compilation we defined a numbeattifibutesto be devel-
oped in a catalog that lists the NIR spectroscopic inforomattbor GOSC entries. The se-
lected attributes areBAND, SPECTRAL RESOLUTI ON, SPECTRAL BANDW DTH,
SCI ENCE CLASS, FLUX,PLOT,DI G TAL DATA EQUI VALENT W DTH, RADI AL
VELQOCI TY, W DTH PROFI LE. The SCI ENCE CLASS attribute refers to the pri-
mary purpose for which the spectrum was obtained, i.e.uyghe star itself, the ISM
or the nebular surrounding.

The catalog will be published following Virtual Observat@tandards in the GOSC
web pagehttp://ssg.iaa.es/en/content/gosc-v2-query/

Figure 2 shows some examples of the information which canxtracted from the
catalog.

At the moment, we have collected 663 different NIR spectspsrobservations
of 166 GOSC stars from 62 papers so far reviewed. Some ititegeesults are already
emerging. We find that radial-velocity and rotational breidg studies are very scarce
in the NIR, as well as ISM studies beyond:th. Also, most of the digital spectra
available for researchers in astronomical databases aamegjdist four papers.

Acknowledgments. We wish to acknowledge to the referee, Dr. Margaret M. Han-
son, for constructive comments and suggestions which teipémprove the paper.
We thank financial support from DIULS PR09101, frecultad de Ciencias)LS, and
DGAE-ULS. This research has made use of NASA's AstrophyBiata System Bibli-
ographic Services and SIMBAD database operated at CD &gy, France.
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Figure 2. Number of stars observed in each NIR band at iniateeand high
spectroscopic resolutions. The distributions clearlyshow inhomogeneous is the
knowledge of the O-type stars in the different spectral lsarithis picture is even
worst for specific spectral types, like O2, O3 or O6, whichéhagver been observed
at some resolutions. We note that there are only two obsengbf O-type stars at
very-high spectral resolution (R > 100000) in the NIR.
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Abstract. Models from stellar winds in one dimension (1-D) from massiv
stars, rotating at high velocities show an equatorial flowsk and denser (e.g.,
Be stars) than the standard solution (CAK, FA, PPK, see beldMe analyse
the time dependent wind equations for rotating stars with Hixdrodynamic
numerical code ZEUS-3D. These simulations agree with wirstieady state
models, and we confirm that for high rotational velocities flux has a slower
and denser acceleration. We compared our solutions witbrtee from Madura
et al. (2007) and we find differences. Finally , we show the firse depen-
dent calculations for new slow solutions which may expldia winds of BA
Supergiants stars.

Resumen. Los modelos de vientos estelares en una dimensién (1-D)gsara
trellas masivas rotando a altas velocidades muestran oretujptorial mas len-
to y denso (por ejemplo, estrellas Be) que el mostrado pallei®n estandar
(CAK, FA, PPK). Nosotros analizamos las ecuaciones depetes del tiempo
para vientos de estrellas rotantes con un cédigo numérittodinamico llama-
do ZEUS-3D. Estas simulaciones concuerdan con los modstasienarios,
confirmando que para altas velocidades rotacionales snehin flujo con una
aceleracion mas lentay densa. Comparamos nuestras s@sicion las estudia-
das por Madura et al. (2007) en donde encontramos difeentiduibles a la
descripcion de la fuerza de radiaciéon. Finalmente mostsamestros primeros
calculos dependientes del tiempo para nuevas solucion&s lgue explicarian
los vientos de estrellas BA Supergigantes.

1. Introduccién

El continuo flujo de materia (particulas) que emite una ksthacia el exterior es lla-

madoViento EstelarLas particulas que componen estos vientos son aceleradis d
ferente manera, dependiendo de la naturaleza de la esietlajiemplo en una estrella
como el Sol, los vientos surgen del gradiente de presiérddebia alta temperatura de
la corona. Los vientos de estrellas calientes luminosaggonisados por la absorcion
de lineas espectrales, denominandolose“driven winds. Los dos mas importantes
parametros (en lo que respecta a vientos estelares), sasalaé¢ pérdida de makg

la cual es la cantidad de masa perdida de una estrella parcudiel tiempo y la ve-
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locidad terminal,., que es la velocidad del viento estelar a una gran distarcla d
estrella. La teoria de la radiacion que impulsa los vienstaslares es una herramienta
estandar para describir las propiedades observadas dembssven estrellas calientes.
Castor et al. (1975CAK) obtuvieron un modelo analitico hidrodinamico para estas
estrellas, basados en la aproximacion de Sobolev. El mdciglo fue mejorado por
Friend & Abbott (1986FA) y Pauldrach et al. (198&PK), dando un buen acuerdo
con las observaciones. Vink et al. (2000) calculo, inclalgetos efectos de multiple
scattering, tasas de pérdidas de masas para una malla deswel@ientos que cubria
un amplio rango de parametros. Ellos encontraron un mejgereo entre la teoria y
las observaciones. A la solucién del modelo CAK mejorado ¢alifitado) se le de-
nomina m-CAK. Modelos de vientos estelares en una dimer(didp) para estrellas
masivas rotando a altas velocidades muestran un flujo e@latwas lento y denso
(por ejemplo, estrellas Be) que el mostrado por la solucgbanelar (CAK, FA, PPK).
Nosotros analizamos las ecuaciones dependientes delatiparp vientos de estrellas
gue rotan rapidamente con el cédigo numérico (magnetoediicamico ZEUS-3D.
Nuestras simulaciones concuerdan con los modelos estaicisrcalculados con el c6-
digo de Curé (2004), confirmando que para altas velocidadasionales se obtiene un
flujo con una aceleraciébn mas lenta y densa. Comparamogasisstuciones con las
estudiadas por Madura et al. (200@QF) en donde encontramos diferencias atribui-
bles a la descripcion de la fuerza de radiacién que ellagaril Finalmente mostramos
nuestros primeros calculos dependientes del tiempo panassoluciones lentas que
explicarian los vientos de estrellas BA Supergigantes§@ual. 2011).

2. Implementacion

Para encontrar las soluciones al modelo hidrodinamic@zanios el codigo compu-
tacional ZEUS-3D, el cual esta desarollado en Fortran y e®denio publico. ZEUS-
3D requiere especificar los valores fisicos para los paraséidsicos de la estrella
(e.g., masa, radio y luminosidad) y del viento, ademas estfigtirado para trabajar en
el sistema cgs. Cabe destacar que todos los calculos desdizan hechos con el valor
absoluto del gradiente de velocidad/or en el término de la aceleracion de las lineas
¢'™¢, a diferencia de MOF (ver Caso 1) que utilizangfi® el gradiente de velocidad
definido porov/or = Max (0v/dr,0).

3. Resultados

Se encontraron soluciones para dos diferentes tipos @fl&sta las cuales llamaremos
Caso 1y Caso 2. Ademas, las soluciones se comparan con dasdaist por medio del
modelo estacionario de estos vientos (Curé, 2004, Curé 20H1).

3.1. Casol

Nosotros hemos calculado las soluciones del modelo m-CAlikardo los mismos
valores dados por MOF, pero con una parametrizacion dirémdicando que'™¢
no puede ser negativo (nuestro trabajo utiliza el valor labsp El gradiente de veloci-
dades no debe ser negativo (dado que esto indica una desaid#lg ya que el modelo
para estos vientos es monotémicamente creciente.
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MOF muestra en su trabajo la existencia dekimk en el flujo de los vientos pa-
ra estrellas con una rotacion estelar alta. Los paramestetaees sonR,. = 4 R,

M, =75Mg & L, = 2310 L, y los pardmetros de la fuerza de radiacion, especifi-
camente del multiplicador de fuerza sén= 0.53, « = 0.5 & § = 0. Las soluciones
encontradas se muestran en la figurdztj{ierda modelo independiente del tiempo
desarrollado por Curé (2004perecha modelo dependiente del tiempo, ZEUS-3D).
En ellasno observamos lokinksdescritos en MOF.

=R/ -R/r

Figura 1.  Perfil de velocidatl/V,,. como funciéon de- R, /r para las solucio-
nes encontradas c@n= 0. Izquierda:utilizando el modelo estacionariDerecha:
utilizando ZEUS-3D.

3.2. Caso?2

Tratamos de reproducir los resultados obtenidos por Caié @011) para una estrella

A Supergigante, cuyos parametros del multiplicador deztusonk = 0.86, « = 0.49

& 0 = 0.08 y sus parametros estelares sé: = 60 Ro, M, = 13.14 Mg & L, =
32470 L. La figura 2 (zquierdd nos compara la solucion encontrada por ZEUS-3D
y la solucion estacionaria hallada por Curé et al. (201%)claales no concuerdan de
la mejor manera, debido a que la solucién encontrada por ZED8o convergio a
una solucién estacionaria. La figuralerechgd nos muestra casos de prueba para una
estrella sin rotacion y cofi # 0 con su respectiva soluciéon estacionaria y la encontrada
por ZEUS-3D.

sy 400 _z
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Figura 2.  Perfil de velocidall en (¢m s~!) como funcion de- R, /r para las
soluciones encontradas utilizando ZEUS-3D (linea coa)igiel modelo estaciona-
rio (linea punteada)zquierda:utilizandow = 0.4y 6 = 0.33. Derecha:utilizando
w=0.0yd=0.08.
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4. Conclusién

Para el Caso 1 hemos reproducido en gran parte los resulledg©F, dado que no
obtuvimos evidencia de Idénksnombrados por ellos. Pensamos que no se observan
estoskinks debido a una serie de posibles razones: (1) la aproximaegizada por
MOF para obtener las condiciones iniciales no es lo sufieireahte buena como para
encontrar la solucién estacionaria, (2) nosotros no obsarg evidencia de lddnks
debido a que no usamos la misma parametrizacion de la fuetadidea propuesta por
MOF. (3) posibles inestabilidades debido a las condiciamegles en las ecuacion del
modelo m—CAK provocarian estéinks Cabe destacar que nuestros calculos fueron
realizados para comparar las soluciones dependienteigiugd con las estacionarias,

en cambio, MOF realizaron los calculos para obtener lasaj@nide un tratamiento
meramente local en el impulso de las lineas. Para el Casoq@w@iin no hemos lo-
grado encontrar la solucion estacionaria usando ZEUS-8Dosoparametros = 0.4

y 6 = 0.33, creemos que el problema se deba a las condiciones de contsadas .
Usandow = 0.0 y 6 = 0.08 encontramos una solucién que se ajusta a la solucion esta-
cionaria, aunque aun posee algunas oscilaciones en la &lagerdo. Nuestro trabajo

a futuro se concentrara en encontrar las soluciones estaizEe para este caso.
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Abstract. We summarize our recent selected results obtained on thenioth
geneity (multiplicity) of stellar populations in three é@mmediate-mass Galactic
globular clusters (GGCs), NGC 1261, NGC 3201, and NGC 6752ra&ly on
ground-based multi-color photometry including measuresa thel/ band in
fairly extended 14’ x 14’) fields of these GGCs. We found for the first time
an obvious radial segregation between the sub-populatibred giant branch
(RGB) and main-sequence (MS) stars (in NGC 6752) bluer adderein the
color U — B, as well as between sub-giant branch (SGB) stars brightgr an
fainter in theU-magnitude. Moreover, both fainter SGB and redder RGB/MS
stars are similarly more centrally concentrated than thaghter and bluer
counterparts, respectively. A notable change in the ptapoof the two men-
tioned sub-populations of SGB and RGB stars in NGC 6752 an€ I8&01
occurs at a radial distance very close to their half-massisaék,.

Resumen. Resumimos nuestros resultados recientes obtenidos sobete-
rogeneidad (multiplicidad) de poblaciones estelaresendimulos globulares
Galacticos de masa intermedia: NGC 1261, NGC 3201 y NGC &g&2tiliza
fotometria hecha en varias bandas espectrales inclusp éa un campo bas-
tante extensol@’ x 14’) alrededor del centro de cada cimulo, usando observa-
ciones terrestres. Fue encontrada por primera vez una sbegiagacion radial
entre las sub-poblaciones de estrellas pertenecientaaméade gigantes rojas
(RGR) y a la secuencia principal (SP, en NGC 6752), las cisaatistinguen

en el colorU — B. La misma segregacion se encuentra entre las estrellas de la
rama de sub-gigantes (RSG) de mayor y menor brillo en la baltdioleta.
Ademas, tanto las estrellas de menor brillo de la RSG conmmdasdesplazadas

al rojo en el indice de coldr — B en la RGR/SP son mas concentradas hacia el
centro de los cimulos en comparacion con sus homologas der imalio y de
mayor desplazamiento al azul en&l B, respectivamente. El cambio notable
de la proporcién de estas sub-poblaciones en NGC 6752 y NGC &2urre a
distancia radial cercana al radio de semimasga, R
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1. Introduction

Study of the properties of stellar populations in Galactabglar clusters (GGCs) can
shed more light on cluster formation and evolution. Theaited multiple stellar pop-
ulations (MSPs) in GGCs is a fairly new subject of researcesifew Cen (Bedin et
al. 2004) the manifestations of the presence of MSPs wetialipireliably revealed
thanks to accurate HST photometry in most massive GGCs,ablGC 2808 (Piotto
et al. 2007) and NGC 1851 (Milone et al. 2008) among othengsaxh by the split-
ting of the SGB or/and of the main sequence (MS). The sgiittihthe RGB in most
massive GGCs was also shown by Lee et al. (2009) using groased observations.
Spectroscopic evidence of MSPs in GGCs was obtained, as(ivee]l Carretta el al.
2009). However, because of the relatively small fields okeskwith HST in the central
parts of the GGCs with the splitted sequences, no differamcadial distribution be-
tween the sub-populations of stars of the same splittedesegs was found. Recently
we showed for the first time that sub-populations of starhiefsame evolutionary se-
guences but with different photometric characteristidsilgx at high confidence level,
clearly different radial distribution in three GGCs, NGG612Kravtsov et al. 2010Db),
NGC 3201 (Kravtsov et al. 2010a), and NGC 6752 (Kravtsov.eP@11). This result
was obtained thanks to photometry (i) in the rarely uBetland (ii) in a fairly wide
cluster field.

2. Observations and data reduction

The observations were acquired in December/January of/1998 (NGC 1261 and
NGC 3201) and in October of 1999 (NGC 6752) with the 1.3 m Warsdescope, Las
Campanas Observatory, using a set of UBVI filters arr048 x 2048 CCD camera.
The array scale wa® 417 pixel!, giving a field of view ofl4’ x 14’. The GGCs were
approximately centered on the CCD. The seeing estimatedl tihe observations was
typically between”’1 and1”2. Stellar photometry was carried out using daophot/allstar
(Stetson 1991). The instrumental magnitudes and colois b, b — v, v — i) obtained

for the measured stars were then transformed to the stamsgatdm by relying on
standard stars situated in the observed fields of the GGCs.

3. Analysis of data and samples of stars

We first isolated a total sample of most probable SGB starssbygu/-based CMD
with the B — I color-index, which provides a larger separation betweertumoff (TO)
point and the lower RGB. Stars were selected in a box with dher cangeA(B — I)
between these two reference points and in magnitude rangé0.3 mag in NGC 6752
and 0.4 mag in NGC 1261 and NGC 3201) between the upper and lmveers of
the branch, traced in the CMD and approximated by appr@paatvelope curves. We
then divided the obtained samples (122, 415, and 451 SGB isttdGC 1261, NGC
3201, and NGC 6752, respectively) by sub-samples of brigtte fainter stars (36 and
49, 115 and 178, 189 and 143 stars, respectively), sepdgitstars of intermediate
brightness. The selection boxes are marked in the uppetspaiieig. 1.

Then we fitted the mean locus of the RGB with a polynomial in GWidth dif-
ferent color-indices and then linearized the RGB by sulitrgdor each star the color
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Figure 1. Upper panelsfrom left to right, show three sub-samples of the SGB
stars isolated in three magnitude ranges inlfhe€3 — I) CMDs of the GGCs NGC
1261, NGC 3201, and NGC 6752.

Lower panels:a comparison of the CRDs of the three sub-samples of SGB, stars
except for right panel (NGC 6752) where shown by the blackinanus and dotted
lines are the CRDs for the sub-samples of fainter and brigh@B stars, respec-
tively, in the B magnitude (insignificant or no effect).

of the mean locus at its luminosity level from the star's cétmlex. We left only
those stars that satisfied our selection criterion: theiadiens from the mean locus
did not exceed a certain limit in different colors. The liread RGBs are shown in
the U-§(U — B) plane in the upper panels of Fig. 2 where the samples of RGB sta
corresponding to NGC 3201 and NGC 6752 include 487 and 86%jteespectively.

4. The main results and conclusions

1. The cumulative radial distributions (CRDs) of the isethsub-samples of brighter
and fainter SGB stars, show that the fainter sub-giantsearttvand are (much) more
centrally concentrated than their brighter counterpaiffese CRDs showed in the
lower panels of Fig. 1 are essentially dissimilar, espgcialNGC 6752. This apparent
difference is supported by a Kolmogorov-Smirnov test: thdial distributions of the
brighter and fainter SGB stars are different at a confideeeel of99.9%, 99.8%, and
> 99.9% in NGC 1261, NGC 3201, and NGC 6752, respectively. At the same
there is no or insignificant difference in other bands (seaparison of the CRDs in
the B band in the right lower panel of Fig. 1).

2. The lower panels of Fig. 2 show that RGB stars in NGC 6752 MG
3201 exhibit a systematically different location in thearedadial distance?-6(U — B)
diagram at different radial distances from the cluster e@enthe proportion of stars
bluer in theU — B increases towards the cluster outskirts. The same tremdimlfin
NGC 1261.

3. Fig. 3 shows that RGB stars redder in the cdlor B, like the fainter SGB
stars, are much more centrally concentrated in NGC 6752 pgsed to both RGB
stars bluer in thé/ — B color and SGB stars brighter in tli&band. We find virtually
the same difference between photometrically distinctoglations both of RGB and
SGB stars in NGC 3201. Also, we find in the two GGCs that the laflboth the
fainter SGB stars and redder RGB stars are confined withicltister region with the
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Figure2.  Trend of th&/ — B color of RGB Figure 3.  Comparison of the lo-
stars, as a deviatiof(U — B) from the RGB cation in the observed field of NGC
ridgeline (lower panels), with their radial dis- 6752 of (1) two samples of RGB
tance (100 pixels are’@0) from the center of  stars, withd(U — B) > 0.05 (red
NGC 6752 (left) and NGC 3201 (right). Up- dots) andé(U — B) < —0.05
per panels show the linearized RGBs of both (blue dots), and (2) two samples of
GGCs. Stars of different/-magnitude de- SGB stars, fainter (magenta dots)
noted by symbols of different color follow the  and brighter (green dots) in theé
same trend. magnitude.

half-mass radius, R There is also obvious segregation among MS stars withrdifte
U — B color in NGC 6752.

We refer to our original publications cited here, for mor&il@bout observations,
data reduction, calibrations, taking variable reddenmNGC 3201 (Kravtsov et al.
2009)into account, among other points. We cannot entitdéyaut that an unaccounted
factor (e.g. some kind of reflections) could produce a sjsrjghotometric effect in the
U band and finally affect the achieved results.
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Abstract. We present CCD photometry in the Washington systerand 73
bands of 14 star clusters of the Small Magellanic Cloud (SMW®@ determine
ages and metallicities using theoretical isochronesgieparameter and the
Red Giant Standard method. Excepting IC 1708, all the obseclusters are
aged between 1 and 6.3 Gyr, while their metallicities ([Hehdnge between
-0.7 and -1.4. Two important cluster formation episodesha$MC, dated at

~ 2 Gyr and~ 5 Gyr ago, were detected. During approximately the first 4 Gyr
in the SMC lifetime, the cluster formation rate turned out® constant. A
detailed version of this work can be seen in Piatti et al. 20ANRAS, 417,
1559).

Resumen. Presentamos fotometria CCD en las bandasT; del sistema de
Washington de 14 cumulos estelares de la Nube Menor de Magal(NmM).
Usando is6cronas teoricas, el paraméffpy el método de las Ramas Gigantes
Estandar, determinamos edades y metalicidades. Exce#0®; todos los cu-
mulos observados tienen edades entre 1000 y 6300 millonaBadey valores
de [Fe/H] entre -0.7 y -1.4. Constatamos dos importantesodjais de forma-
cion de cumulos en la NmM ocurridos hase2 mil y ~ 5 mil millones de
afnos. Durante los primeros 4 mil millones de afios desde gimrearon los
climulos, la tasa de formacién de los mismos se mantuvo cestdna version
detallada de este trabajo puede verse en Piatti et al. (RMNRAS, 417, 1559).

1. Introduccién

Contrariamente a la Nube Mayor de Magallanes, la NmM ha fdoe@imulos de ma-
nera casi continua durante la mayor parte de su existenao §ue sorprendentemente
el estudio de sus cumulos no ha sido hasta ahora debidanxgiitado, nuestro grupo
viene llevando a cabo observaciones sisteméticas de mdete®s usando las bandas
C'y Ty del sistema fotométrico de Washington. En este trabajeptasos resultados
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obtenidos con el telescopio de 1.5 m del Observatorio deoQeiplo (Chile) para los
siguientes objetos: HW 66, HW 79, HW 84, HW 85, HW 86, IC 1708, L 28, L 100,
L 106, L108, L109, L112 y NGC 643.

2. Diagramas color-magnitud

A manera de ejemplo, en la Fig. 1 (izquierda) mostramos gfdiaa {, C — T}) ob-
servado de L 100. Los restantes objetos exhiben caraitasishas o0 menos similares.

El hecho de que tanto las estrellas de los cimulos como dealopas circundantes
estén aproximadamente a la misma distancia, dificultanapikza” de los diagramas
color-magnitud (CM)I; vs.C — T;. El método estadistico aplicado en cada caso para
descontaminar los diagramas CM se describe en detalle g&nePe. (2011).

3. Edadesy metalicidades

Estimamos primeramente edades y metalicidades de los ldlasimbservados me-
diante ajustes de isécronas del grupo de Padova (Girarli2&iG2). Para ello, estima-
mos previamente excesos de caltfB — V') usando los mapas de Burstein & Heiles
(1982) y Schlegel et al. (1998), los cuales muestran en gebeen acuerdo. Los en-
rojecimientos adoptados pueden versen en la Tabla 1. Pagulstes, usamos el valor
(m — M)y = 18.90+ 0.10 reportado por Glatt et al. (2010) para la NmM vy las expre-
sionesC — Ty =1.97E(B - V)y My, =T, + 0.58E(B — V) - (V — My ) (Geisler

& Sarajedini 1999). Calculamos ademas edades a partir diekiéil; - diferencia en-
tre la magnitudl; del "clump” y del punto de desvio de la secuencia principalla y
ecuacion (4) de Geisler et al. (1997). Los valores ressaen unidades de 1@fios)
muestran buen acuerdo con los inferidos a partir de losesju isocronas (Tabla 1).
Finalmente, estimamos metalicidades a partir del métodasdeamas Gigantes Estan-
dar (RGE) de Geisler & Sarajedini (1999) y corregimos pocteie de edad siguiendo
las prescripciones de Geisler et al. (2003). Las metaliggaesultantes se muestran en
la Tabla 1. Nétese el muy buen acuerdo existente entre estmey y los determinados
via isécronas.

4. Historia de formacion de cimulos estelares en la NmM

La Fig. 1 (derecha), construida con datos del presentejorgbatros tomados de la
literatura (Mighell et al. 1998; Da Costa & Hatzidimitrio@98; Da Costa 1999; Piatti
et al. 2001, 2005a,b, 2007a,b,c, Rafelski & Zaritsky 2006¢hau et al. 2007; Bica
et al. 2008), demuestra que haee2 mil y ~ 5 mil millones de afios ocurrieron dos
importantes eventos de formacién de camulos en la NmM. &tatt (2008) no encon-
traros estos picos, pues utilizaron edades de sélo 15 cémEifonuestro histograma
se han incluido los 43 cumulos mas viejos que 1000 milloneafes. De la figura
se desprende ademas que durante los primeros 4 mil millenafas, después de la
formacion del sistema de cumulos de la NmM, la tasa de fodnadée estos objetos
se mantuvo constante, ya que la pendiente de la distribudd@dades no varia en el
intervalo 8< (t)x10” afios< 12. Para este periodo, pareceria razonable aceptar un
modelo de formacién continua de cumulos, suponiendo honsided quimica, como
el propuesto por Da Costa & Hatzidimitriou (1998). Luegacéha 7500 millones de
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afos, la distribucién de edades presenta un abrupto camlagendiente como conse-
cuencia de un exceso de cumulos producto, muy probableptEni interaccion entre
las dos Nubes de Magallanes (Tsujimoto & Bekki 2010). Lospioss de formacién
de cumulos ocurridos en los ultimos 5 mil millones de afiosmsés bien consistentes
con el modelo explosivo de formacion de cumulos de Pagel &/aiiene (1998).
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Izquierda: DiagramaT} vs. C — T de todas las estrellas medidas en

el campo de L 100Derecha:Distribucion de las edades de los cimulos de la Nube
Menor de Magallanes.

Cumulo E(B-YV) Edad Edad [Fe/H]  [Fe/H]
Adoptado Is6crona 0Ty Isbcrona RGE

L1 0.04 1.00£0.25 1.25+0.20 -0.7 -0.65

L28 0.08 0.80+£ 0.20 1.20+0.30 -0.7 -0.75

HW 66 0.05 4.00: 0.90 3.50+ 1.00 -1.3 -1.35

L 100 0.04 2.00t 0.50 2.304+0.60 -0.7

HW 79 0.06 5.00:1.30 4.304+1.20 -1.3 -1.4

IC1708 0.04 0.60: 0.20 -0.7

L 106 0.05 1.10£ 0.25 2.00+ 0.90 -0.7

L 108 0.04 1.10£ 0.25 1.60+ 0.30 -0.7

L 109 0.04 2.50t 0.60 3.50+ 1.00 -0.7 -1.0

NGC 643 0.07 1.06-0.25 1.40+0.20 -0.7 -0.7

L112 0.07 6.30k 1.40 >5.0 -1.3 -1.4

HW 84 0.03 0.90t 0.20 1.4040.20 -0.7

HW 85 0.03 1.10£ 0.25 2.20+ 0.50 -1.3

HW 86 0.04 0.80Gt 0.20 1.404+0.20 -0.7

Tablal. Parametros fundamentales de los cimulos obseatvado
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Abstract. We present some results of a spectroscopic survey of egy-t
multiple stars. We detected new binary and multiple sulesystand we ob-
tained orbital parameters of catalogued binaries withoevipus data. In this

contribution we describe the orbital analysis of two binampsystems without
published periods and two SB2s previously catalogued atesiimed spectro-

scopic binaries. Also we report the discovery of seven ndwsystems. Three
of them are double-lined spectroscopic binaries.

Resumen. El relevamiento espectroscopico de una muestra de sisEstas
lares multiples de tipo temprano ha dado como resultadaéecién de nuevos
subsistemas binarios y multiples y la determinacion derpends orbitales de
binarias clasificadas, pero con escasos datos previos.ricufa, en este tra-
bajo se presenta el analisis orbital de dos subsistemasdsiaie no contaban
con determinaciones de periodo y de dos SB2 previamentiazdas como bi-
narias de linea simple. También se describen los resultdntesidos para siete
nuevos subsistemas detectados, de los cuales tres soabEspectroscopicas
de doble linea.

1. Observaciones y medicion de velocidades radiales

En los Ultimos afios se ha llevado a cabo un seguimiento espegpico de mas de 40
sistemas estelares multiples con componentes de tipostedps O, By A. La muestra
fue seleccionada del Multiple Star Catalogue (Tokovini@7,2010), que actualmente
contiene datos de méas de 1350 sistemas multiples fisicasi Brayoria jerarquicos.
Las observaciones se realizaron empleando el telescofol@iem y el espectrogra-
fo echelle REOSC del Complejo Astronémico El Leoncito. Lepextros obtenidos
cubren el rango de 3755 A a 6260 A, con una resolucién de 13@@0rgdujeron em-
pleando el software IRAF.

En una gran parte de los sistemas multiples analizados, om@s@omponentes estan
catalogadas como subsistemas binarios. Sin embargo, ies gasos éstos no cuentan
con ningun dato orbital. En otros, los pardmetros publissgkian determinados sélo
a partir de las velocidades radiales medidas para la compomeas brillante. Estos
subsistemas se observaron con frecuencia con el objetateleeolun buen nimero de
mediciones que permitieran determinar sus elementosatabitAsi se obtuvieron, en
promedio, 20 espectros de cada binaria con una base de togrggroximadamente 2
anos.
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Se midieron velocidades radiales en todos los espectrperiides mediante correla-
ciones cruzadas unidimensionales, empleando la taceade IRAF. Las velocidades
de las componentes de binarias espectroscépicas de dwadesd obtuvieron emplean-
do el método de separacion de espectros de Gonzalez y L20a®)(

2. Ajustes orbitales de binarias catalogadas

Las orbitas de las binarias analizadas se calcularon ntedigrstes por minimos cua-
drados de las velocidades medidas. Estos se presentanféguess 1y 2 para cuatro

subsistemas, cuyas caracteristicas se describen bragefeita Tabla 1 se indican los
parametros obtenidos, incluyendo la dispersion de lasaioedis respecto al ajuste. En
todos los casos, los mejores ajustes correspondierontasduiculares.

2.1. WDS 04352-0944

Esté clasificado en el MSC como un sistema triple jerarquicga componente A (HD
29173) es una binaria espectroscépica sin datos orbitdted$trom y Andersen 1985,
en adelante NA85S). El tipo espectral publicado para A es Adumgue nuestros datos
sugieren un tipo A7V. Los errores formales en las correfesaruzadas fueron meno-
res que 0.4 km/s. No se detectaron las lineas espectralaxdmponente secundaria,
incluso efectuando correlaciones demplatesnas tardios. Por lo tanto, nuestros datos
indican que A es una SB1.

Se encontré una buena concordancia de las velocidades de ¢¢h8a oOrbita calcu-
lada, excepto por un desplazamiento en fase. Por ello, sgpioraron estos datos ob-
tenidos casi 35 afios antes que nuestras observacionegakarruna determinacion
mas precisa del periodo orbital.

2.2. WDS 05247-5219

De acuerdo al MSC, éste es un sistema cuadruple jerarquiebcgre la componente
A es una SB2, sin ningun dato orbital (NA85). La separaciétaseomponentes de la
binaria se efectu6 empleando 15 espectros observadosarelbabian podido medirse
velocidades preliminares para ambas usdrdor. Los espectros separados obtenidos
sugieren tipos espectrales A0V (consistente con MSC) y Avava las componentes
primaria y secundaria, respectivamente. Finalmente,dpsaros de las componentes
se emplearon para medir velocidades en los 5 espectrovatissrestantes, en los que
las lineas de ambas estaban muy solapadas. Al igual que 913, el periodo
orbital se refind incorporando los datos de NA85.

Subsistema 04352-0944  05247-5219 08079-6837 08563-5243
P(dias) 5.182633 4.181617 14.169597 1.097662
To(HJD-2450000) 5082.831626 4523.125543 4514.838954 @534389
V~(km/s) 24.50 -3.67 6.72 25.02
K1(km/s) 17.94 78.79 66.50 48.91
K2(km/s) 96.31 100.64 91.34
ovr(km/s) 0.7 1.4 (prim) 2.0 (prim) 1.3 (prim)

1.1 (sec) 3.0 (sec) 2.9 (sec)

Tablal. Parametros orbitales de las binarias analizadas.
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WDS 04352-0944 A WDS 05247-5219 Aab
50 T T T T T T T T T T T T T T T T T

VR (km/s)

Figural. Ajustes orbitales de los subsistemas WDS04382-8Y WDS05247-
5219 Aab.

WDS 08079-6837 Aab WDS 08563—-5243 Aab
T T T T T T T T T T T T

Fase Fase

Figura 2. Ajustes orbitales de los subsistemas WDS08039-68ab y
WDS08563-5243 Aab.

2.3. WDS 08079-6837

Esta clasificado como un sistema triple cuya componente A&SB1. Para ésta existe
una orbita publicada por Sanford (1915), mientras que Meditubrig (2000) sefia-
laron la deteccién de la componente secundaria de estestarbaien algunas de sus
observaciones.

Se emplearon 22 espectros observados para separar lasmamgsode la binaria. Esto
permitié confirmar el tipo espectral B61V publicado en el MB&a la primaria y esti-
mar un tipo espectral B8V para la secundaria.

La dispersioén de las velocidades medidas (Tabla 1) es magdagsperada. Se ha de-
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tectado una ligera variacion en la velocidad del centro dearda la SB2 entre distintos
turnos, con una diferencia maxima de aproximadamente 4 l&sfs indica la presen-
cia de una componente adicional ligada gravitatoriamem&easubsistema. La razén
de masas obtenida es inferior a la calculada por Medici y iguloe=0.77) y superior
al valor estimado por Sanford (q=0.23). Sin embargo, exiate buena concordancia
entre los pardmetros hallados en este trabajo y aquéllogladbs por este Ultimo para
la 6rbita de la componente primaria.

2.4. WDS 08563-5243

La componente A de este sistema triple esta clasificada c&hpc®n una orbita cal-
culada por Neubauer (1930) y corregida posteriormente [zordB y Tollinchi (1957).
El periodo publicado es de 0.9147 dias y la excentricidad I 8iendo éste un valor
inusual para un sistema de tan corto periodo.

La separacion de espectros condujo a estimar tipos edpscB4V y AOV para las
componentes. Como se observa en la Tabla 1, se obtuvo uma drbular. Dado que
el periodo del sistema es préximo a 1 dia, los datos obtemidas) mismo turno se
ubican en fases orbitales préximas y la mayor parte de laenadasones esta concen-
trada en una mitad de la érbita.
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Abstract. We show the preliminary analysis of some Galactic stellastelrs
(GSCls) candidates and the results of the analysis of twomenesting GSCls
found in the “VISTA Variables in the Via Lactea” (VVV) Surveyrhe VVV
photometric data are being used also to improve the knowledithe Galactic
structure. The photometric data are obtained with the néenaatic photomet-
ric pipeline VVV-SKZ_pipeline.

Resumen. Mostraremos el analisis preliminar de algunos candidatasrau-
los Galécticos estelares (GSCI) y los resultados de logsede dos nuevos
interesantes GSCls encontrados en “VISTA Variables in tiae ¥ctea” (VVV)
Survey. Los datos fotométricos VVV estan siendo usadositanjara mejo-
rar el conocimiento de la estructura Galactica. Los dattmrfétricos fueron
obtenidos con la nueva “pipeline” fotométrica automatidGAWSKZ_pipeline.

1. Introduction

Galactic stellar clusters (GSCIs) are the perfect laboegdor studying a wide va-
riety of fundamental problems in stellar and galactic asgtysics. They are testbeds
for the understanding of stellar dynamics and evolutioneyTare tracers of the struc-
ture, formation and chemical evolution of the Galaxy andiginct components. It
is well studied that the majority of stars with mass > 0.5 M. form in clustered
environment (Lada & Lada 2003).

The discovery of new Galactic globular clusters (GGICI)ngortant, since they
serve as dynamical probes of the Galaxy's complex kinematid interaction history,
and are cornerstones of the distance scale.

The “Vista Variables in the Via Lactea” (VVV) Public SurveMinniti et al.
2010; Saito et al. 2010; Catelan et al. 2011; Saito et al. P&lgathering near-IR
(YZJHK,) data of the Galactic Bulge(10 < I < 410, —10 < b < +5) and the
adjacent part of inner disk65 < I < —10, —2 < b < +2). Itincludes 36 known
GGICls and more than 300 open clusters (OpCls). Up to now tve GGICIs and a
hundred of OpCls were discovered using VVV data (Minniti letz911; Borissova et
al. 2011; Moni Bidin et al. 2011).

The analysis of Galactic stellar clusters (GSCls) candilat not the only impor-
tant work based on VVV photometry to improve our knowledgehef galactic struc-
ture. VVV PSF-fitting photometry of known GSCls is used to e the distance
of various GSCls (Majaess et al. 2012, in prep) to deterntieedtstance of Cepheids
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associated to them or their association with the clusterjg®$s et al. 2011, TW Nor
and Lynga 6). The same technique can also be applied to ptgnetbulae and this
improved knowledge of the distance of GSClIs be used to tretterithe Galactic arms.
The photometric data are obtained with the new automati¢ophetric pipeline
VVV-SkZ pipeline (Mauro et al. 2012, PASP, submitted). Tl catalogs were
calibrated using the 2MASS catalog (Skrutskie et al. 2086&tandard catalog.

2. Photometric Analysis of the candidates

We use a preliminary nomenclature for the candidates Vitig the one introduced by
Minniti et al. (2011), Borissova et al. (2011), and Moni Bidit al. (2011).

We used a decontamination procedure based on the methodaft@&gal. (2003).
For each star in the comparison field, it finds the neareskxstared at thé<,—(J—K)
plane within a given maximum distance, and rejects it. Stathe comparison field
without a counter-part in the object area are flagged as “tcired”. More than one
comparison field was used to assure a good result of the daooration.

In this work we show the preliminary results of the photoneetinalysis of the
new candidates. For the analysis of the new GSCls VVV-CLQ@2 4VV-CL003,
here we only note their most interesting characteristie: fifst one appears to be one
of the innermost GGICls, while the second one seems be th&B€I located beyond
the Galactic Bulge. We refer to Moni Bidin et al. (2011) formaletailed information.

CL101 The candidate CL101 is located i~ 298.550 b ~ —0.162 (tile d041,
Saito et al. 2012). It appears to be a complex system of deStgbar Associations.
In Figure 1 in the density map (a product of the VVV-SKkZ_pipe) the three main
overdensity are marked with a 30”-radius circles. The osmsity marked as A is the
already discovered, but poorly studied, stellar assariaistAs) FSR 1606/Alessi 52
(Dias et al. 2002), while the other 2 main overdensities Camgere unknown. A few
acrminutes to the east is also located Ruprecht 102 (Khakohet al. 2005), a known,
but poorly studied, open cluster. We will use the parameatétbe stellar clusters to
check if they are coeval and form a unique stellar assodatio

CL103 The candidate CL103 is located in~ 295.476 b ~ 0.074 (tile dO77).
It is a compact object (see Figure 2) with core radius and-igdf radius of about
20" and tidal radius o60”. Its decontaminated color-magnitude diagram (CMD) is not
well defined, but the top part of its main sequence (MS) anegiedt clump (RGC)
are definitely well separated in the comparison with all the used comparison fields,
localized within one-two arcminutes away.

CL105 The candidate CL105 is locatediin~ 330.035 b ==~ 0.751 (tile d101).
It is a small object (see Figure 3) with core radius and hgltlradius of about 2”
and tidal radius o80”. The decontaminated CMD shows a sequence characteristic of
a young object. The brighter part of the MS of CL105 is locatean area of the CMD
poorly populated in the CMD of the several chosen compaiffisbds.
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Figure 1.

Top left: Density map of the stars with magnitudg, < 16.0 for the
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area of CL101. The three main over-densities A (top), C @wojtand D (right) and

the comparison fields are marked with circles of 30" radilg right and bottom:

Decontaminated color-magnitude diagrams for the threearaaér-densities with

over-plotted a comparison field.

Figure 2.

Density map of the stars with magnitude < 16.5 for the area (white

circle: CL103, black circles: comparison fields; radiusakijl decontaminated color-
magnitude diagram with over-plotted a comparison field.

Conclusions

In this paper we presented the preliminary analysis of thexe stellar-cluster candi-
dates, found in the “VVV - Vista Variables in the Via Lactealir8ey. All the three
candidates present a decontaminated color-magnitudeadia@MD) showing char-
acteristics that suggest they could be stellar clusters10CLis the most interesting
candidate since, presenting several likely stellar ctesteseveral tenth of square ar-
cminutes, it could have been a active star-forming area. Wig@study it further to
determine if it is a single stellar association.
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Figure 3.  Density map of the stars with magnitude < 16.5 for the area (white
circle: CL105, black circle: comparison field; radius 0 &% decontaminated color-
magnitude diagram with over-plotted a comparison field.
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Abstract. We present the results on the age estimates of 36 Large Magell
Cloud (LMC) clusters obtained for the first time from CCD Wasfton C'T1T5
photometry. By using theTy, C — T1) and ([, Ty — T») diagrams, we esti-
mated ages for the cluster sample using dfig index. We confirm that the
studied cluster sample belongs to the2 Gyr bursting formation epoch of the
LMC. Furthermore, when rebuilding the cluster age distidu-taking into ac-
count the estimated age errors- we found that the numbeusferk with ages
between 1-3 Gyr now doubles that of the known bursting ctustgulation,
which suggests that the tidal interaction between both Mege Clouds and,
perhaps, also the Milky Way, was stronger than expected.téildd version of
this work can be seen in Piatti (2011, MNRAS, 418, L40).

Resumen. Presentamos resultados de determinaciones de edades de 36 c
mulos estelares de la Nube Mayor de Magallanes (NMM), oBésna partir

de datos CCD en el sistema fotométrica; 7, de Washington. A partir de los
diagramasT1,C — T1) y (11,71 — T») obtuvimos las edades de los cumulos
utilizando el indicedT;. Confirmamos que la muestra de cimulos estudiados
pertenece a la época de formacion repentina @x10° afios) en la NMM.
Mas aun, cuando reconstruimos la distribucion de edadessd®imulos de la
NMM -teniendo en cuenta los errores en las edades - encavdgrgoe el nu-
mero de cimulos con edades entsel®’ y 3x10” afios ahora duplica aquél de
la poblacién de cumulos conocidos que se formaron en esadpekste resul-
tado sugiere que la interaccion “tidal” entre ambas Nubelagallanes v, tal
vez, también la Via Lactea, fue mas intensa de lo que se pendal version
detallada de este trabajo puede verse en Piatti (2011, MNREE L40).

1. Estimacion de los pardmetros fundamentales de cimulostekares en la NMM

Los datos de los cumulos estudiados provienen del archikticoidel National Op-
tical Astronomy Observatory (NOAO). La reduccion de los mmis se llevé a cabo
siguiendo los pasos estandares (Piatti, 2011). El presstieio incluye 28 cimulos
poco estudiados o sin estudios previos, y 8 cimulos patamesiad que sirvieron de
control de nuestra escala de edades.

En primer lugar, obtuvimos los radios de los cimulos a pasirecuentos de
estrellas por unidad de area, para diferentes distanc#ie dd centro de los mismos.
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Luego estimamos un valor para la densidad del campo y adoptaomo radio de los
cumulos el valor de la distancia para la cual el perfil de diasdel cGmulo intercepta
el valor del campo.

La Fig. 1 ilustra los diagramas color magnitud de los cumolatenidos a partir
de extracciones circulares (circulos llenos) realizaditizando sus radios respectivos.
Los circulos vacios corresponden a estrellas del campdbdisias en un anillo alre-
dedor del cumulo, cuyo radio interior estd a una distanca&roweces el radio del
cumulo y su area es igual al area del camulo. Claramente tegtien las diferencias
entre ambas poblaciones estelares. Finalmente, estinsrseslades a partir del indice
o(T1) (Geisler et al. 1997), que mide la diferencia de magnifuentre elturnoff de
la Sequencia Principall{ (MSTO)) y elclumpde las gigantesI{(RC)). Los valores
obtenidos pard;(MSTO), T (RC),4(T1) y las edades estimadas se listan en la Tabla 1.
En dicha Tabla también se incluyen las referencias de estimes previas de edades
para algunos cumulos.

