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Abstract

We consider the effect of the interaction between axions and Standard Model parti-
cles, specifically their evolution during the earliest stages of the Universe, for three
different axion models: the photophilic, photophobic, and GUT heavy axion cases.
We analyse their scenarios of freeze-in and the case of axion domain walls created
after the QCD phase transition with a domain wall number Npy > 1 and subjected to
thermal plasma friction.

To handle such effects involving both thermal and non-thermal processes, we develop
a theoretical formalism with fully relativistic Boltzmann and modified Gross-Pitaevskii
equations for the coupled particle and condensate phase-space distributions, includ-
Ing self-interactions, in an expanding universe (or general background metric) derived
from the 2P| effective action.

We solve the coupled equations considering the numerically simplest irreducible
scenario of ALPs produced via freeze-in with a low reheating temperature ( T ~
5 — 10MeV) and respecting the limits by the Big Bang Nucleosynthesis (BBN) and
the effective number of ultrarelativistic degrees of freedom AN, keeping care of the
evolution of the condensate misalignment angle and the contribution of muons.

We derive new bounds for all three models and utilise our formalism to enhance the
existing results and relative bounds on the thermal plasma friction acting on the axion
domain walls. In the two different scenarios, we solve the equations numerically with

Boltzmann and modified Gross-Pitaevskij equations

We obtain from Quantum EoMs the following equations
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Some important generalisations from our work

BBN+N,¢ constraints: Photophilic ALP

We solve Boltzmann
equations numerically for an
axion freeze-in scenario at low
renheating temperature

For photophilic and
photophobic models, we take
care of Primakoff and
annihilation processes with
electrons and muons

We obtain constraints from
excluding axions in parameter
space exceeding limits from
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Application 2: Domain wall (DW) problem for Npw > 1
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MicrOmegas 6.1.15 We obtain from the quantum EoMs, assuming the DW network to be the condensate, the VOS

For the last aspect, we improve upon some known results in the literature by consid- model

We generalise to QFT for a generic background spacetime 20(T,v) ,
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. ' Relevance of Qb for axionl; when at least H ~ m, — ultralight DM, DWs Correspondence between microscopic terms <> macroscopic terms obtained formerly in the
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At leading order in the on-shell limit and adiabatic expansion, and with non-

We work with axion field ¢ interacting b C E s 400 relativistic approximation, we obtain the following equations for number densities Constraints on DWs for photophilic ALP (VOS model)
. . . + .
with a generic SM field v — +— Re(t) n, + 3Hn, = C[fy, f]
We work with the Keildysh-Schwinger C_ n, + 3Hn, = Ci[f ], + Co[f, ] Friction terms influence the DW network 1o 1 1y 1 1 1’
formalism of nonequilibrium QFT in a Graphical visualization of the Keyldish closed time evolution < network annihilation before or
curved spacetime with metric g, contour (CTP) for our initial-value problem and the after the DW domination — relevant for

Agb(x1 X)) = (D(x1)P(x2)) — S0()(1)90()(2)ex’[ension at t; — +oo. Relevant aspects
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We start from the EoMs obtained by
varying the 2PI effective action [1,2]

cosmological observables [4,5]

We require annihilation temperature
Tann > Tgom —influence on the SGWB
contribution from DWs [1,4]

BBN+ Negp with Tryg = 5Mel” Ty = 10MeV

Condensate production is analogous to particle production
Relevant for irreducible freeze-in and BBN constraints

Ol opy Ol opy Influence on CMB birefringence [1,4,5]
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X Relevant Feynman diagrams for our work
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