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The Freeze-in :

—> Models the interaction between standard model particles and dark matter
from a hidden sector through a photon and a "dark photon"

—> Dark matter is absent in the early moments of the universe, then its density
gradually increases until it reaches the level we observe today through the
energy density abundance rate : Q = 25%



Internship objectives:

Study the freeze-in scenario to
understand the interaction between
standard matter and dark matter




Internship objectives:

Study the freeze-in scenario to
understand the interaction between
standard matter and dark matter

Establish the equations that model
the evolution of dark matter density
over time




Internship objectives:

Study the freeze-in scenario to Reproduce the curve showing the evolution
understand the interaction between of the dark matter—electron interaction cross
standard matter and dark matter section as a function of the dark matter mass
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Internship objectives:

. Coupling constant that describes i (m )
" the interaction strength e X
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The free parameter g:

» Interaction DM-electron : Symmetry U, (1) X Up(1) _
w Invariant

« Lagrangian describing this interaction: | Ly = L, + Ly + L;

L 1 1 Coupling between
Kinetic term : Ly = —ZFg‘VFa”y — ZF{"”F@V the photon and the
dark photon

Interaction term: Ly = go JY A% + gu Ji' AY,

with : * (a coupling constant between two particles
JH : : :
« J, current associated with a particle

a . ; )
. AM vector field of the interaction boson



The free parameter g:

a gpe b

Ya b
Li=|——J"— ——.J | B*+q.J By
! (m m#) @ TIWT
[ |
I

Change of basis :

« {a coupling constant between two particles
JH : : :
« J current associated with a particle

a . ; )
. AM vector field of the interaction boson

Here: a = dark photon e X
b = photon



The free parameter g:

a 1 €
Change of basis : L= (\/1972% N \/1%72
— € — €

« {a coupling constant between two particles
JH : : :
« J current associated with a particle

a . ; )
. AM vector field of the interaction boson

Here: a = dark photon e X
b = photon

Probability 1 (§agp€)*  Nee _— - __

We define : g2 = (q€



The free parameter g:
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The Boltzmann equation:

dn
—X L 3H(t)n, = R(t)
dt
- Hubble constant, which measures the
- - — a — ’
Left-hand term: H (t) T a relative rate of expansion of the universe
Right-hand term:  R(T) = m.—2(ov) —> Particle creation rate

distribution at thermodynamic : ,
o electron-dark matter interaction
equilibrium of the number of

electrons probability
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Solution of the equation and expression of g, (m,,):

dt ~ — 4T
D sH . = R(#) HT dy _ __ R(D)
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Results: g,(m,,)

Evolution de la section efficace en fonction de la masse de matiére noire
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Results : Y, (T)

Evolution de Yy en fonction de la température pour 3 valeurs de m, différentes
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Conclusion :

Eunlutai?n de la section efficace en fonction de |a masse de matiére noire
10734 5
1073 4
] . . . (']
—> DAMIC-M’s limits: E
= 1073 1
4 ]
=]
1.D-EJ' E
] —— limite expde o
— Oy, freeze-in
1038 T — ] T — T T — T
1073 102 10! 10°
m, en GeV

—> Inflaton can also give DM



