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Freeze-in production of DM

From 1706.07442

.o Dark matter interacts feebly

- with SM ( )
‘ and it’s initial concentration
s tiny

e DM density freezes in when
the density of SM is
suppressed and the
production is inefficient

 The production process can
be a decay or annihilation



Typical annihilation cross section for freeze-in

(ov) < 107% cm?/s

This Is too weak for a near-future direct or indirect
detection
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IS IT POSSIBLE TO HAVE AN OBSERVABLE
SIGNAL FROM FREEZE-IN?
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Semi-production

Dark matter

Syd =y

What is different from the pair-annihilation freeze-in?

* The production rate is
Smaller initial abundance — larger cross section

e Semi-production modifies the energy of DM particles in

a non-trivial way, so the temperature evolution can
affect the relic density



Toy model

We start the investigation with a simple toy model

\ Z3 symmetry
Lint = Loy + Loy—smr + 505 (x* + (x*)°)

e Assume that ¢ is with SM and x has some
tiny initial abundance (e.g. from the gravitational production)

* The abundance of x is determined by the Boltzmann

equation (we search for the model parameters that can
reproduce the observed relic density of DM)



Boltzmann equation (BE)

2E; (0 — Hpdp) fi(p) = Clfil
\

Distribution function

Collision term

Hubble rate (interactions)

* Integrating over the phase-space of the DM particle (and
introducing comoving variables) one gets an equation for
the

dx xsH y— "pMm




Toy model

1 0-30

my/me = 10

e Assume that the

temperature of x is 033

-
S
o
=
=
o
=
-
-
=
=
~
=

known [ T —
: : _ 10-36 T
* Semi-production requires =
much | R
than pair- T =1
production - T /T =2
1) &%
e If ¢ is out of equilibrium, |
even larger cross 10~45
sections are possible T T BT B

m,, |GeV]



Coupled system of BEs

* |n reality we don’t know the temperatures of x and ¢
apriori, but they can be important!

e We assume that ¢ and x are both self-thermalized (have

an ) and solve for their density and
temperature
—t = e C; = Clfil,
Y, xﬁ]C’ ’ Lomyny / (2m)3 E; il
,' 7 Y’ H 4 E3 7 d3 2
b Mg Zi HWO c= o [ 282 o
Vi xH Y, zH 3T; 3m;n;T; | (2m)°E; E;
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higher moment term

y; = m,-T,-/Sz/ 3 Temperature parameter



Setting

* We now consider a more detailed example model, where ¢ is
a coupled to the Higgs doublet

A A
Losu = ASH'H + =2 ¢*HVH — pf H'H + 5 (H' H)’

’UJ€215 2 N% 3 )‘qb 4 2 x )\X % \92
Lps = 56" + 576" + 770" + mx"x + 7 (X"X)

A A
+570 (0 + () + 50

semi-production

e ¢ gets aVEV, but x doesn’t

e my <3m, — nodecays



Evolution of density and
temperature
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Indirect detection
constraints and predictions
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 The results of the scan in the
parameter space for the DM
production dominated by the
Processes.

 The coloured squares indicate
the points, which are within the
reach of the future searches for
the mediator ¢ and the
ones are

* The points above the grey dot-
dashed line can potentially

IN
dSph [1803.09762]



Long-lived particle
searches
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Conclusion

e \We have studied the freeze-in mechanism based on the
semi-annihilation process

e Semi-production freeze-in requires than
the pair-production freeze-in

 This mechanism can be incorporated in various models and

promises an interesting phenomenology that is within the
reach of near-future experiments:

e |ndirect detection

\
Thank YO



