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Dark matter production

* Freeze-in:

Initially negligible number of DM particles —
strong assumption due to GPP;

DM is non-thermal;

DM produced from SM through scattering;

r=m/T

* High temperature freeze-in — very small couplings.

* Low temperature freeze-in — large couplings provided that T << m.
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= Boltzmann supression of the DM production reaction
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[Catarina Cosme, Francesco Costa, Oleg Lebedev; Freeze-in at stronger coupling]



Higgs portal to DM

* Scalar DM with small coupling to Higgs

1 1
V(s) = E/lhs s2HTH + Emzs2
DM production reaction:

h+h »>s+s

e Boltzmann equation:

n 4+ 3Hn = [(h;h; = ss) — ['(ss = h;hy)

* For sufficiently small coupling and when DM abundance is negligible I'(ss — h;h;) = 0.

A2.T3m
F(hihi = SS) = (O'(hihi - SS) vr) nle ~ ;7—7_[458_27”5/T
* To reproduce the correct relic abundance:
T
)lhs ~ 3 x 10711 gms/TrR _R
mS

= Large coupling for Tp < mg



Constraints

e Solving Boltzmann equation numerical, we can plot the curves reproducing the
correct relic abundance in parameter space:
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[Arcadi, Costa, Goudelis, Lebedev; Higgs portal dark matter freeze-in at stronger coupling: observational benchmarks]



Probes of freeze-in

* Invisible Higgs decay:
DM

sM h
>—<
SM DM

e Large coupling — can be observable.

e LHC already rules out a significant region of the parameter space, requiring the
branching ratio to be lower than 10 %.

* HL-LHC aims to probe down to 3%. FCC aims to 0.03%.

* Direct detection: DM DM

e« XENON and Darwin can probe freeze-in at stronger coupling down to v-fog.

[Lebedev, Morais, Oliveira, Pasechnik; Invisible Higgs decay from dark matter freeze-in at stronger coupling]
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