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Oscillations of the axion field around the minimum
of the potential behave as DM.
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Big Bang Nucleosynthesis (BBN) —  radiation dominated era at T ~ MeV

Due to lack of data, the standard cosmological history is supported from BBN
onwards

We consider a Non-Standard Cosmology (NSC) after inflation and previous to
BBN.

SIMILAR : Giudice, Kolb, Riotto (2001). Visinelli, Gondolo (2010). Blinov, Dolan, Draper (2020).+

Proposal: The axion oscillations are developed during a NSC

Objective: Study the effects on the axion abundance
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Dilution factor: ~ =

The dilution factor can be expressed in terms of the NSC parameters depending
on which region the axion starts to oscillate.

1 G.Lazarides, Dilution of cosmological axions by entropy production.Nuclear Physics B346 (1990)
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Axion production in NSC: Misalignment Mechanism

NSC with 8 < 4:
- Competition between both effects.

- The dilution of the axion energy density is predominant.
- In this case: QNSC(m,) < Q3°(ma)

- Smaller masses than the SC can now account for the whole DM.

NSC with g > 4:

- Since ¢ undergoes redshift faster than radiation,
there is not entropy injection.

- Only the first effect appears: lower Tosc
- In this case: QY (ma) > Q5%(m,)

- Higher masses than the SC can now account for the whole DM.
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Outlook and Conclusion

We considered a NSC in the early universe, where a new field starts to
dominate the energy density of the universe.

We studied the effects on the universe and we found that the relation
between H and T depend on the period of the NSC.

We analyzed the axion production by misalignment mechanism and we
found that is possible to obtain two effects that potentially change the
axions abundance.

* A lower oscillation temperature implies a higher energy density of the
axion
* The decay of ¢ leads to a dilution of the axion energy density

A smaller 3 opens the axion window to lower masses
A larger 8 opens the axion window to higher masses
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Case 1

Pre-inflationary PQ symmetry
breaking scenario.

Tint < fa

The Axion field is homogenized
over long distances .

0; - random

Production mechanisms:
Misaligment Mechanism.

The preferred mass range is
ma<5x107%eV
anthropic axion window

Caso 2

Post-inflationary PQ symmetry
breaking scenario.
Tt > fa

The axion field takes different
values in causally disconnected
regions of the universe.

P
Value® : ;" = =

Production mechanisms:

Misaligment Mechanism.
Decay of topological defect.

The preferred mass range is
5x107%eV < my < 1072V
classic axion window

S M. S. Turner, Cosmic and Local Mass Density of Invisible Axions, Phys.Rev. D33 (1986) 889-896



Full expressions for axion relic in NSC

ma \ %2 ,
Q. =5x10""( ej/) 2
mg \~7/% »
—-7/6 __ -7 a 2
Q. =24 x10 (1eV) :

-3
" 12/8

)

n

e , for Tose < Tocp
) Teq

62
4
= -3
! —7/6 (52 "%/ (Tend>12/6 , for Tosc = Tocep-
Q (T Teq

25 (4—8) < Tocp
_a2 [ T2 25 ( for Tosc < Tacp
Qsld maMp 4—B
o e
Qp, =~ —7/6 (g2 3/B (T d ) S8 Teq /6:| for Tosc 2 Tocp -
Qs[d (T) eq (TéCD maMp)
3
55 (4—8)
o032 (g)e/ﬁ Tong ) 2 for Tose < Tacp
_ std B8 maMp 3/8—2/3
QH3 o —-7/6 % i for Tosc 2 TQCD'
Qstd (8 - 5) TéCDmaMP




fa [GeV]

1019 1018 1017 1016 1015 1014 1013 1012 1011

Standard cosmology

Ty [GeV]

Sy g Ry R

1073
10721071 1071 1072 107® 1077 107% 1075

my [eV]

Parameter space corresponding to the whole observed DM abundance, for an
early matter domination (8 = 3) and Teng = 4 MeV.
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