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The boxy/peanut Galactic bulge
...talk by Chris Wegg

0.5 8
E
vy 0
SN,
—0.53
— 1 N 0
McWilliam & MZ (2010) |1 0 1 2
Saito, MZ et al. (2011) z [kpc]
Wegg & Gerhard (2013) Yre [pe?]

0.00 0.26 1.03 2.31 4.11



The boxy/peanut Galactic bulge
..talk by Chris Wegg
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The Mllky Way without X: An alternative interpretation
of the double red clump in the Galactic bulge
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The boxy/peanut Galactic bulge
..talk by Chris Wegg
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The Milky Way without X: An alternative interpretation
of the double red clump in the Galactic bulge
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Remforcmg the link between the double red clump and the

X-shaped bulge of the Milky Way
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The Galactic bulge

McWilliam & Zoccali (2010)
[2MASS] Nataf et al. (2010)

"2 . A [OGLEII] Saito et al. (2011)
It is a bar, with a boxy/peanut shape [VVV] Wegg & Gerhard (2013)

[VVV] Gonzalez, MZ et al. (2015)
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Giraffe Inner Bulge Survey (GIBS)

Targets: Red Clump (RC) stars, from VVV

(+ optical, when available)
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Giraffe Inner Bulge Survey (GIBS)
GIRAFFE LR8 R~6500

llllllllllllllll Illll LI L LI
|[Fe/H]——1 17 ]

~ 6500 RC stars observed in CaT I e i e

20
| [Fe/H]=—0.48

A
e

1.5F

 [Fe/H]=+0.18 f
1.OW‘NMM m Wm

|

Normalized flux + const

X I | I 1
00llllllllllllllIlllllllllllllllllll

8400 8450 8500 8550 8600 8650 8700 8750
Wavelength (A)




Giraffe Inner Bulge Survey (GIBS)

| [Fe/H]=-1.17

~ 6500 RC stars observed in CaT I e e e
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Giraffe Inner Bulge Survey (GIBS)

~ 6500 RC stars observed in CaT

Normalised flux

o o O
N b O

+ 450 stars with GIRAFFE HR13
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Giraffe Inner Bulge Survey (GIBS)
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GIBS Kinematics: rotation curve

comparison with models : cylindrical rotation confirmed

MZ et al. (2014, A&A, 562, A66) Paper I
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The Galactic bulge

McWilliam & Zoccali (2010)
[2MASS] Nataf et al. (2010)

R % [OGLEII] Saito et al. (2011)
It is a bar, with a boxy/peanut shape [VVV] Wegg & Gerhard (2013)

[VVV] Gonzalez, MZ et al. (2015)

: ; : : [BRAVA] Howard et al. (2009)
it rotates cylindrically (like a bar) TCTBeT e b u1]




GIBS Kinematics: velocity dispersion

MZ et al. (2014, A&A, 562, A66) Paper I
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GIBS: Kinematical maps

MZ et al. (2014, A&A, 562, A66) Paper I
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The Milky Way vs other Spirals
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The Milky Way vs othDer Spirals

NGC4710
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The Milky Way vs other Spirals
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Gonzalez et al. (2015, A&A submitted)
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The Galactic bulge

McWilliam & Zoccali (2010)
[2MASS] Nataf et al. (2010)

R 5 [OGLEII] Saito et al. (2011)
It is a bar, with a boxy/peanut shape [VVV] Wegg & Gerhard (2013)

[VVV] Gonzalez, MZ et al. (2015)

: : : ! [BRAVA] Howard et al. (2009)
it rotates cylindrically (like a bar) TGIBS | MZ of ol 120143

it has a velocity dispersion peak at R<200 pC (giBs] Mz et al. (2014)




The Galactic bulge

It is a bar, with a boxy/peanut shape [VVV] Wegg & Gerhard (2013)

it rotates cylindrically (like a bar) [BRAVA] Howard et al. (2009)

it has a velocity dispersion peak at R<200 pC (giBs] Mz et al. (2014)

McWilliam & Zoccali (2010)
[2MASS] Nataf et al. (2010)
[OGLEII] Saito et al. (2011)

[VVV] Gonzalez, MZ et al. (2015)

[GIBS] MZ et al. (2014)
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why ?




