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1 & 2 : Particle physics preliminaries

Axion cosmology
Lect

.
3 : Axion cosmology (continued)

Axion astrophysics
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Thermal production Edim . analysis]

hot Big Bang' plasma
g

reque...
T

........
a

g
Ei
g N S a s N

1 t
Leading order : M-E and E -

f

↑ = <Mplasma 8 v 8 TY/fa

↑
In thermal equilibrium when M He g-

I
Mpl

Decoupling : Th/ E Tamp
To~Gen fGert -





IAXO white paper, 2013

Axion misalignment
Simplest case

,

assume PQ symmetry was broken before
-

inflation. Initial O takes a single , random value across

the observable universe.

+ 3H -Ta + = 0
~

↑

negligible
The axon effective potential depends on T:

m = X(t)/fa

II arametrise : Mr Fr v R

For ALPs
, typical to assume ma indep .

of T
.
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Sufficiently early, H Ma
,

over-

damped

: + 3H = = 0 (overdamped under-

damped

ai (constant)
a = E · (transient , ignore)

Later :
a + 3H(T) a + mi(T) a = 0

- ifdema(t) N

WKB Ansatz : a(t) = A(t) e

i + A) + Mn) = O solvedby A(t) I potom
Energy density : Sa = ja + jma = ma (t) (fa) =ma

- 3

Non-rel . "dust" : <Ra)= R [Pa) = <22-5m2 a) = 0.
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Final result (numerical eval . )

Parameters to explain dark matter
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Axion clumps
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Miniclusters : 88% has 0(1) inhomogeneities on scales

↓ ~ H)R(tos) . At around matter-rad - equality , these
OS

collapse into miniclusters
, decoupling the axious

withine from the Hubble flow
.

Expected properties :

Ric ~ 189km (Her"
Mmc-10- Mo DGer8* Castroid-sized]
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Axion dark matter experiments

ADMX ALPHA

CU .Washington) (Stockholm u .)
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Types of searches
-

Lifetime of
Particles from Stars White dwarf

the sun luminosity fre .

Neutron Star

magnetospheres

Supernovae Black hole
2 duration

, superradiance
Wray burst

AGN
, Quasars , GRB

distorted spectra
anomalous transparency




















