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What if QCD axion a and ALP ¢ coexist in nature?

What happen if they have a mass mixing?
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What if QCD axion a and ALP ¢ coexist in nature?

What happen if they have a mass mixing?

Adiabatic conversion between the QCD axion
and ALP could take place!

C. T. Hill and G. G. Ross (1988)
N. Kitajima & F. Takahashi (2014)
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Mass mixing of the QCD axion and ALP

® The Mode| Mass mixing
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Level crossing
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Adiabatic invariant in the case of a single axion

® Comoving axion number N(7') : adiabatic invariant

Adiabatic process

External time scale >> Internal time scale
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Adiabatic invariant in the case of two axions

e If there is a mass mixing between the QCD axion and ALP
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If this inequality is satisfied,
the conversion of the QCD
At the level crossing v = 0 f_90 \/ My > 1| axion and ALP is adiabatic,
f¢ < fa fa H(ﬂc) the comoving axion numbers
are separately conserved.




Adiabatic conversion
e Evolution of Ny z(T) No(T)

comoving axion numbers
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Dark matter abundance

® \When adiabatic conversion occurs, the QCD axion becomes ALP
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Dark matter abundance
e Contours of f, = 10'° GeV 102
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Dark matter abundance

e Contours of Qpyh? = 0.12

Qpvh? = Qh? + Qph?

1O1§

Jolfa 100;

Qph? = ZH20 N
Pc,0
101
Qph? = ZEO N,
Pc,0

1072, |

= /./(102GeV)
T N A AT

Mmy/my,



Implications for the axion search experiments

® Axion-photon couplings
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Couplings of the light (heavy) axion mode to photons
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Implications for the axion search experiments

® Our result : ALP-photon coupling is enhanced by a factor of 10-1000
compared with the ALP DM without mass mixing.
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Summary

® We studied the scenario where the QCD axion and ALP have a nonzero
mass mixing.

e \We clarified when the adiabatic conversion takes place.

® \We showed that the ALP produced by the adiabatic conversion of the QCD
axion can explain the observed DM abundance.

® |n this scenario, the ALP-photon coupling is enhanced by a few orders
of magnitude, which is advantageous for the future axion search
experiments using the axion-photon coupling.

Thank you for your attention!!
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® Equations of motion for the axions
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® Effective angles
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