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OUTLINE

»Part A: Gravothermal Evolution of Self-interacting Dark Matter (SIDM)

Halos

»Part B: Particle Dynamics of SIDM Halos

»The Born regime

»The Non-born regime

»Part C: Including non-perturbative effects in the gravothermal

evolution framework (this work)

Pheno 2025 2 Bashi Mandava (UCB)



GRAVOTHERMAL EVOLUTION

Model the halo as a fluid (we didn’t want to do a simulation)
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> First law of thermodynamics:
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The evolution is then characterized by three stages: core formation, expansion, collapse
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THE CROSS SECTION

Observations point to a velocity dependent cross section
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See: Kaplinghat et al, 2015
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THE INTERACTION

Light mediators naturally produce velocity-dependence

9y XV"x¢P,. (vector mediator)
Lint — _ .
G XXP (scalar mediator)

Self-interactions are described by the Yukawa potential
a, _
V(r) = =™ "
r

Then self-interaction cross-section is completely determined by
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THE BORN REGIME

Constant at low velocities, falls off as a power law at high velocities
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THE NON-BORN REGIME

Multiple mediator exchanges
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See: Buckley & X/ \

Fox, 2009
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THE SEMI-CLASSICAL REGIME

Analytically solvable

m,v
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See: Colguhoun et al, 2011
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THE QUANTUM REGIME

A good analytical approximation provided by the hulthen potential

m.y
Low velocities K ~ _r <] b>1 Strong coupling
Mg
—or
ayoe
— + =
V(I’) T 0 = nm;

Dominated by s-wave scattering for k < 1

Analytically solvable for I =0
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See: Tulin et al, 2013
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THE ZERO VELOCITY LIMIT

The phase shift scales as §, « v and oy, approaches a constant
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Expand and ignore O(v?) terms
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See: Tulin et al, 2013
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CONDUCTIVITY

Connects the particle nature of an SIDM model to the gravothermal evolution

LMFP: Particles travel long distances compared to halo size, A > > H

1 1 1
I — +
K KimMrp  KsmFp

SMFP: Particles travel short distances compared to halo size, scatter frequently A < < H

Where we defined
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See: Outmezguine et al, 2023

Pheno 2025

11

Bashi Mandava (UCB)



SETUP

»Part A: Gravothermal evolution of halos is done with the code

package GravothermalSIDM by K. Boddy (Outmezguine et al, 2022

& Gad-Nasr et al, 2023)

»Part B: Self interaction cross sections in the Non-born regime are

calculated using CLASSICS by F. Kahlhoeter (Colquhoun et al, 2011)
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BORN REGIME

Extrapolate the non-born regime into the born regime successfully
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NON-BORN REGIME

Cross-section can be significantly enhanced at low velocities
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NON-BORN REGIME

Kp follows a roughly universal behavior*

b= a,my/my, a, =10"*
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*excluding resonances etc
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HALO EVOLUTION

Future: place constraints on parameter space based on collapse timescales
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SUMMARY

4+ Self-interactions drive the gravothermal evolution of dark matter halos

4 The relevant parameter space extends beyond the standard Born

approximation for the self-interaction cross section

4+ We are incorporating these non-Born effects into the gravothermal

evolution framework

4+ This enables us to place constraints on the full parameter space

going beyond the born regime using halo collapse timescales
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