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1. Introduction

Axion cosmology has various interesting topics.
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Cosmic birefringence

CMB polarization plane can be rotated after the axion starts to move.

1 o ¢ _ S.M. Carroll, G.B.Field, R.Jackiw (1990)
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~ = D and H obey the free field

—aT S/ it P/ equation and corresponds to
D H observable field.
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Axion dynamics

1077eV S my S 1077V = Aglf, ~ O(1) =
(~ HO) (~ HLSS) ﬁ = ().35 + 014d€g Y.Minami & E.Komatsu

(2020)
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Axion dynamics

105V < my < 10726V = Alf, ~ O(1) — Expectation by Planck
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2. Birefringence by DM domination

1 HZ, = PPM The axion starts to move
V(o) = §CHH[2)M¢2 SMp) triggered by DM domination.
cy ~ O(1) (just before the recombination)
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2. Birefringence by DM domination

1 HZ,, = PoM The axion starts to move
V(g) = §CHH[2)M¢2 3Mp triggered by DM domination.
cy ~ O(1) (just before the recombination)
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3. UV theory

2_1 a ¢

1 .
Low energy EFT £y =—5(09)" — SeuHpme™ — ¢y f¢FWFW
1. non-minimal coupling to gravity
L D> —£R¢* ~ —3¢Hj\¢” (Matter dominated era) Yy o

¢~ O(l) = ¢y =65~ 0O(1)

xR ~ O during RD, so the axion was almost massless.
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3. UV theory

Low energy EFT £, = (8¢) - SenHpyg?

2. Witten effect on hidden monopole DM

- Considering a breaking SU(2),;, — U(1), , hidden magnetic monopole
IS produced as dark matter

- If the axion has a U(1), coupling, the monopole acquires a hidden electric

charge (Witten effect). , 1y vw oy w4 v .G, - O‘H‘bv By

E.Witten (1979)

4 87 27 f¢
* The axion acquires an effective mass induced from E ;. W.Fischler, J.Preskill (1983)
2 V 2
a a
msz — H pM —l CH — 3 pM L Pl ~ 0(1) S.Nakagawa, F.Takahashi,
e 4 ﬂf¢ PDM 4 f ¢ M.Yamada (2021)

for py ~ poms ay ~ 0(0.01), f; ~ 10'°GeV
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4. Summary

+ On the basis of Planck2018 result, CMB
polarization angle has been reported:

ﬂ — ().35 + O.l4deg (YZ.I(\)IIzir(;)ami&E.Komatsu

* There is no theoretical reason “why

now” (coincidence problem).

* The effective mass proportional to DM
density can explain the problem.

+ We propose two specific model:
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1. non-minimal coupling Cy
2- Wltten effeCt S.Nakagawa, F.Takahashi, M.Yamada (2021)
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