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Ultra-diffuse satellite galaxy Crater II
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Ultra-diffuse satellite galaxy Crater II

(Torrealba et al. 2016)

Crater II is one of Milky Way 

satellite galaxies discovered in 

2016.
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Crater II is special because of its diffuse profile,  rh = 1.06 kpc,  σlos ~ 2.3 km/s, flat with respect to radius.

(Borukhovetskaya et al. 2022) (Caldwell et al 2017)
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Orbit 3:  rp = 38 kpc

Measured by Gaia DR3

With the orbit, CDM fails

(Borukhovetskaya et al. 2022)

Orbit 2:  rp = 14 kpc

Required orbit to match Vc

in CDM is much lower 
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Orbit 2:

After tidal stripping, the halo mass could

match the observation, but the half-light 

radius is too small. 

(Borukhovetskaya et al. 2022)
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• SIDM solution: Mass

SIDM interpretations of Crater II and GD-1 6

SIDM orbit 3, rp = 38 kpc

σ/m = 60 cm2/g

CDM orbit 2, rp = 14 kpc

CDM orbit 3, rp = 38 kpc
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• SIDM solution: Size (half-light radius)
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SIDM orbit 3

Rh = 1.1 kpc

Excellent agreement

CDM orbit 2

Rh = 0.45 kpc, too compact
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• SIDM solution: Density and mass profile
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Ultra-compact subhalo perturber for GD-1

Spur and gaps of the GD-1 stellar stream
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This gap-spur can be produced by a close encounter with an ultra-compact perturber

(Bonaca et. al 2018)
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The missing compact perturber
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(Bonaca et. al 2018)

Through backward orbital integration, 

none of the observed objects matches 

the required orbit

The perturber is most likely a dark 

matter subhalo.
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The missing compact perturber
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The reconstructed perturber density* is

very compact, which is not likely to

form in the CDM scenario

*(Bonaca et. al. 2018)
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Two phase evolution of self-interacting dark matter halo
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Milky Way subhalo progenitors from 

cosmological simulations

Select a small subhalo at infall as the 

initial condition
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Total mass evolution Enclosed mass within 10 pc Final density profiles

The King model well fits the inner region of the core-collapsed subhalo
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Appendix: velocity dependence

Self-interacting dark matter

Velocity-dependent cross section
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Appendix: Crater II with different cross section

Other cross sections with 

different orbits
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(Balberg et al 2002)



Appendix: observed satellites
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(Fattahi et. al 2018)
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(Bonaca et al. 2018)
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(Wang et. al 2021)
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Appendix: inner 10 pc mass of various cross sections
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Appendix: diversity of SIDM halos
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(Yang et al. 2023)



Appendix: energy inconservation of N-body simulation

27

SIDM50 Iso

0 2 4 6 8 10 12

103

104

105

t [Gyr]

M
(<
1
0
p
c
)
[M

⨯
]

3.0 Gyr

6.0 Gyr

7.6 Gyr

7.8 Gyr

9.0 Gyr

10-2 10-1
10-1

100

101

r [kpc]

λ
/
H

SIDM50 Iso


	幻灯片 1: SIDM interpretations of Crater II and GD-1
	幻灯片 2: Ultra-diffuse satellite galaxy Crater II
	幻灯片 3: Ultra-diffuse satellite galaxy Crater II
	幻灯片 4: Ultra-diffuse satellite galaxy Crater II
	幻灯片 5: Ultra-diffuse satellite galaxy Crater II
	幻灯片 6: Ultra-diffuse satellite galaxy Crater II
	幻灯片 7: Ultra-diffuse satellite galaxy Crater II
	幻灯片 8: Ultra-diffuse satellite galaxy Crater II
	幻灯片 9: Ultra-compact subhalo perturber for GD-1
	幻灯片 10: Ultra-compact subhalo perturber for GD-1
	幻灯片 11: Ultra-compact subhalo perturber for GD-1
	幻灯片 12: Ultra-compact subhalo perturber for GD-1
	幻灯片 13: Ultra-compact subhalo perturber for GD-1
	幻灯片 14: Ultra-compact subhalo perturber for GD-1
	幻灯片 15
	幻灯片 16
	幻灯片 17
	幻灯片 18: Appendix: velocity dependence
	幻灯片 19: Appendix: Crater II with different cross section
	幻灯片 20: Appendix: equations of gravitational system
	幻灯片 21: Appendix: observed satellites
	幻灯片 22: Appendix: parameter space
	幻灯片 23: Appendix: stellar mass-halo mass relation
	幻灯片 24: Appendix: initial condition selection
	幻灯片 25: Appendix: inner 10 pc mass of various cross sections
	幻灯片 26: Appendix: diversity of SIDM halos
	幻灯片 27: Appendix: energy inconservation of N-body simulation