Construimos un histograma de edad empleando intervalddaigt) = 0.20, para
tener en cuenta los errores en las edades. La Fig. 2 muestinadinea continua el
histograma obtenido, y con una linea de puntos el obtenieligmente por Piatti et
al. (2011a). Como puede verse, el nimero de cimulos con®datte 1y 3 mil mi-
llones de afios duplica la cantidad de cumulos previamemtecgios en este intervalo
de edad. Las conclusiones extraidas de la Fig. 2 no pareeetadés por efectos de
destruccion de cumulos, en el sentido de que la destrucei@iimhulos no empanaria
tal evento de formacion violenta. De hecho, a partir de lesamde los cimulos calcu-
ladas de acuerdo a las expresiones de Mackey & Gilmore (26B8)vimos tiempos
de relajacion (Santiago 2008) entre 2.55 y 3.16 mil millodesafios. Por otro lado,
Diaz & Bekki (2011) presentaron recientemente modelos [gra@rbitas de las Nu-
bes de Magallanes y la Via Lactea, y encontraron que las afegigs experimentaron
un encuentro muy cercano hasel.5-2.0 mil millones de afios. Similarmente, Piatti
(2010) y Piatti et al. (2011b) también encontraron evidende episodios de formacion
de cimulos en la Nube Menor y en la Via Lactea hack5-2.0 mil millones de afios.
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Tablal. Parametros fundamentales de cimulos en la NMM.
Name T1(MSTO) T1(RC) 0T Edad Edad (ref?
(mag) (mag) (mag)  X10° afios) (10’ afios)
BSDL 527 19.7&¢0.10 18.7¢0.05 1.0&:0.15 1.4@:0.10
H3 20.8G£0.10 18.9&-0.05 1.96:0.15 2.56:0.40
H88-52 19.8¢:0.10 18.8&:0.05 1.06:0.15 1.46:0.10
H88-67 20.0&6:0.10 18.6&-0.05 1.46:0.15 1.76:0.15
H88-334 20.468:0.10 18.8@-0.05 1.6Gt0.15 2.06:0.20
HS8 20.00:0.10 18.7@-0.05 1.30:0.15 1.6Q:0.15
HS 114 19.76:0.10 18.8@-0.05 0.96:0.15 1.3@:0.10
HS 121 19.76¢0.10 18.66-0.05 1.16:0.15 1.56:0.10
HS 264 20.26:0.10 18.96-0.05 1.3@:0.15 1.606:0.15 0.40 (1)
HS 329 20.26:0.10 18.7&:0.05 1.56:0.15 1.80:0.20
KMHK 58 20.00+0.10 18.7@0.05 1.36:0.15 1.6G6:0.15
KMHK 112 19.50+0.10 18.7&0.05 0.8@:0.15 1.25-0.10 0.60 (1)
KMHK 586 20.10t0.10 18.66-0.05 1.5@:0.15 1.8@:0.20
KMHK 1023 20.50+0.10 19.16:0.05 1.46:0.15 1.76:0.15
MKHK 1668 20.16+0.10 18.76:0.05 1.46:0.15 1.76:0.15
LW 263 20.26:0.10 18.76:0.05 1.56:0.15 1.86:0.20
LW 393 20.20:0.10 18.7@:0.05 1.5@:0.15 1.8@:0.20
LW 397 20.26t0.10 18.76-0.05 1.5@:0.15 1.8@:0.20
SL5 20.50:0.10 18.6@-0.05 1.9@:0.15 2.5@:0.40
SL13 20.5@-0.10 18.66-0.05 1.96:0.15 2.56:0.40
SL 35 19.8-0.10 18.76-:0.05 1.16:0.15 1.56:0.10 0.60 (1)
SL 96 20.0:0.10 18.76:0.05 1.36:0.15 1.606:0.15
SL132 20.0&:0.10 18.7@:0.05 1.30:0.15 1.60-0.15 0.40 (1)
SL151 19.8&:0.10 18.76¢0.05 1.1@:0.15 1.5@:0.10
SL162 19.66:0.10 18.5@-0.05 1.106:0.15 1.50:0.10 0.40 (1)
SL 290 19.76¢0.10 19.060.05 0.76:0.15 1.26:0.10 0.20 (1)
SL707 20.5&¢-0.10 18.7&0.05 1.86:0.15 2.30:0.30
SL 869 21.06:0.10 18.6@-0.05 1.40:0.15 1.7G:-0.15
Cumulos de control
IC 2146 20.0&¢0.20 18.7&0.10 1.36:t0.30 1.60:0.30 1.55 (2)
NGC 1644 19.680.20 18.56-0.10 1.16:0.30 1.56:0.20 1.55 (2)
NGC 1751 19.660.20 18.76:0.10 0.96:t0.30 1.3@-0.20 1.30-1.50(2,3)
NGC 1795 20.080.20 18.7@¢:0.10 1.3@:0.30 1.6Q0-0.30 1.30(2)
NGC 1846 19.66:0.20 18.6@-0.10 1.06:0.30 1.43:0.20 1.35-1.60(2,3)
NGC 1852 19.680.20 18.66-0.10 1.06:0.30 1.4G:0.20 1.20-1.45(2)
NGC 1917 19.560.20 18.66:0.10 0.96:0.30 1.306:0.20 1.20-1.35(2)
NGC 2108 19.460.20 18.66-0.10 0.86t0.30 1.25-0.20 0.95-1.10(2,3)

% (1) Glatt et al. (2010); (2) Milone et al. (2009); (3) Goudfipet al. (2011).
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Figura2. Distribucion de edades de cumulos en la NMM. Laltentinua repre-
senta la distribucién obtenida en este trabajo, mientragajde puntos corresponde
a la derivada por Piatti et al. (2011a).
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Abstract. Using Washington photometry, we determine linear radiésaand

metallicities of NGC 2161, SL 874 and KMHK 1719, three ung&ddstar clus-
ters of the Large Magellanic Cloud (LMC). These clustersen@und to be
intermediate-age~ 1 Gyr) and relatively metal-poor ([Fe/H} -0.7). By com-

bining our results with others from the literature, we exaenthe age distribu-
tion of LMC clusters older than 1 Gyr. Two main cluster forinatepisodes
were detected. The present cluster age distribution wapamd to star for-
mation rates analytically derived in previous studies. fatled version of this
work can be seen in Piatti et al. (2011).

Resumen. Usando fotometria de Washington, determinamos radioaléage
edades y metalicidades de NGC 2161, SL874 y KMHK 1719, tresutds es-
telares sin estudios previos de la Nube Mayor de Magallaxb8\). Encon-
tramos que los tres son de edad intermeeid ( afios) y relativamente pobres
en metales ([Fe/H} -0.7). Combinando nuestros resultados con otros de la
literatura, examinamos la distribucion de edades de losulmside la NMM

mas viejos que Tafios. Detectamos dos principales episodios de formacion de
cumulos y comparamos nuestros resultados con tasas decfomesstelar deri-
vadas analiticamente en estudios previos. Una versitliadiztale este trabajo
puede verse en Piatti et al. (2011).

1. Parametros fundamentales de NGC 2161, SL874 y KMHK 1719

Este trabajo representa la continuacion de un estudiovsisisn de cumulos de la
NMM gque venimos realizando con el telescopio de 0.9 m de Ceaxlado (Chile), usan-
do un detector CCD de 1024x1024 pixeles y el sistema fotarnéte Washington. En
este estudio usamos magnitud@sy coloresC' — T3 para determinar radios lineales,
edades y metalicidades de NGC 2161, SL874 y KMHK 1719, tresutws del disco
exterior de la NMM nunca antes estudiados. Los perfiles dsidied estelar de los
cumulos fueron determinados en base a recuentos estelapestgs de distribuciones
gaussianas, siguiendo el procedimiento descripto poti Btadl. (2009a). Aceptando
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gue la NMM esta a 50 kpc del Sol (Saha et al. 2010), los radiesalés resultantes
son (24+ 3) pc, (14+ 2) pcy (7+ 2 ) pc para NGC 2161, SL874 y KMHK 1719,
respectivamente.

Para filtrar las estrellas del campo de los diagramas caégmitud (CM) observa-
dos, aplicamos un procedimiento estadistico el cual cengieEmeramente, en adoptar
3 diagramas CM del campo construidos en regiones ubicadsstra weces el radio de
los cumulos. Luego, efectuamos recuentos estelares endiagramas en diferentes
rangos de magnitud-color y restamos las estrellas contkdas respectivos diagramas
CM de los cumulos. De esta manera, eliminamos aquelladlastoelyas magnitudes
y colores tienen valores muy proximos a los de las estrebhsampo. Detalles del
método pueden verse en Piatti et al. (2011).

El enrojecimiento que afecta a cada cumulo fue estimadodoskrs mapas de
Burstein & Heiles (1982). La absorcion interestelar r@sbiastante uniforme en las
regiones de los 3 cimulos, oscilando los valore& @8 — V') entre 0.08 y 0.13 magni-
tudes. Las edades y metalicidades fueron primeramentardeselas en base al ajuste
de is6cronas tedricas de Girardi et al. (2002) en los diagsdf,C' —T7), previamente
descontaminados. Usamos ademas las relacib(@s-11) = 1.97E(B —V)y My, =
T)+0.58E(B—-V) - (V—My) (Geisler & Sarajedini 1999). En cada caso, adoptamos
la edad de la is6crona que mejor reproduce las caractas st respectivo diagrama
CM. Las edades y metalicidades resultantes de los ajustesesgran en la Tabla 1.

Determinamos también edades en base al paraiEtrocalculado como la dife-
rencia en magnitudy entre el “clump” y el punto de desvio de la secuencia priricipa
en el diagramal(,C — T1)- y la ecuacion (4) de Geisler et al. (1997). Las edades re-
sultantes muestran buen acuerdo con las obtenidas a palds djustes de isécronas y
ambas reproducen la escala de Piatti et al. (2009b), adoptad examinar la historia
de formacion de los cimulos de la NMM. Finalmente, aplicagldmétodo propuesto
por Geisler & Sarajedini (1999), estimamos en forma inddjgne las metalicidades
de los 3 cumulos. Los valores resultantes fueron corregidosefectos de edad si-
guiendo las prescripciones dadas por Geisler et al. (20@B}o las edades como las
metalicidades obtenidas a partir de los diferentes métomdestran muy buen acuerdo.
Los 3 cimulos son claramente de edad intermedia@ afios) y relativamente pobres
en metales.

2. Distribucién de edades de cimulos estelares de la Nube May

Combinando los presentes resultados con los existenteditaratura, disponemos de
45 ctimulos de la NMM con edades iguales o mayores gtiafi®s, determinadas prac-
ticamente en la misma escala. Para construir el histograneaat, tuvimos en cuenta
gue las incertidumbres en edad para los cumulos jévenesesonas pocos millones
de afios, mientras que para los mas viejos son de unos poassdaiimnillones de afios.
Por lo tanto, para los cumulos jovenes resulta apropiadopespuefios intervalos de
edad, mientras que para los mas viejos es razonable usaalotemayores. Dado que
los errores tipicos en edaslog(¢) yacen en el intervalo 0.08 Alog(t) < 0.10, cons-

truimos el histograma de edad usando intervaloAde(¢) = 0.10. Existe otra fuente
de incertidumbre en el nimero de cumulos por intervalo de ede depende de la
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edad usada para definir el limite inferior del histograma.d3ta razon, construimos
4 histogramas diferentes partiendo degdgt) = 8.90, 8.95, 9.00 y 9.05, respectiva-
mente. La Fig. 1 muestra el histograma promedio result&titese que si bien los 4
histogramas fueron construidos usando intervalos de Adeg(¢) = 0.10, el de la Fig.
1incluye intervalos de edad de18fios. Esta figura demuestra que el sistema de cimu-
los de la NMM ha experimentado dos principales procesos meaition de camulos,
con maximos ocurridos hace 2x10 afios y 13.5x10 afios, siendo el primero mas
prominente y mas limitado en el tiempo. Se aprecia ademasugge del nacimiento
del sistema de cumulos de la NMM, hubo un largo periode-dx10 afios durante
el cual los procesos de formacion de camulos disminuyertebtemente. Mas tarde,
hace unos 4xIDafios, ocurrié un abrupto cambio en la pendiente del histogrde
edad reflejado en la repentina aparicion de un exceso de gsnftihalmente, com-
paramos la presente distribucion de edad de los cimulos igjas que 19 afios con
las tasas de formacion estelar derivadas analiticamentéep@rijs & Anders (2006)
y Harris & Zaritsky (2009), respectivamente. Los primerasees mostraron que la
tasa de formacién de cumulos en la NMM ha sido aproximadamestistante fuera
del bien conocido intervalo de quietud €3t(x10” afios)< 13). En la Fig. 2 (panel su-
perior) hemos superpuesto los resultados obtenidos porige8GAnders (2006) a los
nuestros, debidamente escalados. El acuerdo es bastasiacsario, siempre que no
consideremos los ciimulos muy viejos. En el panel inferiongaramos los resultados
de Harris & Zaritsky (2009) con los de este trabajo. Tambiéaste caso el acuerdo es
satisfactorio.
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Figura 1. Distribucion de las edades de 45 cumulos bien iestasl de la NMM
mas viejos que IDafios.
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NMM mas viejos que 1Darfios, apropiadamente escalada, con las obtenidas por de
Grijs & Anders (2006) (panel superior) y Harris & Zaritskyo) (panel inferior).

Las lineas a trazos en este Ultimo panel representan lasld@rerror de Harris &
Zaritsky.
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Abstract. A lot of our knowledge about the dynamics and total masses of
pressure dominated stellar systems relies on measuritigténeal velocity dis-
persion of the system. We assume virial equilibrium and tatare able to
measure only the bound stars of the system without any camion. This ar-
ticle shows how likely it is to measure the correct velociigpersion in reality.

It will show that as long as we have small samples of velocigasurements
the distribution of possible outcomes can be very large arsban as we have a
source of error the velocity dispersion can wrong by sevateaidard deviations
especially in large samples.

Resumen. Buena parte de nuestro conocimiento sobre la dinamica y $ama
total de los sistemas estelares dominados por la presifmasseen la medicion
de la dispersion de velocidad interna de dichos sistemg@&reémos una condi-
cion de equilibrio virial y que somos capaces de medir s@@#rellas ligadas
del sistema sin ningun tipo de contaminacion. Este articulestra cuan pro-
bable resulta medir la correcta dispersiéon de velocidadestraremos que si
tenemos muestras pequefias de las medidas de velocidastrilaudion de re-
sultados posibles puede ser muy grande y, tan pronto corgartess una fuente
de error, dicha dispersién de velocidades puede estarcaguia por varias des-
viaciones estandares, especialmente si la muestra esgrand

1. Introduction

In this short article 1 would like to review some basic priplels we all should know and
remember from our basic statistic knowledge. In nearbysuresdominated systems,
e.g. open clusters, globular clusters and dwarf sphergjdkaxies, we determine the
velocity dispersion of the system by measuring the raditoittes star-by-star and
then computing the velocity dispersion with the well-knomathematical formulae.
We know that it is important to remove foreground and baclkgdoobjects, which
could alter our results. This is usually done by some eddcassumptions (constancy
of other parameters to detect non-members;-8ipping, etc.). Also known is the
influence of binaries and therefore it is useful to measueevitocities of the same
stars at different epochs to detect velocity changes dumgies.

But sometimes our data-set is just not good enough to ruleerything men-
tioned above and even if it is, there could be more sourcegorfdike
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* interlopers; e.g. non-member halo stars within, in frond &ehind the dwarf
galaxy with similar velocities

» unbound members; theory predicts that inside an objecs stdl gain escape
velocity by close encounters with other stars. Those smrstileave the system
immediately but continue to orbit until they can escapeugtoone of the two
Lagrange points. Even then they do not disappear but aredfoutidal tails
around the object, with usually only a slow relative motiovag from it.

e undetected binaries

* run-away stars; stars which gain a strong kick out of a elusy some dynamical
(e.g. three-body encounter) or stellar evolutionary (eadnite-dwarf kicks in
open clusters) effects.

2. Setup

We produceN random numbers according to a theoretical Gaussian distibwith
a dispersion obr,,1 and a mean valuecan real- Then we use thesd numbers to
calculate the mean,,.., and the dispersiom of our ‘measurement’. The code to
obtain the random numbers uses well-tested routines takemNumerical Recipies.

For the results including noise a certain percentage ofahdam velocities are
not drawn from the Gaussian but from a flat velocity distiifnutof a certain width;
usually three to five dispersions wide according to a sigfippiag.

10,000 random Monte Carlo realizations of each case araupealdto ensure to
include outcomes which are three standard deviations awgay the 'true’ value, i.e.
results on the approx. 99% level are included. The reabei®y dispersion underlying
the data is alway$0 km s~! with a mean velocity of zero.

3. Results

3.1. Without Noise

The results without noise are summarized in Tab. 1. The 'oredsresults are dis-
tributed symmetrically around the 'real’ valuescof= 10 km s~ andvy,ean = 0 kms™!
in again a Gaussian distribution. According to theory ofistias our maximum devia-
tions should represent outcomes at the 99% level.

If we perform 10,000 realizations taking velocities of a Gaussian, the velocity
dispersion measured spreads fri¥b to 18.48 kms~!. The mean velocity of thesk®)
random velocities ranges betweern1.84 and+12.54 kms~!. To relate this number
to the actual velocity dispersion we define a new parameter

6max = maX(AVmean) (l)
(o
wheremax (Avy,ean) denotes the maximum deviation from the real mean veloaity (i
our casd)) and the measured mean velocity in all our 10,000 realizatidf we just
have10 random velocities this paramet&f., = 1.253, and therefore the maximum
deviation of the mean velocity could be in fact larger tham dispersion itself. This
might be of importance when observers claim to see a velgcitglient inside an object.
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Table1l. Theresults of 10,000 Monte Carlo realizationsydrg N numbers from
the adopted Gaussian. First column gives the number of ¥iel®cised in one real-
isation, second and third show the smallest and the largdstity dispersion mea-
sured; fourth column is the 1-sigma spread of the dispensieasurements; fifth
and sixth column the lowest and highest mean velocity meas@ighth column is
the 1-sigma spread of the mean velocities measurementsraily five show our
deviation paramete.

N Omin Omax Og Umean,min Umean,max Ovmean 5max
[kms™!] [kms™'] [kms™!]| [kms™'] [kms™!] [kms™!]
10 2.55 18.48 2.24 -11.84 12.54 3.16 1.253
20 3.76 15.75 1.58 -9.06 8.09 2.25 0.908
50 6.30 13.72 1.02 -5.70 4.55 1.41 0.569
100 7.54 12.85 0.70 -3.62 3.85 1.01 0.385
200 8.13 12.07 0.51 -2.63 2.47 0.73 0.263
500 8.89 11.29 0.32 -1.71 1.68 0.46 0.171
1000 9.14 10.83 0.22 -1.35 1.28 0.32 0.135
2000 9.47 10.62 0.16 -0.73 1.00 0.22 0.101

According to standard statistic theory the maximum desietioccurring in 10,000
similar 'measurements’ represent deviations on the thigma level. Even though this
means that the very minimum or maximum values are almostssiple, one might be
unlucky. And as important physical parameters, e.g. tta toass of the system scales
with o2, we might draw wrong conclusions. This might be very dangglia quoting
dispersions for ultra-faint dSph galaxies. True confidéaamly given in the region of
N = 500 and above.

3.2. Including Noise

Table2.  Results including sources of error. Columns ageitikiab.1. Most likely
value of measurement is given in the lines above the results.

N Omin Omax Og Umean,min Umean,max Ovmean 5max
[kms™!] [kms™'] [kms™!]| [kms™'] [kms™!] [kms™!]
10 % noise - three sigma clipping< o >= 11.0 kms™!
10 2.45 21.14 232 -13.42 14.63 3.58 1.335
100 8.22 13.52 0.73 -4.25 4.52 1.08 0.413
1000 10.13 11.79 0.23 -1.23 1.42 0.34 0.130
20 % noise - three sigma clipping< o >= 11.8 kms™!
10 2.50 19.62 244  -13.32 15.12 3.84 1.280
100 8.91 14.36 0.73 -4.06 4.28 1.18 0.362
1000 10.83 12.64 0.23 -1.44 151 0.38 0.128
10 % noise - five sigma clipping< o >= 13.2 kms™!
10 2.91 22.36 3.6 -14.66 16.37 4.38 1.244
100 9.29 16.76 1.06 -5.13 4.96 1.34 0.390
1000 11.88 14.36 0.33 -1.53 1.57 0.42 0.119

Now hoise gets added to the random numbers and we notice ltbeifg facts
(see Tab. 2):
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1. The range of possible outcomes in dispersion and meagitelgets broader
than without noise.

2. The peak of the results in the dispersion is no longer atctmeect value but
alwaysshifted to higher values, ab %-three sigma td1, at20 % to 11.8 and

finally at five sigma clipping to even3.2 kms™1.

3. Due to the higher 'measured’ dispersion thparameter declines slightly with
larger noise.

4. When using large sampled/(> 1000), i.e. narrow distributions of the 'mea-
sured’ results, the 'true’ value is no longer within the pblesresults.

While point (1) and (3) are quite straightforward and expdcthe points (2) and (4) are
worrisome, regarding real observational measurementke Iflata contains onli0 %
of false measurements, due to reasons detailed above wiel stiaays expect results
which are significantly higher than true value. Even morerisome is the fact that
if we have large sample sizes, the statistical spread ofrtfeasurements’ is strongly
reduced but the 'true’ value is no longer in the range of etqi#e values. We would
conclude a too large velocity dispersion with the true valodonger within the error
margins.

4. Conclusions

This contribution reviews well known facts from basic €tatis. Instead of using ana-
Iytical formulae to prove the points, Monte Carlo experitisenere conducted:

« If the sample size is small, i.e. if a velocity dispersionasigrement relies on only
few velocities, chances get higher that one measures d vésich deviates from
the underlying true value.

» The measured mean velocity can differ significantly from titue value as well,
at small samples in the order of the dispersion itself i.es 1). This might
mimic velocity gradients in low-mass extended objects.(alga-faint dSphs)
which are not there in reality.

* If the sample includes noise, even on a small level, the oredsvalues tend to
higher values than the true value.

» Especially large sample sizes can not cure this error. ligwe a similar relative
amount of wrong measurements, the ’true’ value is even ngdomithin the
error-margins of the measured value.

We should keep these basic facts in mind and try to reduceotirees of error in
our measurements as good as we could, because not evendargke sizes will save
us from measuring the wrong result. The only hope in largepsesris that the relative
number of wrong measurements is largely reduced. This migtibe the case with all
sources of erroneous measurements.
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Abstract. We present the results of 16 Large Magellanic Cloud (LMC}<lu
ters obtained for the first time from CCD Washingtofi; 7> photometry. CMD
cluster features turn out to be identifiable when perforn@ngular extractions
around their respective centres, once they were cleanedffedd star contam-
ination; their main sequences extending from one up to faagmiudes down-
wards. The clusters resulted to be small angular size abj@cjected or im-
mersed in dense star fields, as judged from their radiabstéénsity profiles,
so that crowding effect could be responsible for the limiteagnitude reached
in some cases. We estimated their ages from isochrone fithtang with the
E(B — V) colour excesses - assuming a metallicityZof 0.008 ([Fe/H] =-0.4
dex) and a LMC distance modulus @f. — M), = 18.50+ 0.10 mag.

Resumen. Presentamos resultados de 16 cimulos de la Nube Mayor de Ma-
gallanes (NMM) obtenidos por primera vez a partir de fotafae€CD en el
sistema de WashingtaiiT; T5. Las caracteristicas de los camulos en los diagra-
mas color-magnitud (DCM) se identificaron a partir de exti@ees circulares
alrededor de los centros de los cimulos, una vez que los D@Mridimpia-
dos de la contaminacion de estrellas del campo; sus SeesdPdncipales se
extienden desde una a cuatro magnitudes mas débiles. Lagasirasultaron
ser objetos de pequefio tamafio angular proyectados o irsrerstensos cam-
pos estelares, a juzgar por sus perfiles radiales de derestidr, de modo que
los efectos de aglomeracién de estrellas podrian ser resbles de la magni-
tud mas brillante alcanzada en algunos casos. Estimadesiadss a partir del
ajuste de isocronas tedricas - conjuntamente con el exeesolor (B — V)

- asumiendo una metalicidad d& = 0.008 ([Fe/H] = -0.4) y un moédulo de
distancia de la NMM dém — M), = 18.50+ 0.10 mag.

1. Estimacion de los parametros fundamentales de cimulostekares en la NMM

Los datos de los cumulos estudiados provienen del archikticoidel National Op-
tical Astronomy Observatory (NOAO). La reduccion de los mis se llevé a cabo
siguiendo los pasos estandares (Piatti, 2011).

En primer lugar, obtuvimos los radios de los cimulos a pddirecuentos de
estrellas por unidad de area, para diferentes distanc#iie dd centro de los mismos.
Luego, estimamos un valor para la densidad del campo y adoptaomo radio de los
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cumulos el valor de la distancia para la cual el perfil de diasdel cGmulo intercepta
el valor del campo. La Fig. 1 muestra los perfiles de densidedag obtenidos, a partir
de los cuales derivamos los radios de los cumulos que se éstéa Tabla 1.

Para limpiar los diagramas color-magnitud (DCM) de los claside estrellas que
potencialmente pertenecen al campo o tienen errores fotiooggrandes, sustrajimos
de ellos el nimero correspondiente de estrellas contadas &CM del campo, para
diferentes intervalosl];,C' —T7] = (0.20, 0.05) mag. Finalmente, aplicamos los criterios
de Claria & Lapasset (1986) para eliminar estrellas del cangsustraidas anterior-
mente. La Fig. 2 ilustra este proceso: en cada uno de losgsselimuestran los DCM
observados de las regiones centrales de los cimulos carosifgequefios, mientras
gue con circulos grandes incluimos los DCM limpios de losaaires decir, las estre-
llas de la region del cimulo que no fueron eliminadas durahpeoceso de limpieza.
Los parametros de los cumulos los derivamos utilizandsd3@iv.

Los valores de los enrojecimientos de los cumulos que smlish la Tabla 1
fueron estimados por interpolacion en los mapas de extind® Burstein & Heiles
(1982), y adoptamos para todos los cumulos un médulo dendiatade(m — M), =
(18.50+ 0.10) mag. Con estos dos datos de entrada, realizamossaflesisdcronas
tedricas (Girardi et al. 2002) en los DCM, asumiendo una le&tad de [Fe/H] = -
0.4. Las isocronas que hemos superpuesto en la Fig. 2 reflefapjor ajuste de las
caracteristicas de los cimulos que obtuvimos. Las edades démulos resultaron de
entre logf) = 8.1 hasta 9.0.

La Fig. 3 muestra la distribucién espacial de los cumuloadstios (circulos
amarillos). Incluimos, ademas, las muestras de cumulosliasios por PietrZyski &
Udalski (2000, circulos rojos) y Glatt et al. (2010, ciraubzules), cuyas edades son
menores que 1000 millones de afios, es decir, se encuenirtia del mismo rango de
edades de los cumulos estudiados en este trabajo. Corosiregiros se representan
todos los cumulos catalogados hasta el presente (Bica 20@8). De la Fig. 3 pue-
de estimarse que, del total de cimulos catalogados distoden la misma region de
la NMM que los cimulos de Pietragki & Udalski (2000), de Glatt et al. (2010) y
nuestros, aproximadamente un 34 % no fueron adn estudiados.
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Figural. Perfiles de densidad radiales obtenidos para cexialc.

Figura 2. Diagrama§i vs C' — T; de cumulos en la NMM: 1) BSDL 716, 2)
BSDL 1024, 3) BSDL 1035, 4) BSDL 2995, 5) H88-26, 6) H88-40,H38-55,
8) H88-188, 9) H88-245, 10) H88-333, 11) HS 38, 12) HS 151, H8)154, 14)
KMHK 229, 15) KMHK 506, 16) KMHK 1045.
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Figura 3.  Distribucion espacial de los cimulos estudiadéslos amarillos),
comparados con la distribucion espacial de los estudiastoBiptrzyhski & Udals-
ki (2000, circulos rojos) y Glatt et al. (2010, circulos &)l Los circulos negros
representan todos los cimulos catalogados hasta el prdBécd et al. 2008).

Tablal. Parametros fundamentales de camulos en la NMM.

Name r EB-YV) log(t) Lit.@
(seg) (mag)

BSDL 716 30:10 0.055 8.68-:0.10

BSDL1024 60:10 0.078 8.28:0.10 8.1(1)

BSDL1035 1@:10 0.060 8.780.10

BSDL2995 310 0.074 9.08-:0.10

H88-26 20:10 0.060 8.98:0.10
H88-40 20:10 0.057 8.8%0.05
H88-55 205 0.058 8.76:0.10
H88-188 2510 0.061 8.650.05 8.65(1)
H88-245 3ct10 0.081 8.28:0.10
H88-333 26t10 0.074 8.68:0.10
HS 38 15t5 0.050 8.660.10 8.4(2)
HS 151 265 0.059 8.96:0.10
HS 154 265 0.061 8.76:0.10

KMHK 229  15+10 0.100 9.080.10 8.1(2)
KMHK506  10+10 0.059 8.75:0.05
KMHK 1045 104+10 0.058 8.86:0.10
@ (1) Pietrzyhski & Udalski (2000); (2) Glatt et al. (2010).
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Abstract. Our goal is to provide integrategtiz (and somai) magnitudes for
the entire Galactic Globular Cluster System. These coldlisber used to ob-
tain the color-metallicity relation for old stellar systerthat will be of use for
many studies of stellar populations using the Sloan filtér $doreover, we
will determine profile parameters for the clusters and obtalour-magnitude
diagrams (CMDs), which will enable us to study differentllatepopulations.
The reduced data and catalogs will eventually be made pyldiailable for
download.

Resumen. Nuestro objetivo es obtener las magnitudes integrgdagy en lo
posibleu) para todo el sistema de cumulos globulares galacticossestores
serén usados para determinar su relacion con la metalidiel@s$tos sistemas
estelares envejecidos, lo cual sera de utilidad para estsdibre poblaciones
estelares en el sistema fotométrico de Sloan. Ademas, serdearan los per-
files de brillo de los cumulos, y se obtendran diagramas -cobgnitud, que
eventualmente se utilizaran para el estudio de las difesgnbblaciones este-
lares. Los datos reducidos y los catalogos estaran didpsniara uso de la
comunidad cientifica.

1. Introduction

Studies of the Galactic globular cluster system have pealiky insights to such di-
verse topics as stellar populations, assembly history Efx@gss, and the age of the
Universe. Yet despite their importance, integrated phetois properties of Galactic
globular clusters are currently derived from extremelyimogeneous data culled from
a variety of sources and detectors dating back nearly 7Gyear

With the emergence of the SD$@riz filter system as a popular choice for both
ground-based and space-based observations, our teamkenhlmer a project to pro-
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duce a definitive and homogeneous database of integratexs ¢ot the entire Galactic
globular cluster system based on photomaigdz observations.

2. Data

Our team has obtainegriz photometry with the CTIO 0.9m and 1m telescopes for
about 130 Galactic Globular Clusters. For about 30 GCs weirdd u-band data as
well. The 13x 13’ field of view will enable us to study the whole cluster, ggposed

to the tiny fields sampled by HST. As an example for the qualitgur data, we show
grizimages for NGC 2808 in Fig. 1.

Figurel. Typical example of thgrizimages we derive from our data, in this case
for NGC 2808.

We have recently applied for additional telescope time,cguae full filter cov-
erage and to get data for both the missing (unobserved)ectuand those previously
observed in non-photometric conditions.
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3. Main Goals

We are focussing on the following specific aims for this pcoje

3.1. Color-metallicity relation

We will measure the color-metallicity relation for the Gatla globular clusters in the
Sloan filter system. This critical transformation betwebsayvables and physical prop-
erties is essential, because the metallicity spreads idhil subpopulations have im-
portant implications for the formation and assembly histof GC systems (West et
al. 2004, Peng et al. 2006, Brodie & Strader 2006). Althoymgtoscopic metallicity
determinations are obviously preferable, this is completepractical for many distant
and faint stellar systems.

Peng et al. (2006) combine our data for 40 low-reddening ¢Hial&Cs with
data of M87 and NGC4472 and determined a preliminary coletaificity relation,
presented in Fig. 2. Their relation compared well to theti@mbeof Sinnott et al. (2010),
which they derived for NGC 5128.

0.5 L| % M49/M87 GCs ACSVC$ ™ B
|| A M49/M87 GCs SDSS * x|
L| @ MW GCs &M g
0.0 B
-0.5- ]
':I_:| | 1
g -1.0
w, ~10 |
-1.5- , 7
= e i
.

F a J
i B Broken Line 1
| e BCO3/Chabrier 1
-2.0- / * BCO3/Salpeter------------ N
o BCO1/Salpeter- — — — |
A ¢ PEGASE2/Salpeter-—-—- - 17
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Figure 2.  Taken from Peng et al. (2006): [Fe/H] versus (gfa)y Milky Way
(based on our data), M49 and M87 GCs, with stellar populatiodels. Our final
sample will include many more Galactic globular clusters.
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We will determine the color-[Fe/H] relation based on thd §a@mple of Galactic
GCs, for all the ()griz colors and compare these to stellar population models.

3.2. Color-magnitude diagrams

We will produce ’cleaned’ color-magnitude diagrams for thesters using color in-
formation to reduce contamination from non-member starkes€& will allow us to
determine the ages of the GCs from main-sequence turn-rfigfitto study bimodal
color distributions (Zinn 1985) and to relate these to mptadr and metal-rich sub-
populations. Furthermore, we will study the Horizontal Braes and also check if the
Milky Way shows evidence for the 'blue tilt'. Currently, thdilky Way does not show
evidence for the latter, but this could be due to the inhomeig of metallicity and
integrated photometry in current catalogs (Brodie & Stréf}6).

3.3. Structural parameters

We will fit the King (1966) model to the surface brightnessfipes of the clusters.
These profile parameters will be used to obtain the total ihadgs of the big clusters
and to study the color gradients in GCs. Sohn et al. (1998)doeolor gradients
for more than half of their Galactic GC sample, both for Kingfge clusters and
Post Core Collapse clusters. Moreover, we can use theiphtfradius as a probe for
GC formation conditions, as this parameter is believed toeksively unaffected by
dynamical evolution (Jordan et al. 2005, Brodie & Stradeéd@0/an den Bergh 2010)
and relate the size of the GCs to their metallicity, as ediadic studies revealed that
metal-poor GCs are about 20% larger than metal-rich GCsdK@&Whitmore 1998,
Kundu et al. 1999). It should be noted however that van degtB&012) found that
the scatter from the mea), — R, relation does not correlate with cluster metallicity,
neither with cluster luminosity or HB morphology.
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Abstract. We present preliminary results of the chemically peculiar search
in open clusters. In particular, look for new stars such CH22 cold and\ Boo-
tis. The observations were made at the Cerro Tololo Interiaare Observatory
(CTIO) in YALO telescope (1-m/CCD) with the delta a filter sy, which is
highly efficient to detect chemically peculiar stars withgnatic fields. One
of the problems that surrounds these stars is to clarify at\whint such pecu-
liarities appear. It has been suggested as possible angvatrappear almost
instantly when they reach the main sequence (SP) with adrexyuof CP2 stars
in clusters consistent with the age of the cluster, or caalhgrthat the peculiar-
ities appear slowly during the life of the star in the SP witinesquency of CP2
stars depending on age of the agglomerate. With this wotlceiitribute to in-
crease the sample and to get closer and closer to the ansthesefhypotheses.

Resumen. En este trabajo presentamos resultados preliminares desdpé-
da de estrellas quimicamente peculiares en cimulos ahiétoparticular se
buscaran nuevas estrellas tipo CP1, CP2 friadBypotis. Las observaciones se
hicieron en el Observatorio Interamericano Cerro Tolold @), en el teles-
copio YALO (1-m/CCD) con el sistema de filtros delta&ad), que tiene gran
eficiencia en detectar estrellas quimicamente peculibhes.de las problema-
ticas que involucra a estas estrellas es poder aclarar emguné&nto aparecen
este tipo de peculiaridades. Se ha planteado como posé@spseastas que apa-
recen casi instantaneamente cuando llegan a la secueincigpglr (SP) con una
frecuencia de estrellas CP2 en cimulos constante con ledetiadmulo, o por
el contrario, que las peculiaridades aparecen lentamemtaie la vida de la
estrella en la SP con una frecuencia de estrellas CP2 dep¢mdie la edad
del aglomerado. Con este trabajo contribuiremos a aumkenauestra y poder
acercarnos cada vez mas a la respuesta de estas hipotesis.

1. Introduccién

Las estrellas con rango espectral entre B8 y F5 son las querapaente deberian
tener un analisis menos complicado. Se sitlan en la regiddiatgama HR que esta
libre de las complicaciones astrofisicas, como son ladusstiveccion en zonas de la
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superficie de las estrellas menos masivas o la gran pérditasiz de las estrellas mas
masivas. Sin embargo, cerca del 10 % de las estrellas deaagte muestran lineas con
fuertes anomalias y/o lineas mas débiles en sus especstesedel llamado grupo de
las estrellas quimicamente peculiares (CP). En este trabagtraremos un avance del
proyectoThe global content of chemically peculiar stars in the Mkgyel cual busca
estrellas quimicamente peculiares en cimulos abiertogdistintos rangos de edad
para determinar el estado evolutivo de las estrellas CrRdigmmente se analizo el
cumulo abierto NGC 2286, en donde se buscaran candidatasbassquimicamente
peculiares. Las observaciones se desarrollaron en el @seo Cerro Tololo con el
telescopio YALO de 1-m, con CCD directo y el sistema de fillva.

2. FotometriaAa

La FotometriaAa descrita por Maitzen (1976), propone un método obsemakmie
permite identificar y distinguir magnetismo y varios tipesgeculiaridades quimicas en
estrellas de tipo espectrales de B hasta F, de una maneile sithpistemala analiza
la depresion de flujo, haciendo una comparacion del flujGeo5A, g») con el flujo
adyacente &027 A, g1 and 5509 A, y), ocupando un ancho de banda2de A para
g1 107 A parags, y un ancho de banda deo A para el filtroy de Stromgren. Con las
magnitudes asociadas a estos filtros, se define el indi@omo:

g +y
2

Dado que este valor es dependiente de la temperatura (msgraparaturas mas bajas)
el indice de peculiaridad intrinseca es :

a=g2—

Aa=a— aO[(b - y)7 (b - U)7 (91 - y)]

Este indice es la diferencia entre el valor individual ddbvéaa” y el valor “a” de
estrellas no peculiares en el mismo color.

El lugar geométrico de los valoreg para los objetos no peculiares se llama linea de
normalidad.

3. Relacién del comportamiento de fotometriaa con las estrellas CP

Trabajos previos han demostrado que:

« Estrellas Be/Ae Y\ Bootis muestran el valor daa por debajo de 3 sigmas.

e Todas las estrellas CP con campo magnético (CP2) poseereyala> 0 de
hasta 75 mmag.

e Los casos extremos de los grupos CP1y CP2 pueden presentdiapdades
marginales de valores dea> 0.

* Elindice (g1 — y) muestra una excelente correlaciéon ¢bn- y) o (B — V) y
puede ser utilizado como un indice de temperatura efectiva.



Busqueda de estrellas CP 169

4. Observaciones

El cimulo analizado es NGC 2286, ubicado en las coordenadaB6Rl7:40, DEC
-03:08:54 a una distancia de 2900 pc con un E(B-V)=0.17 oyiE5.40. Se tomaron
13 iméagenes para los filtrgl, 13 para el filtrog2, y 10 para el filtro y de Strémgren
con un rango de tiempo de exposicion de 10 a 200 segundos. iEgtgenes fueron
obtenidas en el telescopio YALO de 1-m con CCD directo en skplatorio Cerro
Tololo el dia 19 de Diciembre del 2010 y pertenece al proy&ti® global content of
chemically peculiar stars in the Milky Wagl cual tuvo una campafia de 9 noches de
observacion.

Figural. Cuamulo NGC 2286 con las estrellas candidatas aicaufinente peculiares.

5. Anadlisis

La Figura 2 muestra la relaciéon del indic& ‘con (g1-y) de las estrellas del camulo
NGC 2286, entre el rango espectral F8 y B5. Se puede obsargateglos 152 objetos

detectados en este rango espectral, 2 estrellas escapartededlo de confianza de
3 sigmas, las cuales son candidatas a estrellas quimicameatliares tipo CP2. La
primera candidata ubicada mas a la izquierda del graficegonderia a la estrella N1
de la imagen del cimulo, siendo las segunda candidata &ladt2 de la imagen del

cumulo. Estas estrellas de campo magnético intenso (Bld&%?) tienen lineas de
absorcién de Si, Cr, Sry Eu.
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Abstract. We present integrated spectra in the optical range for 18aen
trated Magellanic Clouds’ (MCs) stellar clusters, six dadrtihbelonging to the
Large Magellanic Cloud, and the other four to the Small Meget Cloud.
The spectra were obtained with the EFOSC2 spectrograph-@80, La Silla,
Chile). We estimate simultaneously age and foregrounderddd by compar-
ing the continuum distribution and line strengths of thestdu spectra with those
of template spectra. The present cluster sample complsrpesnious ones, in
an effort to create a spectral library for the MCs with selehasters per age
bin.

Resumen. Se presentan espectros integrados en el rango Gptico diseson

el espectrografo EFOSC2 (NTT-ESO, La Silla, Chile) de 6 dosestelares
(CEs) de la Nube Mayor de Magallanes (NMM) y 4 de la Nube MeNonl().
Las edades y enrojecimientos se determinaron comparardistiéoucion del
continuo y laintensidad de lineas espectrales con estasagisaracteristicas en
espectros patronege(plates Los 10 cumulos estudiados abarcan un amplio
rango de edad y estan levemente enrojecidos. Estos espsetidn de gran
utilidad para actualizar las bases @enplatesactualmente existentes para la
metalicidad tipicamente subsolar de las Nubes de Magaligids).

1. Introduccién

Debido a la riqueza, a la diversidad y a la proximidad de lassN#é&tas dos gala-
xias constituyen un excelente laboratorio en el cual edbfgskaminar con detalle los
procesos de formacion estelar y de enriquecimiento metatarridos a lo largo del
tiempo. La determinacion de los pardmetros fundamentaléssdCESs, particularmente
la edad, resulta fundamental para comprender la estrucewalucion de estas dos ga-
laxias. Se estima que en la NMM y en la NmM hay aproximadanm#&2d€ y 900 CEs,
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respectivamente (Hodge 1986, 1988). Sin embargo, sélailosilos mas concentrados
pueden ser estudiados a partir de espectroscopia integrada

2. Observaciones espectroscopicas

Todos los espectros fueron obtenidos con el NN&w Technology Telescop&SO),
ubicado en el Observatorio de La Silla (Chile). Se utilizéespectrégrafo EFOSC2
(ESO Faint Object Spectrograph and Camleea el modo de ‘dispersion simple’, una
ranura de 2.0” y dos grismas de 300 lineas/mm de manera die logbrangos espec-
trales: (3800-7520)A (Gr#11) y (5200-9350)A (Gr#5). Aciosse presenta el estudio
realizado en la region visible del espectro electromagoéti

Se realizaron para cada objeto 2 observaciones pasearmdiesebipio a velocidad
constante sobre el cumulo. Esta velocidad dependié delatiény de la magnitud
integrada de cada CE. Para la calibracion en flujo, se obserdarrante cada noche 3
estandares espectrofotométricas de la lista de Stone &\Ba{d983) y se obtuvieron
espectros de lamparas de He-Ar para permitir la ulteriabi@aion en longitud de
onda. Las reducciones fueron realizadas utilizando elgtagiesoftwarelRAF? en la
ESO (Chile).

3. Anadlisis y resultados

Las edades y excesos de colé(B — V') de los cimulos se determinaron mediante
el ajuste de espectraemplatesde diferentes edades, usando el programa FISst!
Integrated Spectra AnalyZe(Benitez-Llambay et al. 2011). Este programa permite
elegir eltemplatemas adecuado a partir de la minimizacion de los correspotadie
residuos. A continuacién se presenta una breve discusitos desultados obtenidos.

3.1. Nube Menor de Magallanes

Lindsay 114: Este cumulo registra un par de estudios preAiogmada et al. (2002)
estimaron una edad proxima a los 5%Ifios mediante espectroscopia integrada, y
Piatti et al. (2007), determinaron una edad menor (140=f®s). La diferencia entre
estos valores se debe probablemente a la presencia de el dstllante cercana a
L 114 que puede haber contaminado fuertemente su espeetoado. En este estudio
se encuentra que la mejor comparacion se logra con el prondediostemplatesyf
de (100-150)x10 afios e Ye de (45-75)x&0afios de la base de Piatti et al. (2002,
PBCSAO02), luego de corregir el espectro observadarid? — V')=0.14.

NGC 121: Existen mas de un centenar de publicaciones sdbretesulo, hasta el
momento el Unico globular genuino de la NmM. La edad mas daefigara NGC 121
es de (10.5-11.8)xP0afios y ha sido determinada por Glatt et al. (2008) usando imé-
genes del Telescopio Espacial Hubble. La mejor comparagdagro con etemplate
G5 con una edad semejante a la de un cumulo globular (CG) (B&8, B88).

NGC 330: La mejor comparacion del espectro integrado de N&&&8 logro con
el templateYd de 40x16 afios de PBCSAO02. Esta edad es similar a la estimada tanto

!Propuesta de observacion 084.D-0103 (ESO).
2IRAF es distribuido por NOAO (AURA, NSF).
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por Martayan et al. (2007) como por Pietrzynski & Udalskiq@p en tanto que el
exceso de color derivad@( B — V)=0.25) es elevado para un CE de la NmM. Por lo
tanto, se analizaran nuevamente los datos obtenidos.

NGC 306: Se determiné a partir del programa FISA quemiplateYb3 de PBC-
SA02, cuya edad es (5-10)X1@fios, es el que mejor ajusta el espectro obtenido.
Al igual que para NGC 330, eb'(B — V)=0.25 es ciertamente elevado. La edad de
NGC 306 ha sido estimada en 30%%Fos por Ahumada et al. (2002), en 79%afios
por Martayan et al. (2007) y en 80xX1@fios por Piatti et al. (2008). Dado que la edad
inferida en este estudio es menor a en relacion a los valoeggionados, se tiene
previsto analizar nuevamente los datos encontrados.

5.5
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Figura 1. Espectro de NGC 2137 y el corregido por enrojecitiémedio), el
templateescogido (arriba) y el flujo residual (abajo).

3.2. Nube Mayor de Magallanes

NGC 1754: Este camulo fue clasificado como tipo SWB VII poraBét al. (1996),
por lo que bien podria tratarse de un objeto muy viejo. Estecteristica fue confirma-
da tanto por Olsen et al. (1998) como por Sharma et al. (201i@hgs estimaron para
NGC 1754 edades de 15.6xX18fos y 14x10 afios, respectivamente. La mejor compa-
racion se logro con éemplateG5 de B88, lo que indica que la edad de NGC 1754 es
semejante a la de un CG.

