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Dark matter near the resonance
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e thermally averaged annihilation cross-section strongly depend on
temperature

o modified limits from indirect searches

e applications to the self-interacting dark matter

N



Standard freeze-out mechanism

Boltzmann equation
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Annihilation near the resonance
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Relic abundance - approximate formulas

1 1 <C L) / 1 / 2 —zv2 /4
[ = = d d N rel r
Yoo ; («Ti @ /:c x2 « x‘z\/iﬂ'm UrelUrel € O Urel |

6=107%, y=10"2

Change the order - integral over z= 1078 y
EQ

erfc(vrel,/xd/2) N 1 T4 108 (3
-~ = = —_ = 1)

Urel Urel e ;—_- Ye

. . 10710
Approximate solution
x -12 : :

Yoo = ﬁ 10 s

a{ov)r= — ' - . ‘
=0 10 100 1000 10*

x=m/T

”Freeze-out” temperature
o effective annihilation after

v(m — 2427z 47y), if v > 4], decoupling
33;1 = 0(2 —2vmzad), if6>~v>0, e at "freeze-out” temperature

8272w — 4/Txqld]), if —d > > 0. (ov) reaches its maximal value

5/10



Application - self interacting dark matter

CDM SIDM

Properties of dark matter:
e electrically neutral (non luminous)
@ non-baryonic (BBN)

e non-relativistic (cold) (structure
formation)

e weakly interacting with ordinary
matter (direct detection)

o collisionless or self-interacting ?

Self-interaction strength
e no effects on large scale structures

e modifications on the scales of
clusters and galactic halos

Rocha+ 2013



DM self-interaction cross section
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Self-interaction from Higgs resonance

Abelian vector dark matter
e extra complex scalar S charged under U(1)x, VEV (S) = vx
o scalar mixing angle a, two mass eigenstates hi, hs

o dark matter candidate U(1)x vector boson, My = g,v, < Higgs mechanism

Resonance 2Mpy = My, = 125 GeV
o decay width v =Ty, /My, =3.2x 107°
e no invisible Higgs decays 2Mz/ > My, Z' z'
o fine-tuning § = 4M2, /My, —1 <~y Th
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Resonance with the second scalar and bounds from indirect searches

Annihilation cross section X .
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Summary

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

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

o Self-interaction rates are limited by the indirect searches.
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Annihilation near the resonance

4AM>T?B; By 1

T Urel =

w
FLEa:»:

(57M2)2+I‘2M2 ~

L dw %*B; By
M2B; (0 + vl /4)? + 72

e initial states m;, final states my,
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o statistical factor w = (2Sg + 1)/(25; + 1)?
e resonance decay branching ratios B;, By

e phase space 3 = g=/1 — 4m?/s, B = Bls=m
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Thermally-averaged cross-sections - another case
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Relic abundance - approximate formulas
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Relic abundance - approximate formulas
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Relic abundance - approximate formulas
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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= Lom— iv,wvw + (D.S)* DS + V(H, S) (1)

V(H,S) = —uu|H|* + Xu|HI* = p5]S1” + As|S|" + wl|S|*|H|® (2)

Vacuum expectation values:

U(1)x vector gauge boson Vi
e D, =0,+1ig.V,
e Stability condition - no mixing of U(1)x with U(1l)y  Bm¥™
Z2: V= =V, S — S*, S =0¢e: ¢ ¢, 00— —0
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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Fermi-Lat indirect searches
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