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Production of particles/Dark matter
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Infroduction
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Reheating the cosmological equations

Equation of motion for the homogeneous field a::f;—l— 3Hm + n,lm;fkqf:k_gqf; — ()

P+ 3H(1 +wy)py = —(1 +wy)l'py

Friedman’s equations: _
pr+4Hpr = (1 +wy)'py

ffz _ Pr T Fﬂ"
3.2
.:‘-mpi
: P, k-2
Equation of state parameter: Wy =

po  k+2



Reheating the microphysics
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Solving the reheating

Define the reheating time : )OR(G’RH) — PQ’)(@RH)

He=| =

Define the reheating Temperature: TRH ~ ,OR(CI»RH) '




The i1ssue of fluctuation

o(t) + So(t, )
Condensate: Classical field that oscillate at a Particle: Non homogeneous quantum field (usual
frequancy m, uniformly in space particles)
o(t) |
®
® ® ®
®
® ®
® ®
®
®
®
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What is fragmentation?

k
_ k ntroduce new
H(t,x) = B(t) + 0p(t,x) mm— V(czs):AM;ﬂ“E:(l)qs“w N eouplings!
[=1

New EOM:

- A . . k=2 :
¢ — af +3H)+ Vy(gp) =0 oo 554 3760 — Ve k(k — 1)AM?2 o) s¢ = 0 Up tofirst order
a? ¢

a? Mp

Validuntil: d¢ ~ ¢ after that we need to solve the full non-linear dynamics

Fragmentation is the moment when the perturbation energy density take over the inflaton energy
density.

. 1=
po =SB+ oS (VOR V() pg = 50°+V@)  Po = P5 T Pes
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What is fragmetation
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Numerical Simulation

| L ) -

\/ =2
CosmoLattice

User Manual: arXiv:2102.01031v2
Review of the simulation techniques: arXiv:2006.15122v3

The following numerical results only take into account the self motion of the inflaton
field
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Simulation result
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Energy density and equation of state parameter as a function of the scale factor for various power of
the potential
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Simulation result
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How to avoid fragmentation

P+ 3H (1 +wy)py = —(1 +wy)'py k), A (6) f
ﬂ‘ A ﬁb_}

1 [+ {k)
pr+A4H pr = (1 —I—-?.':r,j.5)l’;3¢, + qu:. = Wﬂ ¢ — bb
1"}'“" p‘ﬁ"
g2 Pr T Pg 87 m(t) ¢¢ — bb.
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Solve and require to reheat before fragmentaion

Yeff Heff T eff Tru
1.61 x 1071 357 x 10" GeV 357 x 106  1.14 x 10" GeV
1.58 x 1072  1.84 x 10° GeV 537 x 1071 1.19 x 101 GeV
.32 x 1073 6.33x 1071 GeV  9.59 x 10712 1.50 x 107 GeV
10 3.62x107° 1.49 x 107% GeV  6.47 x 1072  1.80 x 10* GeV
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Problematice

Depending on the potential what are the allowed processes to produce matter in the early
universe?

V(o) = Lint 7




Reheating after fragmentation

P
6

We define the energy ratio: £ = and compute the remaining energy tranfert using latice data.

pg ~ O(1%)

After fragmentation :

1 2k% —12k+16
6 Ff 1 = (20) Mgyl (b)) S
¢ — bb = (25) aan (V)
gpT 8meeMp
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Reheating after fragmentation
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Reheating temperature as a function of the coupling for various power of the potential

arXiv:2308.16231v1 Fragmentation exclude reheating via decay to fermion if k>2




Reheating after fragmentation

¢ — bb
-- No [ragmentation

With [ragmentation |.
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Reheating temperature as a function of the coupling for various power of the potential

arXiv:2308.16231v1 There is no fragmentation problem for decay to boson.




Reheating after fragmentation
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Reheating temperature as a function of the coupling for various power of the potential

Fragmentation has an important effect for the bound on the minimum value required for the coupling
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Conclusion

» Non linearifies in the early universe can produce a massive amount
of perturbation leading to radiation dominated universe.

®» The pertubations affects the processes that produce matter and
add constrains for reheating to happend in a specific way
depending on the model




Thank you!
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Figure 2: Kinematic parameter R as a function of the scale factor, for £ = 4,6, 8, 10. Left: fermionic
decays. The channel ¢¢ — bb can be recovered from these results upon changing y> — 20. Right:

bosonic decays.
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Figure 3: Dependence on the induced mass meqg of the inflaton and radiation energy densities, for
the ¢¢ — bb decay channel. The solid lines are computed by matching results using the Hartree
approximation prior to strong parametric resonance to results from a lattice simulation for the

backreaction regime.
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