NGC 1836: A partir de fotometria en el sistema de Washingtoegiante el ajuste
de isGcronas tedricas, Piatti et al. (2003b) encontraren\{BC 1836 esta afectado por
un enrojecimientd”(B — V)=0.06 y estimaron su edad en (46800)x1C¢ afios. Estos
resultados son notablemente similares a los inferidos presénte estudio.

NGC 1839: Este objeto, comparativamente débil, fue obdereapectroscopica-
mente en el CASLEO por Santos et al. (2006), quienes derivama edad de 90x£0
afos. Previamente, mediante ajuste de isdcronas, Piaiti 2003a) reportaron una
edad de (12525)x10¢ afios y unE(B — V)=0.06. La mejor comparacion que se ob-
tuvo en este estudio fue con el promedio detkrsplatesde PBCSA02 Yg e Yf de
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(200-350)x16 afios y (100-150)xT¥0arios, respectivamente, luego de corregir el es-
pectro observado de NGC 1839 po(B — V)=0.04.

NGC 2136 y NGC 2137: Es muy probable que estos dos CEs caomstitun par
fisico (Dirsch et al. 2000). Recientemente y, en base a #sgeopia integrada, Palma
et al. (2008) reportaron para NGC 2136 y NGC 2137 edadesas@silde (60-70)x10
afnos. La Fig. 1 muestra la comparacion del espectro de NGIC 2b8regidos por
E(B —V)=0.07, con el promedio de lasmplatesyf e Ye de PBCSA02. Notese que
el flujo residual es bastante pequefio.

SL237: Si bien la razén S/N del espectro de este CE es bajagse un ajuste
aceptable con el promedio de lwmplatesyd (40x10 afios) e Ye (60x1Darios) de
PBCSAO02, luego de corregir el espectro obtenido poB — V)=0.02. La edad infe-
rida para SL 237 muestra buen acuerdo con el valor de 50afi@s derivado para este
cumulo por Santos et al. (2006).
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Two O2 If*/WNB6 stars found in the outskirts of the massive young
Galactic cluster Westerlund 2

A. Roman-Lopes, R. Barbd, N. I. Morrell?

(1) Department of Physics - Universidad de La Serena - Gistgr1200 - La
Serena - Chile

(2) Las Campanas Observatory, Carnegie Observatoriesill€&91, La
Serena, Chile

Abstract. Inthis paper we report the identification of two Galactic @AVN6
stars (WR20aa and WR20c), localized in the periphery of thesine young
stellar cluster Westerlund 2. From the 36 Spitzer images of the region we
found that the two new O2 If*/WN6ha are well beyond the clustare, at~ 36

pc (15.7 arcmin) anek 58 pc (25.0 arcmin) respectively. Also very remarkably,
a radius vector connecting the stars intercepts the Wastk# cluster exactly at
the place where its stellar density reaches a maximum. Welptes a scenario
in which the new stars had a common origin somewhere in theeslgore, be-
ing ejected from their birthplace by dynamical interactiith some other very
massive objects.

Resumen. En este articulo comunicamos la identificacion de dos nuesas
trellas de tipo espectral O2 If*/WN6ha, localizadas en lafeaa del cimulo
galactico masivo Westerlund 2. A partir de las imagenes énn3.obtenidas
con el telescopio espacial Spitzer, encontramos que WRROHR20c estan
muy alejadas del centro de Westerlund=2,36 pc (15.7) y ~ 58 pc (25.0)
respectivamente. Aln mas sorprendente, el vector que teoadas dos estre-
llas pasa exactamente por el centro del cimulo masivo. Camsecuencia,
nosotros postulamos un escenario en el cual WR20aa y WR20sid@ eyec-
tadas simultaneamente del centro de dicho cumulo, a travésalinteraccion
dindmica con otro objeto muy masivo.

1. Introduction

Westerlund 2 (Wd2, Westerlund (1961), Moffat & Vogt (197%)a young massive
stellar cluster placed in the core of thel Hegion RCW49. This cluster hosts one of
the most massive binaries known: the star WR20a, comprigadid O3 If*/WN6ha
type stars with absolute masses of 83ind 82M;, (Bonanos et al. 2004; Rauw et al.
2005). Such WR stars are members of the WNH type, a subsetrypfurminous and
massive hydrogen core burning WN objects (see definitionmitts& Conti (2008)
and references therein). The spectral-type O3If*/WN6-A\vdroduced almost thirty
years ago by Walborn (1982) to classify the bright emissina $tar Sk-67 22 in the
LMC, which shows an intermediate spectrum between those@3129A (02 If¥)
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Figure 1. The H- and K-band continuum normalized ESO-NTTI-&ochival
spectra of the stars WR20a (O3 If*/WN6+03 If*/WN6), WR20b &ha), WR21a
(O3 I1f*/WN6+early O) together with that of the new stars.

and HD93162 (=WR25, O2If*/WN6). New examples of this inteatate spectral
type were mainly found in the LMC, always consisting in btighassive objects (see
for example, Melnick (1985), Walborn (1986), Crowther et(2010)).

In this paper we report the identification of two new Gala@2If*/WN6ha stars
(WR20aa and WR20c) in the outskirt of the massive young etuatd2.

2. Results and Discussion

2.1. NIR spectra of WR20aa and WR20c

In Figure 1 we present the telluric corrected (continuummadized) H- and K-band
spectra of the WR20aa and WR20c stars, together with thodéR#0a

(O3 If*/WN6+03 If*/WN6), WR20b (WN6ha) and WR21a (O3 If*/W6learly O).
The strongest features are the blends ofaHd Hel emission lines at 1.736n and
2.167um, as well as the HeNill and Hel emission lines at 2.116n and 2.182m,
respectively. The similarity between the NIR spectra of khewn O If*/WN6 stars
with that of WR20aa and WR20c is remarkable, indicating thatlatter also probably
belong to the O If*/ WN®6 type. This assumption is reinforcedtibe close morphologi-
cal match of the WR20aa H- and K-band spectra with that for Bé&R@ne of the most
massive binaries known to date for which masses of 83Wd 82M, were derived
(Bonanos et al. 2004; Rauw et al. 2004), and by the match oiMR20c H- and K-
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Figure 2.  The mosaic made from the @b Spitzer IRAC images of the region
towards the RCW49 complex (6 arcminl4 parsecs at an heliocentric distance of 8
kpc). Here we identify the stars WR20a, WR20b and WR21a tegetith the two
newly found O2 If*/WN&6 objects, WR20aa and WR20c.

band spectra with that of WR21a, another extremely masanagpbsystem, for which
Niemela et al. (2008) estimated minimum masses of 8@vid 53M,, respectively.

The spectral morphology derived from NIR spectrograms efafriihe new sources
(WR20aa), is now confirmed from new optical spectroscopiseolations (Roman-
Lopes et al. 2011). A spectral classification for WR20c usiptjcal MK criteria is
still not possible, however, from inspection of its NIR H-dak-band spectra, we can
see that WR20c is spectroscopically very similar to WR20aasequently we propose
that WR20c should also be classified as O2 If*/WN6.

2.2. The new O2 If*/WNB6 stars and the Westerlund 2 cluster: ae they related?

In Figure 2 it is shown a mosaic made from the;86Spitzer IRAC images (Church-
well et al. 2004) of the region towards the RCW49 complex.réhee identify WR20a,

WR20b and WR21a together with WR20aa and WR20c. It is intiewg$o notice that

the three already known WR stars are well displaced from ¢he of the Wd2 cluster,

which harbors at least a dozen of early O-type stars (Raulv 20@7).
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The presence of such massive stars well isolated in the idutskhe RCW49
complex, naturally leaves us to ask: how did they arriveefelt is an observational
fact that very massive stars preferentially are found ircthre of their parental clusters,
normally forming binary or multiple systems. We searchadstime observational con-
straint that could give support to a scenario in which WR20ahWR20c were ejected
from the Wd2 cluster centre. We found the surprising rest & line connecting
WR20aa and WR20c (see Figure 2) intercepts the clusterec@etlywhere the star
surface density hits a maximum. The fine geometrical aligrinbetween WR20aa,
WR20c and the Wd2 core, suggests that these stars possiiblg kammon origin
there, being ejected from their birthplace in a timescakegneater than their own age
of no more than 2 Myrs (Crowther et al. 2010).

Taking into account that the O2 If*/WN®6 type stars are vergerand the per-
fect alignment of the WR20aa-cluster core-WR20c systenpagtulate that both stars
probably were formed somewhere in the core of the Wd2 clubiEng ejected from
their birthplace by dynamical interaction with some otherywvmassive star, in some
previous stage of the cluster evolution. Of course, furtieyervational (radial veloci-
ties, proper motions), and theoretical dynamical studiesstll necessary to properly
confirm our assumption. However, it is our opinion that theressive alignment seen
between such rare stars and the Wd2 cluster core, is in faoragsclue favoring our
hypothesis.

Acknowledgments. ARL thanks financial support from Universidad de La Serena
through DIULS project CD11103. RHB thanks financial supgantn Universidad de
La Serena through DIULS project PR10101.
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Nuevos candidatos a cumulos viejos en la Nube Menor de
Magallanes

A. E. Piatti2
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Abstract. We present the results on the age and metallicity estimédtes®
SMC clusters (AM 3, HW 31, 40, 41, 42, 59, 63, L 91 and NGC 333ainted
from CCD WashingtorC'T 75 photometry. We confirm AM 3 and NGC 339 as
intermediate-age and metal-poor clusters, and reporthofitst time that the
remaining seven clusters are also intermediate-age ofwdtees ( ~ 4.3 - 9.3
Gyr), which represents an increase>e60% of the total known intermediate-
age/old cluster population in the SMC. The studied cludtare metal contents
ranging from intermediate metal-poor ([Fe/K]-0.7 dex) down to metal-poor
([Fe/H] =~ -1.3 dex) values. A detailed version of this work can be sad?iatti
(2011, MNRAS, 416, L89).

Resumen. Presentamos resultados de edades y metalicidades olstarpda

tir de datos CCD en el sistema fotométri€d; 7, de Washington para nueve
cumulos estelares de la Nube Menor de Magallanes (NMM, AMW, 34, 40,
41, 42,59, 63, L 91 y NGC 339). Confirmamos a AM 3y NGC 339 como cl
mulos relativamente viejos y pobres en metales, y repodgmo primera vez
que los restantes siete cimulos son objetos relativaméejts w genuinamen-
te viejos { ~ (4.3 - 9.3 10° afios), lo cual represente un aumento mayor al
60 % del total de los cimulos viejos conocidos en la Nube Mdedviagalla-
nes. Los cumulos estudiados tienen contenidos metalicmedaedianamente
pobres ([Fe/H} -0.7) a pobres ([Fe/H} -1.3). Una version detallada de este
trabajo puede verse en Piatti (2011, MNRAS, 416, L89).

1. Estimacioén de los parametros fundamentales de cimulostekares en la NMM

Los datos de los cumulos estudiados provienen del archiviicpidel National Optical
Astronomy Observatory (NOAO). La reduccion de los mismoles® a cabo siguien-
do los pasos estandares. La Fig. 1 (panel izquierdo) muestirrores fotométricos
obtenidos en funcién de la magnitél.

En primer lugar, obtuvimos los radios de los cimulos a pasirecuentos de
estrellas por unidad de area, para diferentes distancsaie dd centro de los mismos.
Luego estimamos un valor para la densidad del campo y adoptaomo radio de los
cumulos el valor de la distancia para la cual el perfil de diasdel cGmulo intercepta
el valor del campo. La Fig. 1 (panel derecho) muestra loslesidie densidad estellar
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obtenidos, a partir de los cuales derivamos los radios delilmsilos que se listan en la
Tabla 1.

Tablal. Parametros fundamentales de camulos en la NMM.

Name r <E(B-V)> Ti(MSTO) T (RC) 0Ty Edad [Fe/HT
(") (mag) (mag) (mag) (mag)  (10” afios)

AM 3 30+5 0.025+0.005 21.86:0.10 19.1¢-0.05 2.7G:0.15 6.0£1.0 -1.25+0.25
HW 31 20+5 0.036+0.010 21.58:0.10 19.06-0.05 2.56:0.15 4.8t1.0 -0.96t0.25
HW 40 205 0.060+0.010 21.6&0.10 19.0&-0.05 2.6G:0.15 5.4£1.0 -1.1Gt0.25
HW 41 80+20 0.06G6:0.010 21.76:0.10 19.06-0.05 2.76:0.15 6.0:1.0 -1.060.25
HW 42 15+5 0.036+0.010 21.96¢-0.10 18.8@-0.05 3.16:0.15 9.3t1.5 -1.4G£0.25
HW 59 15+5 0.04G+0.020 21.868:0.10 19.06-0.05 2.86:0.15 6.7:1.1 -1.060.25
HW 63 20+10 0.040£0.020 21.86:0.10 19.2@-0.05 2.6G:0.15 5.4£1.0 -0.7Gt0.25
L91 40+10 0.04G:0.010 21.76:0.10 19.36-0.05 2.46:0.15 4.3t1.0 -0.7G£0.25
NGC339 15@-40 0.040t0.010 21.6&0.10 19.0&-0.05 2.6G:0.15 5.4£1.0 -1.3Gt0.25

@ Metalicidades corregidas de acuerdo a la Fig. 6 de Geistdr €2003).

Para limpiar los diagramas color-magnitud (DCM) de los claside estrellas que
potencialmente pertenecen al campo o tienen errores fotiooggrandes, sustrajimos
de ellos el nimero correspondiente de estrellas contadas &CM del campo, para
diferentes intervalosl];,C'—T7] = (0.20, 0.05) mag. Finalmente, aplicamos los criterios
de Claria & Lapasset (1986) para eliminar estrellas del cangsustraidas anterior-
mente. Las Figs. 2, 3, y 4 ilustran este proceso: en cada uglladgearriba, se muestran
los DCM observados de las regiones centrales de los cunude$CM de los campos
lejos de los cumulos se muestran en el medio, mientras gy iabkiimos los DCM
limpios de los cimulos. Los parametros de los cimulos lasateos utilizando estos
DCM.
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Figura 1. lzquierda: Errores fotométricos obtenidos en funcién de la magnitud
T, . Derecha:Perfiles de densidad radiales obtenidos para cada camulo.

Los valores de los enrojecimientos de los cumulos que smlish la Tabla 1
fueron estimados por interpolacion en los mapas de extind® Burstein & Heiles
(1982), y adoptamos para todos los cimulos un moédulo dendiatde(m — M )p =
(18.90+ 0.10) mag (Glatt et al. 2010). Luego, estimamos sus edadadiadgel indice
o(T1) (Geisler et al. 1997), que mide la diferencia de magnifuentre elturnoff de
la Sequencia Principall{ (MSTO)) y elclumpde las gigantesI{(RC)). Los valores
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obtenidos pard;(MSTO), T1(RC), 6(T1) y las edades estimadas se listan en la Tabla
1.

Finalmente, estimamos las metalicidades de los cumultizamio el método de
Geisler & Sarajedini (1999) y corregimos por efecto de edadvhlores obtenidos de
acuerdo a las prescripciones de Geisler et al. (2003). Losagfinales de las metali-
cidades de los cumulos se listan en la Tabla 1.
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Chemical abundances in giant stars of newly discovered infred
globular clusters 2MASS GC02 and Mercer 5

F. Pefialozh S. Vasquez R. KurteV, J. Borissovd, P. Pessev& M. Zoccali?

(1) Universidad de Valparaiso, Chile
(2) Pontificia Universidad Catolica de Chile
(3) Gemini South Observatory, Chile

Abstract. We present a study of abundances of two hidden Galactic glob-
ular clusters: Mercer5 and 2MASS GCO02, using high-resmiui{IR) spec-

tra. We measure accurate radial velocities(of) = +194 + 0.3kms™!

for Mercer5 star1 andv,) = +177 = 0.3kms~! for Mercer5 star2. We
find [Fe/H] = —1.00 £ 0.02dex and averagex — elements enhancement of

~ +0.40 + 0.02dex for Mercer 5, while for 2MASS GCO02 we only make a
gualitative analysis, due to insufficient signal to nois¢hef target spectra.

Resumen. Presentamos un estudio de abundacias de dos cumulos gésbula
escondidos, Mercer5y 2MASS GCO02, utilizando espectrosdéralta resolu-
cién. Medimos precisas velocidades radiales(@¢ = +194 + 0.3kms™!
para Mercer5 estrellal yw,) = +177 + 0.3kms~! para Mercer5 estre-
lla2. EncontramosFe/H] = —1.00 £ 0.02dex y un realce en el promedio
de a — elementos de ~ +0.40 + 0.02 dex para Mercer 5, mientras que pa-
ra 2MASS GCO02 s6lo hacemos un andlisis cualitativo, debislo iasuficiente
sefal/ruido.

1. Introduction

Globular Clusters are ideal astronomical laboratoriesyThave played a central role
in the unfolding of our astronomical understanding, to whicey bring advantages:
basically, each cluster is a single and specific stellar ladipn, its stars are born at
(almost) the same time, in the same place, out of the sameaiatated differing only
in the rate at which each star has evolved. Such a group is easiér to study than the
stellar populations ensemble of the Milky Way field. One @& flrominent differences
between globular clusters is in the chemical mix of the niatef which their stars are
made.

Recently, several highly obscured, newly discovered d@btiusters have been
added to the list of Harris (1996) based mainly on the largéeseear or mid-infrared
surveys, such as 2MASS, VVV and GLIMPSE (Froebrich et al. 720Qurtev et al.
2008, Borissova et al. 2011, Longmote et al. 2011, Minni&let2011). Their mor-
phology, distances, ages, masses and metallicities ndeel ittvestigated, in order to
compare them with other galactic globular clusters and timmese their impact on the
galactic globular clusters subsystems. Here we demoedtnat first results of high
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resolution Phoenix spectroscopy of selected red gians statwo newly discovered
globular clusters: Mercer 5 and 2MASS GCO02 (Fig. 1.)

Figure 1. Left. Composite true colofH K image of the cluster 2MASS GCO02
from Vista Variables in Via Lactea VVV survey. Right, Mer&ercomposite true
color JH Ks images from SOFI/NTT.

Both clusters are most probably located in the inner didgéof the Milky Way.
2MASS GCO02 is located within 10 deg from the Galactic ceriiemg a bulge cluster
according to Hurt et al. (2000). Mercer5 is physically lechtt the inner edge of
the thin disk and the transition region with the bulge. Mekalso falls in the zone
of the “missing” globulars toward the central region of thdkyl Way (Kurtev et al.
2008). These objects are practically invisible at optical/@lengths. Their chemical
composition has never been studied with high resolutiontepgcopy. Here we present
for the first time detailed chemical abundances analysikaxfd two clusters.

2. Observations

The clusters in our sample are heavily reddened and not\aiderat optical wave-
lengths making the near-infrared spectral range the ordyceh PHOENIX (Hinkle et
al. 2000) at GEMINI offers a combination of large telescopie (typical magnitude
range of our objects is 10-11 mag in H) and the high spectsaluéon needed for
accurate abundance determination. To derive Fe, C, O, TNaimdthe cluster a few
giant stars per cluster need to be observed through the HE#0 The targets are
selected on the bassis 67 Kg Sofl, NTT photometry and low resolution Sofl, NTT
(R ~ 15004) and ISAAC(R ~ 500A) spectroscopy and have a high probability of
being cluster members. A slit with width of 0.34 arcsec (4efsx was used giving a
resolved powelR ~ 50,000. The total integration time was chosen to reach a S/N
60 per pixel. Because of the observational conditions foAZ8 GCO02 the final S/N
is lower (see Fig. 2).

3. Results
We present the first high resolution (IR) spectra for 2MASS)2@nd Mercer5 red

giant stars (Fig. 2 and Fig. 3). The final S/N for 2MASS GCO02sstsnot high enough
for a detailed qualitative analysis and here we presentiggatata only for Mercer 5.
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Abundance analysis is performed using full spectro-sysishiechniques (Origlia, Rich
& Castro 2002). The results are given in Table 1. The best hsp@etra are overplotted
in Fig. 3. Mercer 5 stars shojffe/H] = —1.00 £ 0.02 dex. An averagex — elements

enhancement of-0.4 4+ 0.02dex is consistent with previous measurements of other

metal-rich Bulge clusters. We measure accurate radiacitge of (v,) = +194 +
0.3kms~! for Mercer5 star 1 andv,) = +177 + 0.3kms~! for Mercer 5 star 2 and
velocity dispersions of km s~! — typical for a globular cluster.
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Mercer 5 star 1 Mercer 5 star 2
[Fe/H] —1.0+0.02 dex —1.04+0.02 dex
Teff 3700 K 3700 K
Micro 2.0 kms—! 2.0 kms—!
Alpha 0.44+0.02 dex 0.44+0.02 dex
Logg 0.5 0.5
Uy 194 kms—! 177 kms™!
[C/Fe] —0.40+0.02 dex —0.30+0.02 dex
[N/Fe] +1.00+0.02 dex +1.00+0.02 dex
[O/Fe] +0.40+0.02 dex +0.40+0.02 dex
[Si/Fe] +0.50+0.02 dex +0.50+0.02 dex
[Ti/Fe] +0.40+0.02 dex +0.40+0.02 dex

Table 1. Summary of the results.
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Propiedades astrofisicas de objetos catalogados como cUiosl
estelares en la Nube Menor de Magallanes
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Abstract. We present the results on the age estimates of 11 Small Magel|
Cloud (SMC) clusters obtained for the first time from CCD Wagton CTT5
photometry. CMD cluster features - mainly cluster RCs andTS - turn out
to be identificable when performing annular extractionsiadotheir respective
centres, once they were cleaned from field star contammative estimated
ages for the cluster sample using g index, and metallicities from the SGB
technique. The resultant ages and metallicities for thérabclusters are in ex-
cellent agreement with those previously published, thusicoing our present
age/metallicity scale. We also confirmed the ages and rio#tial derived for
the clusters by fitting theoretical isochrones.

Resumen. Presentamos los resultados de las edades estimadas deultscim
de la Nube Menor de Magallanes (NMM) obtenidas por primeeaveartir de
fotometria CCD en el sistema de Washingth, 7,. Las caracteristicas de los
cumulos en los diagramas color-magnitud (DCM) -principaite el clump de
las gigantes y el turnoff de la Secuencia Principal- se ifleaton a partir de
extracciones circulares alrededor de los centros de loslognuna vez que los
DCM fueron limpiados de la contaminacion de estrellas dedpa Estimamos
las edades de la muestra de cimulos empleando el ififlicg las metalicida-
des a partir de la técnica SGB. Las edades y las metalicidadekantes para
cumulos de control estan en excelente acuerdo con estinescimreviamente
publicadas, confirmando asi nuestra presente escala denedalitidad. Con-
firmamos también las edades y las metalicidades derivadadgsacimulos a
partir de ajustes de isdcronas tedricas.

1. Estimacion de los parametros fundamentales de cimulostekares en la NMM

Los datos de los cumulos estudiados provienen del archikticoidel National Op-
tical Astronomy Observatory (NOAO). La reduccion de los mmis se llevé a cabo
siguiendo los pasos estandares (Piatti, 2011).

En primer lugar, obtuvimos los radios de los cimulos a pddirecuentos de
estrellas por unidad de area, para diferentes distancéie dd centro de los mismos.
Luego estimamos un valor para la densidad del campo y adoptaamo radio de los
cumulos el valor de la distancia para la cual el perfil de diasdel cGmulo intercepta
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el valor del campo. La Fig. 1 muestra los perfiles de densidtafla obtenidos, a partir
de los cuales derivamos los radios de los cumulos que se éstéa Tabla 1.

Para limpiar los diagramas color-magnitud (DCM) de los ciaside estrellas que
potencialmente pertenecen al campo o tienen errores fatioopggrandes, sustrajimos
de ellos el nimero correspondiente de estrellas contadas &CM del campo, para
diferentes intervaloslf; ,C'—T7] = (0.20, 0.05) mag. Finalmente, aplicamos los criterios
de Claria & Lapasset (1986) para eliminar estrellas del cangpsustraidas anterior-
mente. Las Figs. 2a,b,c ilustran este proceso: en cada ueladea la izquierda, se
muestran los DCM observados de las regiones centrales dénugos. Los DCM de
los campos lejos de los cumulos se muestra en el medio, asente a la derecha in-
cluimos los DCM limpios de los camulo. Los parametros de loawos los derivamos
utilizando estos DCM.

Los valores de los enrojecimientos de los cimulos que sal@t la Tabla 1 fueron
estimados por interpolacién en los mapas de extinciéon det@ar& Heiles (1982), y
adoptamos para todos los cimulos un moédulo de distancfazde M), = (18.90+
0.10) mag.

Luego, estimamos sus edades a partir del int{i€e) (Geisler et al. 1997), que mi-
de la diferencia de magnituf, entre elturnoff de la Sequencia Principal’{(MSTO))

y el clumpde las gigantesT{(RC)). Los valores obtenidos pala(MSTO), T;(RC),
0(11) y las edades estimadas se listan en la Tabla 1.

Finalmente, estimamos las metalicidades de los cimullizamtilo el método de
Geisler & Sarajedini (1999) y corregimos por efecto de edadvhlores obtenidos de
acuerdo a las prescripciones de Geisler et al. (2003). Losagfinales de las metali-
cidades de los cumulos se listan en la Tabla 1. Nétese queldake® y metalicidades
derivadas para los 11 cumulos a partir del indic® ) y de las lineas de isoabundancia
de Geisler & Saragedini (1999), respectivamente, estarxezlente acuerdo con los
valores que se obtienen de estas cantidades al realizégsaflesisdcronas tedricas en
los DCM. Las Figs. 2a,b,c (paneles de la derecha) presemgasdcronas de Girardi et
al. (2002) que mejor ajustan las secuencias fiduciariassdglimulos. Hemos incluido
en cada panel los valores de log Z correspondientes.
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Cumulos estelares en la Nube Menos de Magallanes

Figura 1.

Figura 2.
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a) Diagramdkg; vs C' — T; de cumulos en la NMM: B 34 (arriba), B 39

Tabla1l. Parametos fundamentales de cimulos enla NMM.
Name r <E(B—V)> T1(MSTO) T1(RC) 5Th Edad [Fe/H]
(segs) (mag) (mag) (mag) (mag) x10°) afios

B34 30£10 0.03 20.28:0.10 19.0&0.05 1.20t0.15  1.5@t0.10 -0.7Gt0.25
B39 105 0.01 19.26:0.10 18.08:0.10 1.26:0.20  1.5@:0.15 —
B47 15+5 0.01 20.08:0.20 18.9@:0.10 1.1@:0.30  1.4@:0.20  -0.3@:0.25
B112 30t10 0.05 20.18:0.10 18.86:0.05 1.36t0.15 1.6@:0.15 -0.76:0.25
BS 88 20t5 0.04 20.46:0.10 18.8@0.05 1.6@:0.15  2.08:0.20  -0.7@:0.25
HW 22 20+10 0.06 21.58:0.15 18.98:0.05 2.76:t0.20  6.08:1.30  -1.3@:0.25
HW 55 20t5 0.02 20.96:0.20 19.08:0.10 1.98:0.30  2.5@:0.70  -1.08:0.25
HW 67 20t5 0.02 20.760.10 18.7@:0.10 2.08:t0.20  2.8@:0.60  -1.2@:0.25
K38 60+10 0.02 20.98:0.20 18.86:0.15 2.16t0.35 3.16:1.10  -1.16:0.25
L58 70+10 0.02 20.48:0.15 18.86:0.05 1.66:0.20  2.08:0.30  -0.9G:0.25
NGC419 1520 0.03 20.08:0.15 18.96:0.10 1.16t0.25  1.46:0.20  -0.5G:0.25
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Figura 2. b) Diagrama%; vs C' — T} de cumulos en la NMM: BS 88 (arriba),
HW 22 (medio-arriba), HW 55 (medio-abajo), HW 67 (abajo).

Figura2. c) Diagramds; vs C — T de cumulos en la NMM: K 38 (arriba), L 58
(medio), NGC 419 (abajo).
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Abstract. We have studied several embedded star clusters locateelfioutiih
guadrant of the Galactic plané { 345°; b ~ +1.5°). Data involves photom-
etry and infrared spectroscopy (banfl& K and low dispersion respectively).
This analysis has yielded a preliminary estimate of the &umental parame-
ters of these objects and the behavior of the interstellatiunein this Galactic
direction.

Resumen. Se han estudiado varios cimulos estelares inmersos dasizn
el cuarto cuadrante del plano Galactido~ 345°; b ~ +1.5°). Los datos
utilizados involucran fotometria y espectroscopia imbjar (bandas/HK y
dispersion simple respectivamente). El presente an&igermitido obtener
una estimacion preliminar de los parametros fundamentiesstos objetos y
del comportamiento del medio interestelar en esta diraat#la Galaxia.

1. Introduccién

El objeto de esta investigacion es estudiar las propiedgidbales de algunos cimulos
sumergidos en nubes de polvo mediante la combinacion devales fotométricas
infrarrojas y observaciones espectroscopicas. En rela@ci las primeras, se han estu-
diado las bandag H K a partir de datos del catadlogo 2MASS (Skrutskie et al. 2006) y
de fotometria PSF (ver Mauro et al. 2011) realizada sobrépksprints” obtenidos a
partir del relevamiento VVV (VISTA Variables in the Via L&et; Minniti et al. 2010).
En particular, los datos 2MASS se utilizaron para los olsjetas brillantesK < 13),
mientras que los datos VVV se utilizaron para los mas débRespecto a las obser-
vaciones espectroscopicas, ellas involucraron algunéssdestrellas mas brillantes de
la zona del cimulo DBS 114. Estas observaciones se utifizaaca determinar la cla-
sificacion espectral de dichas estrellas y verificar su pentga al cimulo (ver Tabla
1).
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Figural. Imégenes RGB obtenidas en base a las observadiéhEsealizadas
en el survey VVV. En el panel central se presenta un areaendoiun campo de
60’ x 40’ centrada env 2000 = 16:58:45.00 j2000 = -40:20:00.0{ = 345°; b =
+1.5°). Los recuadros amarillos indican las regiones mostragdstlle en el resto
de los paneles. Los circulos representan las posicionanafitas aproximados de
los cumulos estudiados.
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tos con fotometria 2MASS (azules). Las estrellas miembr®B8114 con datos
espectroscopicos se indican con simbolos celestes. Laascugrdes corresponden
a la secuencia principal de Koornneeff (1983) desplazadesuadamente y a los
vectores de enrojecimiento de Cambresy et al. (2002).

Cumulos seleccionados

Se ha seleccionado una zona del cuarto cuadrante del pldactiGa( ~ 345°; b ~
+1.5°) en la que se localiza un grupo de siete cumulos sumergigoadderdo con
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el catadlogo de Dutra et al. 2003). Todos estos objetos seeptian cercanos a nubes
oscuras o regiones con lineas de emision. Ellos son un desddis algoritmos que
se utilizan para detectar camulos en forma automatica. Upsutos selecionados se
ubican en el “tile” D149 del survey VVV y concretamente som Biguientes: DBS
110, DBS 111, DBS 112, DBS 113, DBS 114, DBS 115y DBS 117 (vgr B). Para
obtener las magnitudes y colores de las estrellas de la z@madh camulo, se ha
realizado fotometria PSF sobre los “pawprints” produciposel VVV (ver Mauro et
al. 2011). De esta forma se han construido los correspaedieiingramas fotométricos.

En la noche del 18 de Abril de 2011 se obtuvieron espectroadestrellas mas
brillantes de DBS 114. Para ello se utilizé la configuracidstrumental SOFI/NTT
del ESO con una resoluciéR ~ 2000. De esta forma se pudo identificar con mejor
precision la naturaleza de dichas estrellas (ver Fig. 2).

Id K H—-K T.E.+C.L. Comentario
Slitl-1  9.20 0.17 B0O/21a? nm
Slit1-2  8.39 0.75 B7la nm

Slit2-1  9.30 0.60 Be

Slit2-2  12.07 0.61 PCyg? *

Slit2-3  12.35 0.74 B6-8V m
Slit2-4 13.81 1.21 B6-8V m ?
Slit2-5 13.93 0.42 B tardia? *

Slit2-6  10.59 0.89 Estrellafria nm ?
Slit2-7  12.18 0.64 B6-8V m
Slit2-8  9.44 0.89 B7-8la nm ?

Tablal. Clasificacion espectral de las estrellas obsesvartla zona de BDS 114.
(Notas: m = Estrella miembro; nm = estrella no miembro; ?ifita€ion dudosa; *
= espectros con muy baja S/N).

3. Andlisis

Los diagramas fotométricos de los cimulos estudiados (geBJFy los de los alrededo-
res permitieron estimar los parametros principales deifesedtes poblaciones de fon-
do y de primer plano. Los diagramas color-color y color-nitaghse analizaron com-
parando las observaciones con la secuencia principala@dylor Koornneeff (1983)
y los vectores de enrojecimiento de Cambresy et al. (2002edDa forma fue posible
estimar los correspondientes excesBg ( i) Y los modulos de distancidsp — M)
de cada cumulo (ver Tabla 2). Cabe notar que, debido a la@strcompleja de los
diagramas fotométricos y a la forma empinada de la secu@nicieipal, los errores
en los modulos de distancia resultan ser solo indicativaslEEaso especial de DBS
114 los valores de sus parametros pudieron ser verificadosi@aéllos obtenidos a
partir de un estudio espectrofotométrico de las estreblala @dona (ver Fig. 2 y Tabla
1), ya que su clasificacion espectral permite fijar un punteetiFencia independiente
de la fotometria en los diagramas color-magnitud ademasatardos errores en las
medidas. Es posible notar también que DBS 114 sufre de ublactarojecimiento
diferencial (.74 < Ey_g < 1.33).
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Cabe remarcar que el presente trabajo consiste en una gras@macion de los
parametros de los cimulos estudiados y es un primer pasoamsaruccion de un
analisis homogéneo de cumulos jévenes basado en datos Végunsiento espec-
troscopico de los miembros mas brillantes (dichas obsiemves se hallan actualmente
en progreso).

DBSID a0 dj2000 D[] Eu_g Ko — Mg

110 16:56:39 -40:13:43 0.6 1.30 13t00.5
111 16:56:41 -40:15:18 1.0 1.30 13t00.5
112 16:56:47 -40:14:33 1.0 1.30 13t00.5
113 17:00:35 -40:33:44 1.2 0.90 1H50.5
114 16:59:10 -40:12:.05 2.2 0.74 11H20.2
115 16:59:14 -40:07:04 2.2 0.80 1H50.5
117 16:59:39 -40:11:11 2.2 090 1150.5

Tabla2. Parametros estimados de los cimulos estudiados.
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Abstract. As part of our uninterrupted systematic study of star chsste

the Large Magellanic Cloud (LMC), we present preliminarguks for 4 faint,
unstudied LMC star clusters. Based on CCD images in the \Wgkin sys-
tem obtained with the 4 m telescope at Cerro Tololo Inter-Aca@ Obser-
vatory (Chile), we derive approximate ages and metakisitising theoretical
isochrones in the (T,Cq) diagrams. The clusters are aged between 550 and
1300 Myr, being all of them relatively metal-poor. Their amgmate radii were
estimated from stellar density profiles. The current studyb& soon extended
into a vast LMC region wherein numerous unstudied star etastan be found
(Palma 2011).

Resumen. Continuando nuestro estudio sistematico de cumulos essette
la Nube Mayor de Magallanes (NMM), presentamos resultadebnpnares
para 4 cumulos estelares débiles de la NMM sin estudios qgetin base a
imagenes CCD obtenidas en el sistema de Washington corestogio de 4
m del Observatorio Inter-Americano de Cerro Tololo (Chitrivamos edades
y metalicidades aproximadas usando isdcronas tedricasseatidgramas (T,C-
T1). Los cumulos tienen edades entre 550 y 1300 millones deyasias todos
relativamente pobres en metales. Usando perfiles de ddrestislar estimamos
los radios aproximados de los 4 objetos. El presente essedioproximamente
extendido a una amplia regién de la NMM en la cual yacen muchosulos
aun no estudiados (Palma 2011).

1. Observaciones

Los cumulos estudiados se presentan en la Tabla 1, juntarnentsus coordenadas
ecuatoriales y galacticas y sus tamaros aproximados agjesripor Bonatto & Bica
(2010). Las observaciones fueron realizadas con el tgdasce 4.0 m del Observa-
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torio Inter-Americano de Cerro Tololo (Chile) usando logdé C y T; del sistema

de Washington. Este sistema ha mostrado ser particulaemnsensible a la metalicidad
(Geisler et al. 1991, Geisler & Sarajedini 1999). El telggoaitilizado posee un arre-
glo de 8 CCDs d&048 x 4096 pixeles cada uno, ordenados como un detector de 8192
x 8192 pixeles, los cuales son leidos a través de un Unicaferagbr. Un pixel de

la cAmara de “mosaico” subtiende27” en el cielo, por lo que el campo resultante es
de 36’ x 36" (~ 500 x 500 pc® a la distancia de la NMM). Los tiempos de exposicion
fueron tipicamente dé50 y 150 segundos para los filtros C y; Trespectivamente. La
reduccion de las imagenes se llevo a cabo en el Observatstior®mico de Cérdoba
usando IRAF y el codigo DAOPHOT Il desarrollado por Peter Stetson (8tef987).

Tabla1l. Cudmulos estudiados.

Cumulo  (2000.0) ¢ (2000.0) 1 b a b
(hms) ) (00 @@ 0O 0
[W217,SL490, KMHK939 052718  -780.8 2849 —31.8 1.20 1.10
LW 231, KMHK 1031 053026  -720.9 286.8 —31.3 0.90 0.90
LW327,SL775, KMHK1506 055327  -743.0 2824 —30.2 1.20 1.20
KMHK 1507 055327  -7u1.2 2823 —36.0 0.70 0.65

2. Diagramas Color-Magnitud

Un aspecto importante a tener en cuenta en el analisis dealgrsichas color-magnitud
(CM) de los cumulos estelares de la NMM, es la contaminacidrestrellas del campo.
Para filtrar estas estrellas, se aplicé un procedimientalistico descripto por Piatti et
al. (2011). Los diagramas CM observados y descontaminagtssdimulos estudia-
dos pueden verse en las Figuras 1, 2y 3.

3. Radios lineales y enrojecimiento interestelar

Los perfiles de densidad estelar de los cimulos fueron dietedos en base a recuentos
estelares y ajustes de distribuciones Gaussianas, sigu@mprocedimiento descripto
en Piatti et al. (2011). Aceptando que la NMM se ubica a 50 lgh&dl, se adoptd, para
todos los cimulos, el médulo verdadero de distancia de la N\iM- M), = 18.50+
0.10, reportado recientemente por Saha et al. (2010). Los rédidiesles - distancias
desde los respectivos centros de los cimulos hasta dongerfiles interceptan el
nivel de fondo estelar - son los indicados en la Tabla 2. Lossos de coloE(B — V)
gue afectan a los cimulos fueron estimados por interpolasidos mapas de Burstein
& Heiles (1982).

'IRAF es distribuido por el “National Optical Astronomy Obsgatory”, el cual es operado por la “Asso-
ciation of Universities for Research in Astronomy (AURAC., bajo contrato con la “National Science
Foundation”.
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Figural. Diagramas CM y ajuste de isdcronas para LW 217.
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Figura2. Diagramas CM y ajuste de isdcronas para LW 327.

4. Edadesy Metalicidades

Estos parametros se estimaron a partir de los diagramgs-{T), usando las isécronas
tedricas de Lejeune & Schaerer (2001). Los resultados dgustes se muestran en las
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Figura3. Diagramas CM descontaminadosy ajuste de iséepara LW 231 (a)
y KMHK 1507 (b).

Figuras 1, 2, y 3, en tanto que en la Tabla 2 se incluyen lasesdael las is6cronas
adoptadas y las correspondientes metalicidades. El estionaglo en la razon [Fe/H]
es+ 0.2 en todos los casos. Los cumulos estudiados tienen edadgseratitas entre
550 y 1300 millones de afios, siendo todos relativamenteepabr metales.

Tabla2. Resultados obtenidos para los cimulos estudiados.
Cumulo E(B-V) Radio lineal Edad Metalicidad
adoptado (pixeles); (pc) ®? afos) [Fe/H]
LW 217 0.12 220+30;14+2 1.30+0.30 -0.7
LW 231 0.12 120£30;8+2 0.80+0.30 -0.7
LW 327 0.09 220£30;144+2 0.56=+0.30 -0.7
KMHK 1507 0.09 100£30;6+2 0.80+£0.30 —0.7
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Abstract. Observations of young stars in star forming regions show tiee
not form smoothly. They are distributed in clumpy substioes, and there is
growing evidence that they may form dynamically cold and-ewial within
their embedded gas. Yet, previous modelling of these regadten consider
them to be initially smooth, and virialised. We conduct nuce modelling
using more realistic initial stellar distributions. We dyuthe key parameters
controlling the rate at which substructure is erased. Wetfiatl star-star scat-
tering, and sub-virial dynamics are of key importance inrttie of sub-structure
removal.

Resumen. Las estrellas jévenes no nacen con una distribucién e$paciee,
tal y como demuestran las observaciones de las regionesrdadidn estelar.
Ellas estan distribuidas en sub-estructuras aglutingdasy mas evidencia que
pueden formarse en un régimen dinamico frio y sub-virialtrdedel gas in-
corporado. Hasta ahora, modelaciones previas de estagesg menudo con-
sideran que son inicialmente suaves, y virializadas. Inmsa cabo modelos
numéricos usando distribuciones estelares iniciales edlstas. Estudiamos
los parametros clave controlando la tasa a la cual es boiaesild-estructura.
Nos encontramos con que la dispersion estrella-estreflaljnmica sub-virial
es de gran importancia en la tasa de eliminacion de la subecast.

1. Introduction

The majority of stars do not form alone. They appear to forahierarchy of structures
of tens to tens of thousands of stars (e.g. Gouliermis @040 and many more). Such
structures are natural consequences of the gravo-tutbuletel of star formation (e.g.
Offner et al., 2009 and many more). In the clustered phase inégresting processes
occur: rapid dynamical mass segregation and the formafibigh-order multiples like
the Trapezium system (e.g. Allison et al.,2010); binaryufison and modification
(e.g. Parker et al.,2009 and more), and star-disc intersctivhich affect planetary
system formations (e.g. Thies et al.,2010). Thereforenbestigation of the collapse
of hierarchical distributions is important to understahd formation of star clusters
and the possible importance on these effects. This workrigcpkarly an overview
of the work presented in Smith et al.(2011) to investigater laocollapsing clumpy
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Figure 1.  Example of the time evolution of one of our simuaas.

distribution in a static gas potential is able to erase ilssBucture and form a smooth
cluster. We revisit the analysis of Fellhauer et al.(2008han accuratéV-body code.

2. Initial conditions

We perform ourN-body simulations using the direé¢t-body code MoDY6. The
advantage of HODY6 is that it is able to rapidly and accurately model stellaraipics,
and two-body encounters in particular.

The important parameters of our simulations are: the standtion efficiencye,
the Plummer scale radiug’; of the gas distribution, the number of subclumys the
virial ratio of the stellar distributiorQ; and the filling factor,«, which is a measure

of the fraction of the volume which contains subclumps= gsé. We measure time
pl

in units of the crossing-time of the whole systdiff as+ = TL A list of all the

simulations and their parameters can be seen in Smith 204l ( Table 1).

3. Results and Discussions

3.1. Simulations with N-body

We study how the substructure is removed using N-body siioak Figure 1 shows a
representative simulation. Individual clumps puff-upngigantly (second panel). This
is due to scattering between stars within the clumps andhbe selaxation time of a
clump. Shortly after, almost all substructure has beereeré. panel). Inter clump
scattering is clearly important as well and occurs on tinsdescof7;5; .

3.2. Quantifying substructure removal

Like Fellhauer et al.(2009) we assume that the rate of ezasusubstructure can be
measured by the number of clumps at timeV () can be fitted by

N(r) = (No — Dexp(—n7) + 1, 1)

wheren is a free parameter that depends on the initial conditionth@fsimulation.
In Figure 2 we show that we are agree with Fellhauer et alqp@tat an exponential
decay is indeed a good fit to the rate at which substructuiests We can see thatiif
is high, then the substructure is removed rapidly and a dmdaster appears rapidly.
Therefore we refer tg as the “cluster formation rate”.
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set 4:.0=0.05, €=0.10

Number of clumps N

)
Crossing times elapsed

Figure 2.  The evolution of the number of clumps N with timef one of our
simulations. The solid (black) curve and crosses with &éars are the results of
Set 4 of our simulation. The number of remaining clumps is suead using the
minimum spanning tree method to distinguish the remainioghps. The dashed
(red) line is an example of an exponential fit, using Equafipito the simulation
results.

