
Metal-poor stars
as witnesses for the first steps of the Milky Way 

assembly history



Starring: 
Milky Way



What happened at the 
very beginning of the 
Milky Way formation?
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3. 22 elemental 
abundances
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Age

Isochrone fitting
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Age

Padova and BaSTI isochrones Gaia photometry:
G, BP-RP;  G, BP-G;  G, G-RP

Reddening:
Green et al. 2018
Lallement et al. 2018 ext. by 
Montalto et al. 2022

Distance:
Gaia parallaxies

Metallicity correction:
Salaris et al. 1993



Isochrones are an 
additional source 
for uncertainties



Comparison with 
metal-poor GC: 
NGC 6397, M 30, 
M 92
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Kinematics



Galactic axisymmetric 
potential
McMillan (2017) 
implementation in galpy

Galactic non-
axisymmetric potential
McMillan (2017) + non-axisymmetric 
elongated bar/bulge component:

bulge disk halo disk haloRotating elipsoid

Ferrer’s formula:

ρ



Historical overview
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Results



Chemistry



Chemistry Age



Kinematics

Chemistry Age



Age-metallicity relation



Chemistry in 
general

1. All stars follow typical 
trends for Milky Way 
stars

2. Only Al is out for 0.2 
dex due to new way of 
non-LTE correction 
(Nordlander et al., 
2017)



Halo, disk or bulge?

metal-poor stars



In-situ halo or accreted events?
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Orbital parameters

Almost all stars go through the bulge region => bar perturbations
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Effect of Galactic 
non-axisymmetric 
potential

Positions of stars move along the 
tilted parallel lines but for stars 
associated with known accretion 
events it still lies inside its event 
region

t = 1 Gyr, Δt = 0.1 Myr
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Accreted events?

Chemistry Age

metal-poor stars

accretion event’s stars

Gaia-Enceladus-Sausage

Thamnos 1, 2



Stars older than 13.5 Gyr
1. Age => very low probability to be part of any 

well-known accretion events

2. Orbits – close to the Galactic Disk and pass close 
to the Galactic center

3. Chemistry – the same as bulge or halo

4. α-age correlation => Their origin - environment 
where gas density and star formation were quite 
high.

They may have formed inside the very first ”building 
blocks” of the Milky Way and therefore were part of 
the infant bulge at a time when the Disk had yet to 
form
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Conclusion

We identified:

1. Group of stars with 
halo chemistry, age, 
and kinematics. 

2. Another group 
associated with Gaia–
Enceladus/Sausage and
Thamnos 1, 2.

3. Group of stars probably 
belonging to the infant 
bulge.                                    

bulge disk

halo

Galaxy formation scenario:

13.77 Gyrage today10 Gyr

fast collapse à la ELS 

with a major 
contribution of 
accreted events

in agreement with Searle & Zinn 1978



For more detailes:



Plans for the future



Plans for the future



Plans for the future



Plans for the future



Plans for the future

small 
observational

programs



To be conTinued…



“do you have 
any quesTions?”


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6: 253 metal-poor stars (Barklem et al., 2005)
	Slide 7: 253 metal-poor stars (Barklem et al., 2005)
	Slide 8: 253 metal-poor stars (Barklem et al., 2005)
	Slide 9: 253 metal-poor stars (Barklem et al., 2005)
	Slide 10: Historical overview
	Slide 11: Age
	Slide 12: Age
	Slide 13: Age
	Slide 14: Age
	Slide 15: Age
	Slide 16: Isochrones are an additional source for uncertainties
	Slide 17: Comparison with metal-poor GC: NGC 6397, M 30, M 92
	Slide 18: Historical overview
	Slide 19: Galactic axisymmetric potential
	Slide 20: Historical overview
	Slide 21
	Slide 22
	Slide 23
	Slide 24: Age-metallicity relation
	Slide 25: Chemistry in general
	Slide 26: Halo, disk or bulge?
	Slide 27: In-situ halo or accreted events?
	Slide 28: Orbital parameters
	Slide 29: Effect of Galactic non-axisymmetric potential
	Slide 30: Accreted events?
	Slide 31: Stars older than 13.5 Gyr
	Slide 32
	Slide 33
	Slide 34: Conclusion
	Slide 35: Conclusion
	Slide 36: Conclusion
	Slide 37: For more detailes:
	Slide 38: Plans for the future
	Slide 39: Plans for the future
	Slide 40: Plans for the future
	Slide 41: Plans for the future
	Slide 42: Plans for the future
	Slide 43
	Slide 44

