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Galaxia elíptica gigante M87

Cúmulo globular

Canada-France-Hawaii Telescope, J.-C. Cuillandre (CFHT), Coelum



Distintos tipos de galaxias espirales comparadas con

una galaxia irregular (arriba centro)

Courtesy Adam Block (KPNO Visitor Program), NOAO, NSF



Galaxia espiral 

Andrómeda, M31

M32

NGC205

Credit & Copyright: Robert Gendler 

(robgendlerastropics.com) 



La Vía Láctea… ¿Cómo la vemos en el cielo?







Esquema de la estructura de la Galaxia en base a datos en IR 

del telescopio espacìal Spitzer (NASA) http://www.spitzer.caltech.edu/



Imagen ESO

Galaxia espiral barrada M83

*
*: posición donde 

se ubicaría el Sol 



Se la clasifica como una galaxia espiral barrada (tipo SBbc)

La Vía Láctea

Componente esferoidal:

 Núcleo

 Bulbo

 Halo

Componente de disco:

 Disco delgado  

 Disco grueso 

Barra (barra con bulbo embebido?)

Materia oscura (“halo oscuro”)



Efecto del polvo:  M104 (Sa)

Imágenes: Spitzer + HST 

(arriba),  y VLT (derecha) 

R. Kennicutt (Steward Obs.) et al., 

SSC, JPL, Caltech, NASA 

Peter Barthel (Kapteyn Inst.) et al.

IR



Galaxias espirales de canto 

NGC 4565 (arriba) y

NGC 5746 (der., “boxy bulge”) 

Bruce Hugo and Leslie Gaul, 

Adam Block (KPNO Visitor Program), 

NOAO, AURA, NSF 



La Vía Láctea: imagen en IR cercano (del satélite COBE, NASA)



La Vía Láctea: imagen en IR cercano (del satélite COBE, NASA)



Freudenreich 1998,

ApJ 492, 495



Freudenreich 1998, ApJ 492, 495



B0A0F0K0M0

K0 III

Función luminosidad de estrellas en los 

alrededores del Sol



2MASS is a joint project of the University of Massachusetts and the 

Infrared Processing and Analysis Center/California Institute of Technology, 

funded by the NASA and the NSF.

Filtros del 2MASS (Two Micron All Sky Survey) : 

J, H y Ks



Chang et al. 2011, ApJ 740, 34   /   banda Ks:  2.2 

Disco delgado, disco grueso y halo (conteos en función de la b )



Chang et al. 2011, ApJ 740, 34

Disco delgado, disco grueso y 

halo (detalle de conteos en 

función de la b )

LMC: l ~ 280°,  b ~ -33°



Chang et al. 2011, ApJ 740, 34

Disco delgado, disco grueso y halo (conteos en función de la l )



Tomografía de la Vía Láctea: distribución 

perpendicular al plano con conteos del SDSS Jurić et al. 2008, 

ApJ 673, 864



Binney & Merrifield “Galactic Astronomy”

Disco delgado y 

disco grueso



Binney & Merrifield “Galactic Astronomy”

Disco delgado y disco grueso



Disco delgado y disco grueso: 

relación edad-metalicidad

Bensby et al. 2014, 

A&A 562, A71

high-resolution spectroscopic 

study of 714 F and G dwarf 

and subgiant stars in the 

Solar neighbourhood



Bensby et al. 2014, A&A 562, A71

Disco delgado y disco grueso



Tomografía de la Vía Láctea: 

densidades numéricas 

estelares con datos SDSS

Jurić et al. 2008, 

ApJ 673, 864

(r - i)  F9 a M3 V

Distance:100 pc to 20 kpc, |b| > 25. 

