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The oldest stars should be But most central stars are
centrally concentrated relatively metal-rich

Metallicity distribution of a typical
bulge survey (Ness+13a, ARGOS)
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centrally concentrated relatively metal-rich

Metallicity distribution of a typical
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How do we find metal-poor inner Galaxy stars?
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How do we find metal-poor inner Galaxy stars?

) ”Acc:identaHy” IN \arge surveys (e.g. APOGEE/Garcia Perez+13, ARGOS/Ness+13)
» Variability: RR Lyrae stars (e.g. VWW/Dékany+13, OGLE/Pietrukowicz+15, Kunder+16,20)

» Dedicated searches using photometry
» |nfrared photometry ("Best & Brightest”, Casey&Schlaufman15, Reggiani+20)

» Narrow-band photometry around the Ca H&K region
(e.g. EMBLA [Howes+14,15,16], Koch+16,19, PIGS [AA+20a,b], COMBS [Lucey+19,21,22])

Terf = 5000 K, logg = 2.5, [Fe/H] = —2.5
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How do we find metal-poor inner Galaxy stars?

) ”Acc:identaHy” IN \arge surveys (e.g. APOGEE/Garcia Perez+13, ARGOS/Ness+13)
» Variability: RR Lyrae stars (e.g. VWW/Dékany+13, OGLE/Pietrukowicz+15, Kunder+16,20)

» Dedicated searches using photometry
» |nfrared photometry ("Best & Brightest”, Casey&Schlaufman15, Reggiani+20)

» Narrow-band photometry around the Ca H&K region
(e.g. EMBLA [Howes+14,15,16], Koch+16,19, PIGS [AA+20a,b], COMBS [Lucey+19,21,22])

» Gaia XP spectro-photometry (e.g. Rix+22, Lucey+23, AA+24b)

Terf = 5000 K, logg = 2.5, [Fe/H] = —2.5
Pristine CaHK
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The Pristine Inner Galaxy Survey (PIGS)
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PIGS: AA+20a,b,21,24a

Vitali, AA+22, Zhao+AA+23, Mashonkina, AA+23, Sestito+AA+23,24a,b,c, Aguado, AA+in prep
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—IRISTINE

APOGEE
ARGOS
PIGS

1900 VMP
stars

PIGS: AA+20a,b,21,24a

Vitali, AA+22, Zhao+AA+23, Mashonkina, AA+23, Sestito+AA+23,24a,b,c, Aguado, AA+in prep

Anke Ardern-Arentsen — IAUS395 A



The Pristine Inner Galaxy Survey (PIGS)

most VMP PIGS stars stay within
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Bright metal-poor stars from Gaia XP

Chandra et al. 2023
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Kinematics of metal-poor PIGS stars

Metal-poor stars rotate slower than
the bulk of the bulge

longitude

PIGS | (AA+20a), see also Rix+22
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Kinematics of metal-poor PIGS stars

Metal-poor stars rotate slower than VMP stars still rotate, & there appear to be two

the bulk of the bulge components (clearly at intermediate low [Fe/H])

[Fe/H] < =2.0 -2.0 < [Fe/H] < -1.5

PIGS | (AA+20a), see also Rix+22
PIGS VIII (AA+24a)
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The ancient inner Galaxy: a mix of components?

1. prograde (but v/o = 1), cooler, more metal-rich

2. stationary, hotter, more metal-poor

-2.0 < [Fe/H] < -1.5

PIGS VIII (AA+24a)
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The ancient inner Galaxy: a mix of components?

1. prograde (but v/o = 1), cooler, more metal-rich
Solar neighbourhood:

Vo ~70‘80 km/S

2. stationary, hotter, more metal-poor

-2.0 < [Fe/H] < -1.5

PIGS VIII (AA+24a) Zhang, AA & Belokurov 24
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The ancient inner Galaxy: a mix of components?

1. prograde (but v/o = 1), cooler, more metal-rich 1. pre-disc “proto-Galaxy”?
(why is it rotating?)

2. stationary, hotter, more metal-poor

-2.0 < [Fe/H] < -1.5
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The ancient inner Galaxy: a mix of components?

1. prograde (but v/o = 1), cooler, more metal-rich 1. pre-disc “proto-Galaxy”?
(why is it rotating?)

2. stationary, hotter, more metal-poor |
2. accreted at a later time?

and/or from smaller systems?

-2.0 < [Fe/H] < -1.5

PIGS VIII (AA+24a)
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This should leave traces in the chemistry!

A lot of recent spectroscopy work on the metal-poor inner Galaxy:

EMBLA (Howes+14,15,16), B&B (Schlaufman+14, Casey+15, Reggiani+20), BRAVA RR Lyrae (Kunder+16,20, Savino+20),
Koch+16,19, COMBS (Lucey+19,21,22), HERBS (Duong+1%a,19b), PIGS (AA+20a,20b,21,24, Sestito+23,24, Mashonkina+23),
APOGEE (Horta+21,+24, Queiroz+21, Razera+22, Barbuy+24 and many others)

So far:
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This should leave traces in the chemistry!

Spectroscopic samples are small
and all analysed differently

-3.0 25
[Fe/H]
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This should leave traces in the chemistry!