3.3.  What controls how fast substructure is removed?

Finally, in Figure 3, we study how the cluster formation ratehanges with different
parameters in our study. The filling factar(top left) has almost no influence on the
time the subtructure is removed, only if we increast values, where many clumps
overlap already at the start of the simulation. We also satiie removal of substruc-
ture does not (or only mildly) depend in how many clumps wérithiste the stars (top
middle). But this dependency can be explained by a more gedependency on the
relaxation time of the system. In the top right panel we se tte initial virial ra-
tio has a strong influence on how quickly substructure isegtadf the initial ratio is
low all clumps collapse to the centre and we have much stranggractions between
the clumps. We also see a trend with decreagingth increasing star formation effi-
ciency (SFE). This trend is not real as the clumps becamelamnialnumber of stars
with smaller SFE. If we vary the SFE but keep the number obgtar clump constant
(lower middle) we see that the cluster formation rate is jrashelent of the SFE. In the
lower right panel we finally show that the cluster formatiater strongly depends on
the relaxation time of the clump.

In summary, the key parameters are only the initial virigior&); and clump re-
laxation timet,q.x. Therefore it is the dynamical state of the stars and numbstiacs
in a clump that control the cluster formation rate. (Notd #&ch clump has the same
size in each simulation).

4. Summary & Conclusions

 Clusters form predominantly from stars that are scattetg@f clumpy substruc-

ture, and not by clump merging. _ )
» As aresult, the rate at which a cluster forms is a strongtfan®f the relaxation

time within the clumps and, the star formation efficiencytwf tegion does not
effect the cluster formation rate.

» The initial virial ratio of the clumps is also a key parametentrolling the rate
at which a cluster forms. The lower the initial virial ratibe more rapidly sub-
structure is erased and a cluster forms.
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Figure 3.  Plots of the dependency of the cluster formatio® parameter (y-
axis) versus the parameters investigated in the parameigdy §<-axis); top left:
filling factor «; middle: initial clump numbeNy; top right: initial virial ratioQ;. In
the lower panels we show the dependency on the SFE (lowgateftthe dependency
on the SFE by keeping the clump relaxation time constantgfaniddle). The lower
right panel shows the dependency on the clump relaxation tiffease note varying
scale on y-axis.

For more details and a complete information about this week, Smith et al. (2011).
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Abstract. We present preliminary results about the galaxy morpholgy
lution in three low mass galaxy clusters: RX J0533.9-5808V([F98]046, z
~ 0.198), RX J1204.3-0350 ([VMF98]113,~= 0.261) and RX J0533.8-5746
([VMF98]045, z~ 0.295).

Full photometric catalogues were created using SExtra@d@.0. Also, pho-
tometric redshifts (z,,;) were obtained for all the object classified as galaxies,
using the ANNz code.

Color-Magnitude Diagrams (CMD) were generated for thodaxies classified
as cluster members. Clear Red Cluster Sequences (RCS) wi¢llian slopes
of ~ -0.03 are observed for all the tree clusters. Based on thelie€tSit, a blue
and a red population of galaxies were defined, observingtligatolor distri-
bution of the cluster [VMF98]045 is well fitted by a double Gaian function
(x>~0.2), while the clusters [VMF98]046 and [VMF98]113 preseat third
population between the blue and red peak distributions.

These preliminary results would show the existence of aiplessansition pop-
ulation between the blue and the red population in these lassrmgalaxy clus-
ters at low redshifts.

Resumen. Presentamos resultados preliminares respecto a la edoloubr-
fologica de galaxias en tres cumulos de galaxias de baja:Ra6d0533.9-
5809 ([VMF98]046, 2-0.198) y RX J1204.3-0350 ([VMF98]113~0€.261) y
RX J0533.8-5746 ([VMF98]045,20.295).

Completos catalogos fotométricos fueron creados usandtregior v(2.8.0).
También, se obtuvieroredshiftsfotométricos para todos los objetos clasifica-
dos como galaxias, usando el codigo ANNz.

Diagramas Color-Magnitud (CMD) fueron generados para llapigalaxias
clasificadas como miembros de los cimulos. Claras SecseRdgms de ga-
laxias (RCS), con una pendiente media~ded.03 son observadas para los tres
cumulos. Basados en el mejor ajuste de la RCS, poblaciojesy@zules de
galaxias fueron creadas, observando que la distribuciéoolte del cumulo
[VMF98]045 es bien ajustada por una funcion gausiana dogle0.2), mien-
tras que los cimulos [VMF98]046 y [VMF98]113 presentan wgradra pobla-
cion entre los picos de las distribuciones rojas y azules.

Estos resultados preliminares, podrian mostrar la existate una posible po-
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blacién de galaxias en transicion entre las poblacioneleszurojas en estos
cumulos de galaxias de baja masa, a bajo redshift.

1. Introduction

The morphology content of galaxy clusters at intermediedshifts differs significantly
from those nearby clusters (Dressler et al. 1997). Galagpepties, as morphology,
luminosity, mass, age, have been widely studied both in #ehy universe and at
higher redshifts, but mostly in massive systems.

Low mass systems were not systematically nor deeply studied, as pointed
out by Poggianti et al.(2009), they should show that morpdichl evolution does not
occur exclusively in massive clusters, being actually mmaspicuous in low mass
clusters.

In this proceeding, we study the color bimodality evolutiginthree low X-ray
luminosity, low mass galaxy clusters at different redshifThe results are part of an
ongoing project, that study the galaxy morphology evohuiiolow-mass galaxy clus-
ters.

2. Data, images and catalogues

The clusters were selected from the catalogue of 200 olgeotndipitously detected in
the ROSAT PSPC Pointed Observations (Vikhlinin et al. 1388) the revised version
by Mullis et al.(2003) with spectroscopic redshifts. Theategue contains galaxy clus-
ters with X-ray luminosities ranging to very poor group8’¢ erg s'!) to poor clusters
(~ 5 x 10* erg s!) in the redshift regime of 0.015 to 0.7. We create a sub-sampl
composed by galaxy clusters with X-ray emission lower thanL20x10*® erg s,
redshifts higher than 0.15 and 60 arcsec in angular coliesad

We select the clusters RX J0533.9-5809 ([VMF98]04602198), RX J1204.3-
0350 ([VMF98]113, #0.261) and RX J0533.8-5746 ([VMF98]045;-@.295) to be
observed in the CTIO Victor Blanco 4m telescope at the Ceotold Observatory. All
the clusters were observed under good photometric conditigith a median seeing of
about 0.6 arcsec. We use the MOSAIC-II instrument using BR ¥nd | filters, cover
an optical range between 4000 to 8500 A.

We used SExtractor v2.8.0 (Bertin & Arnouts, 1996) to detaate the main as-
trometric and photometric properties of the objects deteat our images, using the
R image as reference. We realize the Photometry in the otratsbusing SExtractor
in dual-image mode. This allows us to eliminate bad detastispurious objects and
high redshift objects detected in the R band images, andmizeithe errors in the final
catalogues.

3. Color-Magnitud diagram and sample definition

We generate Colour-Magnitude Diagrams (CMD) for all theeoty classified as galax-
ies. We use (V-R) color in order to observe the 4000A breakeatlusters redshift.

A clear Red Cluster Sequence (RCS) can be observed for athtee clusters
(Figure 1). As Gladders et al (1998) pointed out, the RCS egpebameterized using a
simple linear fit. We perform several restrictions to defime RCS sample, as distance
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to the cluster center, galaxy morphological type, and ntages. Finnaly, we use the
ANNZz code to obtain photometric redshifts and define reatelumembers. Using a
least-square regression fit and a thpping iteration, we obtain median slopes of -0.03
for the RCS. We define those galaxies with colours over anab&b the linear fit as
the Red Sample (RS), and those lielow the RCS fit, as the Blue Sample (BS).

[ [VMF98]045
[ 2~0.295

R
[ [vMF98]113
[ z~0.261

e
[ [VMF98]046
[ 2~0.198

R Total Magnitude R Total Magnitude R Total Magnitude

Figure 1.  (V-R) Color-Magnitude Diagrams por all the thréesters. Open-red
circles correspond to the called Red Galaxy Sample. Opag-Biangles indicate
the Blue Sample. Dashed lines indicate the best fit (secjio@i@tinues lines shows
1-0 over and bellow the best RCS fit. Right histogram indicatectiier distribution
for both, the Red and the Blue Sample. Bottom histogram thgnihade distribution
for these samples.

4. Analysis and final remarks

We use the R software environméno analyze the color bimodality distribution. We
separate the RS and the BS in the 3 clusters and fit them Gadasietions. To de-
terminate if the distribution is well defined by this fit, weeu$ main statistical values:
Skewness, Kurtosigy? and the P-Value (P) A perfect Gaussian fit has Skewness and
Kurtosis values of 0, &2 lower than 1, and high P-Value. Finally, Quantile-Quantile
Plots (Q-Q plot) are used to check whether or not the samplelidited by a Gaussian
distribution.

The RS in the three clusters shows law (~0.2) an a high P values-0.9).
Also, low skewness and kurtosis values, and good lineal ffienQ-Q plots (Figure 2),
indicate that the Red Sample for the three clusters is wigtfthy a normal distribution.

Different scenario show the Blue Sample. While in clust&8F98]046 and
[VMF98]113, the distribution is not well fited by a normal tibution (y>~2.5 and
P~0.2), [VMF98]045 have values of 0.22 and 8.95 for f{ffeand P-Value respectivelly.
This indicate that the BS is well fited by a Gaussian distrdsubnly in the cluster at
z~0.295.

In the clusters [VMF98]046 and [VMF98]113, we separate ¢hgalaxies between
1 and 2 bellow the RCS fit, and a new sample is created with those igaléelow 2

'R is a language and environment for statistical computirdygraphics, designed by Robert Gentleman
and Ross Ihaka of the Statistics Department of the Uniyea$ifuckland. http://www.r-project.org/.

2The P-Value is defined as the probability of obtaining a tegistic at least as extreme as the one that was
actually observed, assuming that the null hypothesis & tru
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the RCS fit. we call to this new sampiiee Blue Corrected Sample (BCShese new
samples presents perfect Gaussian distributions, yAtkialues lower than 0.6 and P
near to 1 (Figure 2).

These results would show thatgaeen galaxy populatioletween the blue and
red galaxies, appears in this redshift regime {@20.3) in these low mass galaxy sys-
tems, been even more conspicuous at low redshift. The clj&#~98]045 present 2
clear and separate populations of galaxies (blue and rediga), while in the clusters
[VMF98]046 and [VMF98]113, the different populations aresbdescribed by 3 dif-
ferent Gaussian functions, indicating a possible tramsitiopulation between the blue
and the red galaxies populations.

RCS Sample Blue Sample

15

81 [vMFo8]046 [VMF98]113

z~0.261

0.88

10
0.7

0.84

05

0.80

S e 1 7 2 1 0 1 32

Theoretical Quantiles Theoretical Quantiles
» Blue Corrected Sample Green Sample
81 [vMFo8]045 P o
T 0
z~0.298 | =
=R o
© 1
S| N
0 S|
n | 4
~ A <
o- T o ™~ 4
0.6 1.0 -2 -1 0 i 2 ©2 -1 0 1 2
V-R) Theoretical Quantiles Theoretical Quantiles

Figure 2. Left: Gaussian fits for the color distribution in the three clusfer the
Red Sample (red lines), the Blue (blue lines) and Blue ctetkSample (blue dashed
lines). Thick marks at the bottom indicate the individudbga colors.Right Color
Q-Q plots for cluster [VMF98]046. The good linear distritaut in the Red, Blue
Corrected and Green Samples, indicate that the samplesediréted by a normal
distribution.
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Abstract. Near infrared photometric observationsH{ K Br~) have been made
in the field of the galaxy M 83, reaching a magnitude lifit= 20. The quality
of data has allowed the systematic search and identificafitarxge numbers of
stellar clusters which are intended to determine their finmehtal parameters,
as the number of prospective members, reddening, age aibsity function.

Resumen. Se han realizado observaciones fotométricas en el infoacer-
cano (/ H K Br~) de la galaxia M 83, llegando hasta una magnitud lirkite-
20. La calidad de los datos ha permitido la busqueda sistean@iitentificacion
de gran cantidad de agrupaciones estelares a las que setksder determinar
sus parametros fundamentales, tales como la cantidad deljpes miembros,
enrojecimiento, edad y funcion de luminosidad.

1. Introduccién

M 83 (= NGC 5236) es una de las galaxias espirales brillantesaarcanas (4.5 Mpcs;
Thim et al. 2003) y ha sido catalogada como una SBc(s) Il (&gedk Tammann
1987). Ella posee una galaxia compafiera (NGC 5253) y laaict&m entre ambas
parece provocar brotes estelares muy intensos en ambdsolia la zona central de
M 83 (20" alrededor de su nlcles 440 pc) se encuentra el principal brote estelar
con una morfologia extremadamente compleja, ya que elie fierma de un anillo
semicircular dg8” a7” (65 y 150 pc) de radio.

Las observaciones del brote estelar de la zona centratadab con el Telescopio
Espacial Hubble han permitido descubrir mas de 370 cumdistas. De ellos, 45
se consideran mas masivos que 10* M, y se encuentran localizados sobre el anillo
semicircular (Harris, et al. 2001) citado anteriormentsindismo, el disco de la galaxia
ha mostrado evidencia de brotes estelar, por ejemplo, Hogbal. (2008) encontra-
ron con el satélite Galex que la fuerte emision ultraviglata1’ (6.6 kpc) del ndcleo,
correspondia una poblacion joven que se localiza en la petseexterna del disco.
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2. Observaciones

Figural. Diagramas CM de todas las estrellas con fotomiefreroja. Se des-
tacan los objetos de los siguientes grupos: Rojo: objetadiados en la zona del
“bulge” (r < 0.5), azul y verde: objetos asociados con algunas de las asmwac
encontradas por el método PCL (ver texto), discriminadascderdo con su color
H — K (Grupo A = azul; Grupo B = verde).

Se adquirieron imagenes de la galaxia M 83 utilizando la catdaAWK-l monta-
da en el VLT. Dicha cAmara posee un mosaico de cuatro dets Q&G 2048 x 2048.
La configuracion instrumental permite cubrir un campo (FG¥Y.5 x 7.5 con una
zona oscura en forma de cruz t&’, producida por la separacion entre los detectores
y una escala de.106” /pixz. Para cubrir toda la extension de la galaxia fue necesario
observar cuatro campos en diferentes noches de obsenewi@f09 (01/02-15/03-
24/03), utilizando en cada una de ellos los filti®sy, J, H y K. Las observaciones
fueron realizadas con valores de “seeing” efittel.5” (dependiendo de la fecha), con
un valor medio dd.1”.

Las imagenes obtenidas fueron pre-procesadas de acuardd pmcedimiento
normal de la cAmara HAWK-I (ver:
http://www.eso.org/sci/facilities/ /paranal/instrunt&’hawki/). La reduccion fotométri-
ca fue realizada utilizando los c6digos DAOPHOT Il, ALLSTARONTAGE2y ALL-
FRAME (Stetson 1987, 1994, 1995; Turner 1997). Ellos pemipor un lado, realizar
una busqueda de objetos y producir una Unica tabla en baseimagen combinada de
las iméagenes obtenidas en cada uno de los filtros. Por owpdézhos codigos realizan
ajustes PSFs independientes para cada uno de los filtrasdemndo paralelamente la
informacion disponible en los otros filtros (Stetson 19&$te procedimiento se aplico
sobre cada una de las 512 imagenes producidas por cada uo® dietéctores (4) de
la camara, en cada exposicién (4 o 12) de cada uno de los {dygsen cada campo
observado (4). Como resultado se obtuvieron 512 tablasosoralores de la fotometria
(magnitudes y errores) de los objetos encontrados en caddeulas imagenes, junto
con sus respectivas coordenadas (x, y) expresadas en @sspyxcorrespondientes a
cada uno de los detectores.
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A continuacién, se utilizaron las estrellas (no saturadas gglomeradas) en co-
muan con el catdlogo 2MASS (Skrutskie et al. 2006), para tlag@magnitudes instru-
mentales a un sistema estandar y realizar la astrometrés dialos. Se transformaron,
entonces, las coordenadas dadas en pixeles (x y) de cadenimagoordenadas ecua-
toriales celestes, con una precision aproximada.@é Estos procedimientos, junto
con la correlacién de los datos obtenidos en diferentesenegy(filtros y/o detectores),
fueron llevados a cabo utilizando el codigo DAOMASTER (Stet1995) y ALADIN
(version 7). El resultado final fue un catdlogo homogéne®Bée3¥ 3 objetos con astro-
metria (época J2000) y fotometria (magnitudes y errorespatio bandas infrarrojas,
(JHK Brv).

3. Busqueda de Agrupaciones Estelares

o N\ —

Figura2. Diferentes resultados obtenidos aplicando ebdwétle busqueda PCL
(ver texto) con distintos parametros de entrada. Cada ceprasenta la cantidad de
agrupaciones encontradas para un valor fijo de objetos ragnijp) en cada agrupa-
cién, mientras se varia la distancia maxima (ds) a la querssadera que dos objetos
pertenecen a la misma agrupacion. La linea vertical indiicaler de 6ptimo de “ds”
(= 7) para el que el maximo de las curvas se estabiliza al ir ineneéamdo el valor
de “p”.

Con la finalidad de realizar una busqueda sistematica dpacjanes estelares en
la galaxia M 83, se utilizé el método “Path Linkage Critefi¢RLC, Battinelli 1991).
Este método considera que un par de estrellas pertenecemaisma agrupacion si se
encuentran a una distancia menor que un determinado pacaeebminado “radio de
basqueda” (ds). De esta forma, todos los miembros de dicitdeaiin se localizan por
sucesivos enlaces entre diferentes estrellas situadassénha distancia menor a “ds”.
Para obtener el valor 6ptimo del parametro “ds” se procedebdsqueda reiterada de
agrupaciones sobre un catalogo de estrellas brillantésndar el valor de dicho para-
metro en cada una de ellas. De esta forma, se construyermias cle la Fig. 2, donde
cada una de ellas corresponde a un valémno de objetos para cada agrupacion (p).
Las distintas curvas presentan un maximo cuya posicion rexiaga al valor 6ptimo
de “ds” a medida que se incrementa el valor de “p”.

En el caso de M 83, la busqueda se ha realizado en base ahsiggagguema de
seleccion: a) Estrellas localizadas fuera del “bulge™( 0.5'); b) estrellas brillantes
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(K < 18) y con colores acotado® < H — K <2y J — K < 3)y c) estrellas con
bajo error fotométrico en todas sus bandas (0.05).

Dentro de la seleccion previa, los diagramas color-madritar Fig. 1) permitie-
ron distinguir dos grupos de objetos en base a su color, adéstficaron los grupos
“A’y “B” como los objetos con0 < H — K < 0.7y 0.7 < H — K < 2.0 respectiva-
mente.

4. Resultados Preliminares

El método PCL permitié determinar una distancia Optimasemiiembros de asociacio-
nes de 7” (150 pc). Considerando entonces una cantidad mfihen® miembros para
una agrupacion, se encuentran unas 75 agrupaciones eratgd@xia. En base a los
resultados, se puede destacar que: a) como era de espeagrUpaciones se distribu-
yen delineando el patron de los brazos espirales; b) en tes zmbiertas por estudios
previos las agrupaciones coinciden con las detectadaspdesiista (Kim et al. 2011,
Wofford et al. 2011), revelando la eficacia del método engfueq c) la separacion rea-
lizada de los datos entre el grupo “A’ y “B” se manifiesta ataeate en la distribucion
espacial de las agrupaciones. Este efecto se puede itderpoeno debido a que la zo-
na de M 83 donde se localizan las agrupaciones del “Grupo 88 st enrojecimiento
adicional al resto de la galaxia.
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Abstract. Using Calciumlet spectroscopy arfélSFE' photometry performed
on data taken with the “Very Large Telescope” (Chile), weiaa ages and
metallicities of 15 Small Magellanic Cloud (SMC) star ckrst Three of them
were found to be very old clusters so that the determinatidinedr fundamental
properties allows us to improve our current knowledge onSMC chemical
evolution during the earliest epochs. Based on our new degdiirther discuss
the age-metallicity relation. The procedures and resnlthided in this article
will be presented in a more extensive and detailed way irsPetral. (2011 - in
preparation).

Resumen. Usando espectroscopia del Triplete del Calcio lonizaddonfie-
tria PSF realizada sobre datos tomados con el “Very Large Telesa@jale),
derivamos edades y metalicidades confiables de 15 cimutdares de la Nu-
be Menor de Magallanes (NmM). Encontramos que 3 de ellos@omilos muy
viejos, por lo que la determinacion de sus propiedades foadtales permite
mejorar nuestro actual conocimiento sobre la evoluciomapa de la NmM du-
rante su etapa mas temprana. Basados en nuestros nuew@sreldiscutimos
la relacion edad-metalicidad en esta galaxia. Los prodedias y resultados
incluidos en este articulo, seran presentados de manerexteasa y detallada
en Parisi et al. (2011 - en preparacion).

1. Introduction

Using spectra taken with the FORS2 instrument on the VLTdRmm 076.B-0533), we
measured the equivalent width of the three Calcium TriglefT) lines (8498A, 8542A
and 8662A) as well as the radial velocities (RVs) of more tB&0 red giant stars
belonging to 15 SMC clusters and their surrounding fieldsngythese parameters and
following the so-called “CaT technique” (Cole et al. 2004,0€holski et al. 2006),
we calculated the cluster mean metallicities and radiaortiés with average standard
error of the mean of 0.05 dex and 2.7 km/s, respectively (aeigifet al. 2009 for more
details). In addition, using the Color-Magnitude Diagraf@81Ds) built from PSF/
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andI photometry on the cluster pre-images, also obtained w&h/ALT, we measured
the parametesV, which is defined as the difference between thenagnitude of the
Main Sequence Turnoff (MSTO) and that of the Red Clump (R®)s Torphological
index is well correlated with cluster ages (Janes & Phel@&lL9To estimate them, we
used the calibration of Carraro & Chiosi (1994), togethehwlie cluster metallicities
andoV values derived in the present work. In order to corroborfa¢eobtained values,
we decided to derive an “SME calibration” (SMC-cal) using the work of Glatt et al.
(2008) as reference. These authors observed a sample of [Bsté€rs with the “Hubble
Space Telescope” and reported the magnitude m555 of the MB@Of the RC as well
as their ages, using three different isochrone modelsl Higstrates the relation found
by using the Glatt et al. values. We then applied the SMCecalrt three old clusters.
This calibration is only valid for clusters older thané Gyr, having similar metallicities
([FeH] ~ -1). Also it is strictly valid only for solar-scaled isochme models and that
higher-order chemical variances, such as He, CNO, algmaarit enhancements might
influence these age estimates. Subsequently, we used theerjed from the SMC-
cal for the old clusters and those from Carraro & Chiosi ()984all the other clusters
in our sample.

R
F Age = B.08 x 8(mg,) — 16.5684

: -

Age (Gyr)

0(miggs)

Figure 1.  Ages vs.d(m555). Points represent clusters taken from Glatt et al.
(2008) and the solid line shows a linear fit to the data.

2. The ages of the three newly recognized old clusters

According to the SMC-cal, the ages of L110, L4 and L6 are betw&0 and 8.5 Gyr. If
we consider these values, L4 and L6 are the second and fddest@lusters known in
the SMC, respectively. Figure 2 shows the CMDs of L4 (left)l &6 (right), together
with the corresponding fiducial ridge lines (built follovgithe procedure described by
Glatt et al. 2008) and a preliminary fit of four Dartmouth ikoanes: 6, 7, 8 and 9
Gyr (Dotter et al. 2007). The fitted isochrones appear to nontinat these clusters
are in fact old. It is interesting to notice that L4 and L6 ar® tof the oldest SMC
clusters and lie right next to each other, way out in the ordgions of the galaxy. If
we adopt an elliptical coordinate system (see sec. 7.3 ddiRdral. 2009 for details),
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both clusters have a semi-major axis~0f3.1°. Although the ages of these clusters
have been previously derived by other photometric studréstt{ et al. 2005, Piatti et
al. 2007), our photometry is currently the deepest one @daland reaches more than
2 mag past the MSTO, facilitating robust age dating of thdssters.

—
L Mp=188
E(V-1) = 0.02

—
MD = 18.8
E(V-1) = 0.04

- 18
20 —
RR e

s 22 |-

_4 70 °

Lo PRI IR I, I
-0.5 0 0.5 1 1.5 -0.5

Figure 2. CMDs for the SMC clusters L4 (Left) and L6 (Right)id&cial ridge
lines are represented by red solid curves while the othefesundicate Dartmouth
isochrones. CMDs still present some field star contaminatile are, however, in
the process of improving these diagrams by applying the ogedlescribed by Piatti
etal. (2011).

3. Age-Metallicity Relation

We present the SMC Age-Metallicity relation (AMR) in Figuse Since some authors
have derived SMC cluster metallicities on a similar scalihwelatively small errors, we
added such objects to our cluster sample. Then, we comgassektended sample with
different models (see the caption of Figure 3 for detailarding the additional cluster
sample and models). The AMR does not show a clear agreeméntive bursting
model of Pagel & Tautvaisiene (1998, PT98), except for elssyounger than 3Gyr.
Although the observations are compatible with little chesthenrichment predicted by
the PT98 model for the intermediate period 8-10 Gyr), the metallicities of most
observed clusters in that period are significantly highantthose predicted by the
model. On the other hand, the youngest cluster, NGC330, thrmore metal-poor
than the prediction of the PT98 model. In contrast, the Caret al. (2005) model
fits the average trend reasonably well for most data betwemmd3L0 Gyr. It is also
clear that the “close box” model does not satisfy the obsiems Glatt et al. (2008)
mentioned the possible existence of a small age gap betwédhand~10.5 Gyr. As
one or two of the old clusters newly recognized in this wotkuéthin the mentioned
gap, it would seem reasonable to assume that this gap isalot re
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[Fe/H]

Age (Gyr)

Figure 3.  AMR. Open circles, triangles and filled circlesresent clusters from
Da Costa & Hatzidimitriou (1998, DH98), Glatt et al. (2008)daclusters of our
sample, respectively. NGC330 (Gonzalez & Wallerstein 3998hown by a cross.
Mean metallicities in six age bins calculated by Carrerd.g2808) are also shown
(squares). The short dashed line represents the model séctlioox continuous
star formation (DH98). The solid line corresponds to thesting model (Pagel &
Tautvaivsiene 1998) while the long dashed line shows thefiiesodel derived by
Carrera et al (2005). The dotted line shows the AMR obtaineddrris & Zaritsky
(2004).
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Abstract. Preliminary results are presented for the study of infratath of
three massive stellar clusters. Have been combined phtionobéservations
(JHK; VVV project = Vista Variables in the Via Lactea) and spestmpic
(follow-up) observations of the brightest stars in thesssters. In this way we
have been able to refine the values of distance, reddenie@ragmasses of the
involved objects.

Resumen. Se presentan los resultados preliminares correspongiahtstu-
dio de datos infrarrojos de tres cimulos estelares masS@san combinado
observaciones fotométricag K K'; proyecto VVV = Vista Variables in the Via
Lactea) y espectroscépicas de las estrellas mas brilldatdehos cimulos. De
esta forma se han podido acotar los valores de distancigieeimiento, edad y
masas de los objetos involucrados.

1. Introduccién

Los cumulos estelares se reconocen como el lugar de natindieria gran mayoria de

las estrellas, por lo que son componentes cruciales del@sagm Sin embargo, aldn es
muy pobre el entendimiento de sus primeras etapas evdiftua primeros millones de

afnos). Para restringir las condiciones iniciales en lasetjas se encuentran (p.e. can-
tidad de miembros, funcién inicial de masa, segregacion asarrdensidad espacial),
se combinaron los datos fotométricos del proyecto VVV jwdn un seguimiento es-

pectroscopico de los miembros mas brillantes de algunosilodnestelares masivos
(ver Fig. 1). Al acotar sus propiedades, se podra responggitialmente preguntas
vinculadas con la formacién estelar y la evolucion de losulom
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. Daks 2

Figural. Imagenes color de los cumulos estudiados obteaigartir de obser-
vaciones VVV en los filtros/ H K.

2. Fotometria/Espectroscopia de los cumulos

Para obtener las magnitudes y colores de las estrellas amdade cada cumulo, se
ha realizado fotometria PSF sobre los “pawprints” procagidor el VVV (ver Mauro
et al. 2011). De esta manera, se han construido los corrdigmbes diagramas color-
magnitud (CMDs). Por otro lado, con la finalidad de minimilcer efectos de conta-
minacion por estrellas de campo, se ha adaptado el algodescripto por Bonatto
& Bica (2010), para aprovechar la profundidad en magnitedredada con nuestros
datos. Los CMDs resultantes de la aplicacion del mencioaéglritmo se presentan
en la Fig. 2, en los que se ha ajustado la secuencia principahjynto de isocronas
pre-secuencia (Girardi et al. 2010; Siess et al. 2000).

En Abril/Mayo de 2011 se obtuvieron espectros de algunassledtrellas mas
brillantes de cada cimulo. Para ello, se utiliz6 la configdrainstrumental SOFI/NTT
del ESO y MMIRS, Clay del Observatorio Las Campanas con usalueiéon R ~
2000. (ver Fig. 3). De esta manera pudo identificarse con mej@igpéa la naturaleza
de dichas estrellas.

3. Resultados preliminares

Los parametros fundamentales de los cimulos (ver Tablaetpriuevaluados de la
siguiente forma:

 La distancia fue calculada en base a los espectros de telassbbservadas
» La edad se estim6 a partir del ajuste de las isocronas de®@ado

e Una estimacion preliminar de las masas de los cimulos hasath integracion
de la funcién inicial de masa de cada cumulo en el rango de 3 &®17Di-
chas funciones de masa fueron obtenidas utilizado lasoisasrde Padova, para
transformar las correspondientes funciones de lumindsigacontaminadas por
estrellas de campo

Es de notar que los valores obtenidos para las edades de Dar2kso muestran en es-
te primer analisis la diferencia de 2-3 Myr sugerida por C&tral. (2010). Aunque, por
otro lado, existe una discrepancia con los valores de disimestimados por Baume
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et al. (2008), por lo que sera necesario hacer estimacioassprecisas del compor-
tamiento del material interestelar en la direccion a eshjst@s. En relacion con las
masas estimadas para los cimulos, las mismas deben setetadas como cotas mi-
nimas, ya que aun es necesario aplicar las correccionespqietitud.

Cabe remarcar entonces que el presente trabajo consisteagrimera estima-
cion de los pardmetros de los cumulos estudiados y repeesenprimer paso en la
construccion de un andlisis homogéneo de cumulos jéverssgibaen datos VVV y
seguimiento espectroscopico de los miembros mas brifigniehas observaciones se
hallan actualmente en progreso)

Danks 2

Figura2. CMDs de cada uno de los cumulos estudiados en Iaedueeliminado
la contaminacion por estrellas de campo (ver texto). Laaamarilla corresponde
a la posicion de la secuencia principal no enrojecida. Las@urvas corresponden
a diferentes isocronas presecuencia.
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Danks 1 Danks 2 RCW 79

Distancia [kpc] 3.48+ 0.5 3.7+ 05 4.79*
Edad [Myr] 3 5-7 4-5
FE'strellas observadas 748 299 597
Masa [Mg)] 6130+ 1430 25604+ 650 31404 790
Ay 8.9 7.3 5.0
Ep_v 2.79 2.3 1.5*

Tablal. Parametros estimados de los cimulos estudiadogs{tires con asteris-
cos corresponden a Martins et al. 2010).

Agradecimientos. En este trabajo se han utilizado datos del “ESO Public Survey

programme ID 179.B-2002" tomados con el telescopio VISTAatod producidos por
el “Cambridge Astronomical Survey Unit”. Se agradece a lgsisntes fuentes de
financiacion: “FCAG (UNLP) y CONICET de Argentina”, “FONDAEenter for As-
trophysics 15010003", "Comitee Mixto ESO-GOBIERNO DE CHI[2009, “BA-
SAL CATA Center for Astrophysics and Associated TechnaegPFB-06", “MILE-
NIO Milky Way Millennium Nucleus from the Ministry of Econoy’s ICM grant PO7-
021-F", “GEMINI-CONICYT FUND N0.32090002", “Cento de Asifisica de Valpa-
raiso” y "DIPUV 23/2009“.

Referencias

Baume G., Carraro G. & Momany Y. 2008, MNRAS 398, 221

Bonatto C. & Bica E. 2010, A&A 516, 81

Clarke et al., 2010, BSRSL, 80, 223

Girardi L.,Williams B., Gilbert K., Rosenfield P. & Dalcantd. 2010, ApJ 724, 1030
Martins F., Pomares M., Deharveng, L., Zavagno, A. & Boule€. 2010, A&A 510, 32
Mauro et al. 2011, in prep.

Siess et al. 2002, Siess, L., Dufour, E., Forestini, M. 2@@% 358, 593



Parte Vi

Medio Interestelar






Asociacion Argentina de Astronomia
BAAA, Vol. 54, 2011
J.J. Claria, P. Benaglia, R. Barba, A.E. Piatti & F.A. Balet, eds.

PRESENTACION ORAL

Water maser kinematics in massive star-forming regions: Cpheus
A and W75N

J. M. Torrelled, N. A. Patet, S. Curief, J. F. Gome¥% G. Angladd &
R. Estalella

(1) ICE(CSIC)-UB/IEEC, Barcelona (Spain)

(2) Harvard-Smithsonian, CfA, Cambridge (USA)
(3) IAUNAM, México D.F. (México)

(4) IAA(CSIC), Granada (Spain)

(5) UB/IEEC, Barcelona (Spain)

Abstract. VLBI multi-epoch water maser observations are a powerfol to
study the dense, warm shocked gas very close to massivesfanso The very
high-angular resolution of these observations allow us éasare the proper
motions of the masers in a few weeks, and together with thialradlocity,
to determine their full kinematics. In this paper we presesummary of the
main observational results obtained toward the massivd@taing regions of
Cepheus A and W75N, among them: (i) the identification ofedéht centers
of high-mass star formation activity at scales~0fLl00 AU; (ii) the discovery
of new phenomena associated with the early stages of higis-matostellar
evolution (e.g., isotropic gas ejections); and (iii) thendfication of the si-
multaneous presence of a wide-angle outflow and a highlynzatéd jet in the
massive object Cep A HW2, similar to what is observed in samerhass pro-
tostars. Some of the implications of these results in theystd high-mass star
formation are discussed.

Resumen. Las observaciones de VLBI de la emisién maser del vapor de& agu
son una herramienta muy util para estudiar los movimienedgyds chocado
denso y caliente en las proximidades de las protoestrebassvas. La alta reso-
lucion angular que se consigue con esas observacionesti@enetdlir los movi-
mientos propios de los maseres en escalas temporales dgamaassemanas, y
junto con la velocidad radial extraer informacién de sumriagca completa. En
este articulo presentamos un resumen de los resultadoshedantes obteni-
dos en las regiones de formacion estelar de Cepheus A 'y WM, alos: (i)

la identificacion de multiples centros de actividad de faidva estelar masiva
en escalas espacialesdd00 UA,; (ii) el descubrimiento de nuevos fendbmenos
asociados con las primeras etapas de evolucién de ladastmsivas, tales
como las expulsiones de gas isotrépicas; v (iii) la idertdién de un flujo mo-
lecular de gran angulo de apertura junto con un jet muy caoloven el objeto
masivo Cep A HW2, parecido a lo que se observa en algunasegtattias de
baja masa. Discutimos algunas de las implicaciones de esafados en el
estudio de la formacion estelar masiva.
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1. Introduction

Low-mass protostars are associated with rotating aceardigks (protoplanetary disks).
Part of the material is ejected along the polar axis of thk, disa collimated wind that
removes angular momentum and magnetic flux from the systéowjiag the accretion
to proceed until the star is assembled. In the early stagesadfition of the “disk-
protostar-outflow" systems, arising at scales-df00 AU, the ejected material interacts
with the ambient medium, giving rise to phenomena such abigitaro (HH) emis-
sion, molecular outflows, and radio jets (e.g., Anglada 18&&chida et al. 2008). This
accreting scenario seems also valid, as a first approacthe€dormation of stars with
masses up te- 20 M, (e.g., Garay & Lizano 1999). However, only a few massive-disk
protostar-outflow systems have been studied in detail dscd< 3000 AU (Patel et
al. 2005, Jiménez-Serra et al. 2007, Torrelles et al. 208@afa et al. 2009, Davies et
al. 2010, Carrasco-Gonzalez et al. 2010a, 2011, Ferndmijezz et al. 2011), proba-
bly due to strong observational limitations (e.g., smathiver of massive protostars in
comparison with low-mass protostars, and insufficient &rgesolution and sensitiv-
ity of the observations to isolate single disk-protostatflow systems, given their high
degree of clustering and their long distances).

We find in these observational limitations the main motvagi to study mas-
sive star-forming regions through water maser emissiol at1.35 cm, using Very
Long Baseline Interferometry (VLBI) techniques. Young si@s objects are highly
obscured, but the ambient medium is transparent to wategmeasission at cm wave-
lengths. This maser emission is compactl mas), with brightness temperatures ex-
ceeding in some cases ¥, and therefore very useful to study with extremely high
angular resolution (better than 1 mas) the motions of theksdth warm ¢ 500 K),
and dense~ 10°-10° cm™3) gas in the close proximity (10-1000 AU) of massive pro-
tostars (e.g., Reid & Moran 1981, Imai et al. 2006) In thisgrape summarize the
main results obtained toward the high-mass star formingpnsgof Cepheus A and
W75N using VLBI multi-epoch water maser observations withaagular resolution
of ~ 0.5 mas reported by Torrelles et al. (2001a,b, 2003, 2014¢.cbmmon general
goals of these VLBI observations were to: (i) observe asecsspossible the central
engine driving the outflow phenomena associated with thesivestar formation, (ii)
determine the full motions of the masing gas at AU scale,identify new centers of
massive star formation activity in these regions throughpifesence of maser emission
clustering, and (iv) look for new phenomena related to thlghtmass star formation
processes.

2. Cepheus A

At a distance of~ 700 pc, this is the second nearest high-mass star-formijigrre
after Orion. It contains a cluster of 16 compast {”) radio continuum sources (HW
objects; Hughes & Wouterloot 1984, Garay et al. 1996) in @regf ~ 30’, with the
brightest one (HW2) being a radio jet, excited by a massie¢ogtar ¢ 15-20 My;
Rodriguez et al. 1994) that is highly obscured (A 10° mag; Torrelles et al. 1985).
What makes HW2 a unique object is its association with a mastisk-protostar-jet
system observed at scales~0fL000 AU, with a strong magnetic field, oriented parallel
to the radio jet moving at- 500 km s !, and powerful water masers (Lada et al. 1981,
Patel et al. 2005, Curiel et al. 2006, Jiménez-Serra et &7 20orrelles et al. 2007,
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Figure 1.  Positions and radial velocities (colour code)hef water masers over-
laid onto the 1.3 cm continuum maps of Cepheus A HW2, HW3c, ldié3d.

Sub-regions “R” discussed in this paper are numbered. (€iffom Torrelles et
al. 2011).

2011, Vlemmings et al. 2010). All these characteristicscaie that the massive HW2
protostar has been formed through an accretion disk, sitailthe formation of low-
mass stars.

The water maser emission around HW2 has been studied witWahelLarge
Array (VLA; beam size~ 80 mas) and with the Very Long Baseline Array (VLBA,
beam size~ 0.4-0.5 mas) at nine different epochs (see Torrelles et@d12,b, 2011
for a detailed presentation of the observations and digmjssin Figure 1, we show
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Figure 2.  Upper panel Water maser positions measured in sub-region R4 of
Cepheus A (see also Figure 1). In this panel only the 1996 Eeimd 2001 Sep 13
VLBA epochs are plotted.ower panel:Zoom showing the evolution of the expand-
ing motions in the sky for all the observed VLBA epochs. (Fagfrom Torrelles et

al. 2011).

the position of the water masers, overlaid onto the 1.3 cntimmamm map showing the
HW?2 radio jet, and the nearby HW3c and HW3d objects (locate®8’ south from
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HW?2). The VLBA observations revealed that many of the “sifighasers observed
with the VLA unfold into remarkable linear/arcuate struets of~ 40-100 mas size,
some of them formed by many linear “microstructures" of a feas in size. The
flattened appearance of these water maser linear “micobdstas” and their proper
motions indicate that they are originated through shockt&tan by winds, as expected
from theory (e.g., Elitzur et al. 1992). The different s@gions where rich structures
of masers have been found around HW2 are labelled as R1-Rg@ureFL.

In particular, the masers of the R4 sub-region trace a nedliptical patchy ring
of ~ 70 mas size (50 AU) with expanding motions~ofL5-30 km s! (Figure 2). This
expanding ring indicates that it is driven by the wind of atcainYSO predicted to
be located at a position offset (-093-0.18) from HW2. From the size of the ring,
and assuming a constant expansion velocitydf5-30 km s'!, a dynamical age of
4-8 yr is estimated. From Figure 1, we see that the full mdigahoof R4 is, however,
complex, showing several “shells", probably produced bitigia ejections in different
epochs. The driving source is proposed to be a massive phjeatcount for the ob-
served very high flux densities of the water masers in thiggire ¢~ 100 Jy). From the
literature, there is no known source at the center of the Fugure very high-sensitivity
observations at cm and (sub)mm wavelengths (e.g., e-MEREWLA, SMA) could
help to identify this massive object predicted to be locate close (130 AU) to the
HW2 massive protostar.

Another subregion with strong water masers showing highsvsdar formation
activity is R5, located- 0.6” south of HW2. In the 1996 observations, R5 contained a
remarkable arc structure ef 100 mas size defining a circle of radiv90 mas (60 AU)
with an accuracy of- 1/1000. This structure was expanding~a® km s™!, and was
interpreted as caused by a short-lived episodic spherical (dynamical age- 30 yr)
from a massive object located at the center of the structarfact, after the discovery
of this water maser structure, Curiel et al. (2002) deteetedeak radio continuum
source at that position. This maser structure, five yeaes a#t first detection, under-
went a distortion in its expansion through the circumstett@dium, losing its degree
of symmetry. The importance of this result resides in thé¢ tlaat isotropic ejections
of material from YSOs are not predicted by current theoriestar formation, since
the launching mechanism of mass-loss is believed to bedhsfirmation of rotational
energy of the disk into collimated outflows via magnetohggraamics (MHD) mech-
anisms. Since the recognition of this isotropic ejectiofiREy other cases have been
reported in the literature, with water maser structuresirigaexpanding motions in
multiple directions with respect to a central massive dijeg., W75N, see 83). These
results indicate that non-collimated, episodic ejectiofitmaterial may occur at the ear-
liest stages of evolution of massive objects. Differennsci®s have been considered
to explain these phenomena, including that the expandingon®of these isotropic
outflows are due to the radiation pressure of a central YS@abthe water masers are
produced in a shocked layer of ambient material around a yeuyng expanding Hll
region, but both scenarios are considered to be very upl{lkele Torrelles et al. 2003).

The remaining masers of the subregions R1, R2, R3, R6, R7R8r(dee Figure
1) are interpreted as tracing gas excited by a wide-angloaufrom the HW2 disk-
protostar system. This could explain the fact that the R6 aR@ R8 masers are located
near the northeastern edge of the HW2 dust/molecular diskrebd by Patel et al.
(2005), and present expanding motions covering a wide rahglrections. In fact,
while R6 is moving at- 13 km s! toward the southeast with a difference in PAcof
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Figure 3.  Position and proper motions of the water maserssumned in sub-

regions R6, R7, and R8 of Cepheus A (see also Figure 1) trougtifferent epochs.
Colour code indicates the LSR radial velocity (km'} of the masers. (Figure from
Torrelles et al. 2011).

73 with respect to the direction of the HW2 radio jet, R8 is mayat ~ 18 km s*
toward the northwest with a difference in PA of —=80°. On the other hand, the R7
masers (located in between R6 and R8) have faster motior®g(km s!), moving
toward the northeast, along a direction closer to the HW®rgd direction, but still
with a significant difference in position angle of 30° with respect to the motions of
the radio jet (see Figure 3). These characteristics candaiegd in a scenario where
R6 and R8 are shock fronts from the walls of expanding cavitiethe circumstellar
gas created by a wide-angle wind from HW2 with outflow operangle of~ 100°.

In this scenario, the R1-R3 masers located in the opposite sioving at 5 km s7!
and with a difference in PA of+ —80° with respect to the radio jet direction, would
represent shocked walls of the southwestern cavities (geee4).

