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1. Introduction

- Our Universe is filled with the Dark matter

- Axion may exist <= strong CP problem
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PQasymmetry

Axion = Dark matter
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Two scenarios :

(a) inflation => PQ breaking

= (Al

I Domain wall problem

(b) PQ breaking => inflation

I Isocurvature problem

3



Isocurvature problem

adiabatic curvature isocurvature
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Axion CDM isocurvature perturbation
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Current constraint : A cpy < TA% with 5 = 0.039

Planck collaboration:1303.5076,1303.5082
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Isocurvature problem

adiabatic curvature isocurvature
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Axion CDM isocurvature perturbation
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Current constraint : A cpy < TA% with 5 = 0.039

Planck collaboration:1303.5076,1303.5082
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axion
Single axion?

or

Multi-axion?




QCD axion + Hidden axion
with mass mixing

MSW-like resonance

Abundance iIs suppressed
Hill and Ross, Nucl.Phys.(1988)



QCD axion + Hidden axion
with mass mixing

MSW-like resonance

Abundance iIs suppressed

Hill and Ross, Nucl.Phys.(1988)
Our work

- Precise numerical calculations
- Implication for isocurvature perturbations

New suppression mechanism
for isocurvature perturbations



2. Model

PQ field & hidden PQ field with heavy quarks U(l)pq & U(1)y
D -
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Potential for QCD and hidden axions

Mg, Mg . MASSES
F,, Fyg : decay constants

Charge assignments
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Temperature dependent QCD axion mass

B [ g\ 334
105 x 10742ge2 (1) for T > 0.26A
a QCD
me(T) = 2
3.82 x 1072 %CD for T < O.QGAQCD,

If zero temp. QCD axion mass >> hidden axion mass...

mg(T)/my ——  QCD axion mass

~cross over!

mg = 0.1m, ]

T/GeV
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Linearized eqguation of motion

A+3HA+M?*A=0
with

(Fg/F,)m%

4= ( a ) and M= (m?‘(T) + (Fa/Fu)*my (Fu/Fa)my
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a1 : Light axion

as : Heavy axion



Evolution of mass eigenvalues
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Initial condition

a ag ~ a
Va,ag) =m2(T)F? [1 — COS (E)] +mFE [1 — COS (FH + F@)]

0 =20
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Initial condition

Via,ap) = m2(T)F? [1 — cos (

a ap a
Fa)] —I—m%{Fé [1 — COS (FH + Fa)]

Heavy axion is suppressed, but...
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Heavy axion is suppressed



Adiabaticity, Anharmonicity
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Adiabaticity, Anharmonicity
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g, : Initial misalignment angle for QCD axion
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Adiabaticity, Anharmonicity

Anharmonicity = departure from the quadratic potential

A effect 15 sigmificant

g, : Initial misalignment angle for QCD axion
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3. Cosmological implications

() Abundance

QCL/QCL,no—res
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1)

Qa/Qa,no—res(ei

(i) Isocurvature perturbations

0, -dependence vanishes!

myg/m, = 0.025 ——
myg/m, = 0.030
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lnQ, /96,

(i) Isocurvature perturbations
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Isocurvature perturbation can be suppressed!
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4. Conclusions

- We considered QCD axion & hidden axion with mass mixing

- MSW-like resonance takes place
and QCD axion is converted into hidden axions

- Abundance can be suppressed

- |Isocurvature perturbation can also be suppressed!

We proposed a completely new mechanism
to suppress isocurvature perturbations
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Thank you!
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Isocurvature perturbation from QCD + hidden axion
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Non-Gaussianity from isocurvature perturbation
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