Spectroscopic samples are small
and all analysed differently

-3.0 25
[Fe/H]

So ftar:
» At intermediate low metallicities (=2.0 < [Fe/H] < =1.0) in the inner Galaxy:

» potentially there are signs of larger building blocks and/or an in-situ component
(Horta+21a,24ab, Belokurov & Kravtsov 22, Lucey+22, Razera+22, Barbuy+24)

» the fraction of tormer globular cluster stars seems higher than further away
(Schiavon+17, Horta+21b, Belokurov & Kravtsov 24, Kane+AA+24 — and potentially extended to VMP stars in AA+24b)

» Chemistry of [Fe/H] < —=2.0 inner Galaxy stars seems reasonably “normal”
(Howes+14,15,16, Lucey+19,22, Sestito+AA+23,+24, Mashonkina,AA+23, Aguado,AA,Sestito+in prep.)

> Except for carbon? (Howes+16, AA+21,24b)
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Ancient inner Galaxy chemistry will be boosted
with 4MORST
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Ancient inner Galaxy chemistry will be boosted
with 4MOST

latitude ()

NMOS 7

5

AMIDABLE-LR  VMP_PIGS TR——

Plus MP candidates from XP (Anders+)
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What's up with carbon?
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What’s up with carbon?

Anke Ardern-Arentsen — |AUS395

» CEMP-s (Ba-rich, mostly RV binaries)
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Fraction of CEMP stars in the inner Galaxy
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Fraction of CEMP stars in the inner Galaxy

Cohen+05 —#— Yoon-+18
Frebel+06 —@— Placco+18
Lee+13 —4— Placco+19
Aoki+13 Limberg+21
Yong+13 —€— Li+22
Placco+14 mmimm PIGS (AA+21)

AA+21,22
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Fraction of CEMP stars in the inner Galaxy
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Cohen+05 —#— Yoon-+18
Frebel+06 —@— Placco+18
Lee+13 —4— Placco+19
Aoki+13 Limberg+21
Yong+13 —€— Li+22
Placco+14 mmimm PIGS (AA+21)
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Ignoring all caveats... (do ask me)

Most discrepant in the [Fe/H] regime
ot CEMP-s stars (binary transfer)
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Fraction of CEMP stars in the inner Galaxy
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Cohen+05 —d#—

Frebel+06
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Li+22

T| —@— Placco+14 mhmm PIGS (AA+21)

AA+21,22

Ignoring all caveats... (do ask me)

Most discrepant in the [Fe/H] regime
ot CEMP-s stars (binary transfer)

Lower binary fraction?

Globular clusters are expected to
destroy binaries.

Larger GC contribution among
VMP stars in the inner Galaxy?

12



Homogeneous all-sky carbon abundances?
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Homogeneous all-sky carbon abundances?

Carbon abundances from millions of Gaia XP
spectra using a neural network

(AA+24b, inspired by Lucey+23)
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Homogeneous all-sky carbon abundances?

Carbon abundances from millions of Gaia XP

spectra using a neural network mostly Ba-rich (binary interaction type)
(AA+24b, inspired by Lucey+23)

[Ba/Fe| (GALAH)
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Frequency of CEMP stars

CEMP fraction increases towards lower [Fe/H],
but appears lower than in previous work
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Frequency of CEMP stars

CEMP fraction increases towards lower [Fe/H], CEMP fraction decreases tfor more bound stars
but appears lower than in previous work (smaller apocentres)

C-rich fraction
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Frequency of CEMP stars

CEMP fraction increases towards lower [Fe/H], CEMP fraction decreases tfor more bound stars
but appears lower than in previous work (smaller apocentres)

Supporting the PIGS results of a lower
CEMP fraction in inner Galaxy!

C-rich fraction

= & strengthens the connection to GCs
(Horta+21b, Belokurov & Kravtsov 24)

30 25 —2 —1.0 —0.5

Fe/H] (predictec neray/10° [km? s™7]

Vertical line: Belokurov & Kravtsov 22
AA+24b
“accreted” vs “in-situ” boundary (apo ~ 10 kpc)
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The ancient heart of the Milky Way

» There is a central, slowly rotating concentration of old stars in our Galaxy

-2.0 < [Fe/H] < -1.5
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The ancient heart of the Milky Way

» There is a central, slowly rotating concentration of old stars in our Galaxy

» What is it made of? Probably a mix of in-situ, accretion, disrupted GCs, ...
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The ancient heart of the Milky Way

» There is a central, slowly rotating concentration of old stars in our Galaxy
» What is it made of? Probably a mix of in-situ, accretion, disrupted GCs, ...

» Unique probe: carbon-enhanced metal-poor stars (binaries & early chemical evolution)

-2.0 < [Fe/H] < -1.5
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The ancient heart of the Milky Way

» There is a central, slowly rotating concentration of old stars in our Galaxy
» What is it made of? Probably a mix of in-situ, accretion, disrupted GCs, ...
» Unique probe: carbon-enhanced metal-poor stars (binaries & early chemical evolution)

» Looking forward to 4MOST (especially the 4MIDABLE-LR & HR surveys)

-2.0 < [Fe/H] < -1.5

—
-
O
O
O
_|_
_
=
(O}
+
—
©
()
—
o
~—
ko)
LL
~~
=

Anke Ardern-Arentsen — IAUS395 15