These results imply the simultaneous presence of a widk-angflow and a
highly collimated jet at a similar physical scale in a massibject, as seen previously
in low-mass YSOs (e.g., see Velusamy et al. 2011 and refesetierein). Differ-
ent theoretical models have been proposed to explain thesdind of outflows in
low-mass YSOs (e.g., “X-wind", “Disk-wind" models; see Muda et al. 2008), but
unfortunately, current observations do not have enoughlangesolution and sensitiv-
ity to test them. What we are observing now in the massivectlbj§V2 is analogous
to what is observed in low-mass objects, further suppottiag massive stars form in a
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Figure 4.  Wide-angle outflow and jet in Cepheus A HW2. Theaaeli (open-
ing angle of~ 18°) exhibits ejections in opposite directions, moving away-at
500 km s'! from the central source, which is surrounded by a dust/nutdedlisk
(Curiel et al. 2002, Patel et al. 2005). R6, R8, and R1-3 temuission fronts from
the shocked walls of expanding cavities, created by the -\aidge wind of HW2
(opening angle of- 102°). The R7 masers, with motions along an axis at an angle
of ~ 30° with respect to the radio jet axis, are excited inside thétgdy the wide-
angle wind. They exhibit higher velocity than R6, R8, and R@which are located
at the expanding cavity walls) but lower than the velocitytiod jet. The R6, R7,
and R8 masers (observed towards the blue-shifted lobe df #remin, large-scale
bipolar molecular outflow; Gémez et al. 1999) are blue-shifivith respect to the
systemic velocity of the circumstellar disk, while R1-3 ¢ebved towards the red-
shifted lobe of the large-scale molecular outflow) are reiftesd. The position of the
two massive YSOs required to excite the R4 and R5 maser stascare indicated
by star symbols (see text). The star associated with R4 igetatetected. (Figure
adapted from Torrelles et al. 2011).

similar way as low-mass stars. In addition, these obsemnstbon HW2 should provide
important observational constraints for future modelstyyto reproduce the presence
of outflows with different opening angles in high-mass YSOs.
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Figure 5. Bottom left: Contour map of the 1.3 cm continuum emission of VLA 1
and 2 in W75N. The positions of the, @ masers detected with the VLA (triangles)
and VLBA (plus symbols) are indicatedop left and bottom rightProper motions
of the masers measured with the VLBA in VLA 1 and VLA 2. Colodedndicates
the LSR velocity of the masers in knms (Figure from Torrelles et al. 2003).

3. WT75N

This massive star-forming region contains a large-scadelar molecular outflow, mid-
infrared, millimeter, and centimeter continuum sourcesyell as several maser species
(see, e.g., Persi et al. 2006 and Carrasco-Gonzélez etldlb26r a review of the main
characteristics of this region). Three of the YSOs (VLA 1,A/R, and VLA 3, prob-
ably excited by early B-type stars) are located within aaegif ~ 1.5’ (3000 AU
at a distance of 2 kpc) and have been proposed to be at diffevetutionary stages.
In particular, while in VLA 1 the radio continuum emissioncatihe water masers ob-
served with the VLBA trace a collimated jet at a 2000 AU scaleyLA 2 the radio
continuum source is compact and the water masers move alimvarultiple directions
at~ 30 km s°!, tracing a shell-like outflow at a 160 AU scale with a dynarhige
of ~ 13 yr (Figure 5). Since both sources share the same molegataenvironment
(they are~ 1400 AU apart in the sky), Torrelles et al. (2003) proposeat the very
different degree of outflow collimation in these two sourtesot only a consequence
of ambient conditions, but probably due to the differentlettonary states of the in-
dividual YSOs, with VLA 2 in an earlier stage of evolution th&LA 1 (the VLA 2
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non-collimated outflow is observed at a smaller scale in @tapn with the highly
collimated outflow in VLA 1, which probably excites the largeale bipolar molecular
outflow in the region). These authors also suggest that th& 2/dutflow could evolve
in the future into a collimated jet as the one observed in VI.Arid in fact, more recent
VLBA water maser observations carried out by Surcis et &1112 have provided some
indications that the formation of a jet might be taking plac¥/LA 2.

In summary, the VLBA water maser observations in W75N hawvevsha well
differentiated outflow geometry in two close similar YSOsopding another exam-
ple of a~ 100 AU scale non-collimated outflow associated with theyesthges of
evolution of massive objects. As in the case of R5 and R4 irh€ep A (8§ 2), it is
still unclear what is the physical mechanism that produbesd kind of “short-lived"
non-collimated outflows, opening new challenges to advam¢kee knowledge of the
earliest stages of stellar evolution.

4. Conclusions

VLBI multi-epoch water maser observations are a very paweaol to study the gas
very close to the central engine driving the outflow phenaaressociated with massive
star formation. With these observations it has been pastibidentify new centers of
high-mass star formation at scales~of100 AU. In addition, these observations are
revealing unexpected phenomena in the earliest stage®loftien of massive objects
(e.g., non-collimated “short-lived" outflows in differemtassive YSOs), and providing
new insights in the study of the dynamic scenario of the fdionaof high-mass stars
(e.g., simultaneous presence of a jet and wide-angle ouifitkae massive object Cep
A HW2, similar to what is observed in low-mass YSOSs).

GA, RE, JFG, and JMT acknowledge support from MICINN AYA200&189-
CO03 grant co-funded with FEDER funds.
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Busqueda debow shocks estelares: primera version del catalogo
E-BOSS
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Abstract. Stellar bow shocks produced by early-type runaway stars hav
ing studied in small numbers. We developed a systematiclsasming the
newest infrared data available. We studied one group of stidh already de-
tected bow shocks to improve and analyse new infrared dathalgo another
group of OB runaway stars. We produce a catalogue of 28 bowksban-

didates, calculate some observable parameters and oltatistiss related to
spectral types, velocities and mass loss rate, among oversxpect to obtain
new results with, for example, the inclusion of more spédipes, and with
upcoming infrared data.

Resumen. Los conocidodow shockestelares, estructuras producidas por es-
trellas tempranas de alta velocidad, han sido estudiadagapnente pero no
existen grandes listas de ellos hasta el momento. Hemasltles cabo una
blusqueda sistematica utilizando los datos infrarrojodigatb mas modernos
gue existen. Estudiamos, por un lado, un grupo de estrallabav shockya
detectados haciendo una comparacion con los nuevos datostr® lado, ana-
lizamos un grupo de estrellas OB de alta velocidad. Prochgum catélogo de
28 candidatos &ow shockcalculamos varios parametros observables, y reali-
zamos estadisitica sobre los tipos espectrales, velasdagérdida de masa,
entre otros. Esperamos obtener mas resultados con laiéricde mas tipos
espectrales, y con la publicacién de nuevos datos en etrijiva

1. Introduccién

Los bow shock®stelares son generados por estrellas tempranas de alt&dadl (u-
naway gue poseen fuertes vientos y perturban el medio por donaeuseen. Dos
mecanismos se han planteado para el origen de estas attaglades. Uno es el es-
cenario de supernova binaria (Zwicky 1957, Blauuw 1961) gted es el de eyeccion
dinamica (ver por gj. Gies y Bolton 1986). Ambos parecierstareactivos en la actua-
lidad. Muy recientemente, Tetzlaff y cols. (2010) publarauna extensa base de datos
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de estrellas de alta velocidad. Los autores, utilizandat@lego Hipparcos (Perryman
1997), generaron una lista de alrededor de 2500 candidatisetias de alta velocidad.

Van Buren y McCray (1988) presentaron 15 candidatb®w shockdetectados
con datos de IRAS. Van buren y cols. (1995) y Noriega-Crespoly. (1997) (NC-
97) reanalizaron los datos. Brown y Bomans (1995) encantramision H, en 8bow
shocksde Van Buren y cols. (1995).

Se han halladdow shocksstelares en regiones de formacion estelar, estrellas
binarias de rayos X, asociaciones OB, entre otros (Poviablsy 2008, Kobulnicky y
cols. 2010, Arnal y cols. 2011, etc.) Un caso especial esredrgelo por la estrella O4fl
BD +43 3654 (Comeron y Pasquali, 2008). Benaglia y cols. (201sevaron la
zona en radio con el VLA. Obtuvieron por primera vez un indispectral no térmico
para este tipo de objeto y estimaron la emision esperaddanesiergias del espectro
electromagnético.

Actualmente no se tiene una idea clara de las condicioneslejuen darse para
detectar urbow shocky se estudia bajo qué circunstancias se formarian o no. T@mpo
se sabe cuan frecuente es la emision no térmica. Para dagfitas y otras cuestiones
hemos construido un catalogo loew shockestelares (E-BOSS, Extensive stellar BOw
Shock Survey); las caracteristicas principales se resemehpresente articulo.

2. Modelos fisicos y procesos radiativos

Las estrellas de alta velocidad se mueven a través del nmeiestelar con velocidades
supersonicas. Esto produce ondas de choque que modificaarfosetros del medio y
generan procesos radiativos. Por ejemplo, las ondas deelvatjentan el polvo y éste
luego emite fotones en el infrarrojo.

Se han desarrollado modelos analiticos y numéricos sobbmio shocksWilkin
(1996) encontrd soluciones exactas para la forma, densgidadbcidad del material
gue forma ebow shocken el caso de capa delgada. Luego agreg6 gradientes de densi
dad en el medio y vientos estelares irregulares. Dgani y (i96a, 1996b) estudiaron
distintos casos de inestabilidad. Comerén y Kaper (1998rdellaron un modelo se-
mianalitico, mediante simulaciones numéricas; encamrgue lodow shockpueden
ser estables, inestables, formarse en capas, 0 no forrRamsemejorar los modelos y
contrastarlos con las observaciones, se necesita undahmbnsiderable de objetos
detectados.

3. Confeccion del catalogo E-BOSS

3.1. Muestrainicial

Para producir el E-BOSS tuvimos en cuenta los siguientesopui) buscamos es-
tructuras en IR en los alrededores de estrellas temprana$adeslocidad que poseen
fuertes vientos y contribuyen al calentamiento del polv(i)yconsideramos estrellas
con distancias menores a 3 kpc, que deberian temgrshocksnas brillantes.
Separamos la muestra de busqueda en dos grupos. El priniemuea cantidad
de estrellas a las cuales ya se les ha vinculado algun tipstdecira en emision en
infrarrojo. La lista fue tomada de NC-97, tiene 56 objetoa y'¢mos llamado Grupo
1. Luego tomamos un conjunto de candidatas a estrellasadesdticidad, de las cuales
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se espera que generbow shocksLas tomamos de Tetzlaff y cols. (2010). Son 244
estrellas tempranas, y llamamos a esta lista Grupo 2.

3.2. Recolecciéon de datos

Utilizamos el servicio NASA/IPAC Infrared Science Archiffgtp://irsa.ipac.cal tech.edu/),
para proveernos de los datos IR. Obtuvimos datos de MSX (Mdide Space Experi-
ment), Spitzer GLIMPSE (Galactic Legacy Infrared Midpléwrvey Extraordinaire),

y WISE (Wide-field Infrared Survey Explorer). Estos Ultinsm los datos en infrarrojo
publicos de mejor calidad disponibles al momento.

Para analizar datos en radio, utilizamos los de NRAO/VLA Skyvey (NVSS,
Condon y cols. 1998). Esta busqueda arrojo tres fuenteschigalacionadas con la
emision en infrarrojo, ademas del ya estudiado caso de BD 3@34. Por otra par-
te, investigamos en el Optico imagenes He los relevamientos VTSS (Dennison y
cols. 1997) y de SHASA (Gaustad y cols. 2001). No encontramiaguna estructura
semejante a las observadas en infrarrojo.

4. Resultados

En el grupo 1, un 55% de los objetos tienen datos en MSX, un %AVISE y sélo
2 objetos en Glimpse, que no aportaron resultados positirasontramo$ow shocks
una gran variedad de estructuras, y casos donde no habiariipg de emision cerca
de las estrellas. Hallamos 1®w shock®n total (3 en MSX, 15 en WISE). De ellos,
4 son nuevos respecto a NC-97. En el grupo 2, 164 estreltenti@atos en WISE. De
esas 164, encontramos 17 candidatd®a shock(7 de ellos forman parte del grupo
1).
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Figural. Izquierda:Imagen dex Cam obtenida con WISE, en 22u2n.
Derecha:Lo mismo, para Oph.

La lista completa es de 28 candidatosav shocksHemos realizado un analisis
estadistico sobre varios parametros de las estrdéltag,shocksy medio interestelar,
pero no hemos hallado ninguna tendencia clara.
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5. Conclusiones y perspectivas

El E-BOSS resulta hasta la fecha el mayor catalogbale shockslogrado a partir
de analisis sistematicos. En el caso del grupo 1, hemos @adijorar los resultados
previos y ademas halldmow shockso reportados. En el caso del grupo 2, alrededor
de un 10% de los objetos presentaron un candidatova shock Esto confirma la
hipétesis de que muchas estrellas de alta velocidad geestas estructuras. Todavia
gueda abierta la discusién de porquébanv shockouede no formarse, o, si se formo,
por qué no se detecta. Puede pasar que la estrella se muenaredio poco denso,
gue la inclinacion de la velocidad respecto al plano debaiel sea la adecuada, que la
velocidad sea extremadamente alta (y directamente no seYoque haya confusion
con fuentes muy intensas, entre otras cosas. Hemos erdmmiua existen todo tipo
de bow shockson diferentes formas y estructuras: en capas, con emis&gular en
intensidad, que pueden no estar alineados con la velocglelde etc.

En un préximo paso, extenderemos el estudio a otros tipackafes y agrega-
remos loshow shocksnencionados en la seccion Introduccion a fines de compéetar |
muestra, junto con nuevos datos infrarrojos de WISE que atran sido publicados.

Agradecimientos. C.S.P. and P.B. agradecen a fondos del PICT ANPCyT PICT-
2007/00848.

Referencias

Arnal, M.E., Cichowolski, S., Pineault, S., Testori, J.Cappa, C. 2011, A&A, 532, A9
Benaglia, P., Romero, G.E., Marti, J., Peri, C.S., Araudd, 2010, A&A, 517, L10
Blauuw, A. 1961, BAN, 15, 265

Brown, D. & Bomans, D.J. 2005, A&A, 439, 183

Comeron, F. & Pasquali, A. 2007, A&A, 467, L.23

Condon, J.J, Cotton, W.D., Greisen, E.W., et al. 1998, A3, 1693

Dennison, B., Topasna, G., Simonetti, J.H., 1997, ApJ, 434,

Dgani, R., Van Buren, D., Noriega-Crespo, A. 1996a, ApJ, 287

Dgani, R., Van Buren, D., Noriega-Crespo, A. 1996b, ApJ, &2

Gaustad, J.E., McCullough, P.R., Rosing, W., Van Buren2D01, PASP, 113, 1326
Gies, D.R. & Bolton, C.T. 1986, ApJSS, 61, 419

Kobulnicky, H.A., Gilbert, I.J., Kiminki, D.C. 2010, ApJ,1D, 549

Noriega-Crespo, A., Van Buren, D., Dgani, R. 1997, AJ, 188, 7

Perryman, M.A.C., Lindegren, L., Kovalevsky, J. et al. 198&A, 323, L49

Povich, M.S., Benjamin, R.A., Whitney, B.A. et al. 2008, Ap89, 242

Tetzlaff, N., Neuhauser, R., Hohle, M.M. 2010, MNRAS 410019

Van Buren, D. & McCray, R. 1988, ApJ, 329, L93

Van Buren, D., Noriega-Crespo, A., Dgani, R. 1995, AJ, 1802

Wilkin, F.P. 1996, ApJ, 459, L31

Zwicky, F. 1957 Morphological AstronomySpringerVerlag, Berlin



Asociacion Argentina de Astronomia
BAAA, Vol. 54, 2011
J.J. Claria, P. Benaglia, R. Barba, A.E. Piatti & F.A. Balet, eds.

PRESENTACION MURAL

Study of the interstellar medium around the supernova remnat
G27.8+0.6
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Abstract. The supernova remnant G27.8+0.6 has been classified asanpler
as it presents in the radio band a filled center with polaremission and flat
spectrum. The remnant lies inside the error box ofthray source EGRJ1838-
0420 but the origin of the; emission still remains unclear. In this work, we
studied the interstellar medium around G27.8+0.6. Frondisigibution of the
molecular gas, we found a molecular cloud that presents motwgical sig-
natures of interaction with the remnant. This interacti@in{s to a possible
hadronic origin for they-ray emission.

Resumen. El remanente de supernova G27.8+0.6 pertenece al grupasde lo
pleridnicos ya que presenta en la banda de radio un centro dlen emision
polarizada y espectro chato. EI mismo se halla dentro dejéadsaerror de

la fuentey EGRJ1838-0420, pero el origen de la emistpres aln incierto.

En este trabajo, se estudié el medio interestelar alredéeldt27.8+0.6. Se
encontré una nube molecular cuya morfologia indica unagiiebinteraccion
con el remanente. Esta interaccion sugiere un posiblerohigdronico para la
emision~y.

1. Introduction

The supernova remnant (SNR) G27.8+0.6 (hereafter G27) lassified as a plerionic
type, as it presents in the radio band a filled center withrpmd emission and a flat
non-thermal spectral index ~ —0.3 (S, o« v*) (Reich et al. 1984). These character-
istics suggest the presence of a pulsar powering the sanrités case yet unidentified.
In Fig. 1, we show an image extracted from the Multi-Array &dic Plane Imaging
Survey (MAGPIS) of the radiocontinuum emission at 20 cm t@@27. The morphol-
ogy is far from circular and presents flat borders. The SNRabasgrved in the X-ray
band by theXMM-Newton telescope but no diffuse emission was detectedafhigc
et al. 2010). G27 lies in the error box of the EGRETay source EGRJ1838-0420
(Casandjian & Grenier 2008) but the connection between tkestill uncertain.

We studied the interstellar medium around G27.8+0.6 tockeiar evidences of
inhomogeneities that may have affected the expansion @hfe shock front.
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Figure 1. Image of the radiocontinuum emission at 20 cm tdwhae SNR
G27.8+0.6 extracted from the MAGPIS.

2. The interstellar medium

We investigated the distribution of the neutral and molacgbs in the surroundings of
G27, looking for morphological signatures of material assied with the SNR. The
HI data were extracted from the VLA Galactic Plane Survey P& Stil et al. 2006)
which maps the HI 21 cm line emission with angular and speasalutions of 1and
1.3 km s, respectively. For the molecular gas, we used data of thadBalRing
Survey (GRS, Jackson et al. 2006), which maps the Galaaticini the>CO J=1-0
line with angular and spectral resolutions of'4thd 0.2 km s, respectively.

For both neutral and molecular gas, we analyzed their régpedata cubes in
the whole velocity range. Regarding the neutral gas, we didind any unambiguous
identification of associated gaseous structures. For tHeaular gas, we found mate-
rial probably related to G27 in the range between 88 and 98 Kn{all velocities are
referred to the local standard of rest). In Fig. 2, we showcthr@ours of the CO emis-
sion integrated in this velocity range with the radiocoatim emission of the remnant
at 20 cm. We can see a molecular cloud (MC) delineating onleeoflat borders of the
SNR. Its shape can be approximated by an ellipse with segs-ax’ x 3’. We found
no other molecular emission associated with the remnartisnvelocity range. The
morphological coincidence between the MC and G27 suggestssociation between
them.

To estimate the characteristic parameters of the MC we reekslaw its distance.
By adopting 93 km s! as the systemic velocity of the MC, the corresponding near
and far kinematic distances are 5.5 and 9.5 kpc, respectifehe cloud is interacting
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Figure 2.  Radiocontinuum emission of G27.8+0.6 at 20 cm wathtours of the
emission of thé*CO J=1-0 line integrated between 88 and 98 krh §he contour
levels are 1, 1.5 and 2 knT§ K1,

with the SNR, both of them should be at the same distance. filyeestimate of the
distance of G27 was done by Reich et al. (1984) using:theD relation, who obtained

a distance between 1.9 and 2.3 kpc. This method is known ®laaye dispersion, but
since we lack any additional discriminator, we adopted #erest value of 5.5 kpc for
the MC and the SNR. At this distance, the cloud has a size®b pcx4.8 pc. To
estimate its mass and density, we assumed local thermodyrezpilibrium (LTE),
an excitation temperature of 10 K for théCO J=1-0 line, and a CO abundance of
N(H2)/N(*3CO)~ 5 x 10° (Simon el al. 2001). Thus, we obtained a mass 2000 M,
and a density 0f-70 cn1 3.

3. Summary

We studied the interstellar medium around the SNR G27.8+40efound a molecular
cloud with morphological signatures of interaction witheoof the flat borders of the
remnant. The fact that the other flat border of G27 has no egeddnterstellar matter
may indicate that the inhomogeneities in the ISM are not tiilg factor affecting the
evolution and morphology of this SNR. Although the calcethtiensity of the MC is
not high, the interaction with the shock front of G27 poirtsat probable hadronic
origin for the EGRETy-ray source EGRJ1838-0420. Further observations of higher
density tracers will provide more accurate mass and deasttynates.

Acknowledgments. This research was partially supported by Argentina Grants
awarded by CONICET, ANPCYT and University of Buenos AireBACYT).
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Abstract. We have confirmed that active star formation is taking placidé
environs of the H region Sh2-196. We found that, at least, two infrared s@urce
are massive young stellar object candidates. One of thentideis with the
SCUBA source JCMTS J025131.0+620848 (associated with IRAB5+6156),
while the other coincides with the source MSX 136.4463+62% which is
probably a compact tregion.

The presence of young stellar object (YSO) candidates gtagjeonto the molec-
ular gas and dust related to the nebula, suggests that tHersteation may have
been triggered by the expansion of the nebula.

Resumen.

En este trabajo se confirma que en el medio cercano a la regid®hz-
196 hay formacion estelar activa. Al menos dos fuentesriojas son candida-
tos a objetos estelares jovenes masivos, uno coincidenta doente SCUBA
JCMTS J025131.0+620848 (asociada con IRAS02475+6156pir@koinci-
dente con la fuente MSX G136.4463+02.4685, la cual es pleivemte una
region HIl compacta.
La presencia de candidatos a objetos estelares jévenescpadgs sobre el gas
molecular y el polvo relacionado a la nebulosa, sugiere gf@rinacion estelar
pudo haber sido desencadenada por la expansion de la regisolire el medio
circundante.

1. Introduccién

Sh2-196 es una regioniHde 7 de diametro ubicada en el brazo de Perseo a una dis-
tancia de 4.1 kpc (Blitz & Fich 1984). Russeil y col. (2007@ndificaron una estrella de

tipo espectral 09.5V como estrella excitatriz de la regRlitz y col. (1982) detectaron

gas molecular asociado a la regién a —45.1 km/s, compatinidacvelocidad del gas
ionizado (—48.1 km/s, Fich y col. 1990).

En este trabajo examinamos la presencia de regiones dediomestelar ubicadas en

el entorno de la region iH Sh2-196, buscando candidatos a objetos estelares jévenes
(young stellar objectsYSOs), y analizamos su correlacién con el gas molecular y el
polvo interestelar en la region.
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Figura 1. lzquierda:Imagen optica de Sh2-196 (DSS2R) con contornos super-
puestos de la emisiéon de continuo en 1420 MHz.

Derecha Distribucion espacial de la linea molecular'd€0(1-0) a velocidades [-
48,—-41]kms! (en escala de colores). Las fuentes infrarrojas candida¥&0s se
indican con diferentes simbolos: Circulo: IRAS 02474+62@ddidata a regiéniH
compacta; Cruz: IRAS 02475+6156; Estrellas: fuentes 2MA&Rlidatas a YSOs
masivas; Triangulo: fuente MSX candidata a regiénitracompacta (y coincidente
con una de las tres fuentes 2MASS candidata a objeto joveimahas

Mk
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Figura2. Diagrama color-magnitud de las fuentes 2MASS eed#n, asumien-
do una distancia de 4.1 kpc. Las rectas punteada y cortadssponden al enrojeci-
miento de estrellas de secuencia O3 y B0, respectivamesdesiete fuentes candi-
datas a YSOs se grafican en rojo, y las tres fuentes mas rojasiyas se grafican
con simbolos estelares.

2. Emision en el continuo de radio y en lineas moleculares

El panel izquierdo de la Figura 1 muestra la imagen DSS2R @elSh en escala de
grises, y el continuo de radio en 1420 MHz con curvas de riwe.datos del continuo
de radio fueron obtenidos del relevamiento CGPS (resaluai@ular: 1). La region
Hil se detecta como una débil radiofuente con una densidad ded&8u259%30 mJy
en 1420 MHz. La densidad electrénica y la masa ionizada admsor: 12 cn 3y
85 Mg, respectivamente.
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Figura 3. Izquierda:lmagen RGB de las bandas endn® (azul), 12:m (verde) y
22um (rojo) de WISE, con superposicion de las fuentes candida¥S0Os. La cruz
grande sefala el centro de la nebulosa éptica.

Derecha Detalle de la regién de formacion estelar en el sector sua debulosa
en imagen RGB de las bandds(azul), H (verde) y K, (rojo) de 2MASS. Las
lineas de contorno muestran la emisién en 880de la fuente SCUBA JCMTS
J025131.0+620848.

El panel derecho de la Figura 1 muestra la distribucion denigién de la linea
12C0O(1-0), seguin datos obtenidos con el radiotelescopioidelCollege Radio Astro-
nomical Observatory (resolucién angular’%en el intervalo de velocidades [-48,—41]
kms~!. El gas molecular bordea la parte sur de la regifin Ha masa molecular total
es dex~1400 M. El grumo molecular de menor intensidad, centrado é52{72355,—
62° 8 30"), coincide parcialmente con la regiéon de emision en el naotide radio
centrada en (B2724° 62 9 30").

3. Formacion estelar

Para identificar fuentes candidatas a YSOs se utilizarondt&ogos de fuentes pun-
tuales infrarrojas IRAS, MSX y 2MASS. La identificacion salizd siguiendo los
criterios de Junkes y col. (1992) para las fuentes IRAS, ldems/ col. (2002) para
las fuentes MSX, y Lada & Adams (1992) para las fuentes 2MARSencontraron
dos fuentes IRAS candidatas a YSOs, una fuente MSX y sietfidatas 2MASS por
medio del diagrama color-color. La Figura 2 muestra el diagr color-magnitud de
las fuentes 2MASS, indicandose con color rojo las candidatéSOs. Las tres fuentes
mas enrojecidas y masivas halladas en este diagrama, ggndioulas demas figuras.

En el panel derecho de la Figura 1 se observa que varias $usamndidatas a YSOs
estan proyectadas sobre el grumo de gas molecular de mésgidad. La candidata a
region Hi compacta, IRAS 02474+6200, se encuentra proyectada sopagté central
de Sh2-196.

El panelizquierdo de la Figura 3 muestra unaimagen RGB dmi@sones en tres
bandas de WISE (Wide-field Infrared Survey Explorer): ladprainantemente estelar
en la banda 4,6m, y las emisiones principalmente provenientes del polieréstelar,
en las bandas a 12n y 22um. Dos fuentes 2MASS candidatas a objetos masivos y la
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fuente MSX candidata a regiéniHultracompacta se observan proyectadas sobre dos
grumos intensos de polvo.

El panel derecho de la Fig. 3 muestra un detalle de la regidmetesa emision de-
tectada con WISE en las bandasH y K, de 2MASS (imagen RGB). La nebulosidad
detectada en estas bandas corresponde a la fuente ext2hdi@&X 02513047+6208547.
Coincidente con esta nebulosidad, se encuentra el centaced@sion en 850m de la
fuente SCUBA JCMTS J025131.0+620848, mostrada en la Figpdineas de con-
torno. Una de las tres fuentes 2MASS candidatas a objetosara® encuentra pro-
yectada cerca de la fuente SCUBA.

La presencia de YSOs coincidentes con la region de emisi@l eontinuo de
radio centrada en {52724, —62 9 30") indica la existencia de estrellas jovenes ma-
sivas fotodisociando el gas molecular e ionizando el gasmeu

4. Conclusiones

Hemos estudiado el entorno de la region Bh2-196 con el fin de investigar la pre-
sencia de gas molecular y de evidencias de formacion estefiaa. Este estudio ha
mostrado la existencia de signos de formacion estelamtecen el borde de Sh2-196
coincidentes con la nube molecular que rodea el sector darrdgion Hi, sugiriendo
gue la formacion estelar podria haberse desencadenada gxqudnsion de Sh2-206 a
través de los procesos dellect and collaps® Radiative Driven Implosion (RDI{ver
Deharveng y col. 2005). La aplicacién del modelo analitie®¢hitworth y col. (1994)
sugiere que no estarian dadas las condiciones para el prdeallect and collapse.
Més estudios deben llevarse a cabo para investigar laifataib del mecanismo RDI.
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Abstract.

We present, for the first time, an optical spectroscopic dake of the gi-
ant star-forming region 30 Doradus, obtained with the GIREF®N the VLT at
Paranal Observatory. The main emission lines present $ndiia cube corre-
spond to Hy, [NI1] 6548 A and [NII] 6584 A. By using this data set, we found
that Ho presents from simple to multiple profiles, which suggesas different
physical mechanisms act in different ways on the excitedrgd@ Doradus. We
found, at least, three unclassified large expanding stregtulhese structures
correlate with peaks in the X-ray distribution. Given theallent signal-to-
noise ratio and the large spatial coverage of this data eambdiave studied in
detail the kinematics of 30 Doradus, showing the importasfadbe small scale
phenomena on the integrated properties of 30 Doradus

Resumen.

En este trabajo presentamos, por primera vez, un cubo dg djatico de
la region de formacién estelar gigante de 30 Doradus, aldeson GIRAFFE
en el telescopio VLT. Las principales lineas de emisiongres corresponden
a Ha, [NI1] 6548 Ay [NII] 6584 A. A partir de estos datos, encontras que
la linea de Kk presenta desde perfiles simples a componentes multipleslo g
sugiere que diferentes mecanismos fisicos actlian de mdifenenciada en la
cinemética del gas excitado de todo el area. Encontramosr@srires nuevas
grandes estructuras en expansion, las cuales se cornglaaion los maximos
de la distribucién de rayos X de 30 Doradus. Debido a la ertelgefial-ruido
y a la gran cobertura espacial de estos datos, hemos podidbaesietallada-
mente la cinematica de 30 Doradus, mostrando asi la immoatgne poseen los
fendbmenos a pequefias escalas sobre las propiedadesdatedea30 Doradus.

1. Introduction

Giant Hil regions (GHR) are known for containing massive young ctgstehich are
rich in massive stars. The strong stellar winds and the &eolwf these massive stars
can disrupt the interstellar medium of these GHR, resuliimthe formation of super
bubbles. Also, several authors have measured supersspersion velocities in GHRSs.
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The origin of these phenomena is still uncertain. The usegif resolution spectro-
scopic data on a near GHR is necessary to disentangle thesembna, through the
study of the kinematics of the warm gas. In this sense, onbetlosest targets for
doing this kind of studies is the Large Magellanic Cloud (LM{® which lies 30 Do-
radus. The 30 Doradus nebula is the largestidgion in the Local Group and the most
powerful source of k4 emission in the LMC. In their core, this nebula presents & ver
large concentration of massive hot and luminous stars, kresvR136 (see Crowther
et al. 2010). The kinematics of the warm ionized gas in 30 Baséhas been analyzed
using Fabry-Perot data (Laval et al. 1995) and long-slicspscopy by Chu & Ken-
nicutt (1994) and by Melnick et al. (1999), who found comphdx profiles. Chu &
Kennicutt (1994) found that 30 Doradus has several fastrakpg shells that can not
be explained using the stellar winds models. These authiygest that SN remnants
can solve that problem. Here, we present preliminary residbut the kinematics of
30 Doradus, using GIRAFFE/VLT data.

2. Observations and data reduction

Observations of 30 Doradus were carried out using the FLANEESAFFE instrument

(in the MEDUSA configuration) at the Very Large Telescope TYlunder the high
resolution mode (HR14). This allowed us to obtain about I8icsa simultaneously,
with a spectral resolution of 18 knT§ (FWHM). Three MEDUSA configurations were
used to cover a field of view of 110’ centered on R136, as can be seen in the left
panel of Fig 1. At the end, we construct a grid of&0 pixels, separated by 20 arcsec.
In this case, each pixel corresponds to a MEDUSA spectrurichndllow us to obtain

a spectroscopic data cube of 30 Doradus. This data cubesciveer 6499 to 6691 A.
Data reduction was performed by using the GASGANO and ES€ofiwares.

Figure 1.  Left panel: Red circles indicated the GIRAFFE/MIEEA fiber posi-
tions on 30 Doradus. Right panel:.atprofiles of the central region of 30 Doradus
(indicated by the red rectangle of the left panel).
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3. Preliminary results

3.1. The Hx data cube of 30 Doradus

As noted by Chu & Kennicutt (1994) and Melnick et al. (1998 internal kinematics
of 30 Dor are very complex. Multiple profiles are seen in méshe regions studied by
these authors. In the right panel of Fig. 1 we show thegtbfiles of the central region
of 30 Doradus, where R136 is located. From this figure, itlteslear the presence of
multiple profiles in 30 Doradus.

Given the high signal-to-noise ratio and resolution of catadve are able to study
the multiple profiles by fitting Gaussians to each profile. ildeo to to that, we have
used the routine PAN in IDL. As an example, we have appliedt#iple Gaussian
fitting to a region near the center of 30 Doradus (pixel 18,14 }he left panel of Fig.
2 we show the result of fitting three Gaussians. We note thtitisncase, the residual
is negligible compared with the intensity of the profilescas be seen in the different
scales of the upper and lower left panels of Fig. 2.

In order to know the width of the integratedotprofile of 30 Doradus, we have
fitted a single Gaussian to it. In the right panel of Fig. 2 wevslhe integrated H
profile (black solid line) and the Gaussian fit to the obsedesd (red dashed line). The
o of the fit is 27 km s (uncorrected for instrumental width). By inspecting thghti
panel of Fig. 2, it is clear the presence of wings in the oleprofile. Melnick et
al. (1999) suggested the presence of a low-intensity broagbonent to explain these
wings.

3.0x10°F - | 1.2x107
Pixel 18,14 3

1.0x107 |- Ogouss=27.06 km s™' |

v £ ) E
& 1.0x10F N E 8.0x10°
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4.0x10%
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2.0x10° -

0 Z L L~
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8572 6574
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Figure 2.  Left panel: An example of a multiple Gaussian fittirRight panel:
Integrated K profile of the data cube of 30 Doradus. The red line corresptmd
Gaussian fit on the observed data.

Chu & Kennicutt (1994) reported the presence of several rkipg structures
in 30 Doradus. By inspecting thedHdata cube of 30 Doradus, we found at least
three unclassified large expanding structures. In the bfepof Fig. 3 we mark the
expanding structures previously found by Chu & Kennicutgions 1, 2, 3 and 5) and
the structures found by us (regions 6, 7 and 8).

In order to show the complexity of the kinematics of 30 Doigdue have derived
a composed image of this GHR, by using the profile of each fiber position (right
panel of Fig. 3). Blue and red colors indicated lower and &igrelocities with respect
to the mean value of 30 Doradus (which has a radial velociBs8fkm s as measured
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from its integrated K profile). In this figure, multiple profiles are indicated byki
colors.

Figure 3.  Left panel: Large expanding structures in 30 DosadRight panel:
Velocity map of 30 Doradus. Theddline was used to perform the map. In both
figures the north is up and east is left.

4. Summary

In this work, we have presented the main features of thalkta cube of the local star-
forming region 30 Doradus. Given the nature of this regionltiple Ho profiles and
expanding structures (linked with optical shells) are gj@dmmon. We also confirm
the presence of wings in the integrated: Hrofile of 30 Doradus. These wings could
be the result of a sum of several individual profiles. Given tligh resolution of our
data, that scenario will be tested in the near future.
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Abstract. We present data at 870m obtained with the APEX telescope in the
SMC, LMC and Magellanic Bridge, yielding images of giant exilar clouds
at 10 pc resolution. In combination with Spitzer (SAGE) aret$thel (HER-
ITAGE) observations this data is used to construct SED’gd@eioto determine
dust temperature and gas-to-dust ratios. These paranadi@nsus to deter-
mine the gas mass from the thermal dust continuum emissidrstuy the
mass discrepancy and submillimeter excess observed ia tbesmetallicity
environments.

Resumen. Presentamos datos a 8ith obtenidos con el telescopio APEX en
la Nube Grande, Nube Chica y el Puente Magallanico, proddoiemagenes
de nubes moleculares gigantes a 10 pc de resolucion. En caondm con ob-
servaciones Spitzer (SAGE) y Herschel (HERITAGE) estosgisbn utilizados
para construir distribuciones de energia espectral a fiewerdinar temperatu-
ras de polvo y razones de gas a polvo. Estos parametros mogepedeterminar
la masa de gas a partir de la emision termal en continuo deb goéstudiar la
discrepancia de masa y exceso submilimétrico observadestes sistemas de
baja metalicidad.

1. Introduction

The SMC and LMC have been extensively observed in CO linesamsbut due to
their low metallicities most of the molecular gas is liketylie in moderate extinction
regions where CO is faint and mostly photo-dissociatedvi®us studies in GMC's in
the SMC have shown a discrepancy between the cloud massesedeitiom 0.87 mm
(LABOCA) and 1.2 mm (SIMBA) continuum emission and theiri@irmasses (thought
to trace the entire cloud potential; Rubio et al. 2004, Batle2007, 2010), giving dust
continuum masses almost 4 times larger than virial masee3(Osobservations would
be underestimating the total amount of gas mass. In thigsenst emission is poten-
tially a better molecular tracer, because of its indepeoeldrom the photo-chemistry
and density structure.
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2. Observations

870um observations where held at the APEX telescope in Llanor@imépr, Atacama,
Chile, with the LABOCA bolometer on August and October 20%ithwa pwv between
0.2 and 0.9 mm, resulting in 10’ x 10’ dust continuum maps fresal regions in
the SMC, LMC and Magellanic Brigde. As these are weak andnebei@ sources, the
reduction in BoA was done in an iterative process using aaitpinoise mask. These
data is combined with HERSCHEL data at 100, 160, 250, 350 &5 (private
communication) and SPITZER data at 70 and L&0(Meixner et al 2006).

3. SED’s

The dust continuum emission was obtained measuring the:8V@mission and sub-
tracting the free-free and CO line contributions at this ekamgth. This was done
using ATCA radiocontinuum maps at 8.6 GHz of the entire LM@ &MC, with a
S, o v~ %1 law to calculate this contribution at 345 GHz (87n). CO data was
obtained from Nanten (CO(1-0)) and SEST (CO(2-1), CO(42hg a corresponding
ratio of CO(3—2)/CO(1—-0) andCO(3 —2)/CO(1.0) to estimate the CO(3-2) con-
tribution at 345 GHz, which turned out to be less than 10% irstnoases. Aperture
photometry was done to each cloud in the sample at 24, 70,18W),250, 350, 500
and 870:m to measure the flux density at these corresponding waubkeagd used to
construct the SED for each cloud. A simple modified blackbledy S,= C-v°B,,(T)
was fitted to the SED’s with constant @ ,(spectral emissivity index) and temperature
T as free parameters, usingyd@ minimization. Examples for 2 of the sources in the
sample are shown in Fig. 1. and Fig. 2, with their correspumdesidual plots in Fig.
3.

LMC-N113

LMC-N113 e 70 um Spitzer
100 zm Herschel
160 um Herschel
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e 250 um Herschel
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Figure 1. Left: N113 BoA imageRight: SED for LMC-N113.
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4. Results

As shown in Fig. 1 and 2, the fitting procedure for each clowega value for Cj and

T that satisfy the minimak? in the law S= C-v° B, (T). Using the obtained value for
T and a dust absorption coefficiesyt = ., (v/v)” we can calculate the dust mass in
the cloud as
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Figure 2. Left: N4 BoA image.Right: SED for LMC-NA4.
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Figure 3. Left: Residuals for LMC-N113Right: Residuals for LMC-N4.

S, D?
M= B D) .

where S, is the flux density measured from the photometry, D is theadist
to the cloud (50 kpc for LMC, 60 kpc for SMC) anB,(7T") is Planck’s law at the
dust temperature calculated from the fit. Results obtaimed@mmarized in Table 1,
where we include virial masses obtained from the literatuvé calculated as/,;,, =
210 - AV2[km/s] - R[pc] (McLaren et al. 1988). In the last column we present gas-to-
dust-ratios (GDR).

Source Sgropm [Jy] | Ma[Mo] | My [Mo] | GDR
LMC-N4 1.6 8915 | 7.7.10%(1) | 86.4
LMC-N113 13.3 7152.7 | 1. 1105( )| 15.4

Table 1.  Results obtained for LMC-N4 and LMC-N52 with = 0.367[cm?/gr]
at 345 GHz (Draine 2003). (1) M. Rubio priv. com. (2) Wong et24106.

On the other hand, if we assume a dust-to-gas ratio that degderearly on the
metallicity 24 = Zpycrg(®) = 0.25 - 0.007 = 1.7 - 1073 (Draine & Li 2007),
we can obtain a gas-to-dust ratio@®R = 1/x4 that allow us to calculate the gas
masses from the dust mass®§,s(dust) as M, (dust) = My - GDR. These results
are presented in Table 2.
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Source Myas(dust)[Mg] | My(dust)/M,
LMC-N4 5.210° 6.8
LMC-N113 4.2106 38.2

Table 2. Gas masses measured from dust emission for LMC-N4&IC-N113

5. Discussion

From Table 1 we can see that if we assume that the virial mgsesents the total
amount of gas mass, then the gas-to-dust ratios calculateédDdr = M, /M, are
lower than the typical value used for our Galaxy of 100, inmdythat the gas mass is
lower or the dust content is higher. From Table 2 we can sdeggis|amasses obtained
from dust continuum emission are larger than the virial mass a factor of 6.8 and
38.2 for LMC-N4 and LMC-N113 respectively. This differenceuld be a demon-
stration that the virial mass might not be tracing the totabant of gas or that the
GDR used (as a linear function of metallicity) is higher thia@ the real value for these
sources. Another possibility is that the dust emissivitghia LMC is higher than in
our Galaxy. Further analysis in the rest of the sources irsaarple will help to verify
these preliminary results.
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Abstract. We present the results of a neutral hydrogen shell (GS)azaiel
located in the outer part of the Galaxy in a region delimitgdttie galactic
longitudes88° < | < 165° and galactic latitudes-50° < b < +50°. This
catalogue was made using a combination of the traditiodinigue of visual
identification and of an automatic search, resulting in teaiification of 382
structures.

Due to that our algorithm is able to detect incomplete stmest, we have
incremented the number of shells catalogued by other authdrout 80 % of
the structures (considered as maximum confidence by otlieoral have been
identified in our search. The effective radius of the sheltgeéments linearly
with respect to the galactic plane height.

Resumen. Presentamos los resultados de un catalogo de supercafe&as
por sus siglas en inglés) de hidrogeno neutro (HI) locatizgaeh la parte externa
de la Galaxia en una zona delimitada por las logitudes dgedé8° < | <
165° y las latitudes galacticas50° < b < +50°. Dicho catédlogo se realizd
mediante una combinacion de la tradicional técnica de iiitation visual y
de un algoritmo automatico de blsqueda, resultando ennéfidacion de 382
estructuras.

Debido a que nuestro algoritmo permite la deteccion de@snas incom-
pletas, hemos incrementado el nUmero de cascaras catasogadotros auto-
res en esta misma region del cielo. Aproximadamente el 80 Fsdzstructuras
(consideradas de maxima confiabilidad por otros autores¥ida identificadas
en nuestra busqueda. El radio efectivo de las estructueas inealmente con
la altura sobre el plano galactico.

1. Introduction

The interstellar medium (ISM) when observed at 1420 MHzwshitne presence of re-
gions of low emissivity surrounded, completely or panjially regions of enhanced Hl
emission. These structures receive the generic narakalis If the energy necessary
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to create them were greater thar’2@rg, they would be calledupershellgHeiles,
1979).

The HI shells could be originated for the cumulative effexftshe stellar winds
and/or supernova explosions, from the infall of high velpclouds interacting with the
galactic plane (Tenorio-Tagle 1981) or gamma ray burstlfL& Perna 1998; Perna
& Raymond 2000).

Using visual identification methods (Heiles 1979, 1984; Mc€-Griffiths 2002)
or automatic ones (Ehlerova & Palous 2005, Daigle et al. p8@Veral shell catalogues
have been elaborated in the Milky Way.

In this work we present a shell catalogue, in the second ti@alquadrant §8° <
I < 165°), using a combination of both the traditional visual metlaod a supervised
automatic algorithm of identification.

2. Observations

HI data were retrieved from the Leiden-Argentine-Bonn (DAB survey (Kalberla et
al. 2005). The angular and velocity resolutions arg @dd 1.3 kms!, respectively.
The survey covers a velocity range fromit50 to 400 kms'!. Owing to the angular
resolution, this database is well suited for studying lasigells structures.

3. Selection criteria

Our automatic algorithm is based on a previous visual seesokisting on a reduced
set of shell candidates. In general, an HI structure willdres@dered a shell if it fullfills
the following criteria:

1. It presents a local minimum in the HI emission distribotgurrounded, partially
or completely, by regions of enhanced HI emission.

2. The HI minimum must be detected at least in 5 consecutil@eig channels.
3. Its angular size must be greater than 2

4. Its linear size must exceed 200 pc at the kinematic distahthe structure.

4. Automatic search algorithm

Our algorithm implements an automatic search of structili@smeet the criteria men-
tioned above. The algorithm mainly consists on the apptinatf the following steps:
Step 1: To search for local minima: Since we need to find structures observed in
at least 5 consecutive velocity channels, instead of wgrkim single slices at a given
velocity, we average 5 slices corresponding to adjacentretia. In every averaged
channels, we identify those pixels that belong to a reldteal minima.

