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Mateo(1998), Walker(2012), Battaglia & Nipoti (2022) Di Cintio+ (2014), Hayashi, Chiba and Ishiyama (2020)

Dwarf galaxies as dark matter probes

DGs can be used to test DM models / baryonic 
feedback implementations in a cosmological 
framework 2
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DM density profiles in dwarf galaxies
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Data

- 1339 member stars

- Δ v_los ~ 1 km/s
- Δ [Fe/H] ~ 0.1 dex

44 VLT/FLAMES 
pointings
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Sculptor dwarf galaxy: stellar components
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Different stellar populations can be used as independent tracers of the DM density profile.

Battaglia+(2008), Walker+(2011), Zhu+(2016), Strigari, Frenk & White(2017)

Tolstoy+(2004), Arroyo-Polonio+ (2024)



Dynamical modeling

Dark matter density 
profile inference

Stellar DF + DM potential Gaussian

25 free parametersVasiliev (2019)

*Spherical models
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Selection function

- We fit individual stars, not binned data.
- Position, metallicity and l.o.s. velocity distributions
- Three populations.



Comparison with the observed data

11
Arroyo-Polonio et al. (Accepted)

Third stellar component: it still appears with the same properties



Dark matter density profile
- Very dark-matter dominated
- Short star formation history

Di Cintio+ (2014), Hayashi, Chiba and Ishiyama (2020)

Inner logarithm slope : 
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Central density 

Read, Walker & Steger (2019)
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R: Semi-major axis radius
R_c: Circular radius
R_cz: Circularized radius
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Different choices of radius

Arroyo-Polonio et al. (Accepted)



Conclusion

- We find Sculptor, a highly dark 
matter dominated galaxy with a short 
star formation history, inconsistent 
with hosting a cusped DM halo.
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Paper on arXiv today! : https://arxiv.org/abs/2506.11845



Testing the modeling on Sculptor-like mock galaxies



Testing the effect of 
binaries on Sculptor-like 
mock galaxies

Constant density core (γ = 0)

               “Mild cusp” (γ = 0.5)

                          Cusp (γ = 1)
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Stellar component is in 
dynamical equilibrium: Good 
tracer of DM potential

Sculptor dwarf galaxy: Dynamical equilibrium

Iorio+ (2019)

Battaglia+ (2022)
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1 pop with metallicity gradient

2 populations

3 populations

Foreground contamination
Tides
Streams

ΔBIC = 40

ΔBIC = 29

ΔBIC = 69

Arroyo-Polonio et al. (2024)
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Two populations vs 
metallicity gradient



Dwarf galaxies

VLT/FLAMES MAGELLAN/MMFS

Ground-based spectroscopy(b) (c)

(a) https://es.m.wikipedia.org/wiki/Archivo:06-Local_Group
(b) https://www.eso.org/public/spain/images/vlt-brunier-nuit/
(c) https://en.wikipedia.org/wiki/Magellan_Telescopes
(d)https://www.britannica.com/topic/Gaia-European-Space-Agency-satellite

Gaia involved

- Parallaxes
- Proper 
motions

(d)

(a)
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