 with recent survey

Manuela Zoccali
“BIC Chile -
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e guestion: howidid theMilkyAWayfoerme

BUIgENSIeld MaSSIVE conPoRERT

The clues:
e bulge shape

SPHENeIARZ tiaxialZ 1927 exy/ 2 PEeanuL?

e bulge age

unifermiy eld?  gradient? bar age?

Ifhe bulge chemical content

metallicity distiibution bread/namow? closed hex?
vertical/radial metallicity’ gradient?

element ratios?  formation timescale
comparnson withi inner/outer thin/thick disk



BULGE SHIAPE Eirgi lelazls

19805 — Balloeninicredimaps eiithe BUlge

asymmetry in the contour map indicate a triaxial spheroid (bar)

Blitz & Spergel (1991) on the 2.4um map of Matsumoto et al.(1982)
10

1 (degree)



DIFFUSE INFRARED .
 BACKGROUND EXPERIMENT

DijitiseglireiR el
RGOS =XPEMMERL

FAR INFRARED ABSOLUTE
SPECTROPHOTOMETER

jig= ) MICROWAVE RADIOMETER

INSTRUMENT AND
SPACECRAFT ELECTRONICS

COMMUNICATIONS ANTENNA

SOLAR PANELS

& Dwek et al. (1995)
(a) 2.2 um DIRBE data e N .
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Further evidences of
a Galactic har:

Observational evidence:

stars at positive longitudes are "
brighter (closer) than those at
negative longitudes.

11
brighter / closer
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GLEIMPSE ;153D = he Galactic Bar

stars at positive longitudes are
brighter (closer) than those at
negative longitudes.

Benjamin et al. (2005)

Image Credits: R. Hurt
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e.g.
Bissantz & Gerhard (2002)
Babusiaux & Gilmore (2005)
Rattenbury et al. (2007)
Lopez Corredoira et al. (2007)
Cabrera Lavers et al. (2008)




20005 — Trig Ssrieigecl gufefe

b=-6" OGLE

Netizif gt 2, 2010 2 | £ BV OGLE e
WleWillizien & Zocezli 20110 ' ;
Sieljie) ai 21, 2070

Observationalfevidence:
The bulge red clump splits
In two, along the minor axis

b=-6" 2MASS

(I=0) and for |b|>5 L S B 2MASS
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models by, e.g.,
Athanassoula (2005)
Debattista et al. (2006)







D

The VISTA Varizioles in irie Via Lacizz suryeay

» ~110 epochs bulge (in Ks)
~ 94 epochs disk (in Ks)




ne VWV  vs 2VIASS

0.5" resolution &, | ,‘ 4" resolution
K<18 | ‘.‘ ,, K<14
_- #X ll-. . } L -

w

= »

|

»

A




100" Vinenrstar EhviD

(Saiig et al. jn greo.)

- 405 (+0.21,-6.28)
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First results from VVV : reddening maps

Gonzalez et al. 2011a

B e e e e 16 1.4 1.2 10 08 06 04 0.2
1.5 1.0 0.5




First results from VVV . confirmation of the double clump — X-shape

Gonzalez et al. 2011a




First results from VVV : confirmation of the inner bar

Gonzalez et al. 2011b
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-irst results from VVV

U\

Minniti et al. 2011 Borissova et al. 2011
Moni Bidin et al. 2011




TThe bulge age
pure old age (~10 Gyr)

Clarkson et al. 2008
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The bulge age
age uniformly old (~10 Gyr) - no gradient

confirmed radial metallicity gradient
Brown et al. 2011
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The bulge helium content from

Nataf+ 2011

Obsernvational’evidence:
The bulge RGB bump is
smaller than expected.

Galactic Longitude



The bulge metallicity distribution

b=-4°
Zoccali+ (2008) broad metallicity distribution

radial gradient along the minor axis

Zoccali+ (2008)
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% b=-8° - Mg i ey A » E ..: > S
E Johnson+ (2011) - _ _ o : S S .
=
b=-12°
Zoccali+ (2008)
proposes a
I*.. I 2-disk model for the bulge, to explain both

_1' -12 —-08 -0.4 00 0.4 vertical gradients and cylindrical rotation

[Fe/H]



The bulge metallicity distribution

Hill et all. (2011) o Error deconvolution gives bimodal MDF
(in Baade's Window)
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The bulge metallicity distribution

Hill et al. (2011)

1.5

[—
-

Frequency

S

-1.0-0.5 0.0 0.5

[Fe/H]

Babusiaux et al. (2010)
The two peaks have different kinematics:

metal-rich : bar-like
metal-poor : classical spheroid

two component bulge?

However, , based
on BRAVA data, found cylindric rotation:
no need for a Galactic bulge



pulge meraliicity’— weneed large scale maps

STEPL pheiemenichmeialiCiyAmans

Gonzalez et al. 2011a

Spect vs phot MDF
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:Zoccah-

| > 4000 stars. on CaT-
~ 440. stars at R #22. OOO
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Conclusions

e Galactic PUIgeS VeR/ complex:

1S certainly X=Shaped (Justa preminent peanut?)

iFhasia vesrical metalliciy gradient (2 cempernent sulge; or
just a deuble har huckiing epIsede?)

norage gradient (2)

[farge scale suveys are needed; With nighrresolution (spatal,
and spectral), te) charactenze It.

Tthe ELTs will be erucial to study abundances in unevelved
stars; and for a detailed chemical charactenzation of the most
metal poor bulge stars, (first stars in the Galaxy?)
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CATALOGS

."fi_ Asteroids ~104 VWVSUvey.org

ASTROMETRY =</ 1TOs —10¢ 3
- AGNs. QSOs ~10
_ high-PM ~10° n .

\_ BDs -1n¢f)f’ ikl
CVs, Novae ~10?
‘1\" LMXBs ~10°
dM flare ~10#
;' microlensing ~102
VARIABLES ~10% g NS R
/" Semidetached ~105

Eclipsing ~5x105
Pl " Detached 10"

Ir,r" Transients =10°%,

Ellipsaidal ‘IED" Flanetary Transits 10°
/,.- RR Lyrae ~104
Spotted -10'-‘ Gﬂphﬂids ~103

Eﬂml ulars ~104
% Putsahr'rg‘—ml*" i

‘\I\_ LPVs, Miras, =103
stellar associations ~102 dSct SXPhe ~104
- open clusters ~10° RvTau ~102

globular clusters ~10




Constraming the Galactic Bar

stars at positive longitudes are
brighter (closer) than those at
negative longitudes.
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from OGLE I

Rattenbury et al. (2007)




UKIDSS — GalacliciPlane Sunvey,

Latest Data Release (DR6)

GC




ATCASGAL = aerAPEX I FargerArea Stnvey off thelGalaxy,
2t e /0) Ulpg

proms Galactic Center
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Recentibulge near-lR sunveys
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The bulge metallicity distribution

the two peaks show different kinematics

possible evidence of classical spheroid + bar
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cylindric rotation: no need for a Galactic
bulge
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