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The evolution of the number density of a species y in an FLRW universe is given by the
Boltzmann equation

The number density of species y
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While freeze-out is nowhere near excluded, it is not the only mechanism through which dark
matter can be produced in the early universe.

Another interesting limit of the Boltzmann equation is the freeze-in limit

Two different assumptions :
* The initial density of dark matter is (close to) zero
® The coupling between DM and the SM is (in principle) extremely weak

Going back to the Boltzmann equation, we can neglect dark matter annihilation

dY){_ 1 ds
dT  3H dT

eqyeq
< ov> Y)( YX

We can integrate this equation to obtain a solution as
JTrh dT

Y, = —
. TH(T)s(T)

X

eqyeq
<ov> Y)( YX

Production depends on T,

—— 3 Whichis poorly constrained. What happens if one considers low T, ?

Usually, T,;, = o0
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Case study : a charged parent model

Consider a real scalar singlet s, not charged under the SM gauge groups, and a vector-like fermion F,
singlet under SU(2). Both are odd under a Z, symmetry to ensure the lightest state is stable.

arXiv: 1811.05478
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Lower 1, =P F Boltzmann suppressed =P Stronger DM-SM coupling required

Additional contribution : « super-WIMP » (ie. mediator decay after its freeze-out) if T,, > T,,.

It T, < Trp, F cannot reach thermal equilibrium -> consider F freeze-in

m

In both cases, can compute contribution by rescaling with QhZ2 x
Mg

When T, sufficiently small

-> F extremely suppressed -> SM particle annihilations can dominate
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Constraints form LHC searches

For LHC searches, we focus on the detection of the mediator particle : F

—P [ produced through Drell-Yan process

fa]
B

In high T, freeze-in, this model predicts a very longed-lived F in order to saturate the relic density
constraint
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Constraints form LHC searches

Depending on the lifetime of F, we can have different types of signatures in colliders
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v/ vs m with m = 400 GeV
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v/ vs m with m, = 800 GeV
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Conclusion and outlook

* [n the freeze-in mechanism, dark matter production depends on the reheating

temperature which is poorly constrained.

e Usually taken to be effectively infinite, reducing its value leads to stronger coupling in

order to reproduce the observed dark matter abundance in the universe.

* Modified cosmological assumptions can open up the parameter space of freeze-in

models and lead to alternative phenomenological signatures.

e Different contributions (SM lepton annihilations, Super-WIMP contributions, Frozen-in F

decays ...) can drive the relic density in different parts of the parameter space.

e To appear : direct detection constraints.
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