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Dwarf galaxies as dark matter probes
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DGs can be used to test DM models / baryonic
feedback implementations in a cosmological
framework 2
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Central density
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DM density profiles in dwarf galaxies
Draco: Sculptor: Fornax:
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DM density profiles in dwarf galaxies
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Data A 3D view of dwarf galaxies with Gaia and VLT/FLAMES
I. The Sculptor dwarf spheroidal™*-**
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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)



Dynamical modeling
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- We fit individual stars, not binned data.
- Position, metallicity and l.0.s. velocity distributions
- Three populations.

Dark matter density bigle o ])(Ri;vlos,izrim (I j/ H])

profile inference _ _
Stellar DF + DM potential Gaussian
/ *Spherical models

Vasiliev (2019) A@AM‘% 25 free parameters ’



obs [*¥/kpc?]

Comparison with the observed data
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Dark matter density profile

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

9.0 - Very dark-matter dominated
8.5 - Short star formation history
— 8.0
&)
_\% 7.5
(0]
=70 o 716
65— I 1T T TTTT T T T Tt 1 L 1 T T TTTd
27 =9 RI19 NTHAO | '
S6.0F 100 P20 < FIRE.2
3 5.5F H20 Ué 0.0 : Sculptor Fornax o 7
5ol I DM This work (R) o
“| W Stars = —0.5F LA
45€ ] ] ] ] 1 A
-150 -1.25 -1.00 -0.75 -0.50 -0.25 0. . 0.50 = _10k _
log (r [kpc]) &
o,
215
Zhu+ (2016), Read+ (2019), n | _—
Pascale (2020), Hayashi+ (2020) ) %-vé“ ! é} : & : &
= 20F S | F | L 1 &S
S PUC ARG S A
. L Ll L L il L L |11:|||I L O
Inner logarithm slope : 107 10~ 10~ 10~ 10
M*/Mhalo
Di Cintio+ (2014), Hayashi, Chiba and Ishiyama (2020)

Arroyo-Polonio et al. (Accepted) 12



Dark matter density profile

9.0 - Very dark-matter dominated
8.5 - Short star formation history
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Central density
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Central density
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Different choices of radius
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R: Semi-major axis radius
R_c: Circular radius
R_cz: Circularized radius "
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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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Testing the modeling on Sculptor-like mock galaxies

9

— 8 —_
o -
a 18]
= Q
< £
[0}

o)
= s
= =
[m)
g6 S
‘E‘) e
S 3

ul

1 1
-1.5 -1.2 -0.9 -0.6 -0.3 0.0 0.3 4 T

T T
-2.0 -1.5 -1.0 -0.5 0.0 0.5
log(r[kpcl) log(rlkpcl)

0.00 0.25 0.50 0.75 1.00



I Non_binaries

Testing the effect of || aneris
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Sculptor dwarf galaxy: Dynamical equilibrium

r [kpc]

—— Orbit = Pericenters close to the disc
4+ Initial position in simulations = Current position
Pericenters * Position 8 Gyr ago
Sculptor
100 lorio+ (2019)
N N AN A
- AANANA 300
| | | | —
80 | [ : ' ; 2 ' u [ 1|0
Lfar Vel vieg
IRV IRTRIE 250
601 | || | BRI

UIREREREER
0.0 2.5 5.0 f
ticokback [GYr]

Stellar component is in
dynamical equilibrium: Good
tracer of DM potential

Galactocentric distance [kpc]

Time [Gyr]

Battaglia+ (2022)

20



104 T 1

10%F e

1024 -

2:obs [*/kpCZ]

[ MP model
[ MR model

101k I MPobs
I MRobs
1
101 109
R [kpc]
16 T

14

12

OPad/tan [KM/S]
[o¢]

1 Tangential MR
I Radial MR
I Tangential MP
B Radial MP

1
1.0

1.4

1 1
0.4

1 1 1
0.6 0.8 1.2

R [kpc]

Olos [km/s]




140

130

By &

b N

o o
Vios [km/s]

T
[
o
o

90

1.5 1.0 0.5 0.0 0.5 =10 =15

80
¢ [degrees]

22



~I'

TTr T r o1

T N

(=] (=)
[24/6I]

T
©
IS}

— T T T T — T T T T — T T T T —
o0 o o
oo — o

[24/15]

Q
M

T T T T — T T T T — T T T T — T
s o o
—~ o~ 3

" [od/eg]

23

-3.8 -3.6 -3.4 -3.2 -3.0

-4.0



10°

Two populations vs
metallicity gradient
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Dwarf galaxies
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Ground-based spectroscopy

VLT/FLAMES

MAGELLAN/MMFS

Gaia involved

- Parallaxes
- Proper
motions




