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Self-Interacting Dark Matter (SIDM)
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Gravothermal
X - X collapse

Formation of Formation of Evolution of
. compact supermassive
[4]
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This talk: how the microscopic properties of the DM candidates shape the resulting cooling in minimal dissipative
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Hidden DM sector
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Textbook discussion: Lectures on Quantum Mechanics, Steven Weinberg
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V-emission and Coulomb potential: arXiv:2007.06592
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V-emission and Coulomb potential: arXiv:2007.06592
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In DM halos: v; < 100 — 1000 km.s™*
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Born: Dipole vs Quadrupole emission JCAP03(2026)034
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Beyond Born: energy-differential cross section To appear so0n: arKiv:26XX.XXXX

Attractive Interaction

N~ Exact
- —— Born
— =« == (lassical
Ng““ 10—2_ _
~—
N
>¢\
-~ )
3 | . .
S - Dipole, |v;| = 0.1 - Dipole, |v;] =1 - Dipole, |v;| = 10
E -% = \\ ! tr L\ e e e e e e e ey
3 _ S _
3 mg.v = 0.01wmax | \ Quasi-classical limit
*  Born , —_——— 3>
Exact ' | wemaaas 6<<1
10 4 1073 1072 107! 1 1074 1073 1072 , 107! 1 1074 1073 1072 107! 1
x = 2w/(pv;)
do 1 & d 2
— e i Fi(ive,iv;: 1 2
dw | gact 247T3 D f4uzuf dZmin 21 (vp, i 15 2min)|
2 <</ \Jui| > 1
S| T (L) do D5 (i) HY (i8)
d 2392 _ 1 — W— — 5 ~ (1
W Born T, 1 1 £ dw classical 96 ’U ip
13

V-emission: ArXiv2007.06592



Beyond Born: effective energy loss rate

Dipole emission
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dw Quadrupole emission: distinguishable particle scattering
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We provide a ready-to-use catalogue of energy-differential cross
sections and energy-loss rates for representative dSIDM models =iy

w (do/dw) | Gauge emission V (fyy =2) | Scalar emission ¢ (f, v =1)
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Mediation
Long-range (F.9) (F.14)
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Long-range: (4.26) {3/4,13/4} {1,6}
Short-range: (4.25) {3/4,1/4} {1,7}

(1,11}
{1,2}
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Short-range Sec. 4.4

(4.28)
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Long-range - Contact: App. B.1 | VIB: (B.6), (B.10b)

Short-range - - VIB: (B.14)

Vertex: (3.37), (3.49)
Contact: App. B.1
VIB: (B.6), (B.10a)

Vertex: (3.42), (3.53)

VIB: (B.14)




w (do/dw) | Gauge emission V (f, v =2) |
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Short-range: NLO (5.8) {3/4, 1/4} {1, 7} : ring
PSS — . A comprehensive catalogue of beyond Born s
entical particle scattering
Mediation results coming soon!
Long-range (5.14a) (5.15a) (5.14b) 9 G4 ‘ 8‘;8 ‘ B4 } gggg
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Conclusion

DM could be self-interacting Beyond elastic SIDM:;
on small cosmic scales dissipation

In this talk, a set of dSIDM models was investigated:
Using a perturbative QFT and an exact QM treatment relevant in all the kinematic regimes, including classical emission

The different kinematic regimes highlight different aspects of the scattering dynamics:
@ Born: identical vs distinguishable particle scattering

@ Classical: attractive vs repulsive interaction

® Intermediate regime: non-trivial dependence on the Sommerfeld parameters

Reconstructed the dipole and quadrupole pieces of the emission amplitude:
Dipole radiation is universal, while guadrupole emission probes model-dependent relativistic corrections

Application: Constrain the parameter space of the SIDM model and the formation of small-scale structures



Born: energy-differential cross section arXiv:2509.12317
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Born: energy differential cross-section arXiv:2509.12317

Light mediator Distinguishable particle scattering Heavy mediator

*  exact; numerical

* exact; numerical
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Classical calculation ArXiv:26XX XXX

Particles moving along a classical path:

Far from the source:
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Multipole expansion
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Energy loss rates arXiv:2509.12317

Light mediator Heavy mediator
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23/2 2 7 /2
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The long-range processes dominate the dissipative dynamics

At each multipole order and for each mediation regime, the differences between dSIDM scenarios remain mild:
typically within one to two orders of magnitude for comparable couplings and masses



Energy loss rates
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Massive emission naturally modulates the dissipative effects



Beyond Born: energy-differential cross section

Attractive Interaction
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Beyond born: energy-differential cross section

Repulsive Interaction
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