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Freeze-out of Dark matter

@ WIMP starts in thermal equilibrium.
@ As temperature decreases equilibrium number density falls.

@ When the annihilation rate becomes smaller than the expansion
rate of the universe the species freezes out.
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Freeze-in and regeneration

Frozen-in/feebly interacting massive particle (FIMP), X, never in
thermal equilibrium due to small coupling

hermal bath contains
tandard model particles,
SUSY etc.

@ FIMPs produced in interactions leak out of the thermal bath
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Freeze-in and regeneration

Frozen-in /feebly interacting massive particle (FIMP), X, never in
thermal equilibrium due to small coupling

hermal bath contains
tandard model particles,
SUSY etc.

@ FIMPs produced in interactions leak out of the thermal bath

o Late decays of FIMP can regenerate an abundance of frozen-out

WIMPs
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Phenomenological MSSM

@ pMSSM super symmetry breaking terms specified at EWSB
scale.

@ We consider subset of 11 parameters:
Mi2s, i, tan B, Ma, Ae, My, M, My

qi,21 MC"B
@ No unification assumed.

o Dark matter candidate is the lightest neutralino:
)2? = NllB —f- N12 W:)? + N13H2 + N14HB
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Markov chain Monte Carlo

@ We explore the parameter
space by generating a Markov
chain based on the

. . Constraint Value Tolerance
Metropolis-Hastings ol PrYTEY one
algorithm (8—2)u 25.5x 10710 stat: 6.3 x 10710

sys: 4.9x 10710
@ Probability of transitioning = <0002 00001
| . BF(b — s7) 3.15x 1074 [9], [10] th: 0.24 x 1074

from one point in parameter BF(B, — iy <47x107 4710710

R(B — 1) 1.28 [10] 0.38
space to anOther r(z—x%) < 1.7MeV 0.3 MeV
P(el - 62) — |\/|in(%7 ]_) oletem = 79%35) <0.1pb [11] 0.001pb
1

@ Q is the likelihood multiplied
by the prior
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Dominant Contribution to freeze-out
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Green points correspond to resonant annihilation via Z, red points to resonant annihilation via the light Higgs boson (ho),
orange points to resonant annihilation via the pseudo-scalar Higgs (AO), light-blue points to stau co-annihilation, dark-blue
points annihilation via stau exchange, violet points chargino co-annihilations and chargino exchange, black points squark

co-annihilation (all squark flavours).
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Dominant Contribution to freeze-out
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Red points correspond to chargino co-annihilation, green points annihilation via chargino t-channel exchange, blue points

annihilation via s-channel Higgs, yellow points are a combination of squark co-annihilation and gluino-gluino annihilations.
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Direct detection (SI)

@ Apply limits from Xenon100 as 95% confidence level exclusion.
@ Direct detection rate scales as ppy
@ Scattering contributions come from
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Indirect detection limits

Best limits come from annihilation in dwarf spheroidal galaxies
@ Fluxis ®, = ®pp x J
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physics information.
o Flux limits scale like p3,,

@ Use a combined analysis of several dwarf galaxies.
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Dark matter constraints
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Red points excluded by indirect detection, yellow points excluded by

direct detection, grey points excluded by both, green points are not
constrained.
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Direct detection constraints Mi? < 100GeV
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No regeneration.

@ Coupling to Z° and h° dominates og;.
e Qrph? is a function of the coupling and resonance effect.
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Direct detection constraints Mi(l’ < 100GeV
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Including regeneration.

@ Coupling to Z° and h° dominates og;.
e Qrph? is a function of the coupling and resonance effect.
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Direct detection constraints Mi(l’ < 100GeV
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Including regeneration.

@ Coupling to Z° and h° dominates og;.

e Qrph? is a function of the coupling and resonance effect.
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Indirect detection constraints Mfc? > 100GeV
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No regeneration.

@ Indirect detection constrains most under abundant scenarios.
@ o not correlated with Qrph? for dominant processes.
@ Indirect detection not sensitive to non-regenerated scenarios.
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Indirect detection constraints Mﬁ > 100GeV
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Including regeneration.

@ Indirect detection constrains most under abundant scenarios.
@ o not correlated with Qrph? for dominant processes.
@ Indirect detection not sensitive to non-regenerated scenarios.
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Conclusions

@ Many different processes can lead to under abundant scenarios
in the MSSM.

@ Scenarios with Qroh? < 1% are ruled out when regeneration is
included.

o Lighter candidates are more sensitive to direct detection, heavier
candidates to indirect detection.

@ Stronger limits will tend to rule out under abundant scenarios
first.
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