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Chandra et al. 2023
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1. prograde (but v/σ ≲ 1), cooler, more metal-rich
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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+19a,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)



Anke Ardern-Arentsen — IAUS395

This should leave traces in the chemistry!

So far:
➤ At intermediate low metallicities (−2.0 < [Fe/H] < −1.0) in the inner Galaxy: 

9

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+19a,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)



Anke Ardern-Arentsen — IAUS395

This should leave traces in the chemistry!

So far:
➤ 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)

9

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+19a,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)



Anke Ardern-Arentsen — IAUS395

This should leave traces in the chemistry!

So far:
➤ 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 former 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)

9

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+19a,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)



Anke Ardern-Arentsen — IAUS395

This should leave traces in the chemistry!

So far:
➤ 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 former 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.)

9

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+19a,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)



Anke Ardern-Arentsen — IAUS395

This should leave traces in the chemistry!

So far:
➤ 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 former 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.)

9

Lucey+22 Sestito+22Howes+16

Spectroscopic samples are small  
and all analysed differently



Anke Ardern-Arentsen — IAUS395

This should leave traces in the chemistry!

So far:
➤ 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 former 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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Spectroscopic samples are small  
and all analysed differently
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PIGS stars with 
photometric 
[Fe/H] < −1.7

Plus MP candidates from XP (Anders+)
4MIDABLE-LR    VMP_PIGS
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First Stars: Spinstars 
(Meynet+06,10, Chiappini13)

First Stars: Faint SNe (Umeda & 
Nomoto03,05, Tominaga+14)
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AA+21,22

PIGS (AA+21)

Ignoring all caveats… (do ask me) 


Most discrepant in the [Fe/H] regime 
of 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?
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Supporting the PIGS results of a lower 

CEMP fraction in inner Galaxy!


& strengthens the connection to GCs 
(Horta+21b, Belokurov & Kravtsov 24)
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The ancient heart of the Milky Way

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