Milky Way demographics with the VVV Survey
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Milky Way demographics with the VVV Survey

Ml 13, 308K (6.74,+3.54)f #14, 303K (hQw7.+3.54) #15, 275K (=6.41,+3.54)

160 million star CMD from CASU

, 294K (+6.71,+0.26)f #11, 313K (+0.48,+0. #12, 270K (—6.41,+0.26)

Saito et al. (2012) DR1
Minniti et al. (2014)

107, 307K(+6.73,-3.01)Q #

Giga CMD from PSF-fitting

K,

Alonso-Garcia et al. (2015, in prep)

241K (+6.81,-6.28)Q#

!
/
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i |
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Milky Way demographics with the VVV Survey

N #13, 308K (£6.74,+3.54 ) #14, 30« +3.54)@#15, 275K (=6.41,+3.54)

Saito et al. (2012) DR1
Minniti et al. (2014)

Giga CMD from PS

Alonso-Garcia et al. (2015, in prep)

easy to count RC stars

even at b=0

M 10, 294K (+6.71,40.26)

#11, 313K (+048,+0.26)f #12, 270K (-6.41,+0.26)

Ml 07, 307K(+6.73,-3.01)f #08, 32

N 04, 241K (+6.81,-6.28)§#05, 245




The bulge extinction map

Gonzalez et al. (2012, A&A, 543, 13)




The bulge extinction map

Gonzalez et al. (2012, A&A, 543, 13)
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The completeness map of the inner bulge at the RC mag
from PSF-fitting photometry (DoPHOT)

Ko Completeness map
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The Stellar Density of the inner bulge
based on RC stars from VVV

Valenti, MZ, et al. (2015, A&A submitted)
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The Stellar Density of the inner bulge

stellar density follows velocity dispersion

Valenti, MZ, et al. (2015, A&A submitted)
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The Bulge Stellar Density Profile

Valenti, MZ, et al. (2015, A&A submitted)
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The Galactic bulge

McWilliam & Zoccali (2010)
[2MASS] Nataf et al. (2010)

i ¥ [OGLEII] Saito et al. (2011)
It is a bar, with a boxy/peanut shape [VVV] Wegg & Gerhard (2013)

[VVV] Gonzalez, MZ et al. (2015)

. : : : [BRAVA] Howard et al. (2009)
it rotates cylindrically (like a bar) TGIBS | MZ of ol 120143

it has a velocity dispersion peak at R<200 pcC [g1gs] Mz et al. (2014)
...matched by a peak in stellar density [VVV] Valenti, MZ et al. (2015



A fully empirical estimate of the bulge Stellar Mass

: | | | | | I I | I | I | I I | I I | I | | | I | | | I I I | I I I | :

9 f— A complete LF for the Galactic Bulge MZ+(2003) —f

8 =
e -

i 0.15 Mg -

6 E MSTO ©
i =
ko) E \\\'\.....000000" E
4— E— RC .........000 _.E

s °® 0

5 \ s o

: . NICMOS@HST :

o ot %0’ from MZ+(2000)

e ( I ) 3

Lk ; o*”*  SOFI@NTT =
£ oo from MZ+(2003) :

——- | t.‘.J | J | [ S | | | | | I [ ] ] I i Lo e X I  Ieaid e QR L4 [y 2| J [ 1 | L :

Al el e e 2 S B R T R e
JO



A fully empirical estimate of the bulge Stellar Mass

Valenti, MZ, et al. (2015, A&A submitted) based on RC stars from VVV
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A fully empirical estimate of the bulge Stellar Mass

Valenti, MZ, et al. (2015, A&A submitted) based on RC stars from VVV
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A fully empirical estimate of the bulge Stellar Mass
Valenti, MZ, et al. (2015, A&A submitted) based on RC stars from VVV
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A fully empirical estimate of the bulge Stellar Mass

Valenti, MZ, et al. (2015, A&A submitted)
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Stellar density profile and mass of the Milky Way Bulge from VVV

data* A&A submitted

E. Valenti,! M. Zoccali,>> O. A. Gonzalez,*> D. Minniti,> %7 J. Alonso-Garcia,® 3 E. Marchetti,! M. Hempel,? A.
Renzini,” M. Rejkuba, 1,10

2 (£0.3) x 101° Mgy ...

and remnants




Valenti, MZ, et al. (2015, A&A submitted)

Density Profile
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The Galactic bulge

McWilliam & Zoccali (2010)
[2MASS] Nataf et al. (2010)

"3 . " [OGLEII] Saito et al. (2011)
It is a bar, with a boxy/peanut shape [VVV] Wegqg & Gerhard (2013)

[VVV] Gonzalez, MZ et al. (2015)

. : : : [BRAVA] Howard et al. (2009)
it rotates cylindrically (like a bar) TGIBS | MZ of ol 120143

it has a velocity dispersion peak at R<200 pCgigs] Mz et al. (2014)
...matched by a peak in stellar density [VVV] Valenti, MZ et al. (2015)

it has a stellar mass of 2x101° M [VVV] Portail et al. (2015)
[VVV] Valenti, MZ et al. (2015)



...back to the GIBS spectra

| [Fe/H]=-1.17

~ 6500 RC stars observed in CaT I e i e
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A new CaT—[Fe/H] calibration obtained from bulge giants

