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Low-scale inflation model with H,; < Agcp

Vip) = Vo — kp* + 2

Pmin
Hi,c ~ 100MeV, m, ~ 10°GeV, @, ~ 10> GeV

FT, Wen Yin, Alan H. Guth, arXiv:1805.087/63
Spectral index ng =~ 0.96 can be realized by including either a linear term

or Coleman-Weinberg correction. Nakayama, FT, 1108.0070, FT 1308.4212
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We introduce a coupling to right-handed neutrinos,
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The decay rate Is qu = Z ﬁm If Kinematically allowed.
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cf. Even Inflation with H, . = O(1) eV is possible. In this case the reheating
proceeds through thermal dissipation.  “ALP miracle”, Daido, FT, Yin, 1702.03284, 1710.11107
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What if QCD axion (] and ALP ()
coexist in nature?
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QCD axion + ALP with m, <m,/(T = 0)

my /My

my(1)/m,

QCD axion

ALP

High T Low T



QCD axion + ALP with m, < m/(T = 0)+ mass mixing
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QCD axion + ALP with m, < m/(T = 0)+ mass mixing
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What if QCD axion (] and ALP ()
coexist in nature?

Adiabatic conversion can take place!

(0 G (P

Then, the axion abundance is suppressed
by the mass ratio.

Kitajima and FT, 1411.2011

cf. Hill and Ross, 88


http://arxiv.org/abs/arXiv:1411.2011

Set-up

- Axion potential Mass mixing
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Mass eigenstates and mixing angle:

ag \ _ cos§ siné ©
ar, ) \ —sin& cosé a

1 2 2 2 2(T 2 2_
m%{,,;(T)sz(T){HmT(@T) 1+;§i\/< _%_%Q) +4% }
a a © a




a
Voin(@, ) = m2f2 | 1 = cos <]7 +%
a @

Level crossing

Level crossing takes place if 17, <m, and f¢ <fa
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Level crossing

Vmix(a’ Cﬂ) — mg%f g%

1 —cos £+£
Jfo S

Level crossing takes place if 17, <m, and f¢ <fa
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Level crossing

Vmix(a’ Cﬂ) — mg%f g%

1 —cos £+£
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Level crossing takes place if 17, <m, and f¢ <fa
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Level crossing

Level crossing takes place it m¢ < m, and f¢ <fa
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Level crossing

Vinin(a@> @) = mf, | 1 = cos (

Level crossing takes place it mqp < m, and f¢ <fa
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Adiabatic condition

The adiabatic invariants are the (comoving) number of the two massive
scalars. For the adiabatic invariant to be conserved, one needs

External time scale >> Intrinsic time scale
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Axion DM abundance

We consider f, = 101° GeV Qoh” = Quh” + Q7

for which the QCD axion 102;”” B
abundance would exceed

the obs. DM abundance, if 10" ) _
there we_re not for adiabatic “'\\@ O:R/" OCR‘,\‘
conversion. H\sm “““““““““““““ ,
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Axion coupling to photons
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ALP coupling to photons can be enhanced by a few orders of magnitude.



Summary

- If the adiabatic conv btw QCD axion and ALP takes place, the
axion abundance gets suppressed by the mass ratio, m,/m, < 1.

- The ALP produced by the adiabatic conv of the QCD axion can
explain DM, and the ALP-photon coupling can be enhanced
by a few orders of magnitude, compared to a single ALP DM
scenario.
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