Step 2: To find surrounding walls: For each detected local minimum pixel, the al-
gorithm computes the temperature profile along radial Jihesing different position
angles, with center at the corresponding local minimumIpMée define the existence
of an HI wall if a clearly identifiable local maximum does ex&édong the individual
temperature profile. In order to avoid weak structures, &émeperature at the local
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maximum should exceed the temperature at the central mmilnua certain thresh-
old. The value of this threshold depends on the positionerdtita cubel( b, v).
Step 3: Ellipse fit: The algorithm, also finds the best ellipse that fits the localimum
points for each detected structure by using a classicalMim Least Squared tech-
nique. Then, ellipses are characterized by the followingqupeters: centroidly, by),
major and minor semi-axes and the position angle of the nsajari-axis with respect
to the galactic plane.

As a further check, every structure detected by the blindcheaas visually in-
spected in order to analyze their behavior along the velatiinension. Only those
features showing the expected trend were included in thedatalogue.

5. Results

We compare our algorithm against the one implemented byr&Hée Palous (2005)
because both use the same database. However our algorittonhadaly able to detect
structures that are totally surrounded by walls of enhahtlemmission but also the ones
that are partially surrounded by these walls (open strasju=rom this perspective our
algorithm has incremented the number of discovered strestin comparison with the
one developed by Ehlerova & Palous (2005) that fails at detpopen structures.

The number of structures detected by our algorithm is 382Hwisi larger than the
one found by Ehlerova & Palous (2005) (79). In this comparia@ have only taken
into account the structures detected by these authors wiidnsions are greater than
200 pc and that are located in the same area where we are teisgdrch. Using only
the shells classified by Ehlerova & Palous (2005) as havingman confidence level
(15 in total), we find that 80% of them were identified in ourrsba

Taking into account the morphology of the detected strestu00 out of the
382 are completely surrounded by walls of enhanced HI eansdi28 are surrounded
in almost 75 % { 270°) of their perimeter by walls of enhanced HI emission; 36
structures show HI emission along an extension of almost,1&td only 18 show HI
emission in an arc-like feature having an angular extensioaller than 90.

In Fig. 1 (eft pane) a linear increment of the effective radius R /a; * as,
wherea; andas are the major and minor semi-axes, respectively) versugdteetic
plane height £ = sin(b) * d, whereb is the galactic latitude of the geometric center
andd is the kinematic distance) of the structures. Figuréeft pane) shows that the
effective radius increases linearly @€ k; * z + ko, where k=1.153+ 0.012 and
ko=5.682+ 3.249.) withz.

Figure 1 (ight pane) shows the effective radius distribution of a subset of 260
structures whose distances are lower than 10 kpc. Almost 60t#iem have effective
radius greater than 200 pc.

6. Conclusions

The catalogue of HI shells found using a supervised autaralgorithm reveals the ex-
istence of 382 structures, tripling the number of structdoeind by Ehlerova & Palous
(2005). Around 65 % of the structures that have 75% of theinpeters surrounded by
enhanced HI emission are open towards the galactic halo.efféetive radius of the
structures increments linearly with respect to the galguline height and the distri-
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Figure 1. left panel: distribution function of the effective radius versusn pc.
Right panel: distribution function of the effective radius of shells veeodistances
are lower than 10 kpc, expressed in parsecs.

bution of the effective radius shows that50 % of the structures have effective radius
larger than 200 pc.

We are currently working on a extended catalogue that imslutie 3¢ galactic
guadrant.
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Abstract. GS100-02-41 is a large neutral hydrogen (HI) shell locatethé
outer part of the Galaxy, at a distance of 2.8 kpc from the $wam the anal-
ysis of the HI data several parameters that characterizsttheture have been
determined. Based on energetic considerations we estittaeGS 100-02-41
could have been originated by the joint action of stellardsimnd supernova
explosions of the star members of Cep OB1.

Resumen. GS100-02-41 es una gran cascara de hidrégeno neutro (HF loc
lizada en la parte externa de la Galaxia, a una distancia8dip2. del Sol. A
partir del analisis de los datos de HI varios parametros quacterizan a la
estructura han sido determinados. En base a considera@oeegéticas, se es-
tima que GS 100-02-41 podria haberse originado por la actibjunta de los
vientos estelares y explosiones de supernova de las astreiembros de Cep
OB1.

1. Introduction

The interstellar medium, when viewed in the 21 cm line eroigsis far from being
homogeneous. It presents filaments, bubbles, cavitiegs)aworms and shells. The Hi
shells are detected as minima surrounded totally or plgrtdlenhanced HI emission.
They were first detected by Heiles (1979).

There are different mechanisms for creating the HI shellse 3mall ones may
be created by the joint action of stellar winds and supermeeypdosions, but alternative
mechanisms like the infall of high velocity clouds (Tenefiagle 1981) or gamma-ray
burst (Perna & Raymond 2000), have to be considered for tigeranes. There is
an increasing number of HI structures detected in the MillgyWwhose origin may be
related to OB associations through the stellar winds andrsigpa explosions of their
star members.

On the other hand, the shell's expansion may be the triggexgent for the for-
mation of a new generation of stars (Elmegreen 1998).

In this work we have used the Leiden-Argentine-Bonn (LAB)ddtvey (Kalberla
et al. 2005), which angular and velocity resolution ares8#l 1.3 kms!, respectively.
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High angular resolution (1 HI data were obtained from the Canadian Galactic Plane
Survey (CGPS, Taylor et al. 2003). Radio continuum emisdaia at 2695 MHz were
also used in this study (Reich et al. 1990).

2. GS100-02-41

To characterize the HI shell we have estimated the ellipsepiovides the best fit. In
this way we obtained the central galactic longitude andudé (g, by), the length of
both the semi-majora) and semi-minor¥) axes of the ellipse, and the inclination an-
gle (0, positive towards the north galactic pole) between the najes and the galactic
longitude axis. In Fig. 1l€ft pane) the HI emission distribution averaged in the ve-
locity range where the large shell is better defined is shoissuming a symmetric
expansion for the shell, the expansion velocity is estichatehalf of the total velocity
range V. = 0.5 AV) where the shell is observed, whetd/ is the velocity interval
over which the structure is detected. The systemic veld&iy of the shell is defined
as the velocity where the shell is best defined and can bdatadgo a kinematical
distance of 2.8t 0.6 kpc using the observed velocity field given by Brand & Blit
(1993).

The HI mass in the shell was estimated using the procedutzibed by Pineault
(1998), Myr(My) = 1.3x 1073 d? AV ATg Q, whered is the distance in kp@} is the
solid angle subtended by the structure in square arc-finjn kms™!, andATg (K) is
the mean brightness temperature definedag =| T,, — Ty, |, WhereTy, refers to the
mean brightness temperature of the HI shell, @pgd corresponds to the temperature
of the contour level defining the outer border of the HI sh&he latter represents the
temperature of the surrounding galactic HI emission gasmRihe estimated values
of My, the total atomic mass is obtained Mg(Ms) = 1.34 My, adopting solar
abundances. We have also estimated the kinetic energy shtik which is given by
Ej, = 0.5 M; V2. All the estimated parameters are given in Table 1.

Figure 1 ight pane) shows the 2695 MHz radio continuum emission towards
the region where GS 100-02-41 is observed. There is no lage sadio continuum
counterpart of the HI shell. The strong source observed, &t ¢ (1028, —Q7) is
the HIl region Sh2-132, studied by (Vasquez et al. 2010).ard& the southern area of
Sh2-132 aring nebula related to the Wolf-Rayet star WR 18&is observed (Cappa et
al. 2010). Three radio continuum sources are seen projectdhe borders of the Hl
shell, which we labelled G98, G100, and G103. From theirspkindex estimates we
infer that they are thermal in nature. On the other hand, speiction of the CGPS HI
data reveals the presence of HI minima having a good morglualbcorrelation with
the HII regions at velocity ranges compatible with the viglospanning by GS 100-
02-41. This leads to the conclusion that G98, G100, and Gi®®aated at the same
distance than GS 100-02-41.

2.1. Shell's origin

From theGalactic OB Associations in the Northern Milky Way Galgd@armany &

Stencel 1992) we found that several stars belonging to Cefh &08 projected inside
GS 100-02-41, they are indicated by cross symbols in Fidefifane). The distance
estimated by Garmany & Stencel (1992) for Cep OBL1 is 2.75 Kpagreement with
the kinematical distance estimated for GS 100-02-41. Tdyaeavhether the stars
belonging to Cep OB1 may be the responsible of creating thk, ste have estimated
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Figure 1. Left panel:LAB HI emission averaged in the velocity rage from6.3
to —34.0 kms~!. Contour levels are from 10 to 90 in steps of 10 K. The cross-sym
bols indicate the location of the members of Cep OB1 lyingdiashe ellipseRight
panel: 2695 MHz emission distribution in the region of GS 100-02-@antour lev-
els are at 65, 250 and 400 mK. The ellipse that best fit the HI ish&hown in both

panels.

Parameter Value
Distance (kpc) 2.8 0.6
(lo, bo) (1006, —204)
a 256

b 1°69

0 -57

a (pc) 125 25

b (pc) 83+ 17

Vo (kms™1) 4142

V. (kms™1) 1142

M; (My) (1.5+ 0.7) x10°
Ex (erg) (1.8 4£0.8) x 10°°

Table 1. Main parameters of GS 100-02-41.

the total wind energy released by the stars of Cep OB1 lyisgianthe shell during
their main sequence phasé, = 0.5 M V.2 ¢(MS), whereM is the mass loss raté,,

the wind velocity and(MS) is the time spent in the main sequence phase. We obtained
E, ~ 29.7 x 10°° erg.

According to theoretical models, only 20 % of the wind eneiggonverted to
mechanical energy of the shell (Weaver et al. 1977). Thesefor creating GS 100-
02-41, a total wind energy greater thanxd0®® erg would be required. However,
observed HI shells show that the conversion efficiency ig abbut 2-5 % (Cappa et
al. 2003). The estimated value 6f, is enough to create GS 100-02-41 if the energy
conversion efficiency were 6 %.
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3. Conclusions

GS100-02-41 is a large HI shell of about 200 pc in size locate2l8+ 0.6 kpc from
the Sun. The mass of the shell is{ + 0.7) x 10> M. The shell is expanding at a
velocity of 1142 kms™! and its kinetic energy isl(8 + 0.8) x 10°° erg.

From the 2695 MHz radio continuum image we found three exddrgburces,
labelled G98, G100, and G103 projected onto the borders dfiB®2-41. From their
spectral indexes we inferred that they are HIl regions. Fiteenanalysis of the CGPS
HI data we inferred that G98, G100, and G103 are located asahee distance than
GS 100-02-41. This fact together with their relative looatilead us to the conclusion
that G98, G100, and G103 may have been created as a conseaiid¢he action of a
strong shock produced by the expansion of GS 100-02-41 letsurrounding gas.

Several massive stars members of Cep OB1 are projectect itigdlarge shell.
The distance to the OB association is compatible with therkitical distance of the
HI shell. An energetic analysis suggests that the wind gnemyvided during the main
sequence phase of the stars could explain the origin of #lé $thowever, taking into
account the SN rate in OB associations, the energy coritibuf a SN explosion as
well as of its massive progenitor can not be discarded.

The full version of this paper has been accepted for pulibican A&A.

Acknowledgments. This project was financially supported by CONICET, AN-
PCyT, UBAYy UNLP.
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Abstract.

Based on a multiwavelength study, we analyze the inteastefledium
around the HIl regions Sh2-165 and Sh2-166. We detectedculalegas in-
teracting with both HIl regions and several signatures af firmation activity
in the molecular gas located at the periphery of the ioniegibns, suggesting
that the expansion of the HIl regions has favoured the stamdtion process.

Resumen.

Presentamos un andlisis multifrecuencia del MIE en loslatieres de las
regiones HIl Sh2-165 y Sh2-166. Detectamos gas molecutiaraictuando con
ambas regiones HIl y la presencia de signos de activa fomaastelar en el
gas molecular ubicado en los bordes de las regiones Hlliisodo que la ex-
pansion de las regiones HIl ha favorecido el proceso de ftdnastelar.

1. Introduction

Massive stars have a huge impact on their surrounding tetenrsmedium as they emit
a large number of ionizing photons, creating HIl regionsuacbthem. The evolution
of these regions strongly affects the structure and dyremwiche surrounding gas,
and may induce the formation of new stars (see Deharveng 08b). In this work
we analyze two HIl regions, Sh2-165 and Sh2-166, with the@@ss of exploring the
possible presence of star formation activity in their eoné. We performed a multi-
wavelength analysis based on data from public surveys: #radan Galactic Plane
Survey (CGPS, synthesized beaml’ at 1.4 GHz, Taylor et al. 2003), the Five Col-
lege Radio Astronomical Observatory (FCRAO, angular rgsmh: 45', Heyer et al.
1998)2CO Survey, the MSX Galactic Plane Survey (angular resoiuti®’, Price et
al. 2001) and the Digitized Sky Survey (DSS).

2. Sh2-165 and Sh2-166

Sh2-165 is located at,() = (1146, +022), and Sh2-166 at,(b) = (1146, -(8).
Both are in the Perseus spiral arm, at distances of£2004 kpc (Sh2-165) and 28
0.6 kpc (Sh2-166) (Foster et al. 2006). The radial velodithe ionized gas as derived
from Fabry-Perot I observations is —32.8 0.3 kms! for Sh2-165 and —47.9 0.8
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kms~! for Sh2-166 (Fich et al. 1990). Regarding the ionizing sesycSh2-165 is
excited by the BOV star BD+612494, while Sh2-166 is being ionized by the 09.5V
star BD+602607. Both regions are clearly observed in optical and radieelengths.

In Figure 1 the ionized gas emission of each region at 1420 kHshown in blue,
while the 8.3um emission distribution is in red. This IR emission, maintigmated

in PAHSs, is seen bordering the radio continuum emissionicatohg the presence of
photodissociated regions (PDR), and confirming the interaof the central stars with
the surrounding molecular gas.

| sh2-165

Cloud 1

F & 4 Cloud 3
] B Sh2-166

Figure 1. Blue CGPS 1.4 GHz emission distributioRed MSX 8.3 um emis-
sion distribution. White contours: averag€€O emission distribution. The yellow
crosses mark the position of the ionizing stars.

2.1. Molecular gas distributions

An inspection of thé?CO data cube reveals the presence of molecular gas surngundi
both HIl regions. In the case of Sh2-165, two molecular ctopibbably related to the
HIl region are observed in the velocity range [-29.5,-3Br]s ! (see the left panel of
Fig. 1, white contours). In the case of Sh2-166, several outde clouds are observed
in the velocity range [-45.2,-50.9] kms We focus on Cloud 3 (see the right panel
of Fig. 1). These velocity ranges perfectly agree with thieaity of the ionized gas
observed by Fich et al. (1990). Following the procedure desd by Cichowolski et
al. (2009), the main parameters of the molecular clouds estimated (see Table 1).

Cloud 1 Cloud 2 Cloud 3

Sh2-165 Sh2-165 Sh2-166
Velocity range (kms?) -29.5,-35.3 -32.0,-36.1 -45.2,-49.3
Molecular mass M (Mz) 1000+ 400 800+ 320 1000+ 400
Volume density (cm?) 1300 800 1000

Table 1. Main parameters of the molecular clouds. The uairdigs quoted for
M g are derived assuming a distance error of about 20%.
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Galactic Latitude

Galacti Latitade

u = 2 s 1% g 2 %
114.700° 114.650° 114.600° 114.550°

Galactic Longitude

Figure 2. Left panel:DSS2-Red image of Sh2-16Right panel:A zoom up view
of the bright rim feature. The CO distribution is indicatedyellow contours. The
red asterisk indicates the position of IRAS 23379+6140 .

3. Signs of star formation activity around Sh2-165

Figure 2 shows the DSS-R image of Sh2-165. A noticeable brighis observed
at (,b) ~ (11£67, +@23), in the border of the ionized region. The yellow contours
correspond to the averagétiCO emission. In spite of the different spatial resolutions
of the optical and molecular data (beam #%% 2CO clump in the area of the bright
rim can be observed (Fig. 2, right panel). The orientatiothefbright rim with respect
to the central star suggests that BD$@494 may be originating the ionized boundary
layer (IBL). Moreover, a comparison between the incideallat ionizing photons flux
and the radio continuum flux estimated for the IBL, (3. ~ 1.7 mJy) shows that the
star is capable to keep the IBL ionized. In addition, the guess balance between the
interior of the molecular clump and the IBL suggests thatdloaid is being shocked.
The source IRAS 23379+6140 is located in the densest pareaflump. Based on the
2MASS, MSX, IRAS, and SCUBA catalogs, the Spectral Energstiibiution (SED)
was computed using the tool developed by Robitaille et &l0T2. It shows that the IR
source is a protostar having a mass between 0.6 - 4,62 age of about 20yr, and
an envelope accretion rate in the rangg,, = (1.2 —16) x 10~* Mg, yr~!, indicating
that IRAS 23379+6140 is a young protostar with a large aimreinvelope.

These results suggest that IRAS 23379+6140 is a protostasemormation could
have been triggered by the action of BD+*@#94 over the molecular cloud.

4. Signs of star formation activity around Sh2-166

Several signs of star formation activity are associatett ®@ibud 3. Figure 3 shows a
close-up view of the region of Cloud 3 at 1.4 GHz and g8 with the CO contours
superposed (in black). Besides several 2MASS sourcedfiddsas YSO candidates
(crosses in Fig. 3), a conspicuous & source is observed near the center of the
molecular cloud (right panel of Fig. 3). Based on its infdae®lors, this source is
likely a compact HIl region. On the other hand, a radio sousadetected at 1.4 GHz
(indicated by the arrow in the left panel of Fig. 3), which &rtpally border by 8.3
um emission. The central part of this radio source coincidiés an optical source and
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with 2MASS 23413054+6051258, which is a source with IR excddore studies are
necessary to investigate the nature of these sources.

0.800%

—0.850°

Galactic Tatitude

0.9007

114.60C° 111.550° 111.500" 111.150°

Galaclie Longiludc

Figure 3. Sh2-166Left panel 1.4 GHz emission distributionRight panel 8.3
um emission distribution. In both panels: Blue contours espond to emission at
1.4 GHz and black contours to the CO averaged emissionkaistsn. The 2MASS
candidate YSOs are indicated by crosses.

5. Conclusions

In summary, based on a multiwavelength analysis, we cordiuat the exciting stars
of Sh2-165 and Sh2-166 have photodissociated and ionieétstirrounding gas. They
have also shaped the morphology of the molecular gas. Ircdnitext, we suggest that
the expansion of the ionized regions have favoured the etarifig process in their
environs.
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Abstract. The VISTA Variables in the Via Lactea (VVV) is an ESO public
near-IR variability survey that is scanning the Milky Wayldiand an adjacent
section of the Galactic mid-plane. The survey will take 1828rs of observa-
tions with the VISTA 4.1-m telescope during five years, covga billion point
sources across an area of 520 sqdeg, including 36 knownlgtatlusters and
more than 350 open clusters. The final product will be a deeatldd in five
passbandsi(9 — 2.5 microns) and a catalogue of more than a million variable
point sources.

Resumen. Variables VISTA en la VAa LAjctea (VVV) es un survey publico
del ESO de variabilidad infrarroja que esta escaneanddls iikalactico y una
region del disco interior. Este survey insumira 1929 hogasliservacion con el
telescopio VISTA de 4.1-m durante 5 afios, cubriendo apragamente mil
millones de fuentes en un éarea de 520 grados cuadrados, |lacluge 33
cumulos globulares y mas de 350 ciimulos abiertos conodidipsoducto final
serd un atlas infrarrojo profundo en 5 bandas especti@les-(2.5 micrones) y
un catalogo de mas de un millon de estrellas variables.

1. Introduction

What is the structure of the Via Lactea and how did it form? sTikian old question
given the fact that since the early XVII century the Milky Wa#as found to be just
one of the many galaxies in the Universe. This has been anriemidopic and still is.
Indeed, in the early XXI century CMB details have been seenare finding evidence
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of the Universe acceleration, we are discovering thousafgéanets but we still do
not know in detail the structure of the Galaxy! In the lastatbs, there has been a lot
of progress thanks not only to the increasingly larger andenedfficient detectors and
telescope designs but also to the power of the computersltbais the processing and
storage of large amounts of astronomical data.

The VVV Survey is an ongoing public ESO near-IR variabilibyey that covers
the inner bulge and disk of the Milky Way using the VISTA 4.1tetescope. The VVV
Survey is described by Minniti et al. (2010) and Saito et 2D1(1). More detailed
information can be found at the web page http://vvvsurvgy.dhe total coverage of
the survey is>300 sqdeg in the bulge{10 < [(deg) < +10; —10 < b(deg) < +5),
and >220 sqdeg in the diskH65 < Il(deg) < —10;—2 < b(deg) < +2) (Figure
1). Inthe years 2010 and 2011 observations in five passbamas(.9 to 2.5 microns
(ZY JH K s) were acquired in a single epoch, with a scale of 0.34 argb@t/ In
the next few years, additional observations consisting wtirepoch Ks-band images
of the same fields will be carried out, with typical limitingagnitudeKs = 17 — 18
per epoch in most fields. Unlike single-epoch surveys thattipgroduce 2-D maps,
the VVV variable star survey will enable the construction3eD maps using well-
understood distance indicators such as RR Lyrae stars|uegh@iants, and Cepheids.
This survey will yield important information on the agesddenings and metallici-
ties of the Galactic stellar populations in regions thatehsw far remained relatively
unstudied.

In addition, astrometry with-5 year time baseline will allow proper motion mea-
surements across the bulge for kinematic discriminatidgh@bulge and inner Galactic
disk populations. Besides, it will also allow us to discomesving objects in the Solar
System and beyond. We are expecting a typical source adtioraecuracy (rms per
visit) of about35mas for Ks = 15, and175mas for K's = 18; and typical proper mo-
tion accuracy (after 5yr long survey) of abdutas/yr for Ks = 15, and15mas/yr
for Ks = 18.

The observations will be combined with data from other syp@ MASS, MA-
CHO, OGLE, ERQS, VST, HST, SPITZER, WISE, CHANDRA, FERMI-TANTE-
GRAL, XMM-NEWTON and ALMA) for a complete understanding die variable
sources in the inner Milky Way as well as the background ssustich as SNe in dis-
tant galaxies, AGNs and QSOs. This public survey will previthta available to the
whole community and therefore will enable further studiéthe history of the Milky
Way, its star cluster evolution, and the population cenduhe Galactic Bulge and
center as well as investigations of star forming regionfindisk.

In a pilot survey for variable stars in the Galactic planetiRikowicz et al. (2011)
detected a few variable sources every 1000 stars. Based aruthber of sources de-
tected, we estimate that the final VVV light curve databask centain up to a million
variables. The combined variable star catalogues will fiagortant implications for
the distance scale and for the investigations of star pafsaroperties.

The current paper aims at reporting on the progress of the g\Mivey and at
raising awareness of how advantageous the collected dafaraa variety of scientific
purposes. It is expected that this study encourages thanastical community to use
the photometry that has recently become public.
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Figure 1.  Area observed by the VVV survey in the bulge and disthe Milky
Way, color coded according to the limiting magnitudes inKlseband.

2. Current Status: Observations and Data Processing

The observations with the JHKs filters of the whole area werengthe highest initial
priority, so the multicolor map of the VVV survey region isradst complete, as shown
in Figure 1. This already allows a variety of interesting laggtions and also leads
to the first scientific results, as described below. The Z¥ffiitbservations were given
slightly lower priority than the JHKs maps. However, we abea a significant spatial
coverage, specially in the disk region. The ZY filters areertal to complement and
interpret the information provided by the JHKs maps: they liathe degeneracy or
ambiguity of the JHKs color-color diagrams and color- magge diagrams in the
presence of large and variable interstellar extinctione Year 1 plan also included
covering 5 epochs in the Ks filter in order to test the varigb#iearching techniques,
and to provide a long term baseline for both stellar varigbfe.g. microlensing, long
term variable sources) and proper motions. We decided t® ¢ filter observation
lower initial priority than to the multicolor maps; the tbtzoverage is rather poor due
to the time lost to telescope intervention and weather: anliynited number of disk
and bulge fields were observed in these 5 Ks-band epochsréR2yu

The data processing was carried out using the pipeline aC#mebridge Astro-
nomical Survey Unit (CASU). Version 0.8, that was very rewdue for testing, was
released in May 2010. Version 1.0, a very good one, was edeiasSeptember 2010
and will be fit for publication after some checking. Since t®emer 2010, the team
has worked on the quality control using this version 1.0 datee first year VVV data
is now publicly available at the ESO Public Archive (as of @@i1). In addition, the
VISTA Survey Archive (VSA) archival unit is also progresgitowards handing the
advanced data products available for a future release ¢eegbearly 2012). Advanced
data products would include the merged-band cataloguematidepoch catalogues.
The user interface and schema have undergone severabiteratith the survey team
in order to better serve the requirements of the survey.

After receiving the data, all VVV Science Team members wevelved in Qual-
ity Control: we checked image defects, telescope probleesing, zero points, mag-
nitude limits, ellipticities, airmass, etc. The visual QtyaControl was performed in
two steps. Initially, this was done by the Southern teamgugie JPEG images of the
individual pawprints supplied by CASU before August 2010.isWl Quality control
of VVV tiles is underway by members of the European team usliegFITS images
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supplied by CASU version 1.0. The JPEG images are not adedoiathis (even in
the VSA) because they look either too small when displayimgle tiles or too big
when zoomed in. This work is currently going on since we ateidentifying images
that need to be reprocessed or reacquired. We have prodocedhdnts illustrating
common defects in the images (see links in our web page). We dlao published a
few initial papers that illustrate data reductions and thality described below.

Near-IR standard stars are observed nightly to perform twgometricJ H K s
calibration, which is checked against 2MASS (Skutskie €2@06). There is excellent
agreement in general, even though we are finding differesicep to 0.1 mag in some
of the disk and bulge fields, which are not surprising. Evalhuin these regions,
the VVV should be better calibrated and more homogeneous.rre@ly, we are in-
vestigating the calibration as a function of crowding in tudge and disk fields. The
only foreseen difficulty would be caused mostly by the bmgiss of the ZY standard
stars that cannot be observed with 4-m class telescopes.allequate solution can be
found, we would bootstrap thg8Y calibration from the/ H K s calibration of 2MASS
plus the OGLE VI data.

3. Early Scientific Results

Even though itis still early to have a good number of scientdsults available, we can
highlight a few interesting findings that would be useful foe community in order
to show the quality and potential of the survey and to engmithe use of the public
data.

Depending on the crowding, the VVV near-IR color-magnituatiggrams reach
Ks = 17 — 18 mag. A useful feature of the VVV survey is the availability ®f
different near-IR filters XY J H K s), which allows to characterize the objects that are
generally too faint to be studied spectroscopically. Asxan®le, we are using color-
color diagrams in order to separate cleanly main- sequdace fsom red giants. This
is possible even in regions of the Galactic plane of relgtivégh reddening. This
fact enables us to study stellar populations and Galactictsire in the bulge and disk
fields observed by our VVV Survey.

Minniti et al (2011a) used the VVV red clump (RC) giants of tliek as standard
candles to map their distribution at different longitudeés\e and below the Galactic
plane in combination with fields from the UKIDSS GPS surveudas et al. 2008),
in order to consider the effect of the warp. We explored diffie selection cuts of RC
giants in the near-IR calibrated from Hipparcos paralla¥®¥e concluded that there is
an edge of the stellar disk of the Milky Way at Galactocendigtance R =13.9- 0.5
kpc along different lines of sight across the Galaxy. We destrated that the stellar
disk edge of the Milky Way can now be mapped in the near-igfian order to test
different models and to establish our own position withia @alaxy.

As one of the most useful products of the survey, Gonzalelz €@l1a) presented
a method of obtaining reddening maps and tracing bulgetstieiand metallicity gra-
dients using VVV data. This method is used to derive propenif the fields along the
bulge minor axis. We derived the mean J - Ks color of the RCtgian1835 subfields
in the bulge region with-8 < b(deg) < —0.4 and0.2 < I(deg) < 1.7, and compared
it to the color of RC stars in Baade’s window, for which we aigof (B — V') = 0.55.
We found that the reddening determination is sensitive tallsscale variations, which
are clearly visible in our maps. The results obtained agri¢e the literature values
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Figure 2.  Ks-band epochs of observation for the differdestin the Milky Way
bulge and disk obtained so far.

based on different methods, although our maps have higkelut®on and more com-
plete coverage. The mean of the derived photometric matglidistributions is in
remarkable agreement with those obtained from spectrgscop

Using 2MASS data, Saito et al. (2011) analyzed the disiobubf the RC giant
stars throughout the Galactic bulge. We mapped the pogifitre RC in 1 sqdeg fields
within a total area of 170 sqdeg in the bulge. The single R@ se¢he central area
splits into two components at high Galactic longitudes ithbdwemispheres. These
components are produced by two structures at differenamlists along the same line
of sight, as found by McWilliam & Zoccali (2010) . The X-shajeclearly visible
in the Z-X plane for longitudes close to the | = 0 axis. Crudeaswements of the
space densities of RC stars in the bright and faint RC poipuakaiare consistent with
the adopted RC distances, providing further supportingenge that the X-structure
is real, and that there is approximate front-back symmetrgur bulge fields. The
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VVV data were used to ensure that the 2MASS results were nanaecjuence of
incompleteness at the faintest magnitudes.

Gonzalez et al. (2011b) used the VVV data in bulge regionsecto the Galactic
plane 1 < b(deg) < +1) to trace the bar inclination and to investigate a distinct
structure that was previously detected at positive Galdatitudes by Nishiyama et
al. (2005). We used thé — K s colors of the RC stars to obtain reddening values,
and then built the luminosity function of the bulge in regiasf 0.4 sqgdeg to obtain
the mean RC magnitudes that allowed us to trace the bar steucThe luminosity
function clearly shows the RC mean magnitude variation whlactic longitude, as
expected from a large scale bar oriented towards us atym$§italactic longitude. We
detected, however, a change in the orientation of the bdnarcéntral regions with
—4 < l(deg) < 4atb =+ 1deg. This finding suggests the presence of an inner
structure with a different orientation angle from the laggale Galactic bar. This inner
structure could be a secondary, inner bar or an inner rimgnsstric with respect to the
Galactic plane, with a semi-major axis €600 pc.

Borissova et al. (2011) reported the discovery of 96 new apesters in the
Milky Way inner disk, which is one of the principal goals ofetivVV Survey. In
order to trace the early epochs of star cluster formationceveentrated our search
in the directions towards known star formation regions, engsradio, and infrared
sources. After statistical field-star decontaminatiorpremagnitude and color-color
diagrams were constructed and analyzed for each clustelidzda. Most of the new
cluster candidates are faint and compact (with small amggitzes), very reddened
and relatively young. The deep near-IR color magnituderdiag of well populated
clusters in the Galactic plane and bulge allow the detertioinaof the cluster sizes,
distances, metallicities and reddenings.

We are also searching for new old globular clusters (GCs)hawve already dis-
covered VVV-CL001, a faint GC located in the bulgelgt = (5.27,0.78)deg, only
8 arcmin away from the GC UKS1 (Minniti et al. 2011b). MonidBi et al. (2011)
reported the photometry for 3 new GC candidates called VV\0@, VVV CL003,
and VVV CL004. They performed point-spread-function nieéirared photometry
from VVV data for the three objects and their surroundingdiel They showed that
VVV CL002 is a newly discovered, small, moderately metahri(Fe/H] = —0.4)
Galactic GC. Itis located at a Galactocentric distance.dft 0.9 kpc, and it could be
one of the GCs nearer the Galactic center. Its charactarigte more similar to those
of low-mass, Palomar-like GCs than to more classical, oldl massive bulge GCs.
VVV CLO0O03 is the first star cluster discovered in the Galadigk on the opposite side
of the center with respect to the Sun, at a Galactocentrtarie of 5 kpc. Its high
metallicity (Fe/H] = —0.1) and its Galactic location correspond more to an open
cluster than to a GC, although the possibility of being a Ganhoa be excluded. The
last object, VVV CL004, is most probably just a random clunfifield stars.

Another goal of the VVV survey is to identify the near-IR céenparts of high
energy sources discovered by recent satellite missionBHBRAL; SWIFT; FERMI-
LAT, CHANDRA, XMM-NEWTON) in the crowded and reddened reg#of the inner
Milky Way. The initial discoveries for the candidate IR ceoemparts of the hard X-ray
transient sources IGR J17177-3656 and MAXI J1534-564 wagerted this past year
by Rojas et al. (2011ab). Figure 3 shows the candidate cqantefor MAXI J1534-
564.
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Figure 3. Composite VVVJ H K s color image of the field (25"x13") centered
on the candidate counterpart for the hard X-ray transientc®MAXI| J1534-564
located atRA = 15: 43 : 17.35, DEC = —56 : 24 : 49.1 (J2000).

The deep images allow to see background galaxies, AGNs as@Bough the
galactic plane beyond many magnitudes of extinction (Amateal. 2012). Figure 4
shows as an example of the first VVV QSO, which is a known QS® wiagnitude
I =17.12 from Sumi et al. (2005) for which we measure mean magnituties15.9,
Y =15.5,J =14.7, H = 13.9, andK's = 13.3.

We noted that variability is a very important part of our Raldurvey but this was
not expected to be our major activity in the first two years. Wade only a few tests
using the Science Verification data, identifying known RRdegy/ from the MACHO
and OGLE surveys. These tests were successful because avenext the variables
and could even phase their Ks-band light curves with theiresponding periods ( in
some cases period changes were found). We are now searohingW variables and
plan to make further observations collecting more epocligurg 2 shows the epochs
of observation of the different bulge tiles acquired so Tdre observation projects for
the next years consist of 60-80 more epochs in the Ks-bareihulge and in the disk.
They would represent the main variability campaigns.

The variability information for such a large sample of oltge¢about a billion
sources) opens a huge potential for future discoveriesh Bifiormation may enable
us to obtain new scientific results on very rare objects, fiddat cool objects, short
stages of stellar evolution, and uncommon transients.

Another byproduct of the VVV survey of great value is its usdeéss to calibrate
different datasets and studies. Two specific examples whixés done are the detec-
tion of the first microlensing in a GC (Pietrukowicz et al. 2)&nd the calibration of
the open cluster distance scale (Majaess et al. 2012).
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4. Conclusions

The VVV observations during the first two years have beenessfal, even though
they are not complete. A great deal of survey data is alreathjiggand available for

scientific exploitation. The photometry and astrometrydpiced by the CASU pipeline
is very good, and we are still testing on the variability déta with the limited epochs

available at the VSA. Already the data are very competitmmpared with the exist-

ing near-IR surveys of the Milky Way disk and bulge. The casin is that the high

quality of the data suggests that the VVV Survey should be &baccomplish its main
goals benefiting studies of the Milky Way, star formatiorellar evolution, star clus-

ters, eclipsing, pulsating and eruptive variable stard,@ren enriching extragalactic
science.

Acknowledgments. We acknowledge use of data from the ESO Public Survey
programme ID 179.B-2002 taken with the VISTA telescopeadabducts from the
Cambridge Astronomical Survey Unit (CASU) and the VISTA &y Archive (VSA),
and funding from the FONDAP Center for Astrophysics 15013)@he BASAL CATA
Center for Astrophysics and Associated Technologies P&BHe Projects FONDE-
CYT Regular No. 1090213, 1110393, 1110326, and 1080086,TaedMilky Way
Millennium Nucleus from the Ministry for the Economy, Despment, and Tourism'’s
Programa Iniciativa Cientifica Milenio through grant P@7&, and from CONICYT
Gemini Project No. 32080016.

Figure 4. VVV.JHK s colorimage (100" x 52") centered on a known QSO with
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Abstract. We report the discovery of 57 new infrared open cluster chaids
and stellar groups in the inner 10 degrees around the Gataatter. The newly
discovered candidates are found by visual inspection of imfi@red images
observed under the Vista Variables in the Via Lactea (VVVCHSrge Public
Survey. The preliminary analysis shows that approximaié8 of them are
younger than 10 Myrs.

Resumen. Se reporta el descubrimiento de 57 nuevos candidatos a esmul
abiertos y grupos estelares infrarrojos proyectados de&mraproximadamente
10 grados de la direccion al centro de la Galaxia. Los catmida&cientemente
descubiertos fueron hallados por inspeccién visual dendggyénes en infra-
rrojo cercano obtenidas por el relevamiento Vista en el \detéa (VVV) que
forma parte del ESO Large Public Survey. El analisis prelanimuestra que
aproximadamente un tercio de los objetos son mas jévenesQoellones de
anos.

1. Introduction

VISTA Variables in the Via Lactea (VVV) is one of the six ESOdfa Surveys operat-
ing on the new 4-meter Visible and Infrared Survey Telesdopéstronomy (Minniti
et al. 2010, Saito et al. 2011). VVV is scanning the Milky Wayde and an adjacent
section of the disk. One of the principal goals of the VVV Sayvs to find new star
clusters in the highly obscured galactic regions. We haseally inspected the bulge
area covered by VVV using the pipeline processed and c#dithids-band tile images
for stellar overdensities. Subsequently, we examineddheposite/ H Kg andZJ Kg
color images of each candidate. Prior to any color-magaitudestigation one of the
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Figurel. VVV.JH Kg true color images of typical VVV open cluster candidates.
The field of view is approx. 1.21.2 arcmin and North is to the left, East is up.

main criterions to define the star cluster candidates wasitbdt least 10 candidate
members with similar colors.

2. Catalog of the cluster candidates

We report a catalog of 57 new infrared open cluster candidate stellar groups in the
inner 10 degrees around the Galactic center. Fig. 1 shid#&g true color images of
typical VVV open cluster candidates.

We attempted to make some preliminary classification of thieals based on
their morphology and any additional information from thedature: a nebulosity, the
presence of masers, radio, infrared, X-ray and radio ssuwhich can be associated
with the object. According to the SIMBAD database 20 of 57 wf custers show such
objects projected within 1 arcmin radius. Thus, we infenfrthe proximity to these
sources that- 35% of cluster candidates and stellar groups are younger thavhyi€)

Fig. 2 shows a clear correlation between GLIMPSE dust strastand projected
position of our star cluster candidates.

The mean cluster radius of the sample, measured by eye @tB6 second VVV
tile images, i26 + 14 arcsec. This is smaller than the mean valug4f- 18 arcsec of
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Figure 2.  The VVV bulge survey area, overplotted on the GL8#3.6, 4.5 and
8.0um true color image, with the new star cluster candidates show
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Figure 3.  Upper panel: Distribution of the detected objaéth measured cluster
radius (given in arcsec). Lower panel: Histogram of thetelusample by number
of most probable cluster members.

the VVV cluster candidates found in the VVV disk area (Bamiss et al. 2011). The
histogram of the number of star clusters vs. 10 arcsec biradids is shown in Fig. 3.
It can be seen that most of the clusters have a radius betvieand230 arcsec, clearly
showing that deep infrared surveys such as VVV allow us torfiewl faint and compact
(with small angular sizes) clusters.

Another possible indication of the richness of the clustethie number of most
probable cluster members. Our preliminary analysis shbassthe histogram presents
a peak between 15-35 cluster members per cluster. Only $@cduhave more than
50 members. Note however that here the completeness lirttiieodata isis=15.0—
16.0 mag, dependent on crowding and differential redden8aguration and differen-
tial reddening are not taken in consideration. The smallmenmof cluster members can
also be due to the compact nature of the cluster and/or lastgnde.

The confirmation of the cluster nature of the objects, as agthe determination
of their basic parameters are in progress.
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Abstract. In this work we calculate colour transformation equatioataeen
the VVV and 2MASS filters for bulge field stars. Our method ires matching
stars from both surveys and include cuts to ensure that onkges with the best
photometry are included in the calibration. Our bivariateighted fits show
that the transformation equations depend on galactic awetess, SO we provide
local transformation calibrations, for each Tile.

Resumen. En este trabajo se calculan las ecuaciones de transfonmaeico-
lor entre los filtros de los relevamientos VVV y 2MASS, paraalkas del bulbo
galactico. EI método consiste en cruzar datos de ambosgatié incluye cor-
tes en magnitud para asegurar que sélo las fuentes con la fogjmetria se
incluyen en la calibracion. Nuestro ajuste bi-paramétgesado por los erro-
res, muestra que las ecuaciones de transformacion depdadas cordenadas
galacticas, por lo que se propone una calibracién con emexide transforma-
cion para cada baldoddle, es decir locales.

1. Introduccién

El estudio de la subestructura de nuestra galaxia se llesfacageneralmente utilizando
métodos de filtrado de poblaciones estelares. En el traledjtejewski et al. (2003) se
analizan los datos del relevamiento fotométrico del 2MAB&o(Micron All Sky Sur-
vey, Skrutskie et al. 2006) y, a partir de la aplicacion desSliros sobre los diagramas
de color-magnitud, se estudia la galaxia enana Sagitariestxb objetivo es utilizar un
método similar para la blisqueda de subestructuras en augalaxia, utilizando los
datos del VVV. Por este motivo, necesitamos llevar nuestaoss al sistema fotométri-
co del 2MASS para la aplicacion de dicho filtro. Debido a quireh seleccionada para
llevar a cabo el filtrado se encuentra cerca del bulbo gatidiiertemente afectada por
enrojecimiento y densidad estelar, es necesario estabkaes posible, una aplica-
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cion global de las transformaciones de colores, indepatel@Tile, o la necesidad de
obtener transformaciones para cada una de las baldosa¥¥el V

2. Datos

El VVV (Vista Variables in the Via Lactea Survey, Minniti et 2010) es un releva-
miento fotométrico en el infrarrojo cercano del bulbo gatécy parte del disco, mas
profundo que los relevamientos de este tipo ya existentepalicular 4 magnitudes
mas profundo que el 2MASS. Cubre un area de 520 grados cuadadbdividida en
196Tilesen el bulbo y 152 para el disco, con un campo de vision de 1.6idog cua-
drados para cadéile. El procesamiento de los datos esta a cargo de CASU (Carsbridg
Astronomical Survey Unit). Para realizar este estudiogfersiond el area comprendi-
da entre 0°<| <10°y -10°<b <-5,8°, debido a que la corriestiglax de Sagitario pasa a
través de la misma, permitiéndonos testear nuestro mémbastueda.

3. Metodologia

Para todos lo3ilesdel area seleccionada y para las tres bandas fotométrisad,(H),
se transformaron las magnitudes del sistema Vista al 2MaS3yendo las estrellas
con errores en magnitud mayor a 0,06 [mag] en ambos catalegda Figura 1, para
el Tile b214, se muestra en negro la relacién entre las magnitudies éstrellas del
catalogo 2MASS y las magnitudes del catalogo VVV. En la misigarra 1, en color
magenta, se sefiala la relacion entre las magnitudes del 3WA& magnitudes de las
estrellas del VVV, tranformadas al sistema fotométrico2lASS a partir de las tran-
formaciones globales de colores provistas por CASU, imdien la misma grafica. El
apartamiento de la relacion uno a uno que se observa en lastotis mas brillantes,
se debe a efectos de no-linealidad y de saturacidon comoamTsga de la sensibilidad
del Vista, ya que ésta es superior a la del 2MASS. Debido a sstealizaron cortes
en las magnitudes Ks=12,5 [mag], J=13 [mag] y H=13 [mag].

Una vez realizados los cortes, se calcularon transformesioe color propias para
cadaTile, como puede verse en la Figura 2 pardi b214 en la bandd& ;. EI mé-
todo consiste en realizar un ajuste bi-paramétrico, peskrsderrores en ambos ejes,
y descartando las estrellas que caen fuera d8dodel ajuste, con el fin de evitar la
contaminacioén. El proceso se realizé de manera iteratigtatiue todas las estrellas
estuvieran contenidas dentro de 3os Con estas condiciones se obtienen los coeficien-
tes de las transformaciones. En la Tabla 1 se muestran dicefisientes para algunos
Tiles
Enla Figura 3 se muestra la relacion entre los pardmetr@sdedtas (pendiente, orde-
nada al origen) y las coordenadas galacticas para las banhgddsy H. Se observa que
los parametros de los ajustes presentan una dependendas cmordenadas, en parti-
cular para la latitud galactica los valores de la pendiept@jiste aumentan mientras
gue los valores de la ordenada disminuyen a medida que nasawes al plano galac-
tico. Con la longitud galactica no detectamos una tendeslaia de los parametros.



Caracterizacion del sistema fotométrico del VVV 283
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Figura 1. En puntos negros la relacion entre las magnitudesatalogo del
2MASS vy VVV, en magenta las magnitudes del VVV en el sistem&38. La linea
continua denota la relacion uno a uno. Abajo a la derecha sstnaua ecuacion de

transformacion.
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Figura2. Diferencias en magnitud de los relevamientos 28148l VVVV, con
sus correspondientes bandas de error. La linea discortiriaaecta de mejor ajuste.

Tablal. Parametros de las rectas de ajuste corresporsléelaiebandak’;, Jy H.

