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Notation and conventions

V
V(@) = (of - f2)
d — pew/ f
U(1)pq spontaneously broken
o)
ds® = —dt* + a(t)*dz?
L 1
——— = —g"8,00,0 +m?> f* 1—cos—
/—g 2
1 1
59“ 0,00,0 + ng : y
U(1)pq explicitly broken
o 1n this talk 1s a generic ALP,
not the QCD axion.
g
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Axion dark matter - 1
Trg > f

PQ phase transition

>
T~ f

Relic axions from misalignment and from axionic strings

Abundance calculable in principle, technically difficult in practice
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Axion dark matter - 2

Moy < /Mo f < Max[Hr, Tru| < f

4
Ox
stuck during inflation —7 < 5= 0. <m

0. incalculable

\/\/./—\/ g

o

S T?
Starts oscillating when H~ —~m,
Mp

The energy density of the coherent oscillating field redshifts like matter

0, f ° My 1/2
Q, ~ 0.1 ( )
0.1 x (1017 GeV> 10-22 0V
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Axion dark matter - 3
Hy K mg < \/mof < f

%4

during inflation . 2
oc+3Ho+m_,o=0

classical motion

\/ o(t) ~ e 2 Hrt cos(mgyt) — 0
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Axion dark matter - 3
Hy K mg < \/mof < f

%4

during inflation . 2
oc+3Ho+m_,o=0

classical motion

\/ o(t) ~ e 2 Hrt cos(mgyt) — 0

No axion dark matter

But

What drives inflation?
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Why wouldn’t the inflaton and the axion couple?

. 1
= 59"(9,00,0 + 0,60, + 200,00,6) + §m302 + V(o)

Kinetic mixing
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Exact equations of motion

-

(1—a?)(6+3Ho)=aV'(¢) —mZo
(1—a®) (¢ +3Ho) = —V'(¢) +amjo

Attractor: o =0 =10

aV'(¢)
0=—07
. . . V!
SE3HI+VI(0)=0 - ¢a— L0
SH
Single field inflation
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mg < m(zb

Diagonal basis

QODM2CX¢—|—O', QORHS\/l—Oé2
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I'(epMm — 7Y) =~ «
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Reheating

Gqﬁw ngF
4

Due to kinetic mixing, the axion also has a decay channel

G 1 G?
Py m; Py
I — ~
6am mi LPRE )= G e

m

%H;Q

2
_
3MpThu = 3MpHiy, = 550+(Tren) T

Final relic abundance
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Parameter space

Assumptions and constraints

FRH > Hend — Hreh — Hend

> Instantaneous reheating

O

O

:O 4 MeV < Tian < f

~

Eﬂ I'opm < H 0
Long lived DM

logi1o( My [eV])

a=1/2, f=107 GeV

Gy = 10710 GeV !
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Conclusions

An axion which mixes kinetically with the inflaton can provide a good
dark matter candidate even if the scale of inflation 1s low.

The mechanism can also work for the QCD axion. Work 1n progress ...
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