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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 less but enough

e Relic abundance is
iIndependent of initial
conditions”®

thecrlrennasliglath 'M/W}\""W"'M/W\V“  Fine with BBN and Neft

Xy (masses > keV)
X . Freeze-1n (FIMP)
N\ * Experimentally testable
dark matter x X soon! Very exciting!
density E
H(T) = [(T)

1/T



thermal bath

density

dark matter
density

X

Freeze-in

Or the art of getting less and just enough

x X X
. Freeze-in (FIMP)

H(T)gz I'(T)

10—‘27
10—28
10—29
107
10—31
10—32
10—33
107
10—35
10—36
10—37
10—38
10—39
10°%
10—41
10—42

1078k,

1/1

OSapISHIRQ |

g =
-
-—
—

—
—
- =

10°

[Sensei]



thermal bath

density

dark matter
density

X

Freeze-in

Or the art of getting less and just enough

Tien-Tien Yu Talk

X X X
. Freeze-in (FIMP)

H(T)gz I'(T)

10—27
10—28
10—29
1073
10—31
10—32
10—33
107
10—35
10—36
10—37
10—38
10—39
1074
10—41
10—42

1078k

1/1

0SPISHIEQ

- - ———--;-o—--.-r-———l
—

-
—
—

'-‘"
-
—

-
- -

[Sensei]



Freeze-in

Or the art of getting less and just enough
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Freeze-in

Or the art of getting less and just enough
N

The standard freeze-in paradigm
has a hidden UV sensitivity In that
e the initial DM population is
assumed to be exactly zero.
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Explicit Model: Kinetic mixing portal
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Explicit Model: Kinetic mixing portal
LD —eedJoniZpu + €gy tanbw J5Z, + 9, J 5 Zpy
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Scenario

 We explore how a pre-existing population of DM, either alone or as part of a
thermalized dark sector, affects the dynamics of freeze-in.

* For a kinetically mixed dark photon, the dominant source of energy injection into
the hidden sector is through DM pair production (thermal corrections).

» Elastic processes are fast enough for instantaneous kinetic equilibrium.
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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

XX € 4ZpZp
Number density of DM:;

1y + 3Hn, = —<Jv>'§0(nx

Energy density of the HS:

pus +3H(pus + Pus) = (ovE)f;ng, (T)
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Instantaneous kinetic equilibration of DM
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Momentum transferred:

~

Cf2—>34(T T) =ny (T)ny ' (T){ovp)

TATS A2 (8%, 1,2
B 91%2%4 / 5 2)0(8) (M8, 1, 22) K2(3) + 4521 K1 (3))

s=FTT+ (T —T)Tz? —=T22),  Smin = 71 + T2
Turning the tables
Have you seen this formula?



Instantaneous kinetic equilibration of DM

VY X)_C — X)Z (12 — 34) T, # T,
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Thermally averaged momentum loss:
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Instantaneous kinetic equilibration of DM
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Initial DM
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Freeze-in or freeze-out?
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Instantaneous kinetic equilibration of DM
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Instantaneous kinetic equilibration of DM
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Instantaneous kinetic equilibration of DM
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Conclusion

* The standard freeze-in paradigm, this same combination of couplings
appears 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, this “freeze-in line” expands to a “glaciation band” because
there are multiple points in the € — a» plane which achieve the correct relic
abundance.
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