Tile [ b By Ay Bj Aj By Ay

(deg) (mag) (mag) (mag)
208 | 1.09407| -9.68976| —0.0083 + 0.0008 | 0.1096 £ 0.0103 0.0028 =+ 0.0003 0.0054 £ 0.0051 | —0.0046 =+ 0.00067 | 0.0539 £ 0.0118
214 | 9.96201| -9.68974| —0.0086 + 0.0010 | 0.1364 £ 0.0141 | —0.0018 £ 0.0004 | 0.0693 £ 0.0060 | —0.0033 +£ 0.0008 0.034540.0118
238 | 3.97307| -7.50542| 0.0017 £ 0.0007 | —0.0188 +0.0094 | 0.0165 £ 0.0004 | —0.1780 % 0.0056 | 0.0098 £ 0.0006 —0.0138 £ 0.0094
250 | 1.00893| -6.41327| —0.0027 + 0.0006 | 0.0356 =+ 0.0081 0.0179 £ 0.0003 | —0.1956 & 0.0044 | 0.0106 +£ 0.0005 —0.1495+0.0077
256 | 9.80910| -6.41326| —0.0043 £ 0.0006 | 0.0588 £ 0.0092 0.0129 £ 0.0003 | —0.128240.0048 | 0.0119 +£ 0.0005 —0.170040.0080

4. Conclusién

Los resultados indican que lo mas adecuado para nuestriivobgs utilizar trans-
formaciones locales (para cadide), para pasar de las magnitudes del Vista a las del
2MASS. Esto se debe a que la aplicacion de las transformexiglobales provistas
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Figura 3. Dependencia de los parametros de la recta de austespecto a la
latitud, correspondiente a las bandgs (panel superior) J (panel del medio) y H
(panel inferior) para todos IoElesde interés.

por CASU introducirian errores en las magnitudes transkdiam, ya que no tienen en
cuenta el enrojecimiento y la densidad estelar diferencial
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Abstract. We present thé00+ million star color-magnitude diagram for the
Galactic bulge based on the VVV survey data. This is the Hug&4D ever
published for a large homogeneous data set. We discussfteeedces in the
morphology and the effects caused by crowding and extinctio

Resumen. Se presenta el diagrama color-magnitucHdi@0 millones de es-
trellas para el bulbo galactico basado en los datos del $MW. Este es el

CMD mas grande publicado usando un conjunto de datos horaogé8e dis-
cuten las diferencias en la morfologia y los efectos cawspdoalta densidad
y extincion.

1. Introduction

The bulge of the Milky Way is a fundamental galactic compdrtenunderstand the
formation and evolution not only of our Galaxy, but of gaksin general. However,
observations of the Galactic center are difficult since #reyaffected by extinction and
crowding. Past near-IR surveys are limited to bright sasi(eey., 2MASS; Skrutskie et
al. 2006) while optical surveys (e.g., OGLE; Udalski et &93) are highly affected by
extinction, and do not allows us a complete view of the Galdmtlge. The new VISTA
Variables in theVia Lactea(VVV) Survey maps 562 sg. deg. in the southern disk and
bulge of the Galaxy. VVV observes in five near-IR passbails {H K) reaching
Ky ~ 18,5 mag, as well as performs a variability campaign spanning Bvgears
(Minniti et al. 2010). Particularly for the bulge area, VV8wers~ 314 degt within
—10.0° £ 1 £ 4+10.4° and—10.3° < b < +5.1°. Here we present the 100 million
star color-magnitude diagram (CMD) for the Galactic bulgsdd on the VVV data.
This is the hugest CMD ever published for a large homogendatssset.

2. Observational data and catalogues

The VVV bulge area is covered by 196 pointings called “tilesach one covering
1.64 ded in the sky. The number of point sources found in each cataloguies
from ~ 500,000 at the outermost region and up 10500, 000 sources per tile at the
innermost Galactic Center. The single-bahdH and Kg catalogues were matched
resulting in a multiband/ H K, catalogue for each bulge tile.

285



286 R. K. Saito et al.

Galactic Latitude [deg]

-10
10 8 6 4 2 0 -2 -4 -6 -8 -10

Galactic Longitude [deg]

Figure 1. Density plot showing the VVV bulge area. The map a&dmusing
the point sources brighter thald; = 16.5 mag present in thg H K multiband
catalogues. High Crowded areas appear in yellow, whilepegsilated regions as
well as high extincted areas are shown in blue. The ovenhgppgions between
tiles are highlighted since the point sources are accouniied.

Figure 1 shows the VVV bulge area as a density map correspgrdisum of all
bulge multiband catalogues. In order to equalize the irsingasky brightness towards
the Galactic Center due to the contribution of underlyingdsolved faint stars, a cut
in K = 16.5 mag was applied. Highly density areas appear in yellow, evlaks
populated regions as well as high extinction areas are sowine. The overlapping
regions between tiles are highlighted since the sourcescaminted twice. The density
changes abruptly between few adjacent tiles, due to theti@jeof some sources in
lower quality images.

3. The 100+ million star CMD

Figure 2 shows in the left-hand panel the CMD of the GalactilgB based on the VVV
multiband catalogues, with a total of 147 million point soes. The CMD is shown as
a density plot, with contour curves marking same densitglevThe data include also
point sources fainter thai s = 16.5 mag, in contrast with the cut in magnitude applied
in Fig. 1. Sources on the overlapping regions between tiepeesent and accounted
twice. These comprise 10% of the total point sources. Since the overlapping areas
are equally spaced along the bulge they do not produce asyobipecial trend in the
CMDs. Point sources in the VVV catalogues receive diffefgs according with the
most probable morphological classification (see Saito.e8ll1b). The right-hand
panel of Fig. 2 shows the CMD built only with sources flaggedtadlar in all.J, H,
and K catalogues, in a total of 77.4 million sources. Structuresciearer seen in the
stellar CMD, since it contains only the best photometry geatats.
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Figure 2.  The left-hand panel shows the CMD for all point sesrfound in the
VVV bulge area while the right-hand panel shows stellar sesionly. Contour lines
mark the density levels. The total number of sources in eacielgs shown in the
top-left of the diagrams.

The CMD has an elaborated shape, mostly due to the complekitiie stel-
lar population, seen at different ranges of magnitudes ahatrs; and the effects of
extinction and reddening towards the Galactic Center. Itiquéar, the red giant
brunch (RGB) is seen very broad, with the main peak of the rfadtglump (RGC)
at(J — Ks), Ks ~ 1.05,13.20. The RGC has structures ranging in color and magni-
tude, with a secondary peak(@t — K5), K5 ~ 0.85,13.20, and an elongated structure
in magnitude withA K ~ 1 mag. These are caused mostly due to the X-shaped bulge
of the MW (e.g., Saito et al. 2011a), producing a double climmagnitude; and dif-
ferential extinction, producing multiple structures irlaro The RGC extends along the
direction of the reddening vector for more thar.J — K;) > 4.

Fig. 3 presents CMDs for smaller regions in the bulge, eaehcontaining 8 to 12
tiles (see dashed contours in Fig.1). The regions are on iherraxis, starting at the
outermost bulge area (left-most panek= —9.02°), and reaching the Galactic Center
at the right-most panel (b = +0.15,+0.26). The outermost region is the the poorly
affected by reddening, and the CMD shows a prominent bulga-seuence turn-off
reachingK, ~ 18.5 mag. The sequence with disk main sequence (MS) stars is seen a
the left side and the bulge red giant branch (RGB) at the rigfih red clump giants
(RCG) atK ~ 13 mag. At the right-most side is also possible to see the a sequef
late dwarfs.

The affects of extinction and reddening increase towardsGhlactic Center as
well as the unresolved stars contribute to increase thertierground brightness limit.
The CMD at the middle-left panel,(p = +0.21, —6.28) shows structures similar than
that appearing in the outermost region, but the RCG is mamiment and presents
a double-peaked structure, with the farther RG@t~ 13.4, and the closest one at
Ky ~ 12.9. The CMD atl,b = +0.16, —3.01 (middle-right panel) is affected by
reddening and extinction at different levels and the RC@aqis along the reddening
vector and, together with red giant branch, seems to be danltolor. That can be
caused either by reddening effects or for distinct stetbatent in the same line of sight.
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Figure 3. CMD for 4 different areas along the bulge. The aleag 8-12 tiles
(see dashed contours in Fig. 1). The central) coordinates and the mean density
(sources/deg?) for each area are shown in the panels.

The Galactic Center is sampled right-hand pangl = +0.15,+0.26). This
region is strongly affected by reddening and extinction.e Bky brightness is even
higher, with the faintest objects seen/at ~ 16.5 mag, reason to the cut in magnitude
applied in Fig. 1.

4. Discussion and Conclusions

We have presented the hugest CMD ever published for a lang@deneous dataset,
based on the VVV survey data. The VVV bulge CMD provides vialeanformation
about the stellar contents and structure of the MW which bellthe subject of forth-
coming papers.
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Abstract. We measured the surface mass density of the Galactic disleat t
solar position, up to 4 kpc from the plane, by means of therkates of~400
thick disk stars. The results match the expectations fowigible mass only,
and no dark matter is detected in the volume under analybis clirrent models
of dark matter halo are excluded with a significance highanthr, unless a
highly prolate halo is assumed, very atypical in cold darktemasimulations.
The resulting lack of dark matter at the solar position @rales the current
models.

Resumen. La densidad superficial de masa del disco Galactico a laipasic
solar fue medida, hasta 4 kpc del plano, a través de la ciiande¢ ~400
estrellas del disco grueso. Los resultados coinciden cesderado para materia
visible solamente y no se detecta materia obscura en el eol@amalizado. Los
modelos actuales de halo de materia oscura son excluidogebmayor de
50, @ menos que se asuma un halo fuertemente prolado, muyoaépitas
simulaciones de materia obscura fria. La consiguienta fitmateria oscura a
la posicion solar desafia los modelos actuales.

1. Introduction

Measuring the matter density of the Galactic disk by meartheEpatial distribution
and kinematics of its stars is an old art, dating nearly awgntKapteyn 1922, Oort
1932). The comparison of the results with the expected atmfwvisible matter pro-
vides an estimate of the dark matter (DM) density in the arsdyolume. So far, all
but few estimates converged to the conclusion that “thermisvidence for a signifi-
cant amount of DM in the Galactic disk"(e.g., Kuijken & Gilm@o1989; Holmberg &
Flynn 2004). Apart from this very general statement, whoserpretation is not even
unique (see Garbari et al. 2011; for a discussion), onlg lgtogress has been made on
constraining the fundamental properties of the DM halohsaits flattening and local
density. This is very unfortunate, because the shape ofatetdlo bears information
about the nature of the DM itself (Olling & Merrifield 2000).dveover, the results of
the experiments for direct detection of DM are degenerated®n the unknown in-
teraction cross-section of the searched patrticles andlteel density. Therefore, the
local DM density of the Standard Halo Model (SHM; p=81073 Mg, pc3, Jung-
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man et al. 1996) have so-far been assumed in their intetjoretd his density, however,
is only a mean value compatible with indirect evidences sisdfie Milky Way rotation
curve.

The strongest limitations on the measurements of the Galdghamical mass
come from the great observational effort required to deitieespatial distribution of a
stellar population and the variation of its three-dimemdiokinematics. For this reason,
approximations have always been introduced in the caloustwhose validity, often
guestioned (e.g., Siebert et al. 2008; Garbari et al. 2@lyeases with distance from
the Galactic plane. As a consequence, all previous inagligs have been limited to
+1.1 kpc from the plane, but the amount of DM in this volume isasBroompared to
the observational errors, and firm conclusions are predente

2. Results

We estimated the dynamical mass at the solar Galactocqusition betweer¥y=1.5
and 4 kpc from the plane, as inferred by the variation of timekiatics of the Galactic
thick disk with Z. This was measured by Moni Bidin et al. (2012), who analyzsala-
ple of ~400 red giants with 2MASS photometry (Skrutsie et al. 2080M3 proper
motion (Girard et al. 2004), and radial velocity (Moni Bid2®09). Their kinematical
results were inserted into Equation 2 of Moni Bidin et al. @) that was obtained
inserting the Jeans equations into the Poisson equatioimgagtating. This equation
is exact within the limits of validity of simple symmetry ngigements, plus a set of ad-
ditional assumptions, namely) steady stateii) radial and vertical exponential decay
of the density;i7) flat rotation curvejv) no disk flare;y) constancy of the radial scale
lenght with distance from the planej) radial exponential decay of the dispersions,
with the same scale length as the mass density. The threga@doput parameters
(solar Galactocentric distance, thick disk scale heighitlangth) were defined by the
average of about 20 literature estimates (Moni Bidin et @1.(®).

The results of our calculations are shown in the left panéligfire 1, where they
are compared to the known amount of visible matter, as ewaiay Moni Bidin et
al. (2010). The expectations of two spherical Navarro ef1#l97) models for the DM
halo, with the local density equal to the SHM (labeled SHMY & the minimum den-
sity extrapolated by the Galactic rotation curge (p,=510"3 M, pc3, MIN model;
Weber & de Boer 2010), are also overplotted. The derivedasarfiensity(7) well
matches the expectations for visible mass alone, and no Qdtected in the volume
under analysis. From the derived curve, a local DM densit9def-10~2 M, pc3 is
derived. The SHM model is therefore excluded at thée®el, and even the model with
the minimum density (MIN) is & more massive than the detected dynamical mass. In-
terestingly, very similar results are obtained if the kiical results of Casetti-Dinescu
etal. (2011) are assumed in the calculations. In fact, theedhus derived matches the
expectations for the visible mass only, although with musidr significance because
of the larger errors. Identical conclusions are drawn ifititegration of the Poisson
equation is performed in the interval 1.5-4 kpc instead @f Kpc (right panel of Fi-
gure 1). This calculation is more reliable, because therkaies is not extrapolated at
7 <1.5 kpc, where it was not measured. Moreover, the unceytaimthe quantity of
visible mass is also limited, because this range is abovihithéayer of disk interstellar
medium, and it encloses only the tail of the Galactic stallak distribution.
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Figura 1. Calculated absolute (left panel) and incremgnigiht panel) surface
mass density, as a function of distance from the Galactioepl@he dotted and das-
hed curves indicate thesland 3 strip, respectively. The expectations of the known
visible mass (VIS), and of two models (SHM and MIN) comprgsthe visible mass
plus the DM halo described in the text.

It can be shown, by means of extensive calculations, thetirad one of the hy-
pothesis or the value of one of the three parameters cantvat g@® problem of the
missing DM in the volume under analysis. The details of tmalgsis will be given
in a forthcoming paper (Moni Bidin et al. 2012). The derivedusion can be forced
to match the expectations of the DM halo models only underxaticecombination
of unlikely hypothesis as, for example, a very thin thickkd{scale height 0.7 kpc)
either very extended in the radial direction (scale lengéhkc) or strongly flared at
the solar position. On the contrary, the expected visiblesmaatches the observations
without any effort, by use of the most probable assumptidhs. models can reprodu-
ce the observed curve assuming a highly prolate DM halo,usecthe local quantity
of DM is inversely proportional to the flatteningof the spheroidal distribution. The
requirement that the least massive model (MIN) agrees Wélobservations withind
returns the constraint > 2. Nevertheless, current cold DM simulations have problems
in reproducing such strongly prolate structures (e.g.,ibsk & Carlberg 1991), and
this solution would therefore require a revision of the msde

3. Conclusions

The observations point to a noticeable lack of DM at the g8lactocentric position. It

is easy to see that the presence of a classical DM halo asghos in Figure 1 would
have been unequivocally detected with our method even #iiggested by Moni Bidin

et al. (2010), it could generate only a small variation ofpléential. In fact, inserting

the derivative of the potential of any DM halo model into théegrated Poisson equa-
tion, no mismatch arises between the resulting dynamicabkraad the quantity of DM
mass enclosed betweei?”. Moreover, Sdnchez-Salcedo et al. (2011) showed that the
presence of a DM halo affects the disk kinematics notice&mynpare their Figure 1
and 2), and the difference is much higher than the obsenadtierrors of Moni Bidin
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et al. (2012). In conclusion, the interpretation of the obse lack of DM at the solar

position is not straightforward: DM is required to sustdie flat Galactic rotation cur-

ve, but the observations point to a distribution very déferto what today accepted. In
particular, while numerous experiments seek to directtecdhe elusive DM particles

our results suggest that their density may be negligibléénsblar neighborhood.
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Abstract. We report the development of a suitable set of transformage
tions to convert theddHK VISTA photometric system (used in th&/V survey)

to the widely use®MASSphotometric system. Our transformation equations
have been calculated for each of M8V Galactic disk fields; covering a large
portion of Fourth Galactic Quadrar29s° < [ < 350° and—2° < b < 2°).
Several constraints were used to extract the best sourteghirsystems to im-
prove the photometric quality of the transformations.

Resumen. En este trabajo se muestra el desarrollo de un conjunto @eieeu
nes de transformacion para convertir el sistema fotonwétfid X' de VISTA
(usado en el sondedVvV) al sistema d2MASS el cual es ampliamente usado.
Nuestras ecuaciones de transformacion han sido calcytadasada uno de los
145 campos del disco galactico cubierto pMdfV, los cuales abarcan la region
del cuarto cuadrante comprendida er96° < [ < 350° and—2° < b < 2°,
En cada campo, fueron usadas multiples restricciones pej@ran la calidad
fotométrica en la seleccion de las estrellas usadas duzatggorocedimiento.

1. Introduction

The ESO/Chile public surveYista Variables in the Via Lacte@/VV) samples 520
square degrees of the Galactic bulge and disk in five neared (NIR) filters (Minniti

et al.,, 2010). This survey will have observations spanniug ¥iears in one of the
more beautiful and complex regions in the Milky Way. Obsegvihe Galactic disk is
difficult for a number of reasons) the strong inhomogeneous extinction (even in small
scale), due to the gas and dust concentrating close to thetigaplane and forming
complicated structuredy) The stellar density also plays an important role, with the
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density of sources increasing as we move close to the galplethe and also to the
bulge.c) The mixture of populations due to the optical depth is a pabas well. The
region of the Galactic disk surveyed MyV contains the tangent point to spiral arms
and the far end of the Galactic bar, hence we observe strorgdnsiar populations,
from nearby dwarf stars to red giant stars correspondingffeereint structures.

The Two-Micron All-Sky Survey ZMASS Cutri et al. 2003) is the most complete
and deeper NIR survey2MASSis widely used by the astronomers, and its proper-
ties very well understood. Hence, precise transformatimigeenVISTAand2MASS
photometric systems are required in order to compare batess, and also to take
advantage in the exploitation of VVV survey using the adtygical knowledge built
around2MASSsurvey.

2. Observations

TheVVV observations are carried out at the Visible and Infrared&uirelescope for
Astronomy (VISTA), a 4 meter class telescope located at #rarkal Observatory and
with a single instrument, VIRCAM (VISTA Infrared CAMera; Earson et al. 2006).
The VISTA IR mosaic camera VIRCAM has a field of view 6f65 divided in 16
Raytheor2048 x 2048 arrays (Dalton et al. 2006). Typically, six pointings haeeb
combined to create a field @f5 called atile. The source astrometric and photometric
catalogues have been produced by the Cambridge Astrono8uceey Unit (CASU)
pipeline (Irwin et al. 2004). Minniti et al. (2010), and Saiet al. (2012) present
technical information about the survey and first data relegsspectively.

3. VVV-2MASS catalogues and photometric transformation egations

Our procedure to implement the photometric transformébietveenvVVV-2MASSys-
tems takes into account several known artifacts of 2MASSandVVV point source
catalogues. We are interested to matchid@stsources in both surveys using astromet-
ric and photometric constraints.

The matching procedure in each field can be summarized asvilla) starting
from the K¢ VVV CASU catalogue, we discard all the point sources formingtehs
of two or more members in a radius as smalRdsb) from this new list of sources,
we select those defined as “stellar” and with a Gaussianssiggtween 0.9 and 2.2; ¢)
the resulting list is then matched witMASSsources in the area using a small cross-
match radius ofY/3, where only stars wittPMASSquality flagsA or B have been
considered; d) the final cleaned and matched star’s liseis tonstructed by including
the information of the/VV sources inJ and H bands. The matching radius between
VVV catalogues in each band (41. After this procedure, in each tile about 5% of
2MASSsources have “clean¥VV counterpart, that means, tens of thousands of stars
per tile.

We have used transforming equations in a similar form todhomlemented by
Carpenter et al. (2001) to transform any NIR photometri¢esyso2MASSFor exam-
ple, for theK-band is:

Konass — Kvvv = Ak + Br(Jyvy — Kyvy)
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Once the cross-match catalogues have been completed,auwatedl the different
coefficients of the photometric transformations using arative clipping algorithm in
order to improve the robustness of fitting.

Figure 1 shows the color-color and color magnitude diagrachsome of the co-
efficients in one of th&/\VVfields, tiled019
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Figure 1. NIR Color-color diagrams forVV field d019Q In the left, all VVV
CASU sources are represented by cyan color dots, while the gplor dots are
the “best” subset of theséVvV sources (about 37,800) used to spatially cross-match
with 2MASSsources (in magenta color). Note that colory¥®Vsources are slightly
shifted with respect tdMASSpoint sources. Once th#eV ASS — VVV catalogues
have been cross-matched, we calculated the coefficienteedfansforming equa-
tions. In the right, the photometry 8V sources have been transforme@MASS
system. Also, note the sharp and tight distributio’v®V colors compared with the
2MASSones.

The coefficients for the photometric transformations haserbcalculated for 145
disk tiles in theVVV survey. Surprisingly, we have discovered some interediizg
haviors in the dependence of transforming coefficients witime parameters. As an
example, in Fig 2, we show one the transformation coeffisiénit the K's band as a
function of the Galactic longitude for the oVV fields. The trend in both coeffi-
cients is apparent. At the moment, we do not know the origisuzh behavior, but
in principle, we can speculate about a dependen@MASSphotometric zero-points
with stellar density and/or a dependence with reddeningak&evorking in an detailed
paper.

4. Conclusions

We have calculated transforming equations between VISTRZMASSphotometric
systems using 145 Galactic disk fields provided by W&/ survey. For each field,
we have constrained the cross-match of sources indihSSandVVV catalogues in
order to get the “best” (astrometric and photometric) sesircThe coefficients of the
transformations were derived using a iterative clippirgpathm to improve the robust-
ness of the fit. These photometric transformations allovousse the/VV photometric
catalogues produced by CASU pipeline in 2lMASSphotometric system.
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Figure 2.  Coefficients of the photometric transformatiomsthe K-band as a
function of the Galactic longitude for 145vVdisk fields.
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Abstract. Significant progress has been made in the last few years inrour
derstanding of how and when supermassive black holes fochgreow. Here, |
review our current knowledge of the cosmic evolution of tlpydation of Ac-
tive Galactic Nuclei (AGN), which hosts most of the supersias black hole
growth. Thanks to deep multiwavelength surveys it has beend that the most
luminous systems, in which black holes get most of their mesgsive rather
strongly, showing a peak at-2 and are more likely triggered by major merg-
ers of gas-rich galaxies. In contrast, the density of lowenihosity sources,
which dominate the AGN population by number, remains nedlti constant
with redshift. Recent observational evidence shows tlesgtepisodes are most
likely triggered by secular (stochastic) processes or mgataxy interactions.
Thanks to upcoming missions with enhanced sensitiviti/ atL0 keV, such as
NuSTAR and Astro-H, it will be finally possible in the next feugars to obtain
a complete study of the supermassive black hole growthydimg the elusive
Compton-thick sources.

Resumen. En los ultimos afios se ha producido un avance significativo en
nuestro entendimiento de la formacion y el crecimiento deafgujeros negros
supermasivos. En este articulo repasaremos nuestro nuaot actual de la
evolucion césmica de la poblacion de nucleos galacticagsosc(AGN), don-
de se produce la mayoria del crecimiento de los agujero®segpermasivos.
Gracias a estudios profundos en multiples longitudes da eacha descubier-
to que los sistemas mas luminosos, en los que los agujerossnelgtienen la
mayoria de su masa, tienen un maxime~& y son probablemente originados
por la fusion de dos galaxias masivas ricas en gas. Al camtiardensidad de
fuentes de baja luminosidad, que dominan la poblacién de Ag&8Nnantiene
relativamente constante a través de la edad cosmica. @bgeres recientes su-
gieren que estos episodios son causados por procesosrgee@liateracciones
galacticas menores. Gracias a nuevas misiones con megibifidad a ener-
gias mayores a 10 keV, como NuUSTAR y Astro-H, seréa finalmeosihfe en
los proximos afos obtener un estudio completo del crecimiéa los agujeros
negros supermasivos, incluyendo las fuentes mas oscasecid
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1. Introduction

It is now clear that the formation of the supermassive blaalke$ (mass greater than
a million solar masses) that can be now found in the centensost massive galaxies
(e.g., Kormendy et al. 1995) is directly connected to thdwian of their host galaxies
(Ferrarese et al. 2000, Gebhardt et al. 2000 and others)etwthe details of this
connection are still not well understood. In order to fullyderstand galaxy formation
we need to know when in the cosmic history are black holes igigpwore intensively,
in what type of galaxies this growth is happening and whatioa of these sources are
invisible at most wavelengths due to obscuration.

According to the most recent theories, the first black halesiéd relatively early
in the history of the Universe, at>10, either as the remnants of the first generations
of stars, the so-called population Il stars (Volonteri @QJor from the direct collapse
of metal-free gas clouds (see Bromm & Loeb 2003 for a compr&tie review). Most
black hole growth happens later, in the Active Galactic BUPAGN) phase (Lynden-
Bell 1969). With typical bolometric luminosities 10°~*%erg s'!, AGN are amongst
the most luminous emitters in the Universe, particularlyhigth energies and radio
wavelengths. In an AGN phase, which lasts0® years, the central supermassive black
hole can gain up te-10"-10° M. According to the AGN unification paradigm (Urry &
Padovani 1995), a large fraction of these souree& % locally, are heavily obscured
by optically and geometrically thick axisymmetric matgri@hich explains many of
the observed differences among different types of actilexgss. Here, we first review
the evolution of unobscured and obscured AGN separatebn,Tlwe will focus on the
integrated history of black hole growth and discuss theétagng mechanisms for these
episodes, to conclude presenting future prospects foindbgaa complete survey of
the AGN population.

2. Unobscured accretion

Because unobscured quasars are the most luminous, andafilysdetectable, mem-
bers of the AGN family, the luminosity function of optical agars has been well deter-
mined for years. In particular, it was found that the numidequasars evolve strongly
(Schmidt 1968) and peak at-2 (Marshall 1985). An important conclusion obtained
from observations of the quasar luminosity function is thidence for “cosmic down-
sizing” (Barger et al. 2005), i.e., that the most massivelblaoles get most of their
mass at high redshift, while at low redshift only low masshklboles are still growing.
Fig. 1 shows the quasar luminosity functionzat4 and the redshift dependence of the
guasar spatial density. While the presence of downsiziofpar up toz~2.5, at higher
redshifts it is less convincing, most likely due to pooristats and incompleteness. As
argued by Glikman et al. (2011), the slope of the faint endhefquasar luminosity
function is critical in determining the contribution of $&sources to the ionization of
the intergalactic medium. Based on current measurememsags contribute-60 %

of the ionizing photons at~4 and thus are the dominant source at this redshift.

At even higher redshifts;~5-6, current deep surveys do not cover enough area
to detect a significant number of sources. However, wida-atgvey such as SDSS
(Fan et al. 2001) and the Canada-France High-z Quasar S(\Witt et al. 2010)
have been able to find a sizable samp!d0, of high-luminosity quasars at these high
redshifts. According to these studies, there is a largeedserin the number density of
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Figura 1. Left panel Quasar space density as a function of redshift from the
work of Ikeda et al. (2011)Dotted linesused the combined 2SLAQ, SDSS, SWI-
RE, NDFWS and DLS samples, while thhashed linexombine the COMOS and
2SLAQ sources. While AGN downsizing is clearly visiblezat2.5, at higher reds-
hifts the situation is more uncertalRight panel:z~4 quasar luminosity function,
from the work of Glikman et al. (2011). Thdled red circlesshow the measure-
ments presented on that work, while thgen red circlesvere reported previously
by the same group (Glikman et al. 2010) and show the chandeindteased spec-
troscopic completeness. Théangleswere obtained from the SDSS quasar sample
at z=4.25 (Richards et al. 2006). Thrue squaresre the space densities of-4
QSOs from Ikeda et al. (2011) and thet-dashed linés their best-fit double power
law. The lower right-hand legend lists the best-fit paramseie a double power-law
(solid line) and X uncertainties. Dashed and dotted lines show:thd QLF (Siana
et al. 2008), representing different fits to the observed.QLF

high-redshift quasars, when compared ta2. This indicates that due to their very low
spatial density, unobscured quasars do not contributéisimtly to the early hydrogen
re-ionization of the intergalactic mediumat.6.

3. Obscured black hole growth

A large fraction of the supermasive black hole growth hagp@nheavily obscured
systems. Observations of the nearest AGN suggest that ¢aératio of obscured to
unobscured sourcesAds4:1 (Maiolino & Rieke 1995). A similarly high fraction of obs
cured AGN has been used to explain the spectrum and nortiafizd the extragalactic
X-ray background, as shown by the latest AGN populationtssis models (Comastri
et al. 1995, Gilli et al. 2001, 2007, Treister & Urry 2005).Hig. 2, we show the latest
AGN population synthesis models for the X-ray backgroundctviuses a local ratio
of obscured to unobscured AGN of3:1, plus a luminosity and redshift dependence of
the obscured AGN fraction (Treister et al. 2009).

Surveys at hard X-ray energies;>E5 keV, have been very successful in providing
the most complete AGN samples in the local Universe. As ldripeneutral hydro-
gen column density is lower thar10?* cm~2, the direct AGN emission is mostly
unaffected at these energies. Current observations-a0keV with the International
Gamma-Ray Astrophysics Laboratory (INTEGRAL) and Switedlides are available
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Figura2. Observed spectrum of the extragalactic XRB as dechpy Treister et
al. (2009). Thethick black solid lineshows the population synthesis model for the
XRB spectrum of Treister et al. (20093ed blueandthin blacksolid lines show the
contribution to this model from unobscured, obscured Comphin and CT AGN
respectively.

only at relatively high fluxes, and hence low redshiftg,0.05. Figure 3 shows the cu-
mulative number counts of AGN as a function of hard X-ray flaxreported by Ajello
et al. (2012) obtained from the Swift and INTEGRAL missioAs$.these high fluxes
the slope of théogN-logS is Euclidean, i.e. no cosmic evolution, as expected given t
low redshifts of these sources. The number of Compton-tf@k Ny >10*4 cm=2)
AGN found by these surveys is surprisingly low, comparedtogsample of known CT
AGN in the local Universe, most likely due to the effects obolbration even at these
high energies (e.g., Malizia et al. 2009). This suggests défian hard X-ray surveys
miss quite a few Compton thick AGN.

Because much of the energy absorbed at optical to X-ray eng#is is later re-
emitted in the mid to far-IR, it is expected that AGN, in pautar the most obscured
ones, should be very bright mid-IR sources (Treister et@62. Sources having mid-
IR excesses, relative to their rest-frame optical and UVssion, have been identified
as potential CT AGN candidates at-2 (e.g., Daddi et al. 2007, Fiore et al. 2008,
Treister et al. 2009b). However, because of the strong atiomebetween vigorous star
formation and AGN activity in the most luminous infrared smes (Sanders et al. 1988,
and many others), the relative contribution of these twa@sses remains uncertain
and controversial. While the majority of these IR-excesasre®s are not individually
detected in X-rays, a significant signal is found in X-rayckta As shown in Fig. 4, the
strong stacked detection &t>5 keV clearly indicates the presence of a large number
of heavily-obscured AGN in this infrared-excess sub-sa&n8bpecifically, Treister et
al. (2009b) reported that heavily-obscured AGN a80-90 % of the mid-IR-excess
sources in the ECDF-S.
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4. Black hole growth as a function of redshift

Both the overall shape of the black hole mass function andntiegrated black hole
mass density as a function of redshift can be inferred frommabhserved properties
of the AGN population. This is done using the so-called “&wk argument” (Soltan
1982), which says that the intrinsic bolometric AGN lumiitypsL, is directly linked to
the amount of mass accreted by the black hblg,.:

L = eMyec?,

wheree is the accretion efficiency andis the speed of light. A typical value assumed
for the efficiency is~10% (Soltan 1982, Marconi et al. 2004). Recent comparisons
of the black hole mass function to the distribution inferfesin the observed AGN
luminosity indicate that the average efficiency is 8 %, theliggton ratio is~50 %,

and the average lifetime of the visible AGN phase-0® years (Marconi et al. 2004,
Shankar et al. 2004). As shown in Fig. 5, the black hole magsityeinferred from the
AGN activity can be compared directly with the observed bklaole mass density at
z~0, obtaining consistent results.

In addition, the black hole mass densityatl-3 can be derived from tHéhandra
observations of X-ray detected AGN and luminous infrarddxjas atz~2 (Treister et
al. 2010). At higher redshifts, upper limits to the obsertatk hole mass density at
z>7 were obtained from X-ray stacking at the position of higbshift galaxy candida-
tes in the Chandra Deep Field South by Treister et al. (204/hjle a strong detection
at z~6 was reported by Treister et al. (2011), it was recently toesd by other aut-
hors (Cowie et al. 2011, Willott 2011). Hence, we consevedyitreat here the claimed
detection as an upper limit. These measurements can be oesnpith the expectations
from black hole growth models. In particular, we comparewiite results presented by
Volonteri et al. (2003), Volonteri & Natarajan (2009) and&fateri & Begelman (2010).
Two “seed” formation models are considered : those deriffiom population-IIl star
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Figura 4.  Stacked background-subtracted Chandra courgsasction of rest-
frame energy, for sources witf4/fr>1000 andR-K >4.5 in the 4 Msec CDF-S
field (filled circleg. Thecyan dashed lines (starshows the simulated spectra for the
high-mass X-ray binary (HMXB) population normalized usthg relation between
star-formation rate and X-ray luminosity (Ranalli et al03). Theblue dashed lines
(open squares3how simulated thermal spectra corresponding to a blacly ttth
kT=0.7 keV. An absorbed AGN spectrum, given by a power-law Witfi.9 and a
fixed Ng=10?* cm~2, is shown by theed dashed lines (open circlesh addition,

a scattered AGN component, characterized by a 1% reflecfidtheounderlying
unobscured power-law, is shown by tgeeen dashed lines (open triangleShe
resulting summed spectrurbléck solid line¥ is in very good agreement with the
observed counts. The strong detection in the stacked speetrE>5 keV, confirms
the presence of a significant number of heavily-obscured AGtese IR-excess
objects Treister et al. (2009b).

remnants (Pop Ill), and from direct collapse models (D.[D.}his scheme, the central
black holes accumulate mass via accretion episodes thétiggered by galaxy mer-
gers. Accretion proceeds in one of two modes: self-regdilatein-regulated. For each
black in these models we know its mass at the time when theamstarts {/;,), and
we set the final mass through the self-regulated or un-regglifarescription. These two
models differ by the amount of mass a SMBH accretes duringengaccretion phase.
As it can be seen in Fig. 5, models that do not incorporatefteets of self-regulation
in black hole growth are grossly inconsistent with the aldé observational data.

5. What triggers back hole growth?

As it was determined observationally more than 20 yearsagp, Sanders et al. 1988),
major galaxy mergers can trigger simultaneous episodetraigsblack hole growth

and star formation. This can be explained theoreticallgesihhas been found that ga-
laxy mergers are very efficient in driving the gas that is raltyndistributed across the
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Figura5.  Accreted black hole mass density as a functiondsfiét. Thegray rec-
tangleshows the range of values allowed by observations~d galaxies (Shankar
et al. 2009). The data pointsat-2 correspond to the values obtained fr@mandra
observations of X-ray detected AGN and luminous infrarddxgas (Treister et al.
2010), while the upper limits at>6 show the results described by Treister et al.
(2011;red andblackdata points from the observed-frame soft and hard X-ray band
observations respectively). Tidack solid line shows the evolution of the accreted
black hole mass density inferred from the extrapolation GMNAluminosity fun-
ctions measured at lower redshifts (Treister et al. 200@)oWér-plot the predictions
of black hole and galaxy evolution models (Volonteri 201d))rfon-regulated growth
of Population-1ll star remnantsyan ling and direct-collapse seedgéer). Thered
andbluelines show the predicted BH mass density if self-regulaiancorporated.

galaxy to the central regions, where it is available bottstar formation and black ho-
le accretion (Barnes & Hernquist 1991). Hence, it is not gsirpg that at least locally,
most quasar host galaxies show merger features (e.g., Heckhal. 1984, Bahcall et
al. 1997). While the situation at high redshift is less ¢ldaeister et al. (2010b) re-
ported tentative evidence for a connection between higtidasity AGN activity and
major galaxy mergers up to~3.

However, it is now clear that this is not the only possible watrigger black hole
accretion. For example, for nearby Seyfert galaxies soteeadation signatures can be
seen (e.g., De Robertis et al. 1997), but the connection géthxy mergers is not as
clear as for high luminosity sources. Furthermore, it hagmdy established that at
z~1 moderate-luminosity AGN host galaxies do not have mortdien signatures
than a well-matched sample of inactive galaxies (Cisteatad. 2011). Similarly, as
it was shown by Schawinski et al. (2011) and presented inrEiguthe host galaxies
of X-ray selected AGN at~2 have similar morphological properties as non-active
galaxies. Hence, while high luminosity AGN (quasars) egés) in which black holes
get most of their mass (Treister et al. 2010b), appear tolbterkto strong interactions
and major galaxy mergers, low-luminosity AGN are probabiggered by stochastic
processes and/or minor interactions (Treister et al. 2010)
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Figura 6.  Distribution of Sérsic indicege(t pane) and physical effective radii
(right pane) for X-ray selected AGN host galaxies at-2 (solid histogramgsand
a matched comparison galaxiesripped histogramsfrom the work of Schawinski
etal. (2011). A Kolmogorov-Smirnov test performed to thdstributions indicates
that the AGN host galaxies and the comparison sample ard@stemswith being
drawn from the same parent distribution.

6. Prospects for future observations

While a clear picture of the history of black hole growth isexging, significant uncer-
tainties still remain. In particular, while the spectrahpk and intensity of the extraga-
lactic X-ray background have been used to constrain the AGNifation, the number
of heavily obscured accreting supermassive black holesruey~1 is not properly
bounded. IR and X-ray selection methods have been usefhbirsense, but have not
provided a final answer, due to confusion with star-formiatagies in the infrared and
the effects of obscuration in X-rays.

Scheduled for launch by the end of March 2012, NuSTAR (Hanrist al. 2010)
will be the first focusing high energyl=5-80 keV) X-ray mission, reaching flux limits
~100 times fainter thatNTEGRALor SwiffBAT observations (Fig. 7) and compa-
rable toChandraand XMM-Newtonat lower energies. During the first two years of
operations, NuSTAR will likely observe, as part of the gudead time program, two
extragalactic fields: the ECDF-S and the central 12degrt of COSMOS, for a to-
tal of 3.1 Msec each. These deep high-energy observatidhemnable us to obtain a
nearly complete AGN survey, including heavily-obscuredrpton-thick sources, up
to z~1.5 (Ballantyne et al. 2011). A similar mission, Astro-H K&hashi et al. 2010),
will be launched by Japan in 2014. Both missions will provaggular resolutions:1’,
which in combination with observations at longer wavelésguill allow for the de-
tection and identification of most growing supermassivelblaoles atz~1, mostly
independent of the amount of obscuration.
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2011 meeting for inviting me to participate in this very imsting and exciting confe-
rence. | acknowledge partial support from Center of Exoellein Astrophysics and
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Figura 7. Comparison between an INTEGRAL observation att@eV over
2x2 ded with an exposure time of 1.5 months using the IBIS deted#dt pane)
and a simulated NUSTAR image with the same observing pasam@ght pane).
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Abstract. We study galaxy pair samples selected from the Sloan Digksl
Survey (SDSS-DR7) and we perform an analysis of minor an@mnmagrgers
with the aim of investigating the dependence of galaxy prigee on interac-
tions. We build a galaxy pair catalog requiring< 25 kpch~! andAV < 350
km s~ within redshiftz < 0.1. By visual inspection of SDSS images we re-
moved false identifications and we classify the interastiomo three categories:
pairs undergoing merging/; pairs with evident tidal feature§;; and non dis-
turbed, N. We also divide the pair sample into minor and major intéoast
according to the luminosity ratio of the galaxy members. \Wectude that the
characteristics of the interactions and the ratio of lursityogalaxy pair mem-
bers involved in a merger are important parameters in gegi@taxy properties.

Resumen. Se realiz6 un andlisis de interacciones mayores y menoles se
cionadas a partir del catalogo espectroscopico SloandDigily Survey (SDSS-
DRY7). Se construyd una muestra de galaxias en pares ceraphicando el
limite de separaciones proyectadgs< 25 kpc h~! y velocidades radiales re-
lativas, AV < 350 km s~! dentro de un redshift < 0.1. Mediante inspeccion
visual se removieron falsas identificaciones y se cuantifidatensidad de la
interaccion. Ademas, se dividié la muestra de galaxias Emaociones mayo-
res y menores de acuerdo a la razén de luminosidad de susagafaiembro.
A partir de este andlisis concluimos que la intensidad dentesacciones y la
razon de luminosidad de las galaxias involucradas en ui@fgen parametros
importantes en establecer las propiedades de las galaxias.

1. Introduction

According to hierarchical structure formation modelsaggtgalaxy interactions play a
critical role in the formation and evolution of galaxies &écdssed by Woods et al. 2007
and references there in. Simulations show that galaxies Qyoaccreting other galax-
ies, mostly minor companions. Although collision of congizle galaxies are expected
to be the most damaging, encounters between galaxies ama companions should
be the most common type of interaction because of the griatgional abundance of
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low luminosity galaxies. Numerical simulations show thrairiajor interactions there is
an important redistribution of mass and a strong graviaididal torque causing gas
angular momentum to be transferred outwards before therfieajer. In minor interac-
tions the tidal action from the less massive companionsr@uce a non-axisymmetric
structure in the disk of the main galaxy (Hernquist & Miho®9%® The star forma-
tion activity in minor interactions depend on structuratl ambital parameters. In this
work we focus on a statistical analysis of close galaxy pmgfollowing Alonso et al.
(2007) these pairs were classified according to the levelaphological disturbance
associated to the interaction. In an attempt to explore tysipal mechanisms that
may affect the star formation activity and galaxy colors. Wge K-corrections of the
publicly available code described in Blanton & Roweis (20K~ correct _v4. 2)
as a calibration for our k-corrected magnitudes.

2. The Sample

We build a Galaxy Pair Catalog (GPC) from the SDSS-DR7, valhg our previous
works (Alonso et al. 2007), requiring members to have negaprojected separations,
r, < 25kpch~! and relative radial velocitiesAV < 350 kms~! within redshifts

z < 0.1. We classified all galaxies in the pair catalog taking intocamt the eye-
ball detection of features characteristics of interacjamsing the photometric SDSS-
DR7. We defined two categorie®2isturbed and Non disturbed pairs. Disturbed
pairs are sub-classified as merginy ( pairs with evidence of an ongoing merging
process) and tidall(, pairs with signs of tidal interactions but not necessaribrging).
Non disturbed (IN) pairs showing no evidence of distorted morphologies (sgelf.
We find that about 10 of galaxy pairs are classified a¢, 30% asT and 60% asN,
these percentages do not depend on redshift.

Figure 1. Examples of galaxy pair images with different sifisation: M (left
panel), z=0.0607" (medium panel), z=0.027 and, z=0.023(right panel); the scale,
size in arcsec and the N-E direction can be seen in Figure.

3. Major and minor interactions

For the present analysis we have divided our sample in majomanor interaction
pairs according to the luminosity ratio of the galaxy mersl{€ig. 2,le ft), the usually
adopted criterion for the classification into major or minmgeraction. In Fig. 2left,
a) we show the distribution of thé,/L; ratio, and the adopted threshald /L, =
0.33 which gives 877 minor and 1082 major interactions.

For comparison, we also construct a control sample for tirecptalog, defined by
galaxies without a close companion within the adopted s¢ijoar and velocity thresh-
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olds. By using a Monte Carlo algorithm, for each galaxy pai, selected two other
galaxies without a companion within, < 100kpch~! and relative radial velocities,
AV < 350kms~!. Moreover, these galaxies were also required to match theroed
redshift, luminosity and local density environmeh, distributions of the correspond-
ing pair sample, to represent a robust control sample (Rerak 2009) (see Fig. 2
right).
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0.05 [ ! S - 4

h -
0 o] farm SE S L L ==3

-24 -22 -20 -18 -16 -14 22 -20 -18 -16 ~-14 0
Mr Mr

Figure 2.  Left: (a) Distribution of the luminosity ratios of galaxies in the pai
sample.(b) and(c) show the),. distributions of the most luminous (solid lines) and
less luminous (dashed lines) galaxy member in minor and mpag subsamples,
respectively. Right: Distribution of z\/,. and loggs) in pair galaxies (dashed lines)
and in the control sample (solid lines).

3.1. Global star formation efficiency in major and minor interactions

Since interacting galaxies may finally end in a single systarthis subsection we ana-
lyze the efficiency of interactions to trigger the formatirstars in the pair considered
as a whole. For this aim, we compute the sum of the stellar esaasd the sum of
the star formation rates for the two members of a given pairguthe data given in
Brinchman et al (2004). Fig. 34ft) shows the behavior of the total star formation rate
(SFRy + SFRy) as a function of the total stellar mas¥/{ + M5). In a similar way,
we performed an analysis computing the global index colera &nction of a total
stellar mass. The results are displayed in Fig:ig/t).

