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Stellar Populations in the MW Bulge

Chemodynamical History of the Galactic Bulge

Annual Review of Astronomy and Astrophysics

Vol. 56:223-276 (Volume publication date September 2018)
First published as a Review in Advance on July 5, 2018
https://doi.org/10.1146/annurev-astro-081817-051826

Beatriz Barbuy,? Cristina Chiappini,? and Ortwin Gerhard® Before Gaia and APOGEE!

With Gaia and APOGEE and BDBS

A lot 1s happening since 2018 but .....

Copyright: ESA/Gaia/DPAC; CC BY-SA 3.0 IGO.
Acknowledgement: A. Moitinho




A&A 673, A147 (2023)
https://doi.org/10.1051/0004-6361/202245673 tronomy

© The Authors 2023 A trophySiCS

Resolved stellar population properties of PHANGS-MUSE galaxies

I. Pessal2, E. Schinnerer?, P. Sanchez-Blazquez?, F. Belfiore*, B. Groves>%, E. Emsellem’-3, J. Neumann??,
A. K. Leroy'?, F. Bigiel'!, M. Chevance'>!3, D. A. Dale!4, S. C. O. Glover'?, K. Grasha®, R. S. Klessen!>!3,
K. Kreckel'®, J. M. D. Kruijssen'*®, F. Pinna, M. Querejeta!’, E. Rosolowsky'8, and T. G. Williams>°

100 pc spatial resolution!

(previously, in kpc scales, blurred mix pops)
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+ JWST bulges at redshift > 5 (e.g. Carnall et al. 2023) — but what is “‘the bulge™?



Gaia + photometry + spectroscopy + SH

“ LAMOST LRS DR7 s APOGEE DR17
B LAMOST MRS DR7 B GALAH DR3

Precise Distances
are essential for
precise orbital
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https://data.aip.de/projects/aqueiroz2023.html
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Queiroz et al. 2023, 11 Million targets with distances, 2.5 Million with ages
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Queiroz et al. 2020 — APOGEE DR16 + Gaia DR2 + Complementary photometry

Inner disk — not one sequence, but two, extending into bulge
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A&A 656, A156 (2021)
https://doi.org/10.1051/0004-6361/202039030 % t rono my
©ES0 2021 Astrophysics 26 500 stars within |XGal| < 5 kpc,

| YGal| < 3.5 kpc, |ZGal| < 1 kpc

The Milky Way bar and bUIge revealed by APOGEE and Gaia EDR3 Foreground-cleaned subsample of

A. B. A. Queiroz'?, C. Chiappini!?, A. Perez-Villegas>#, A. Khalatyan!, F. Anders’, B. Barbuy?, B. X. Santiago®?, 8000 stars that is more representative
M. Steinmetz!, K. Cunha’-®, M. Schultheis®, S. R. Majewskilo, L. Minchev!, D. Minniti'!"!2, R. L. Beaton!3, _ :
R. E. Cohen', L. N. da Costa?, J. G. Ferndndez-Trincado’>-1®, D. A. Garcia-Herndndez!”!3, D. Geisler!?-20-21, of the bulge—bar populations
S. Hasselquistzz’*, R. R. Lane'®, C. Nitschelm?3, A. Rojas—ArIiagada24’25, A. Roman—Lopesm,

V. Smith?®, and G. Zasowski??
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Improvements from DR2 to EDRS 1n the
studied bulge region

[1RPM sample (GDR2)
RPM sample (GEDR3)

Figure Credit: Queiroz
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Precise kinematical maps (Queiroz et al. 2021) unveils quadrupole feature characterizing the mean streamimg motion
induced by the bar
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[a/Fe] (dex)
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bar-bulge sample

3,800 stars
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7D+ We can finally make an orbital space analysis but for around 8000 stars...
(from box ot 30Million -> 30Thousand — Thousands...)
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Where old spheroidal component appears
In this sample (Rguide 1-2 kpc)
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Modelling only an old, fast formation, component

BULGE
Bensby et al.
2017 older
than 10Gyrs
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Cescutti, Chiappini et al. In prep.
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(Meridith et al. 2023, old miras Prudil’s talk)



Chemodynamical History of the Galactic Bulge

Annual Review of Astronomy and Astrophysics

Vol. 56:223-276 (Volume publication date September 2018) _
First published as a Review in Advance on July 5, 2018 N6287 : ES0462-SC11 A
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Beatriz Barbuy,® Cristina Chiappini,? and Ortwin Gerhard?

