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Outline

• Introduction


• Simulations for Self-interacting dark matter (SIDM) halos + 
central baryonic component 


• The accelerated evolution


• The quasi-universal behavior


• Summary 
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Globular cluster (GC)

3



Yi-Ming Zhong (UChicago & CityU HK)

Gravothermal collapse in GCs
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Heat

See Spitzer (1987) 
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Gravothermal collapse in SIDM halos
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Spergel & Steinhardt (2000)
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Collapse
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Heat

Heat

Expansion

Spergel & Steinhardt (2000)
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Tools Gravo. Expansion Gravo. Collapse

N-body model ✔ ✔

Fluid model ✔ ✔

Isothermal model ✔ ✔

Parametric model ✔ ✔
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Tools Gravo. Expansion Gravo. Collapse

N-body model ✔ ✔

Fluid model ✔ ✔

Isothermal model ✔ ✔

Parametric model ✔ ✔

Th
is

 ta
lk

Yang+ [YZ incl] (2023) arXiv:2305.16176 ; See Nadler’s talk 

Yang+ 
[YZ incl]  
(2023) 
arXiv: 
2305. 
05067; 

See 
Jiang’s talk

Kaplinghat, Tulin & Yu (2016)



Simulations for SIDM halos  
+  

central baryonic component 
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Setup

• An isolated SIDM halo (M=1.2e11 M☉, c=15, NFW @ t = 0)


• Const. & Rutherford self-interactions


• SIDM-only, SIDM + 3 types of central baryonic potentials


• Median


• Diffuse


• Compact
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Setup
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NFW Hernquist

t = 0

Effective 
xsec.

Central 
potent.
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Methods

• N-body model (Gadget 2) 


• Fluid model
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More on fluid model
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Insert baryons

• Instant baryonic 
potential


• Growing baryonic 
potential


• No big difference if 
thermalization is rapid
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Effects of central 
baryons

• Increase the central 
velocity dispersion


• Shorten the time for core 
expansion


• Shorten the time for core 
collapse

17

106

107

108

109

Ω ¬
[M

Ø
/k

p
c3

]

t = 4 Gyr

10°1 100 101

r [kpc]

30

35

40

45

50

55

60

65

∫ ¬
[k

m
/s

]

t = 4 Gyr

CDM-only (NFW)

CDM+baryonM

SIDM10+baryonM (instant)

SIDM10+baryonM (growing)

0 1 2 3 4 5 6 7

t [Gyr]

107

108

109

Ω c
[M

Ø
/k

p
c3

]



Accelerated evolution
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Central density evolution
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Max core expansion
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Deep in the core collapse regime
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Collapse time

• SIDM-only 
 
 

• SIDM+baryon
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Quasi-universal behavior

The evolution curves of halo properties largely 
overlap with each other after rescaling
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Universality 1: same 
baryon pot., different 
xsec.
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Universality 2: different  
baryon pot., different 
xsec.
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Summary

• Central baryonic potential accelerates gravothermal 
expansion and collapse.


• Universality is manifested in SIDM+baryon halo 
evolutions. The evolution are


• Insensitive to how to insert baryons


• ``Insensitive’’ to whether add or not add baryons 

27

Thermalized SIDM halos are “simpler” than the CDM halos.
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Convergence tests of N-body simulations
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Gaussian Process Regression
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Isothermal to collapsed regime
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r1 condition

Yang+ [YZ incl]  (2023), arXiv:2305.05067



Yi-Ming Zhong (UChicago & CityU HK)

Fluid 
vs 

Isothermal 
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