The data show strong evidence for a 

Galaxy consisting of an oblate halo, a

disk component, and a number of 

localized over-densities. The number 

density distribution of stars as traced 

by M dwarfs in the Solar neighborhood 

(D < 2 kpc) is well fit by two exponential 

disks (the thin and thick disk) with scale 

heights and lengths: 

H1 = 300 pc and L1 = 2600 pc, 

H2 = 900 pc and L2 = 3600 pc

Halo: oblate models, best-fit c/a = 0.64



Tomografía de la 

Vía Láctea: 

metalicidades 

estelares con 

datos del SDSS

Ivezić et al. 2008, 

ApJ 684, 287



Tomografía de la 

Vía Láctea: 

metalicidades 

estelares con 

datos del SDSS

Ivezić et al. 2008, 

ApJ 684, 287



Disco delgado

Rt: 2.6 ± 0.5 kpc, thin disk exponential radial scalelength

zt: 300 ± 50 pc, thin disk exponential vertical scalelength at R0

Disco grueso

RT: 2.0 ± 0.2 kpc, thick disk exponential radial scalelength

zT: 900 ± 180 pc, thick disk exponential vertical scalelength at R0

Posición del Sol

z0 = 25 ± 5 pc, distance of Sun from the Galactic Plane (Jurić et al. 2008)

Valores de escala para densidad estelar recomendados por 
Bland-Hawthorn & Gerhard (2016)

Bland-Hawthorn & Gerhard 2016, ARAA 54, 529



“Two different populations in a classical 

kinematic selection of the halo are 

unambiguously identified in the HRD”

GAIA Collab. 2018, A&A 616, A10

Dos subcomponentes en el halo:



Halo  evidence for a dual halo (oblate double power-law models)

- the inner halo is flattened and slowly rotating, 

αin: -2.5 ± 0:3, inner density slope

qin: 0:65 ± 0:05,  inner halo flattening (c/a)

- the outer halo is near-spherical and retrograde rotation,

αout: -4.0, outer density slope

qout: 0:8 ± 0:1, outer halo flattening (c/a)

- rs: 25 ± 10 kpc,  break radius 

Valores de escala para densidad estelar recomendados por 
Bland-Hawthorn & Gerhard (2016)

Bland-Hawthorn & Gerhard 2016, ARAA 54, 529



Estructura espiral de M51 a partir de cúmulos estelares

Chandar et al. 2017, 

ApJ 845, 78 

imágenes 

multi-banda 

del HST



Estructura espiral a partir de la distribución del polvo (COBE)

Drimmel & Spergel 2001, ApJ 556, 181



Vallée 2002, ApJ 566, 261

Estructura espiral con distintos indicadores



Hou et al. 2009, 

A&A 499, 473 

Estructura espiral

con regiones HII y 

nubes molec. gig. 



Estructura espiral y modelos 

Hou et al. 2009, 

A&A 499, 473 



Reylé et al. 2009, A&A 495, 819 

Estructura del disco estelar externo con conteos del 2MASS



La Vía Láctea en 3D: observaciones de Cefeidas - proy. OGLE

“This 3D Map of the Milky Way Is the Best View Yet of Our Galaxy's Warped, Twisted Shape”

Skowron et al. 2019, Science 365, 478

Map of the MilkyWay in three-dimensions

based on the positions and distances of 

thousands of classical Cepheid

variable stars.



Skowron et al. 2019, Science 365, 478

“Stars might have formed

in bursts…”



This image compares a simulation of the Milky Way galaxy's Cepheid 

star variables (left) with actual observations of their numbers (right). 

Red points indicate older stars, while younger ones are shown in blue.

La Vía Láctea en 3D: observaciones de Cefeidas - proy. OGLE



 Cúmulos abiertos o galácticos

de reflexión

 Nebulosas          de emisión

oscuras

 Polvo

Ejemplos de objetos típicos del disco



Cúmulo abierto: las Pleiades               más de 3.000 estrellas

Credit & Copyright: Robert Gendler



Cúmulo abierto: M7  en Scorpius          aprox. 100 estrellas

Credit & Copyright: Allan Cook & Adam Block, NOAO, AURA, NSF 



Todos los tipos de nebulosas en el Complejo Molecular de Orión:

1.500 AL

Imagen 

compuesta 

con más 

de 20 hs de 

exposición

Image credit: Ron Brecher



Nebulosa oscura “Cabeza de Caballo”

Credit: Arne Henden (US Naval Observatory, Flagstaff) 



The bright star at the center of this image is Eta Carinae, one of the most massive stars in 

the Milky Way galaxy. With around 100 times the mass of the Sun and at least 1 million times 

the brightness, Eta Carinae releases a tremendous outflow of energy that has eroded the 

surrounding nebula. Spitzer's infrared vision lets us see the dust, shown in red, as well as 

clouds of hot, glowing gas, which appear green.

