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Freeze-out
Or the art of getting rid of stuff
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Freeze-in

Or the art of getting enough with less
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Freeze-in

Looking in to the future
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Freeze-in

Looking in to the future
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Freeze-in
Trying to poke holes
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Freeze-in
Trying to poke holes

The standard freeze-in paradigm
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In that the initial DM population Is
assumed to be exactly zero.
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What If...

Decay
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What If...

Decay Self-Interactions
Resonance
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Let us explore an explicit model:

Kinetic mixing portal Dark photon



Explicit Model: Kinetic mixing portal
Dark photon
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Rotating away Gauge boson
the mixing term mass eigenstates Mz, <Mz (ultra light mediator)
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RELIC ABUNDANCE FROM FREEZE-IN
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RELIC ABUNDANCE FROM FREEZE-IN
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RELIC ABUNDANCE FROM FREEZE-IN
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The relic abundance is given
by the combination
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Boltzmann Equation

Number density of DM:;
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Energy density of the HS:

pus +3H(pus + Pus) = (ovE)f;ng, (T)
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Boltzmann Equation

Number density of DM:;

e |nstantaneous Kkinetic
equilibration assumed
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Boltzmann Equation

XX € 4ZpZp
Number density of DM:;

\V)

T

7;LX T 3H”X — _<JU>?o(nx fz eq

Energy density of the HS:
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Competing terms

Energy injection: Kinetic thermalization:
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Competing terms

Energy injection:

4 — XX

ff— xx

Kinetic thermalization:
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Let us check two things:

* Instantaneous kinetic equilibration assumption

 |Inttial conditions



Instantaneous kinetic equilibration of DM
/\/\/\/\/\/ 17 # 15 * [wo different temperatures in the

Initial state

X1— X2 e Relativistic

Thermally averaged momentum loss:
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Instantaneous kinetic equilibration of DM
Vs
DM self-interaction constraints
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Initial condition DM
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Freeze-in or freeze-out?
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Parameter space and DM relic abundance
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DM relic abundance
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DM relic abundance

m, = 10 MeV
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DM relic abundance
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DM relic abundance and parameter space
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SENSEI 2020

e How the the freeze-In
line is affected?
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Current Experiments
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Current Experiments are testing this parameter space
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Current Experiments are testing this parameter space
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Conclusion

The standard freeze-in paradigm, this same combination of couplings ap-
pears in the annihilation cross section, leading to a 1-to-1 relation between
thermal history parameter space and direct detection parameter space. As soon
as one allows for an initial thermalized population in the dark sector or sizable
self-interactions, this “freeze-in line” expands to a “glaciation band” because

there are multiple points in the ¢ — ap plane which achieve the correct relic
abundance.
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Instantaneous kinetic equilibration of DM
TS NSNS NN

Momentum transferred: T # Ty
eq ~ Xl_’XQ Ly — %
Cl 2—>34(T T) — ”1 (T)”z (T")(ovp) Z
T4T3 A2 (52
_ 919322 4 / a5 25T (M52, 21, 32) Ko (5) + 4522 K, (3))
n §min S

s=5TT + (T —T)(Tz? —Tz2),  Smin = 1 + T2

* Two different temperatures in the initial state

e Relativistic

* One Integration variable left
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