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CDM

Accounts 23% of total energy density of
universe while baryonic matter accounts
4%.

Properties:

a. Pressureless

Primordial velocity is very small , at most
~ 10°¢c today .
b.Collisionless

Cold dark matter is weakly interacting (so
dark), except for gravity.
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FI1G. 1: The two possible windows of the dark matter axions.
The upper-left one is often called the classical window and
the lower-right one is the anthropic window assuming that

Hi < 10" GeV and the PQ symmetry was not restored after
inflation,
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FIG. 1: The mass function of time t.






The Isocurvature perturbation
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The isocurvature perturbation

Axion field existed before inflation
iInduce isocurvature perturbation

Axion field existed after inflation
produce topological defects



History of the Universe
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The quantum properties of the Horizon

Neutrinos WA NI 2

iabatic M\ NN, CDM CDM  A~A~ARAAANANAN
Adiabatic - ANBINANANAN isocurvature -

‘~Jf\\_,/ N \\”'A\/\/’/\L/ "\\._,/-\\ _/\\_/ i ;i 1 ]"\'1 )11S \/\/\/\\, /\ /\\/\/\ \/\, /*\/

FECAVEVATAVACATE FE T

Baryon . AA~AA~AAA~AAANAN . v ; NNAANNNNNN
isocurvature ~ANANANERNANANAN ISOCUIVATUTLE . A /s i A v A A

AVAVAVAVY, \VAVAVAVA CAVAVATLT LT AN VAVAT

11



——

W\
\a
i
<1
1
\
A

o o o o
o o o
T ]
L1 M)('w)Bopy, "op(uz)L+/)







2
E
5

stabilization
of the
upside-down
pendulum
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FIG. 6: The natural frequency w and modulation frequencies
m + k+/t1/3t as a function of time ¢, with parameters | = 2,
n=3 m=10"eV, ts = 10°eV "', and k = 50/t;.
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FIG. 3: The parameter g of Mathieu equation as a function
of time t, where | = 2, m = 107 °eV, t» = 10%eV~!, and
k =50/ti
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Benefit

no isocurvapoture perturbation
possible enlarged parametric space

solves the topological defects issue
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future works and outlook

numerically simulations

does the scenario produce
observable cosmological signals
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Other effects

apply to dark photons,
modulis,

heavier axions can be
substantial part of dark matter.
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FIG. 3: The splitting of the hydrogen 1S triplet state. For
the anthropic window |1,0 >— |1,1 > transition is suitable
for the axion detection.