Chemodynamical History of the Galg

Annual Review of Astronomy and Astrophysics

Vol. 56:223-276 (Volume publication date September 2018)
First published as a Review in Advance on July 5, 2018
https://doi.org/10.1146/annurev-astro-081817-051826

Clusters from 2018 to now (recent
update by Barbuy squares — empty
squares are candidates, blue are

confirmed GCs ). Full compilation to

appear 1n Bica et al. (submitted)

Dots — Microlensed Dwarfs (Bensby et al. 2017)
Filled circles — Projected bulge GCs (Bica et al. 2016)

[Fe/H]>-0.8 (red)

[Fe/H]<-1.3 (blue)

Halo GCs (cyan) and Rgal > 4.5 kpc (green open squares)

Halo ClustersFilled circles — GCs (Bica et al. 2016)
COBE/DIRBE contour (Weiland et al. 1994) (line)
Low extinction windows: BW, SWEEPS, OGLE29
4 C-rich Miras - stars

Most of the new ones come

from VVV (e.g. Gran et al. 2019,
» Minniti et al. 2020, Garro et al. 2022)




THE ASTROPHYSICAL JOURNAL, 950:126 (20pp), 2023 June 20 % NGC 6558 - Barbuy et al. (2018) Kader et al.
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https://doi.org/10.1051/0004-6361/202245286 l'g UuvIIvVIIlYy
© The Authors 2023 Astrophysics

Chrono-chemodynamical analysis of the globular cluster
NGC 6355: Looking for the fundamental bricks of the Bulge* AROUND 13 Gyr old

S. O. Souzal?>®, H. Ernandes??, M. Valentini!, B. Barbuy?®, C. Chiappini!®, A. Pérez-Villegas*®,
S. Ortolani®*%7®, A. C. S. Friaca?, A. B. A. Queiroz3®, and E. Bica’
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Fig. 3. Proper-motion density map from Gaia DR3. The stars show all
the observed stars in both programs (members are plotted in white, and
non-members are given in black). The red lines show the position of the
mean proper motion of NGC 6355.

Fig. 1. F438W/F555W combined colour image from the HST WFC3
camera for NGC 6355.
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NGC 6558 - Barbuy et al. (2018)
NGC 6522 - Barbuy et al. (2020)
HP 1 - Barbuy et al. (2018)

Pal 6 (APOGEE + Souza et al. 2021)

NGC 6355 - this work

NGC 6355 (Souza et al. 2023)
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Small detour...
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colour appears.
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Souza et al. abundances (FLAMES/UVES) + APOGEE for Pal 6
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A perspective on the Milky Way Bulge-Bar as seen from the neutron-capture elements Cerium and Neodymium with
APOGEE

J. V. SALEs-SILvA,' K. CuNsA,»?*? V. V. Smrth,*? S. DAFLON,! D. Souto,’ R. GUERGO,' A. QUEIROZ,® C. CHIAPPINI,’
C. R. HavEs,® T. MasserON,” Y STEN HAsSSELQUIST,'! D. HORTA,'? C. ALLENDE PrIETO,”!? B. BARBUY,"® R. BEATON,!
bl > , ) ) ) ) )
D. BizyAaev,'*1 J. G. FERNANDEZ-TRINCADO,'® P. M. FRINCHABOY,!” J. A. HoLTzMAN,'® J. A. JoHNSON,
i3 bl ) ) ) )
HENRIK JONSSON,?® S. R. MAJEWsKI,?! D. L. NIDEVER,?? N. PrRANTZ0S,® R. P. SCHIAVON,?®> M. SCHULTHEIS,?* AND
G. ZASOWSKI?®
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CE AND ND ABUNDANCES IN MILKY WAY BULGE-BAR STARS
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TrrrrJrrrr|yprrrrrrrororqp

— o -
- o p
[ ° i
L ° " ji
- ©. 0g¢ O o -
- P [ A - © ° o o o] OD A ©O P UA |
% ¢
! e » Y oip" Faa 858" o®2 A°ﬂ$v i
i A o 8 ° & . & f‘ 8 A Opd o E (] A D oo I
[ o° 0® o ° 9P . o Aag&OAg}n %EA o8 A b
5 o & °° %o M%o ADA‘? wg A o o OAQD fi
L ] o 0© o -] (-] o 0a %o aa B o e ]
- %o o %A & o Il
- o %o J
.- o ° A _-'
3 o .
u } t t t t } + t t + } . : . 3
' ! ! + low-[Mg/Fe]
+ high-[Mg/Fe]
o e s @ Most metal-poor stars
° 2 ° ° 0 GCstars
e o O Heracles stars
. e N-rich stars (FT2022)
. Oy s . Other CP stars
e o, 0 A &‘. ‘
Y 2,




Rey points

* Gaia + spectroscopy made possible precise distances — Velocity quadripole beatifully
seen

* Bulge now can be studied in orbital-chemical space (caveats potential)

* Objects confined to the innermost 4 kpc show a metal-rich thin disk, a thick disk and a
population with large velocity dispersion (old bulge) burried inside bar/inner disk

* GCs 1n the Bulge — possibility to age-date and we find some of the oldest stars in our
Galaxy (suggesting the stars with similar orbital-chemical parameters are also old

* We find no chemical segregation of stars in bar shape orbits. The ones with low Zmax
are migrator candidates- they present the largest metallicities but an important
component metal-poor 1s also present — We see at Solar Neighbourhood stars migrated

* Need to move on in the future beyond 4MOST and PLATO
e Gaia NIR

Stay Tuned for two important conference next year
Workshop in honor of Francesca Matteucci, [taly, July 2024
[AU Symposium on Stellar Populations, MAYBE RIO DE JANEIRO, November 2024 in honor of Beatriz Barbuy

NEXT LECTURE — ACCRETED DEBRIS — HALO — BULGE and FUTURE DIRECTIONS



