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Relic axions from misalignment and from axionic strings

Abundance calculable in principle, technically difficult in practice
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Axion dark matter - 2
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Axion dark matter - 2
me < A < Max|Hy, Thax| < f

U(1)pg explicitly broken at scale A < f

1
V(o) = A* <1 — COS f) ~ §m302

f
"4
during inflation the axion is stuck
6+3Hi0+mio =0
\ /\ /'\ / g
HI > mey O «
O
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Axion dark matter - 2
me < A < Max|Hy, Thax| < f

A : confinement scale of a strong gauge group
A2

At zero temperature  Myo = £ —

f

A p
A My | — for T' > A,
At finite temperature My (1) ~ Moo <T) >

Me0 for T' < A,

For the QCD axion: A =~ 200 MeV, p=4, I=0.1, &=0.1
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Axion dark matter - 2

my < A < Max|Hy, Thax] < f
T2
After reheating the Hubble parameter decreases as H — 7
P
G+ 3Ho +m2(T)o =0

When H ~ m,(T) the axion field starts to oscillate.
Soon after, the energy density of the oscillating field redshiits like
non relativistic matter.

po xa”’

Relic abundance today

_ p+3 1 p+1 p+3
o 12— g2 (I(Tose) \ 7 (9x(Tos) \5F5 (A N\TPE (LR LA R
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Axion dark matter - 3

What if the scale of inflation 1s as low as

Hi < mg,
. . 2 — 3 Ht
o+ 3Hio+mio =0 o(t) = o 271 cos(myt) — 0
vV
classical motion
\/ i
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Axion dark matter - 3

What if the scale of inflation 1s as low as

Hi < mg,
. . 2 — 3 Ht
o+ 3Hio+mio =0 o(t) = o 271 cos(myt) — 0
V V
end of inflation

classical motion

N

no axion dark matter

Are there ways to obtain a relic abundance of axions in this scenario?
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o :axion ¢ : inflaton

inflation

Lorenzo Ubaldi Inflaxion



o :axion ¢ : inflaton

What if the inflaton and the axion are coupled?

L1 1
=t o2 2
= =39 (0u00y0 + 0,00,¢ + 200,00,¢) + Smyo” +V(9)

Kinetic mixing
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Via the kinetic mixing, when the inflaton starts oscillating around the
minimum of its potential (reheating) it will kick the axion away from its
minimum.

The axion displacement, in turn, allows for the re-alignment mechanism of

dark matter production to take place.
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End of inflation

V(6)4 o i
...inflation__ g2 !
2 ¢ =V(¢) = 2MpH”

>

¢end ¢
2]\4P[_]end

¢end i~
me
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Diagonal basis at reheating

mg < mi
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Reheating
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Diagonal basis at reheating

mg < mi

D REREAEEEEE 2
Reheating
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Diagonal basis during reheating
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Diagonal basis at reheating

mg < mi

D REREAEEEEE 2
Reheating

e

Diagonal basis during reheating

2
mo.
oM~ ad+o, pra~ V1 - a? (¢_O‘m2 0)

m2 ?
2 2 2 @
mpy — My, MR = 1 _ o2
At the end of inflation
gb N QMPHend ODMend — CV¢end + Oend = CV¢end
end = my  CaMpHenq

me
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Reheating

O-F,uVF'u +gd>ff ¢¢27 ¢

I'(orm — vy) =

(87
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—a2)5/2 256m3 2
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Reheating

Q
— O-F,uVF'u +g¢ff¢¢27¢
s f
2 2 2
Xy 3 N = iy 3
2 9o M3 ( ) 1 Tos s
I'(oepm — ff) =« 1 I'(oru — = 2\3/2 Me
3T My (1 —a?) 87

Aend Aosc Aend Aosc
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Aend Aosc
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; X : a
aend\ Aosc

ODM = a_3/290DMend cos(Mmgyot)

’@DMend ’ ~ Mag0 |SODMend ’
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CaMpHend The field drifts on a flat potential and stops within
me a few Hubble times

opMm + 3Hopm =~ 0

: \ : a
aend\ Aosc

ODM = a_3/2SODMend cos(Mmgyot)
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CaMpHend The field drifts on a flat potential and stops within
me a few Hubble times

opMm + 3Hopm =~ 0

YDM Hend Hend YDMend YDMend
ael\ a;sc ¢
oM = a2 20D Mend €OS(Mgot)
’@DMend’ ~ maO’SODMend’
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CaMpHend The field drifts on a flat potential and stops within
me a few Hubble times

opMm + 3Hopm =~ 0

¥DMend M0
A ~ ~ >
Agou] ~ | 2208 B ] > ortend
BaMpimgg
i é — ©@DMx =
\ My
aénd afc:)sc @
\ B 1s a number of order 1
ODM = a_3/2SODMend cos(myot)
| ODMend| = Mo0|¥YDMend|
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Summary so far

The dark matter field
SODM ~ C\5¢ —|— 0}

18 a linear combination of axion and inflaton, hence we dub it inflaxion dark matter.

After the dynamics that happen during reheating, it 1s stuck at

BOszmJQ

PDMx —
me

away from the minimum of its potential.

That 1s the misalignment. From that point on, the calculation of the relic abundance
proceeds in the same way as for scenario 2.
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Final relic abundance

p+3 1
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Final relic abundance
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Whereas 1n scenario 2 the initial misalignment angle is not calculable,
in the inflaxion scenario it 1s given in terms of the parameters in the Lagrangian.
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Parameter space

logo( Myo / €V )

Excluded regions, violation of:
Meo > Hing blue
e Mo (Tmax) < Hing green
E 0, <1 red
z
I'pm < Ho orange
logyo( f / GeV)
(a) A =200MeV (QCD axion) o = 1/3 Jdoff = 10_2
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Parameter space

logIO( mMg0 / eV )

logo( Hiye / €V )
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log1o( f/ GeV)
(c) A =10°GeV
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Excluded regions, violation of:

Meo > Hint blue
Mo (Tmax) < Hing green
0, <1 red
I'pm < Ho orange

a=1/3  gopr =107
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Conclusion

An axion (or any scalar) which mixes kinetically with the inflaton can
provide a good dark matter candidate even 1f the scale of inflation 1s lower
than 1ts mass!
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