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Motivation — self-interacting DM

Self-interaction cross section
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Motivation — Breit-Wigner resonance

Breit-Wigner resonance 2Mpy ~ M,

P e

o special methods to treat resonantly enhanced annihilation
Gondolo, Gelmini 1991, Griest, Seckel 1991
e enhancement of low velocity annihilation rates

Ibe et al., 2009

@ enhancement of the self-interaction cross-section



Standard freeze-out mechanism
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Annihilation near the resonance — (s-wave case)

@ Mg - mass of the resonance
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e (ov) grows with decreasing T —
annihilation lasts long after decoupling

o (ov) reaches maximum for
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Annihilation near the resonance — (s-wave case)
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o Mp - mass of the resonance
o §=4m3}/Mi —1
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o y=TI/Mg

Narrow peak in the
kinematically accessible region

6<0, y<<|9|

o for a proper energy DM annihilates
at the peak of the resonance

e not suitable to enhance
self-interaction

{OVre)(OVrel)x=20

Ro=

100
100
Y
1F == -10"° 10
-= =10 1075
— -10"* 107

10 10° 108 107

x=m/T

10 100 1000

o (ow) has similar behaviour up to its
maximum as in the previous case

o for x > (max[|d],7]) ™" (ov) decreases by
factor /4|



Relic abundance - approximate formulas
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Change the order - integral over x
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o effective annihilation after

decoupling

e at ”freeze-out” temperature

(ov) reaches its maximal value
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Relic abundance - approximate formulas
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Second approximation - dependence on x4
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Self-interaction from the Higgs resonance

We need a mediator coupled to the SM and DM
DM SM DM DM
X X
DM SM DM DM
Abelian vector dark matter
e extra complex scalar S charged under U(1)x, VEV (S) = vx

@ scalar mixing angle a, two mass eigenstates hi, ho
e dark matter candidate U(1)x vector boson, My = g,v, < Higgs mechanism
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Self-interaction from the Higgs resonance

Resonance with the SM-like Higgs 2Mpy ~ My,

o decay width T'),, ~ 4 MeV, vy =T}, /My, =~ 3.2 x 1075

e no invisible Higgs decays 2M 2, > My,
o fine-tuning § = 4Mz, /My, —1 <~y

Oself sin® a
~ o &
My, 02 + 2

gz < 4w (petrubativity)
|sina| < 0.36 (ATLAS+CMS)

DM abundance Qpuh? ~ x5/ {(ov)o

non-resonant case
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Resonance with the second scalar and bounds from indirect searches

X Fermi-LAT constraints
Cross sections
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Summary

e Thermally averaged cross-sections for dark matter annihilation near the
resonance strongly depend on temperature.

There exist approximate formulas for relic density in terms of
annihilation cross-section at low tempretures and parameters of the
resonance

Self-interaction rates are limited by the indirect searches
e Future:

o influence of early kinetic decoupling on DM evolution and bounds indirect
detection
o bounds from late-time annihilations (CMB, BBN)
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Kinetic decoupling

For T' > Ty chemical and kinetic equilibrium is maintained by annihilation processes )

Kinetic decoupling T' = T}q

DM DM T > Tka : TDMZTSM'\‘l/a

\/ T < Thga: Tor ~ 1/042 ~ TSQM/de

Resonant annihilation cross-section grows faster in
the expanding universe — more effective annihilation

Xiao-Jun et al. 2011
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Annihilation near the resonance
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e initial states m;, final states my,
resonance M

o statistical factor w = (2Sg +1)/(2S; + 1)?

@ resonance decay branching ratios B;, By

o phase space 8 = $ 1—4m2/s, B=Bls=m
o small parameters § = 4m?/M? — 1, v =T /M

=
e

Resonance peak in region

2m; < M, 4 <0,
I' =T - physical width
peak is kinematically accesible

Resonance peak in region

2m; > M, >0,
I'B;/f3 ~ g; - coupling constant




Thermally-averaged cross-sections - another case
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Abelian vector dark matter

Additional complex scalar field S
e singlet of U(1)y x SU(2)r x SU(3).
e charged under U(1)x

L
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L=Lsy— ~VuV* +(D,S)*D"S + V(H,S) (1)

Vacuum expectation values:

U(1)x vector gauge boson |
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e Stability condition - no mixing of U(1)x with U(1l)y  Bm¥™
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e V,, acquires mass due to the Higgs mechanism in the hidden sector

Mz = govg (4)
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Abelian vector dark matter

Scalar mixing
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My, = 125 GeV - observed Higgs particle

Higgs couplings
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Resonance with the second scalar
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