Image credit: NASA/JPL-Caltech

Nebulosa de Carina 



Detalle de la nebulosa del Águila y cúmulo abierto M16

pilares

Credit & Copyright: Jean-Charles Cuillandre (CFHT), Hawaiian Starlight, CFHT 



N44F: nebulosa en forma de burbuja

en la Nube Mayor de Magallanes

formada por

el viento de 

una estrella 

muy joven

imagen HST



Ejemplo de objetos típicos 

del halo

Cúmulo globular  M3

aprox. 500.000 estrellas

Credit & Copyright: S. Kafka & K. Honeycutt (Indiana University), WIYN, NOAO, NSF 



Bulbo: observ. del relevamiento ARGOS

espectros de 

28000 estrellas 

en 28 campos

Ness et al. 2013, 

(a) MNRAS, 430, 836

(b) MNRAS, 432, 2092



Bulbo: distribución de metalicidades

Ness et al. 2013b



Bulbo: modelo galáctico

“As the disk becomes unstable, 

it forms a rotating bar which 

buckles and heats the disk vertically. 

The orbits of the stars originally in 

the bar are extended vertically into 

orbits which now define the 

boxy/triaxial / peanut-shaped bulge.”

Ness et al. 2014, ApJ 787, L19



Ness et al. 2016, AJ,152, 14

“The X-shaped Bulge of the Milky Way Revealed by WISE”

Wide-Field Infrared Survey Explorer (WISE; Wright et al. 2010) is a full sky photometric 

survey, using four bands in the ~mid-infrared at 3.4, 4.6, 12 and 22 µ.



Wegg et al. 2015, MNRAS, 450, 4050

Bulbo: conteos en NIR



Barra: 

long. total: 10 kpc

 = 28 - 33

masa: 1010 M

Vrot ~ 100 km/s

Barra: posición y orientación en el plano

Bland-Hawthorn & Gerhard 2016, ARAA 54, 529



Esquema: Sagittarius dwarf tidal stream 

(desintegración de la galaxia enana de Sagitario)

Drawing Credit & Copyright: David Martinez-Delgado (MPIA) & Gabriel Perez (IAC) 



The Sagittarius Dwarf Tidal Stream(s)

Law & Majewski, 2016, 

ASSL, 420, 31



STREAMS IN THE HALO

Modelo teórico de la 

estructura del halo:

“cosmologically self-consistent model 

for the formation of the stellar halo in 

Milky Way–type galaxies, focused 

specifically on the role of stellar 

accretion events in the halo 

formation process.”

Bullock & Johnston 2005, ApJ, 635, 931



Credit: V. Belokurov and the Sloan Digital Sky Survey

color indicates the distance of the stars, 

while the intensity indicates the density of stars on the sky

Map of stars in the outer regions of the Milky Way Galaxy, 
derived from the SDSS (northern sky)



Milky Way stellar streams

Milky Way distribution of spatially coherent streams - labelled

Equatorial projected distribution of Milky Way spatially coherent streams. 

Credit: B. Pila Díez, Local Group inventory of dwarf galaxies and stellar streams (Leiden Univ.)



Formación del “disco grueso” :  

Gaia-Sausage (Gaia-Enceladus) merger 

Belokurov et al. (2020, MNRAS): 

- Dwarf stellar mass (prior to disruption) = 5 x 109 M

-Merger:  ~10 Gyr ago

Helmi et al. (2018, Nature 563, 85): 

- “the inner halo is dominated by debris from an object that at infall was 

slightly more massive than the Small Magellanic Cloud, and which we 

refer to as Gaia–Enceladus. The stars that originate in Gaia–Enceladus 

cover nearly the full sky, and their motions reveal the presence of streams 

and slightly retrograde and elongated trajectories.”

- “led to the dynamical heating of the precursor of the Galactic thick disk”