4. Conclusions

We have performed a statistical analysis of 1959 galaxyspajr < 25 kpc A~ and
AV < 350 km s~1) within z < 0.1 selected from SDSS-DR7 and we have carried

out an eye-ball classification of images according to thdenge of interaction through
distorted morphologies and tidal features.

We can summarize the main results in the following conchsio

» We classifiedl0% of the total pair sample as merging)% with tidal features,
and60% as non disturbed.
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» We have also performed an analysis of the pairs consideredsingle system.
We find that at a given total stellar mass, major interactemesmore efficient in
forming new stars in comparison to minor pairs (by a facta2). Nevertheless,
in both, minor and major interactions, disturbed paiv$ &ndT" systems) have

a significantly higher total star formation rate than nostutibed galaxies. In a

similar way, at a given total stellar mass, disturbed pdisasblue global color

with respect to non-disturbed systems.
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Abstract. We study the chemical enrichment of elliptical galaxiesngsa
semi-analytic model of galaxy formation combined with amofgical N-
body simulation of dark matter particles. In particular, stedy thea-element
abundances with respect to the iron content of galaxies.nidia modification
to the previous models (Cora 2006; Lagos et al. 2008; Tecak @010) was
the implementation of a top heavy variable initial mass fiomcwith a theo-
retical basis (Weidner & Kroupa 2004, 2005, 2006; Weidnealef2011). We
find that with a single initial mass function at all epochs ¢iserved trend of
[a/Fe] with the stellar mass of elliptical galaxies can be hardjyroeuced. We
propound that a top heavy integrated galactic mass funcaorbe a plausible
solution for this problem.

Resumen. Estudiamos el enriqguecimiento quimico de galaxias elptapli-
cando un modelo semi-analitico de formacién de galaxiasaimulacion cos-
moldgica deN-cuerpos de materia oscura. En particular, estudiamosias a
dancias de elementesrespecto al contenido de hierro de las galaxias. La mo-
dificaciébn mas importante que se le hizo al modelo usado eajts previos
(Cora et al. 2006; Lagos et al. 2008; Tecce et al. 2010) fumfdementacion
de una funcion de masa inicial variable con fundamento dediiVeidner &
Kroupa 2004, 2005, 2006; Weidner et al. 2011). Encontramiescgn una fun-
cion inicial de masa Unica para todas las épocas y condiienel Universo
seria dificil de reproducir la tendencia observada de otesga/Fe] con la
masa estelar de galaxias elipticas. Proponemos que unérfunicial de masa
integrada galactica y plana para altas masas puede serlungs@lausible a
este problema.

1. Introduction

The last decade has witnessed a large advance in the capaabtaining spectral
information from large samples of galaxies in the nearbweirse, due to the realiza-
tion of large spectroscopic surveys (e.g. Sloan Digital Skyvey, SDSS; Abazajian
et al., 2009), as well as direct observations of galaxiesiréctlyield of the spectral
analysis are the abundance ratios of different speciesarticplar, the abundances of
alpha-elements relative to iron have been an issue of greakst because of a trend
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observed in the relation of these ratios with the mass gftedal galaxies, where the
more massive ones have larger valueggfte] than less massive ellipticals (Trager et
al 2001; Thomas et al. 2005; Spolaor et al. 2010; Thomas €04&D, T10 hereafer).
The a-elements are mainly products of type Il supernovae (SNeH® final stage of
stars more massive th&d/, with lifetimes of the order of tens of Megayears. On the
other hand, type la supernovae (SNe la) are the final stagevafnlass (below8 M)
and long lived (between 0.5 and 3 Gigayears) binary systbatsproduce mainlye
andFe-peak elements (Tinsley 1979). These different timesdalethe production of
a—elements andre and the consequent enrichment of the gas in the interstaiar
dium (ISM) have been used to infer the formation time scalekeostellar populations
in galaxies (Mateucci 1994; Thomas et al 2005). In this segakaxies with larger
[a/Fe] ratios are considered to form in a shorter time interval tpaaxies with lower
ratios. A priori, the observed trend @f/Fe] versus stellar mass could be interpreted
as anti-hierarchical, because galaxies in a hierarchzztagio would be expected to
grow in a bottom-up fashion, with more massive galaxiesigkbnger periods to build
up their masses. Nevertheless, different physical expitarecan be invoked to recon-
cile theory with observations. The aim of this contributierio propose a variable and
galactic integrated initial mass function to address thidbfem.

2. The Model

For this contribution we use a semi-analytic model of galéxynation SAG2 ach-
ronym for Semi-Analytic Galaxies) that is aplied to the augpof a cosmological dark
matter simulation 067.68h~! Mpc side, to assign properties to the galaxies residing
in the center of each dark matter halo identified in the sitiaria This model is based
on various former versions (Cora et al. 2006; Lagos et al8208cce et al. 2010). For
details of the semi-analytic model we refer the reader tedlprevious works, but it is
important to note that the SAG2 model considers the feedpemtesses from SNe and
Active Galactic Nuclei (AGNs) and has a detailed modelinthefchemical enrichment
of galaxies that takes into account the stellar lifetimesd@ani et al. 1993) and the
metals contributed by the ejecta of both SNe la and SNII, dsasdy the mass loss of
low mass stars. These aspects are essential for a propgrostieg: chemical evolution
of galaxies and, in particular, of their abundancesvefelements with respect to the
iron content achieved by them.

2.1. Atop heavy-integrated initial mass function

In this work, we modify the semi-analytic model SAG2 considg a new scheme of
star formation, that includes a top heavy integrated gialaatial mass function (Top
heavy IGIMF, Weidner et al. 2011). The Top heavy IGIMF is a ifiodtion of the
IGIMF developed during the last decade (Weidner & Kroup®2®005, 2006) with
an extra assumption, i.e, the clusters more massivelthraly,, form stars with a more
top heavy IMF. The final adopted Top heavy IGIMF can be traadlin

m- s Miow < M < My,
Cas
) ymo < m < my, (1)

m

m

ma ) T2 m —QIGIMF

m_o) (_) , My S m < Mmax,
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where my,y, is equal t00.1Mg, mg = 0.5Mq, m; = 1.3Mg), Mmax 1S 100M ),

a1 = 1.3, as = 2.35 andajgrvr iS a variable slope that depends on the star formation
rate (SFR) of the galaxy at the time of formation. Larger SERe rise to shallower
slopesk is a normalization constant, so thgf*¢(m) mdm = 1.

3. Results and discussion

We present the results regarding the dependenceafhancement with stellar mass
for both our reference model and the model with the Top he@HhvF implemented

as described in sectidh1. The former considers a Salpeter IMF; the free parameters
involved in the formulae that describe different physicedbgesses are calibrated to
reproduce typical observational constraing at 0 (e.g., luminosity function, mass-
metallicity of gas, black hole mass-bulge mass relation).ethese same set of para-
meters are used in the modified version of SAG2 to analyzertpadt of the Top heavy
IGIMF on the chemical properties of galaxies. In figure 1 wevslthe [a/Fe] ratios

vs. the logarithm of the stellar mass of elliptical galaxiethe model. For comparison,
we plot the data obtained by Trager et al. (2001) as shown iigdwmi et al. (2010),
and the linear fit to the sample of red sequence galaxies fioomas et al. (2010). For
comparison, we divide our sample in active and passive gaaXe follow Kimm et

al. (2011) to define active galaxies in terms of the specifiR 8& = 0; we estimate
this quantity averaging the SFR over the last four snapstidise simulation, that is,
up to redshiftz = 0.08. We can see that, in the case of a Salpeter IMF, model results d
not follow the relationship betweén /Fe] ratios and masses of galaxies as indicated by
observational data, pointing that it is difficult to recdaainodel and observations with

a classical approach of IMF. On the other hand, the model avitlop heavy IGIMF

is more consistent with the observed trend, although a gestter is present in the
results. We find that, in both models, the active and passilaxgps occupy the same
regions in the plot, while Thomas et al. (2010) found thavaaalaxies, mainly present

in low density environments and with renewed star formatmigrate in the diagram

to lower [a/Fe] ratios because the stars in these galaxies form from irdorest gas
from SNla. These results show that there are caveats in tlieling of the star for-
mation histories of galaxies, although one can reprodueraibservated relations at
z = 0. The evolution of galaxies strongly depend on the combinadif star formation
and feedback processes, both from SNe and AGNs, and a betterstanding of these
aspects and their proper modeling are needed to reprodece-thelement enhance-
ment in aA-CDM Universe, which constitute an excellent constraingoy model of
galaxy formation.

Referencias

Abazajian, K. N., et al. 2009, The Astrophysical Journal@ement Series, 182, 543
Arrigoni, M., Trager, S.C., Sommerville, R. S., Gibson, B.R010, MNRAS, 402, 173
Kimm, T., Vi, S. K., Khochfar, S., 2011, ApJ, 729, 11



316 1. D. Gargiulo et al.

0.6\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\\\\\\\\\\ 0.6\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\\\\\\\\\\
- Thomasetal. (2010) - - - F  Thomas etal. (2010) - - B
L Arrigonietal. (2010) < 4 L Arrigoni et al. (2010) ©
| Elliptical passive galaxies B | Elliptical passive galaxies
Elliptical acti laxi Elliptical acti laxit
04 iptical active galaxies ] 0.4l iptical active galaxies ]
0.2 v g} 0.2
T e T r
L oLt
k=] r J 3, L
0.0-" - 0.0+
-0.2- - -0.2-
=04t =0.4 L et Y
8 9 10 11 12 8 9 10 11 12
IOg(Mstellar) IOQ(Mstellar)
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Abstract. Recent cosmological modeling efforts have shown that d lata
derdensity on scales of a few hundred Mpc (outte- 0.1), could produce
the apparent acceleration of the expansion of the univdrsereed via type la
supernovae. If the local universe is under-dense in this tivag the normal-
ization of the near-infrared (NIR) galaxy luminosity fuiwet (LF) atz > 0.1
should be a factor of 1.5 — 2 higher than that measured for< 0.1. Here
we present a highly complete spectroscopic sample of galaseélected in the
H—band (.6m) to study the normalization of the NIR LF @il < z < 0.3
and address the question of whether or not we reside in allecgkunderden-
sity. We examine the effects of cosmic variance on studigbeoNIR LF over
the past decade and find that observations cannot yet rutaepbssibility that
the local universe is under-densezat 0.1.

Resumen. Modelos cosmoldgicos recientemente han mostrado que una re
gioén local de baja densidad en escala de unos cientos de Mp@th~ 0.1)
podria producir la aceleracion aparente de la expansionnietrso observado
via supernovae tipo la. Si el universo local tiene este mefidensidad, la nor-
malizacion de la funcion de luminosidad (LF) de galaxiaseeNIR enz > 0.1

debe ser mas alta que la normalizacion local por un factor.®le- 2. Aqui
presentamos una muestra de galaxias seleccionadas endel Bafl.6,.m),

y altamente compleja espectroscOpicamente, para estadiarmalizacion en

0.1 < z < 0.3. Examinamos los efectos de varianza cdsmica en estudios del
NIR LF en la década pasada y llegamos a la conclusion que &s\ationes
todavia no pueden concluir que no estamos en una region aledrgidad.
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1. Introduction

The size of large-scale structures in the local universg (gheets, voids, and super-
clusters of galaxies), and our location among them, is dfcatiimportance to the
interpretation of observational results. Cosmic variathee to large-scale structure can
lead to systematic variations in observational data. Systesatics can dominate over
other sources of error if a volume suffient to average ovemaosgariance has not been
sampled. However, it remains unclear just what the uppét dimthe size of large-scale
structure is, and hence what volume constitutes a repegsensample of the universe.
If the typical size of local large-scale structure is muosager thari00 Mpc, then local
measurements of the Hubble constant, and other cosmdladisarvables, could still
harbor large systematic errors.

Cosmologists have proposed so called "void models", amaliges toACDM,
that invoke a large local underdensity to explain the appaeceleration of the expan-
sion of the universe. The scale of the voids proposed in thesgels ranges from a
few hundred Mpc to several Gpc in radius. The basic premishesfe models is that,
if we as observers live near the center of a large undergetisén we would withess
a local expansion of the universe that is faster than theaglmkpansion, simply due to
the void being evacuated toward higher-density surrowwdina gravity. This would
provide for a locally measured Hubble constant that is hig¢fien the global value, and
look observationally like an accelerating expansion.

The question of whether or not we reside in a local void witladius of a few
hundred Mpc is of particular interest because several esudi near-infrared (NIR)
galaxy counts have found that the local space density okgalanay be low by25 —
50%, compared to the density at distances-.0300 ' Mpc orz ~ 0.1 (e.g. Keenan
et al. 2010). If the universe at< 0.1 is under-dense, as some galaxy counts surveys
suggest, then the normalization of the NIR luminosity fiorei{LF) atz > 0.1 should
be higher than locally measured values. In Keenan et al. 2(28dbmitted to ApJ)
we explore the normalization of the NIR LF as a function ofstatt to test for the
existence of a large local underdensity.

2. The normalization of the NIR luminosity function

In Figure 1 we show the LF normalization as a function of rétisiom this study
(filled circles) and selections from the literature. Thedsblack line in Figure 1 shows
the void radial density profile from Bolejko & Sussman (2QMhich they claim could
reproduce the apparent acceleration of the expansion afrilverse observed via type
la supernovae. Bolejko & Sussman (2011) present this vaifilpas a density contrast
profile (< p(r) > /po). We convert their density contrast profile ¢6 as a function
of redshift, by normalizing to the error-weighted averagéug of¢* from the lowest
redshift ¢ < 0.07) K—band studies. The filled red star in Figure 1 shows this wejht
average alz = 0.05, ¢* = 0.01]. We note that such a radial density profile is not ruled
out by current measurements of the NIR LF normalization.

Several sources of systematic uncertainty must be comsidehen comparing
different studies as in Figure 1. These include differenoeghotometric methods,
differences in methodology in determining the LF normadi@a and cosmic variance.
Given these sources of systematics, it is impossible, @epteto say whether a void
profile, such as that presented in Figure 1, is favored oadiséd compared with a
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Figure 1.  The best fit Schechter function normalization) for NIR LFs in this
study (filled circles) and selections from the literaturdl rAeasurements from our
study and from the literature for the—band are shown in blugf —band in green,
and K —band in red. In each cas¢; is plotted at the median redshift for galaxies
in a given study. Where studies (including this one) haveeoed more than one
bandpass, thé—band¢* is plotted at the median redshift of the study difdnd/or

K —band values are shifted slightly along the abscissa foitglafhe solid error
bars show the b statistical errors in the fitted values for. for this and other
studies. The dashed error bars show theuncertainties when an estimate of sys-
tematics due to cosmic variance is included. The solid Im@s the void radial
density profile from Bolejko & Sussman (2011), that theyrlavould be sufficient
to provide an apparent acceleration of the expansion of tinerse observed via
type la supernovae.
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flat radial density profile. For a detailed discussion of ¢hegstematics, we refer the
reader to Keenan et al. (2012, submitted). Large surveysateacurrently underway,
including our own continued spectroscopic follow-up onesaV fields, will allow for
void models to be ruled in or out on scales of a few hundred Mpc.

3. Summary

An accurate measurement of the average space density aiaggjlast beyond the local
universe £ > 0.1) is of interest, in particular, because recent cosmoldgiazdeling
efforts have shown that if the matter densityat 0.1 is low by roughly50%, then the
apparent acceleration of the expansion of the universel@uiply be a product of our
location with respect to local structure.

We have presented a study of the NIR LF normalization at iiéids#f 0.1 < z <
0.3. While this study consists of a relatively small sample dagies (812), our survey
represents a factor of four increase in the number of gadawiprevious studies of the
NIR LF in this redshift range, which implies a factor of twoctease in the systematic
uncertainties due to cosmic variance.

We compare the normalization in the combination of our sild§éievith lower
redshift measurements to test for a higher space densitplakigs atz: > 0.1. We
find the normalization to be in agreement with other studiemedian redshifts near
z ~ 0.1, but a factor of~ 1.5 higher than the error-weighted mean normalization at
<z >~ 0.05.

Despite the uncertainties due to cosmic variance, it wopfukar that data from
the literature are beginning to suggest a rising normadindtom z = 0.05 to z = 0.1.
While this conclusion is tentative at best, it would not beilidy surprising, as a rising
normalization over this redshift range would be predicteemy the results of several
NIR galaxy counts surveys over the past— 20 years.
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Abstract. Superclusters are the largest gravitationally bound syst@ the

Universe. These structures are not presently virializedthe application of
theoretical arguments in their identification is not stndfigrward. Luparello
et al., (2011) present an identification method and estaltis values of the
parameters in order to ensure that superstructures in gsempr Universe will
evolve into virialized structures. In this work we define asfdracterize the
largest structures in the Universe, in the framework of th&mological model
ACDM. We briefly describe the Future Virialized Structures (Fid@ntifica-

tion method applied to the seventh data release of the SlaataCSky Survey
(SDSS-DR7, Abazajian et al., 2009) in the redshift radgd < z < 0.12 and

present the main properties of the FVS catalogue.

Resumen. Los supercumulos son los sistemas gravitacionalmenteédigyaas
grandes del Universo. Ya que no se encuentran aun en emuiimamico, es
dificil aplicar argumentos teoricos en su identificaciohreacatalogos observa-
cionales de galaxias. En Luparello et al., (2011) se establl®s valores necesa-
rios de los pardmetros de identificacion para que supecestas en el Universo
actual evolucionen a Estructuras Virializadas en el FutBkS, por sus siglas
eninglés). En este trabajo se definen y caracterizan lasresmgstructuras en el
Universo, en el marco del modelo cosmologio® DM . Se describe brevemen-
te el método de identificacion de FVS aplicado a la séptineadition de datos
del catélogo observacion8loan Digital Sky Survey - SDSS-D@bazajian et
al., 2009) en el rango de corrimiento al r@j04 < z < 0.12 y se presentan las
principales propiedades del catalogo de superestructuras

1. Introduccién

Los mayores sistemas gravitacionalmente ligados, aunguecesariamente virializa-
dos, se conocen como supercumulos. Los supercumulos estdados por galaxias,
grupos y cumulos de galaxias, y se conectan entre si a trafééardentos, constituyen-
do la base de la estructura en gran escala del Universo.nfeete@mas una morfologia
compleja, presentan varias ramas filamentarias y nldclemodeon galaxias muy lu-
minosas, con dimensiones que van desde unos 20 Mpc hasi&@adpc. La deteccion
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y el estudio de supercumulos es de gran importancia pararipremsion del origen y

evolucién de la estructura en gran escala del Universo.r8baggo, los métodos usua-
les aplicados para la identificacion de estas estructwgasrtiuna gran limitacion: no
estan basados en argumentos teéricos que posibiliten finida univoca de super-

cumulo. En este trabajo se adopta el criterio de identificadesarrollado por Einasto
et al. (2007), calibrado utilizando fundamentos teéricasnhner et al.,2006), para defi-
nir las FVS como superestructuras en el Universo actual gple@onaran a sistemas
virializados en el futuro.

2. Método de Identificacion de Superestructuras

Se utilizo6 el catalogo de galaxias del SDSS-DR7 (Abazajiat. 009) para construir
muestras limitadas en volumen en el rangorefishift0.04 < z < 0.12. La mues-
tra principal contiene 89513 galaxias mas luminosas fue< —20.47. El método
de identificacién de superestructuras, desarrollado emskEiret al. (2007), se basa en
construir un mapa de densidad de luminosidad a partir dedkxigs de la mues-
tra. Para esto, se suaviza el campo de luminosidad apliaaméternel Epanechnikov,
k(r —R) = % {1 - (%)Q] conryg = 8Mpc. Una vez suavizado el campo de
luminosidad, se representa la geometria del catalogo ca@onjonto de celdas cubi-
cas del Mpc/h de lado. La luminosidad de cada celblg;; se calcula de la siguiente
manera:Le; = >; LYy, [.n *(r — Ry)dr, donde L, es la contribucion de la i-
ésima galaxia a la luminosidad de la celda. Las superestascte definen aplicando
un algoritmo de percolacion sobre celdas que cumplan ericritle sobredensidad de
luminosidado;ym—ceir = D1 prum, Siend0pum—ccu 1a densidad de luminosidad de ca-
da celda yp;., la densidad de luminosidad media del mapa. Es fundamerttaies
fijar el valor del parametr@, que define las propiedades de los sistemas identificados
a través del umbral de luminosidad por sobre el cual una qeldde ser considerada
parte de una estructura.

2.1. Calibracion del umbral de densidad de luminosidadD

Trabajos previos de Einasto et al. (2007), Livamagi et2010), Costa—Duarte et al.
(2011), entre otros, definen el parameiPg en base a propiedades conocidas de los
supercumulos de galaxias, tales como sus dimensiones.t@&nestudios, el valor de
Dp oscila entre 4.6 y 6. Por otra parte, desde un punto de vistarpante teorico, el
trabajo de DUnner et al. (2006) aplica el formalismo delgsdeesférico en simulacio-
nes numeéricas que responden al modelo cosmolégico de camiaAC D M. Alli

se logra establecer el valor minimo de densidad de masa« = 7.8pmass) NECESA-
rio para que una estructura en el Universo actual colapseohjato virializado en un
futuro distante ¢(¢) = 100). Se utilizdé entonces la simulacion numérica Millennium
(Springel et al., 2005) para calibrar el paramefrp en base al mencionado criterio
tedrico. De esta manera se logré establecer el vinculo Entiefinicion tedrica y la
definicién operacional de supercimulo, identificando esiras virializadas en el fu-
turo (FVS). Para estudiar la capacidad en detectar FVS deldm®asado en densidad
de luminosidad, se realizaron identificaciones sobre e cigbla simulacion variando
el pardmetraDy en el rangot < Dy < 9. Aplicando un limite inferior a la luminosi-
dad de las estructuras identificadasld@LQ, se asegura excluir camulos individuales
y extraer solo estructuras extensas. En la Figura 1 (a) setrala sobredensidad de
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masa de las estructuras para tres valore®geCon el objeto de seleccionar el valor
mas conveniente dBr, se exploraron la contaminacion y la completitud del ca@lo
comparando los resultados obtenidos en los espacios reakgshift La completitud
se definié como el cociente entre el nUmero total de estagtdentificadas para un da-
do D7 y el nUmero maximo de estructuras identificadas dentro dglraxplorado de
Dy. La contaminacion es la fraccion de estructuras identifisagie no cumplen con
el criterio de Dunner et al. (2006). En la Figura 1 (b) se nraeststos dos parametros
para los sucesivos valores dg-. A partir de este analisis se decidi6 fijar el valor de
Dy = 5.5, que presenta un buen balance entre baja contaminaciéa gaaitpletitud.
Con este valor dd, el 20% de estructuras @aal-spaceno tienen su contraparte
en redshift-spacePor otro lado, sélo el 2% de estructurasredshift-spaceno son
verdaderas ereal-space Esto indica que la identificacién de estructuras en cavélog
observacionales tiene baja contaminacion.
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Figural. En el panel (a), distribucién de sobredensidadaamara estructuras
identificadas en la simulacion, para diferentes valorepdeimetroDr. La linea
de trazos vertical indica la sobredensidad de masa a parta dual una estructu-
ra puede ser considerada como virializada en el futuro. istedramas en linea de
puntos comprenden todas las estructuras identificadastrasejue los de linea con-
tinua muestran solamente aquellas estructuras con luitiétbsiayor a 02 L. En

el panel de abajo a la derecha se comparan las distribugi@mados tres valores
de D ejemplificados. En el panel (b), se presentan la Complegitbdntaminacion
del catalogo de FVS como funcion di-. El valor adoptado parBr = 5.5 muestra
el mejor balance entre baja contaminacién y alta comptetitu

3. Resultados: Catalogo de FVS

Teniendo en cuenta los analisis previos, se aplicd el mé&eddentificacion sobre la
muestra limitada en volumen del SDSS-DR7, adoptando et dal®; = 5.5 y un li-

mite minimo de luminosidad para las estructurai@iéL@. Se encontraron 150 FVS,
formadas por un total de 11394 galaxias. Las estructuragicuh 1.26 % del volumen
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analizado, donde el volumen de las FVS oscila ettit¢h—! Mpc)? y 10°(h~t Mpe)?
(Figura 2 a). La luminosidad de las superestructuras vatfa €)' L., y 10'* L, (Fi-
gura 2 b). Este catalogo sienta las bases de diversos esthdigran escala, se pueden
caracterizar globalmente las estructuras identificadapdtello et al. 2011) y a esca-
las intermedias, analizar la influencia de las superesagten las propiedades de los
sistemas que éstas albergan.
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Figura 2.  Distribuciones de volumen (a) y luminosidad (bjapel catalogo de
FVS. La muestra principal, aqui descripta, corresponddiada continua. En el in-
set se muestran la luminosidad y volumen medio en rangosidhifg estableciendo
que el método no tiene fuerte dependencia con la profundieda muestra.
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Abstract. We present here a re-analysis of the variability results sdraple
of active galactic nuclei (AGN), which have been observed®reral sessions
with the 2.15 m “Jorge Sahade” telescope (CASLEO), San Argentina, and
whose results are published (Romero et al. 1999, 2000, 208kpne et al.
2000).

The motivation for this new analysis is the implementatiduring the last
years, of improvements in the statistical criteria appliedking quantitatively
into account the incidence of the photometric errors (@ellet al. 2007).

This work is framed as a first step in an integral study on théssical
estimators of AGN variability. This study is motivated byethreat diversity
of statistical tests that have been proposed to analyzedtability of these
objects. Since we note that, in some cases, the results abjbet variability
depend on the test used, we attempt to make a comparatiweddttite various
tests and analyze, under the given conditions, which of tkehe most efficient
and reliable.

Resumen. Presentamos aqui el reanalisis de los resultados sobabiidad
de una muestra de nucleos galacticos activos (AGN), loesuan sido ob-
servados en diferentes ocasiones con el telescopio “Jaiygds” (CASLEO),
San Juan, Argentina, y cuyos resultados fueron publicagloséro et al. 1999,
2000, 2002; Cellone et al. 2000).

La motivacion para este nuevo andlisis es la implementaei@mlargo de
los Ultimos afios, de mejoras en los criterios estadistitilizados, cuantifican-
do la incidencia de los errores fotométricos (Cellone e2@(0.7).

El presente trabajo es el primer paso de un estudio integeli@ los es-
timadores estadisticos de la variabilidad en AGN. Estedestestad motivado
por la gran diversidad de test estadisticos que se han @topp@ra analizar la
variabilidad de estos objetos. Como notamos que, en alguasos, l0s resulta-
dos en la variabilidad difieren segun el test utilizado, nep@nemos hacer un
estudio comparativo sobre varios test y analizar, segindadiciones dadas,
cual de todos ellos es el mas eficiente y confiable.
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1. Introduction

The phenomenon of rapid changes in the optical brightnebtanérs, over timescales
of less than a night, is known asicrovariability. Its origin is still uncertain; however,
intensive observational campaigns during the last two diexzdave made available a
wealth of data to better understand this phenomenon.

There is a diversity of statistical tests used to study mariability. Because of
that, different authors use different methods to make ainsiludies. The most common
statistical test used is@test (i.e., asigma quotient test; see e.g. JakigMiller, 1995).
Recently, de Diego (2010) suggested that the best statistiethod in this area is the
F test, which tests the differences between two distribstiaia the quotient of their
variances.

It is important to find the most suitable statistical testsinn several cases, the
resulting variability of any source depends on the stafistiest used. For example,
Joshi et al. (2011) attempt to make a comparison betweegreiiff tests, showing that
there may be discrepancies in the results according to sheated suggesting that more
studies have to be made. Our aim is then to make a thorougiseésmabmparing the
results given by different tests.

Here we present the results of the first step to reach our §@alre-analyze the
microvariability state of a large sample of AGN applying testatistic with different
criteria.

2. Data

The data that we use here were originally published in Roreeml. (1999, 2002).
In the first paper, the authors studied the optical micremlity of a sample of 23
Southern AGN. In Romero et al. (2002), they reported the onaiability state of 20
blazars detected by EGRET. Both studies were based on alisaiy taken with the
2.15-m “Jorge Sahade” telescope, CASLEO, Argentina. Tlsemfations were spread
between April 1997 and July 2001. Only three sources areatefden the two papers,
while for two sources new data were presented in the secquet.pa

3. Statistical analysis

We re-analyze the photometric data for each object in eagiiit i order to construct
the differential photometric light-curves.

We studied the variability state usinglastatistic. To do this, we need to choose
two stars on the object frame, one as a control star and thex otle as a compari-
son star. This is a variability test based on the ratio of tispatsion of theobject-
comparisonlight-curve tocontrol-comparisorlight-curve. According to this statistic,
if C > 2.576, a source is variable at a%%onfidence level. We used an aperture of
6.5 arcsec (Cellone et al. 2000) for all the objects, exaapPKS 1622-297 in which
case we used an aperture of 3.5 arcsec because the obje §ipétially crowded.

First we applied a new selection criterion to choose the @ispn and control
stars. Following the recommendation given by Howell et 8988), we selected a star
with a magnitude as similar as possible to the target as aagt@tar, while the compar-
ison star was chosen to be slightly brighter than the other Neither the comparison
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nor the control star chosen were variable, and the same psiaie was always used
for each object. Then, we also scaled the control light-eutigpersion with & factor

(Howell et al. 1988), taking into account the differenceshia magnitudes of the ob-
ject and stars, thus ensuring that both light-curves aralggaffected by noise. As an
example, Tablé shows part of the result¢Contact the authors for a full version of the

table.)

Object Type UT Date i CNw Cr o T
0235+164 BLL/LSP 11/03/99 10.1® 10.10 11.74 0.013 0.880
0537-441 BLL/LSP 12/22/97 9.45 585 4.67 0.005 1.252

12/23/97 7.06 325 279 0.008 1.165
12/17/98 13.65 6.28 6.98 0.005 0.899
12/18/98 2.82 177 1.89 0.004 0.932
12/20/00 051 1.01 1.61 0.006 0.624
12/21/00 255 0.72 151 0.004 0.628
12/24/00 360 1.12 1.79 0.004 0.627
0637-752 FSRQ/LSP 12/22/97 NV  0.97 0.95 0.004 1.023
1034-293 QSaG 04/24/97 9.60 197 1.86 0.014 1.060
1101-232 BLL/HSP  04/29/98 3.6 2.93 299 0.006 0.979
1120-272 QSd 04/27/98 NV 0.38 0.40 0.017 0.934
1127-145 FSRQ/LSP 04/27/98 279 131 123 0.004 1.068
1334-127 FSRQ/LSP 04/11/00 231 1.86 241 0.009 0.770
04/12/00 2.67 2.42 297 0.008 0.815
1622-297 FSRQ/LSP 06/04/99 211 182 179 0.034 1.013
06/05/99 321 320 3.17 0.015 1.008
2022-077 FSRQ/LSP 07/26/01 4.8% 227 278 0.010 0.817
2155-304 BLL/HSP 07/27/97 1.08 095 1.82 0.007 0.521
2254-204 BLL/XXX! 09/20/97 2606 087 1.07 0.024 0.817
2316-423 HBL* 09/04/97 NV 1.30 152 0.018 0.864
2341-444 QSd 09/17/97 NV 092 0.92 0.023 1.003
Table 1.  Microvariability results. Columns: object; clfisation; date,C, confi-

dence parametefi( : published valuesy W : Without weight,I" : With weight); o,

standard deviation of the control-comparison differdrtiave; ", corrective factor.
(1): Abdo et al., 2010(2): Veron & Cetty, 2006(3): Carini et al., 2007(4): Abdo

etal., 2009{5): Romero et al., 20026): Romero et al., 1999.

4. Results

The original criterion, used in Romero et al. (1999, 2002s\wo choose two different
groups of stars in each frame. The authors averaged each, @btaining a “mean”
comparison and control star, respectively.

In this work, applying the new criteria, we obtained lowéwalues than those of
the previous works. The explanation of this behavior is thatuse of “mean” stars
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increases the S/N, thus making the dispersion ofctivérol-comparisondifferential
light-curve lower, giving highe€ values.
We re-analyzed the photometric data of 39 AGN along 78 njdimding that:

» More than80% of the sample did not change its microvariability state.

» The other20% changed from variable (V) to non-variable (NV) (the majpif
these cases corresponddovalues neaR.576).

Despite most of the sample did not change its state, we stile fa significant
number of cases in which the state actually changed jusyimgpthe new selection
criteria, but keeping the same statistic. This means thatviéry important to choose
a suitable statistical analysis along with a careful choicine comparison and control
stars, since the state of variability of the source shoutdlapend on the criterion used.

Acknowledgments. This project is supported by the Argentine Agency ANPCyT
(Grant PIP 2008/0627).
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Abstract. In this work we analyze the properties of obscured and unobsc
AGNs selected from th&Multiwavelength Survey by Yale-ChilgMUSYC).

The sample of AGNs was selected base on their mid-infrarkts@3.6], [4.5],

[5.8] y [8.0] wm), from images obtained with the Spitzer Space Telescope. We
select obscured and unobscured AGN samples using a siniteleéorr based on

the observed optical to mid-IR color with limi#8 — [4.5] = 3.04 (AB system)

and with redshifts in the range < z < 3. Obscured AGNSs are intrinsically
optically faint in theR band, suggesting that luminous IR-selected AGNs have
significant dust extinction.

Resumen. En este trabajo se analizaron las propiedades de las galzoia
ndcleos activos (AGNSs) oscurecidos y no oscurecidos fifigadios en el cata-
logo multiband&Multiwavelength Survey by Yale-ChilgMUSYC). La mues-
tra de AGNs fue seleccionada en base a sus colores en elrafpdranedio
([3.6],[4.5],[5.8] y [8.0] um), mediante imagenes obtenidas por el Telescopio
Spitzer. Se estudiaron dos muestras de AGNs oscurecidosogaurecidos,
usando un criterio de seleccion en color con limies [4.5] = 3.04 (sistema
AB) y con redshifts en el rango entte< z < 3. Los AGNs oscurecidos son
intrinsecamente débiles en la ban@adebido posiblemente a la presencia de
grandes cantidades de polvo provenientes tanto de la reg@dear como de las
estrellas.

1. Introduccién

Es conocido que la formacion de las galaxias esta intimametdcionada con la for-
macion y evolucién de sus nucleos galacticos activos (AGNI€) sus respectivos agu-
jeros negros supermasivos. Desde hace algunos a nos dt@descubierto la existen-
cia de objetos a altos redshifts £ 2), identificados en el infrarrojo, con contrapartes
Opticas intrinsecamente débiles (Dey et al. 2008). Mudfatmajos han demostrado que
la naturaleza de estos objetos esta relacionada con AGMsernigion es fuertemente
oscurecida por la presencia de polvo que absorbe las bapteasdy UV (Stern et
al. 2005). En algunos modelos de formacion de AGNs reladios@on fusiones de
galaxias se observa una primera fase en donde la zona noolegran actividad se
encuentra enteramente oscurecida. Luego de esta fasdaedgua de corto periodo en
donde se produce una caida del material hacia las zonaalesnse incrementa la for-
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macion estelar y los vientos galacticos y gran parte delnahes barrido, produciendo
una fase en donde la emision no es oscurecida y el objeto senf@Eomo un quasar
luminoso (Hopkins et al. 2006).

2. Datos observacionales

Los datos observacionales fueron obtenidos del catalaggeptado por Cardamone et
al. (2010). Este combina imagenes profundas en difereatesals opticad(, B, V, R,

I; IR cercano,/, H, K; I R medio) de un area del cielo @&’ x 30’ correspondiente
al Extended Chandra Deep Field - SotBCDF-S), las cuales fueron obtenidas del
relevamiento MUSYC (Gawiser et al. 2006). Ademas incluytsiael relevamiento
SIMPLE (Damen et al. 2011) en las bandas$] , [4.5], [5.8] y [8.0] um, entre otras

y los redshifts fotométricos calculados con el softwareYEamediante la informacion
fotométrica en 32 bandas (Brammer et al. 2009). Tambiénepmsdshifts espectro-
stopicos, los cuales se recopilaron para las fuentes dislesnen los catalogos de la
literatura con el fin de cuantificar la precision de los refistiotométricos. Se dispo-
ne en el catdlogo de un parametfp,, definido como una estima de la calidad de los
redshifts fotométricos. En este trabajo se selecciona®nbjetos con un valor conser-
vativo (), < 1 (ver Cardamone et al. 2010).

2.1. Criterio de selecciéon de AGNs en el IR

Varios estudios recientes han demostrado que los colollas dalaxias en el infrarrojo
medio pueden proporcionar un medio efectivo para discamémtre galaxias “norma-
les” y AGNs. Stern et al. (2005) estudiaron los colores ehfemedio de 800 AGNs
confirmados espectroscépicamente de la region de Bo6tedd@AIO Deep Wide-Field
Survey” (NDWFS) Los colores en el R medio son adquiridos de la camara IRAC
montada en el telescopio Spitzer y la espectroscopia eridbtdel catdlogdAGN
and Galaxy Evolution Survey(AGES, Kochanek et al., sumitido). De un total de 681
fuentes que residen en la porcién del espacio color-colbinflarrojo medio en la
seleccion de Stern et al., 77 % son clasificadas espectioaofgnte como BLAGNS,
6 % son clasificadas como NLAGNs 17 % como galaxias y 1 % comellest

Hickox et al. (2007) identifican una poblacion de AGNs oscig@s y no oscu-
recidos a redshifts.7 < z < 3, usando observaciones multibanda del NDWFS, en la
region de Bootes. Estos autores seleccionan una muestréls Atilizando el crite-
rio de Stern et al. Los AGNSs identificados en/él muestran que la relacion entre el
color R — [4.5] (bandarz del optico y en[4.5] um en ellR) VS Ly 5, (luminosi-
dad en[4.5] pm) es bimodal. Esto permite distinguir entre dos poblaciafistntas,
una formada por objetos oscurecidos en el 6ptico y otra de A&Noscurecidos con
propiedades similares a las QSOs de fipo

Siguiendo estos trabajos se selecciond una muestra de Adliksndo el criterio
de Stern et al., ver Figura 1 (a). Luego se tomaron los objetdshifts fotométricos
entrel < z < 3, ubicandolos en un diagranta-[4.5] Vs L4 5, Y Se utilizé el criterio
de seleccién presentado por Hickox et al. (ver Figura 1 @))imite entre las dos
poblaciones de AGNs esta definido gor [4.5] = 3.04(AB). En el panel superior se
muestran las distribuciones de luminosidadgs;),,., para las dos muestras de AGNs,
se observa que ambas muestras presentan luminosidadesesintn el panel derecho
se encuentran los histogramas de los colores para los AG&tsiemados en el IR.
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Figura 1. (a) Diagrama color-color en elR medio y criterio de seleccion de
AGNs (linea amarilla)(b) Distribucion de colof? — [4.5] VS L4 5),,,,, paralos AGNs
identificados en el R con redshifts espectroscopicos entre z < 3. La linea
de trazos muestra la separacion entre AGNs oscurecidos gauweridos. Paneles
de arriba y de la derecha muestran los histogramas de logesofodeLy 5),m,
respectivamente, para los AGNs obscurecidos y no osco®cid

3. Propiedades de los AGNs oscurecidos y no oscurecidos

Para analizar las diferentes caracteristicas de los AGiNs@sdos y los no oscureci-
dos seleccionados mediante las técnicas descriptasoanterite, se tuvo en cuenta la
magnitud aparente y los redshifts fotométricos de ambastmage Como se aprecia en
la Figura 2 (a) al estudiar la distribucion de magnitud endadaR de las diferentes
poblaciones, encontramos que los AGNs obscurecidos paeseantrapartes Opticas
mas débiles que los AGNs no obscurecidos. En la Figura 2 (bhserva la distribu-
cion de redshifts fotométricos para las muestras de AGNgesiclos y no oscurecidos.
Se puede apreciar que ambas distribuciones son similaremteandose una pequena
diferencia para > 2.

4. Consideraciones finales

Se analizaron las propiedades de los AGNs oscurecidos ycnosasdos seleccionados
en ell R medio e identificados en el catalogo MUSYC dosa z < 3. Las conclusiones
principales son: Los AGNs oscurecidos son intrinsecame@de débiles, comparados
con los AGNSs no oscurecidos. Se encontr6 que ambas muest/sSNs poseen dis-
tribuciones de redshifts similares hasta- 2. No se encontrd una fuerte bimodalidad
en la distribucion de los colore® — [4.5], como la encontrada en trabajos anteriores
(Hickox et al. 2007). Se pretende en un trabajo futuro raalim analisis mas profundo
sobre la muestra, analizando si existe alguna dependenogaet color de las fuentes y
el redshift, como asi también estudiar los posibles ermmes calculo de los redshifts
fotométricos.



332 M. Taormina & C. Bornancini
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Figura2. (a)Distribucion de magnitudeB para las muestras de AGNs oscureci-
dosy no oscurecidogh) Distribucion de redshifts fotométricos para ambas musstra

de AGNSs.
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Abstract. We carried out a study of photometric variability of the l@az
1ES1011+496 using the 1.20 m Oskar Luhning telescope keatdamburger
Sternwarte Institute, Germany. This object has been dateatthight energies
(~ 200 GeV), so itis of interest to characterize its behavior ingp#cal range.
We obtained the light curves iB, V and R bands through differential pho-
tometry, with a time resolution of 15 minutes over 8 nights. We did not
detect inter-night variability, but we detected a mardinaignificant variability
in temporal scales of a few days.

Resumen. Se realiz6 un estudio de variabilidad fotométrica del blaza
1ES1011+496 utilizando el telescopio de 1.20 m Oskar Lighdiel Instituto
Hamburger Sternwarte, en Alemania. Este objeto ha sidectdele a altas ener-
gias (v 200 GeV), por lo que resulta de interés caracterizar su comp@gtao

en el rango 6ptico. Se obtuvieron las curvas de luz en lasdsaBdl y R
mediante fotometria diferencial, con una resolucion-ds5 minutos a lo largo
de ocho noches. No se detecto variabilidad intranoche ausgwbserva una
variabilidad marginalmente significativa en escalas tealpe de algunos dias.

1. Introduction

We present preliminary results of the optical variabilifytioe blazar 1IES1011+ 496.
This blazar has been detected at gamma-ray frequencies th&rMAGIC telescope
(Albert et al. 2007). The gamma ray emission of blazars iebed to be the result of
inverse Compton interactions between electrons in thengeither external or internal
photons. In the latter case, the region where optical earigsiynchrotron) and gamma
(inverse Compton) originate, should be the same. In thisasa it is likely that the
gamma emission at VHE could in some way be correlated witloghieal emission.

Previous optical observations of 1IES1011+496 show variatbetweerk ~ 16.6
andR ~ 15.5 in a scale of several years (http://users.utttKeini/Im/). However, there
are no previous studies of microvariability, i.e. varidhilon the scale of hours/days.
Thus, we observed 1ES1011+496 through an internationdbmrhtion not only to
study its variability, but also to test the telescope andrimsental setup in view to
future observational campaigns. This study is part of eelacgampaign that aims to the
determination of the properties of optical microvaridhilamong blazars, detected at
very high energies VHE (see Andruchow et al. 2007, 2011; Gatndl. 2008).
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2. Observations

We observed 1ES1011+496 during 8 nights from March 21 to @®] 2using Johnson-
CousinsB, V, andR filters. Table 1 shows technical specifications of the CCDeram
Table 2 shows a detailed description of the photometric itiomd under which the
images were acquired. We carried out sequences conformegtlas of 3 to 5 images
per filter, depending on the photometric quality of the night

Camera Apogee Alta U9000
Field of View 8.04 x 8.04 arcmin
Plate scale 0.474 " [pix
Pixel size 12 um
Gain 1.33 e /ADU
Readout noise 16.37 e-

Table 1.  Technical specifications of the CCD camera.

Date | Filter Nimg texp [S€0.] FWHM [”]
21 R 8 500 3.39
22 R 4 500 3.22
23 | B-V-R | 6-10-8 | 800-600-500 2.87
24 | B-V-R| 6-8-7 | 800-600-500 3.46
26 V-R 7-10 600 - 500 3.52
27 | B-V-R| 5-7-9 | 800-600-500 2.94
28 | B-V-R | 7-19-17| 800-600 - 500 1.87
29 | B-V-R | 8-15-10]| 800-600-500 1.99

Table 2.  Details of the photometric parameters and images.

3. Data reduction

All images were bias and flatfield calibrated. The instrurakemtagnitudes and errors
were obtained by means of aperture photometry using the lRalkapphot adapted
with our own routines. The differential light curves werdaibed using a non-variable
star within the field of view as comparison, while another stas used to construct
a second differential light curve to be used for control pggs. We finally adopted
an aperture radius of 6 pix, taking into account the growtlvewand the behavior of
the S/N as a function of aperture radius. Figure 1 indicaES1D11+496 and the stars
selected to carry out differential photometry. The fluxethefstars were similar to the
integrated flux of the blazar, a condition that maximizesréi@bility of the results that
concern variability (Howell et al. 1988; Cellone et al. 2D07

The differential light curves foB, V and R filters, spanning the whole the obser-
vational campaign, are shown in Figure 2.

4. Results and conclusions

We give our results in Table 3, where column 1 is the date, Za. the dispersion
of the blazar’s differential light curves(y;), col. 3 the time span of each observ