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Strongly self-interacting dark matter

® Core-cusp problem

® Too big to fail
problem ‘0'1 cm < Teelf < 1()-LM

® “Missing satellites”
problem




Resonance enhancement of oy

DM DM
DM R DM

Breit-Wigner resonance (2Mpy; =~ M) DM self-interaction.




Resonance annihilation

DM SM

DM R SM

Breit-Wigner resonance (2Mpy; ~ M ) annihilation.
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Resonance annihilation
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Resonance annihilation
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Resonance annihilation
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Resonance annihilation
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Resonance annihilation

® parameters: (0v,)o (present annihilation), 1 (resonance DM
coupling),  (resonance location), v (resonance width)

® constraints: Qh%, ogr/Mpys and Fermi-LAT upper limits on (00,10

2
the goal: minimize (ov,q)( for a given (large) _A‘j[sDellfl ~ J\ffgw 52n+ :
DM Y
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Early kinetic decoupling

Dark matter annihilation rate is enhanced by the resonance, therefore
coupling of the mediator to the SM particles needs to be suppressed in
order to be consistent with the observed abundance.

4
Temperature of the kinetic decoupling T}, can be, in the resonant case,
higher than in the typical WIMP scenario.

4
If dark matter decouples kinetically when it is non-relativistic, then the
DM temperature Ty, evolves according to Th; R, contrary to
the radiation-dominated SM thermal bath, for which T, < R~
(X. Chen, M. Kamionkowski and X. Zhang, Phys. Rev. D 64, 021302
(2001))




Early kinetic decoupling
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Early kinetic decoupling

1TeV
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Early kinetic decoupling
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A model of dark gauged U(1) sector

The model:
= extra U(1) gauge symmetry (A%),

® a complex scalar field S, whose vev generates a mass for the U(1)’s
vector field, S = (0,1,1,1) under U(1)y x SU(2), x SU(3).xU(1)
= SM fields neutral under U(1),

® to ensure stability of the new vector boson, a Z, symmetry is assumed
to forbid U (1)-kinetic mixing between U(1) and U(1)y. The extra
o 5= besem A smdl wse eld n<form under 7




A model of dark gauged U(1) sector
The scalar potential

V =~y HI + Ag|H|" - u5lS|* + As|S|" + xISI*| HI*.

The vector bosons masses:

1 1 /
MW — Egva MZ - 5 gz + gl2v and Mz’ = G2V,




A model of dark gauged U(1) sector

The mass squared matrix M? for the fluctuations (¢x, dg) and their
eigenvalues

M2 = <2>\HU2 m)vx>

KUy, 2)\51)925

Mi = )\Hv2 + )\Svi Ei= \/)\gvi — 2)\H)\5v2v3 + )\%{v4 —+ m2vzv;l




Resonant self-interaction of vector dark
matter




Resonant self-interaction of vector dark
matter

Minimal (ov,q)¢ in the VDM




Resonant self-interaction of vector dark
matter

With early kinetic decoupling
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Resonant self-interaction of vector dark

matter
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Summary

® A possibility of enhancing the dark-matter self-interaction
cross-section (o4¢/Mpys) by s-channel resonance was considered in a
model independent way.

® Dark matter annihilation in the vicinity of a resonance was discussed in
details. Approximate analytical and exact numerical solutions of the
Boltzmann equation were found and analyzed. A possibility of early
kinetic decoupling of dark matter was considered, its effects turned
out to be crucial for consistency with experimental constraints on
annihilation cross section (ov,)o from indirect dark matter searches.

= The general results were illustrated by U(1) vector-boson dark matter