Vasquez, MZ et al. (2015, A&A, 580, 121)
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The Metallicity Distribution for 31 bulge fields

MZ et al. (2015, The Messenger, 159)
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The Photometric Metallicity Map for VVV

Gonzalez et al. (2013, A&A, 543, 13)
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The origin of the bulge metallicity gradient

the gradient is due to a
different proportion of two
stellar components

see also:

MZ et al. (2008)
Babusiaux et al. (2010)
Hill et al. (2011)

Ness et al. (2013)
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The bulge 3D map from RR Lyrae

RRL do not trace a bar

Y [kpc]

they have a spheroidal
3D distribution

Dékany et al. (2013, ARA, 776, L19)

Y [kpc]

but see also Pietrukowicz+ (2015, ApJ, 811, 113)




GIBS: ...the innermost field

(1,b)=(=0.3,—1.4)
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.the innermost field
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...the innermost field

Schultheis et al. (2015)
apogee: 33 stars
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The Galactic bulge

McWilliam & Zoccali (2010)
[2MASS] Nataf et al. (2010)

g : [OGLEII] Saito et al. (2011)
It is a bar, with a boxy/peanut shape [VVV] Wegqg & Gerhard (2013)

[VVV] Gonzalez, MZ et al. (2015)

it rotates cylindrically (like a bar) [BRAVA] Howard et al. (2009)
[GIBS] MZ et al. (2014)

it has a velocity dispersion peak at R<200 pCgigs] Mz et al. (2014)
...matched by a peak in stellar density [VVV] Valenti, MZ et al. (2015)

it has a stellar mass of 2x101° M [VVV] Portail et al. (2015)
[VVV] Valenti, MZ et al. (2015)

. s ; Babusiaux...MZ.. et al. (2010)
it has a mean metallicity gradient due to  Hil.vz_ etal (2011)

: z [ARGOS] Ness et al. (2013)
coexistence of bar + metal poor spheroid .\, \/1 bekany et al. (2013)
[GES] Rojas-Arriagada...MZ.. et al. (2014)

[GIBS] MZ+ in prep



The MDF at high-resolution in 5 fields (GIRAFFE-HR)

1.0
0.8
0.6
0.4
0.2

Normalised flux

Normalised flux

OGLE26.415574: [Fe/H]=0.15, [Ca/Fe]=0.09, [Mg/Fe]=0.06
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The MDF at high-resolution in 5 fields (GIRAFFE-HR)

p8m3 [Fe/H]=+0.20 p4m3 [Fe/H]}=+0.14 plm4 (BW) [Fe/H]}=+0.18 [Fe/H]=+0.10
K] 183 stars
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The Giraffe Inner Bulge Survey (GIBS) ll. Metallicity distributions
and alpha element abundances at fixed Galactic latitude *

0. A. Gonzalez!, M. Zoccali®3, S. Vasquezz’3, V. Hill*, M. Rejkuba5’6, E. Valenti®, A. Rojas—Arn'agada7, A. Renzini®,
C. Babusiaux”, D. Minniti*1%!2, and T. M. Brown!!

A&A in press, arXiv:1508.02576
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The Giraffe Inner Bulge Survey (GIBS) ll. Metallicity distributions
and alpha element abundances at fixed Galactic latitude *

0. A. Gonzalez!, M. Zoccali®3, S. Vasquezm, V. Hill*, M. Rejkuba5’6, E. Valenti’, A. Roj as—Arriagada7, A. Renzini®,
C. Babusiaux”, D. Minniti*1%!2, and T. M. Brown!!

A&A in press, arXiv:1508.02576 . O ' 1
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The Galactic bulge

McWilliam & Zoccali (2010)
[2MASS] Nataf et al. (2010)

s . 5 [OGLEII] Saito et al. (2011)
It is a bar, with a boxy/peanut shape [VVV] Wegqg & Gerhard (2013)

[VVV] Gonzalez et al. (2015)

it rotates cylindrically (like a bar) [BRAVA] Howard et al. (2009)
[GIBS] Zoccali et al. (2014)

it has a velocity dispersion peak at R<200 pcC [g1Bs] zoccali et al. (2014)
...matched by a peak in stellar density [VVV] Valenti et al. (2015)

it has a total mass of 2x101° M [VVV] Portail et al. (2015)
[VVV] Valenti et al. (2015)

A I 8 Babusiaux [MZ] et al. (2010)
it has a mean metallicity gradient due to il (mz) et al. (2011)

. : [ARGOS] Ness et al. (2013)
coexistence of bar + metal poor spheroid |\ \1 bekany et al. (2013)

[GES] Rojas-Arriagada [MZ] et al. (2014)
[GIBS] MZ+ in prep

alpha element ratios similar to thick disk
but extending to much higher metallicities [¢igs] Gonzalez et al. (2015)
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