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Dwart satellites as probes of dark matter
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Dwart satellites as probes of dark matter

WDM

10

100 h

CDM

COCO + GALFORM
MC GALFORM 4 Small structures (Mv >= -5,

Corrected MC GALFORM Ms <= el Msun) are
sensitive probes of dark
matter nature
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A brief history of dwarf galaxy searching
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A brief history of dwarf galaxy searching

Dwarf galaxies discovered in the Local Group
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A brief history of dwarf galaxy searching

Confirmed/candidate MW satellites

Dwarf galaxies discovered in the Local Group
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Local Group dwarf galaxy detection limit of CSST

Qu & Yuan et al. (2023, 2025)
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Local Group dwarf galaxy detection in simulated MWs

MagPie zoom-in MW simulation
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Luminosity function prediction with CSST

Stellar Mass,log(M«/M )
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Lacking resolved bright giants beyond 5 Mpc ...

Qu & Yuan et al. (2025 in prep)

Mass=1.0 x 10*M, Mass=1.0 x 10°M, Mass=2.5 x 10°M,

3981kpc
10 pc

'3l%2kbC +ﬁf
56 pc .




We can search dwarf galaxies in images

Qu & Yuan et al. (2025 in prep)

Mass=1.0 x 10*M, Mass=1.0 x 10°M, Mass=2.5 x 10°M,

3981kpc
10 pc
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56 pc .




Vision Transformer model

Vision Transformer (ViT) Transformer Encoder
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Vision Transformer model
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Dwarf galaxy search in the CSST images
- Complementary searching methods up to 20Mpc

Qu & Yuan et al. (2023, 2025)
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Dwarf galaxy search in the CSST images
- Complementary searching methods up to 20Mpc
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4+ New surface brightness detection limit
up to 5Mpc (classic) — fainter objects

4+ New luminosity detection limit up to
20Mpc (VIDA) — smaller & more distant
objects

How to constrain the nature of dark matter?
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Gamma-ray signal flux from dwarf galaxies
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Gamma-ray signal flux from dwarf galaxies
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Gamma-ray signal flux from dwarf galaxies
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Gamma-ray signal flux from dwarf galaxies

Jeans equation
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Gamma-ray signal flux from dwarf galaxies
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Jeans equation

1 (ov) /Emax dNVdE
—_— , M (1)
particle phvsics 0, X >
I

x / / 02 (r)dldQY
A J].o.s.

(spherical assumptions)

p*(r)dr

L Velocity dispersion Stellar profile
J—factor
CSSTHE4 skl F 1tk 20254 | Zhen Yuan | Nanjing University

12



Gamma-ray signal flux from dwarf galaxies

¢s (AQ) —
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particle phvsics
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D — Velocity dispersion Stellar profile

J—tactor

Jeans equation

v (spherical assumptions)
T dE,y
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N 0 J MDM(F)

p*(r)dr

t mass-anisotropy degeneracy problem

1.rodio| orbits & low mass galaxy -> core (low ppp)

2.tangenti0| orbits & massive galaxy-> cuspy (large ppw)
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Gamma-ray signal flux from dwarf galaxies

Jeans equation

Emax
¢s(AQ) = L _(ov) / diVy dE, (spherical assumptions)
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Velocity dispersion Stellar profile

J—factor eer———er—— | - |
mass-anisotropy (M-f) degeneracy solution
f1. proper motion (maybe possible for nearby DG)
2. multi-population decomposition (ref. GravSphere)
3. higher-order velocity moments(ref. GravSphere2)

4. extend the data to the tidal radius (ff observed!)
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Dwarf galaxy observations with the CSST
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Dwarf galaxy observations with the CSST
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Dec (J2000)

MW dwarf galaxies seen by HST/ACS
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MW dwarf galaxies seen by HST/ACS
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MW dwarf galaxies seen by HST/ACS
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What we have now:

Stellar density profiles & velocity dispersion up to r;,
of the existing dwarf satellites






What we can have with CSST:



What we can have with CSST:

+ Stellar density profiles up to r, & 5r; of the existing dwarf satellites
thanks to the large FoV of CSST



What we can have with CSST:

+ Stellar density profiles up to r, & 5r; of the existing dwarf satellites
thanks to the large FoV of CSST

+0, from PFS (North) & 4MOST (South) early science programs & WEAVE
Pl program of dwarf galaxies



CoST-DG20+
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Key advantages of CSST in searching dwarf galaxies

CSSTHMBZRE A =ZAME
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Key advantages of CSST in searching dwarf galaxies
CSSTHME B R &Y = KM

Spatial & member cuts
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Key advantages of CSST in searching dwarf galaxies
CSSTHME B R &Y = KM

Spatial & member cuts
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