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• Cold (collisionless) dark matter 
(CDM) does very well 

• Why self-interacting dark matter 
(SIDM)? 

• Can lead to new phenomena 
different from CDM 

• Historically, small-scale 
behaviours of CDM have been 
criticized: e.g. core-cusp, 
missing satellites, diversity, 
etc.. Including baryons in simulations can resolve these? (Kim et al. 2018, 

Sales, Wetzel, Fattahi 2022, Cruz et al. 2026)

Tulin & Yu 2018

Sales, Wetzel, Fattahi 2022



Why dSIDM?
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• SIDM: umbrella term for DM 
which isn’t collisionless, but 
usually refers to elastic scattering 
only 

• Dissipative self-interacting dark 
matter (dSIDM) allows for 
inelastic scattering 

• Why is it interesting? 

• Can lead to new phenomena 
different from CDM and SIDM 

• The Standard Model has 
inelastic processes, why not 
the dark sector?

Figure from Snowmass 2021  
White Paper (Brito et al., 2021) 
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•Q1: how would dissipation 
affect the gravothermal 
evolution of a dark matter 
halo? 

•Q2: Can we use drastically 
modified collapse scenarios to 
rule out regions of DM 
parameter space?
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• Fermion  and light U(1) vector mediator   

• Majorana mass term results mass splitting , leading to ground ( ) and 
excited ( ) states 

• Only non-diagonal couplings 

ψ ϕ

δ χ1
χ2

ℒ ⊃ i
gχ

2
χ̄2γμχ1ϕ + h.c.
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UpscatteringElastic scattering

Figs from Alvarez & Yu 2018

*We assume short lifetimes
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• In non-relativistic limit, we can solve the Schrödinger equation using partial 
wave scattering (e.g. Slatyer 2010, Schutz & Slatyer 2015, Blennow et al. 2017, Alvarez & Yu 2020)
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Require 
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Simulating dSIDM
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• To simulate our dSIDM halo, we consider two simulation suites: 

• GravothermalSIDM: uses the gravothermal fluid equations.   

• Elastic-only (Nishikawa, Boddy, Kaplinghat 2020, Outmezguine et al. 
2022, Gad-Nasr et al. 2024) 
 
 
 
 

• Dissipative modification in Essig, McDermott, Yu, Zhong 2019

∂M
∂r

= 4πr2ρ,
∂(ρν2)

∂r
= −

GMρ
r2

,

L
4πr2

= − κ
∂T
∂r

,
1

4πr2

∂L
∂r

= − ρν2 ( ∂
∂t )

M
ln ( ν3

ρ )−Γcool .
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• SPHerical: a smoothed particle hydrodynamics framework, using results 
from Navier-Stokes equations to model spherically symmetric shells (Blaff 
2021, MSc Thesis) 
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Fluid equations
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Collapse animation (the worst, possibly)
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Parameter space

• DM-dominated dwarf 
galaxies prefer elastic 
cross sections 
between 0.5-50 cm2/g 

• Can place constraints 
considering a catalog 
of dwarf galaxies that 
don’t exhibit core 
collapse
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• Dissipation introduces new phenomenology beyond minimal SIDM models 
which only consider elastic scattering 

• Cooling results in faster collapse 

• Or, cooling may not be accessible while also suppressing elastic collisions, 
resulting in delayed collapse 

• Can allow for more or less constraints for a given DM particle mass 

• Fragmentation? -> Inelastic dark matter stars/compact objects/blobs?

Summary
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Thank you! 
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More detail for cross sections
• This follows Blennow et al. 2017 and also Alvarez & Yu 2020 

• Change of variables gives 
 
where 
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