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1. Introduction

AXxion cosmology has various Interesting topics.

ULAs
: Lyman-a, BHSR:
Linear Cosmology: ) :
> CMB. LSS High-z, supermassive, Thermal Decavs Axion
7 ' 21cm stellar. eLISA? axions y inflation
8  RARARRRRR R RRRRRRIRMAL —
-
s -33 -24 -18 -12 -3 0O 3 9 23
CMB pol. Solve QcD axion: ADMX, 12
. CDM 10°“GeV
rotation : CASPEr, stellar m, ~ 6ueV
crises? a f,

String theory axions?

r\ log,q(mg/eV) D. Marsh (2016)

- [t 1s produced from compafctification of the extra dimension.
- The mass Is not related with the decay constant and arbitrary. — Various possibilities!!
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- The mass Is not related with the decay constant and arbitrary. — Various possibilities!!
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Cosmic birefringence

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

1 a @ S.M. Carroll, G.B.Field, R.Jackiw (1990)
[ — _—_F FH _ o E. MY D.Harari, P.Sikivie (1992)
4~ " T 4r fo Y S.M.Carroll (1998)

D and H obey the free field

equation and correspond to
observable field.

2
|
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Rotation angle g

~ (.42deg X (07

¢today — ¢rec)

Expectation by Planck
ﬁ — 035 + 014d€g Y.Minami & E.Komatsu

(2020)

Aplf, ~ O(1) =
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Axion mass & coincidence problem

We need the below mass range to reproduce the Planck result :

Expectation by Planck
(~ HO) - (~H_) ﬁ — ().35 + Ol4deg Y.Minami & E.Komatsu

rec (2020)

1077eV S my < 1077%eV = Aglf, ~ O(1) =

HNm¢

/
N A 2 V<¢):m§f£(l _COSE)
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Axion mass & coincidence problem

We need the below mass range to reproduce the Planck result :

Expectation by Planck
(~ HO) - (~H_) ﬁ — ().35 + Ol4deg Y.Minami & E.Komatsu

rec (2020)

1077eV S my < 1077%eV = Aglf, ~ O(1) =

HNm¢

/
N A 2 V(qb):méfé(l _6087)

Why such a mass range?
< Why does the axion start to move between the

recombination and the present epoch? Coincidence problem
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2. Birefringence triggered by DM domination

H2, = FDM The axion starts to move triggered
by DM domination.
(just before the recombination)

V(6) = sen Hpyd’

3M3,

¢ (Omin — )27
S

- ‘ R | I R R B | R ‘ — O:. ] . | ] . | o
0.01 0.10 1 10 100 0.05 0.10 0.50 1 5 10
S.Nakagawa, F.Takahashi,
M.Yamada (2021)
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2. Birefringence triggered by DM domination

2 _ PDM The axion starts to move triggered
1 2 2 bM ™ 312 L.
V(¢) = SenHpy ¢ " by DM domination.
u ~ O (just before the recombination)
f O, = ¢ilfy=—1- A []_L
O ) 1 6 H —
= | Is there a UV theory which produces the effective mass? |
S - S
T : :
<2
0.01 0-10 1 19 100 s ot0 080 1 5 10
CH Cy;  SNakagawa, FTakahashi

M.Yamada (2021)
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3. UV model Low energy EFT £, =, (09)" —chHDMaﬁ = }i o

Witten effect on hidden monopole DM

- Considering a breaking SUQ2),, — U(1), , hidden magnetic monopole is
produced as dark matter.

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

charge (Witten effect). Ewitten (1979)
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3- UV model Low energy EFT £s=—3 (8¢) cHHDqu * 9 p

67 47 f¢

Witten effect on hidden monopole DM

- Considering a breaking SUQ2),, — U(1), , hidden magnetic monopole is
produced as dark matter.

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

charge (Witten effect). Ewitten (1979)

ca—ix,wxw OHO x X —y V. By = g‘H¢v-BH (#0)

. The axion acquires an effective mass in the monopole plasma. [ omen e h

2 2
2 _ il > _ Pm apy Mp, " S.Nakagawa, F.Takahashi,
meff — (4ﬂ'f¢) IOM CH o 3 (pDM 471_ f¢ 0(1) M.Yamada (2021)

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

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

ﬂ — 035 + Ol4deg él\(/)lizn(;mi & E.Komatsu

- There 1s no theoretical reason "why
now" (coincidence problem).

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

- We propose a specific UV model:
The Witten effect on hidden

monopole dark matter. S.Nakagawa, F.Takahashi, M.Yamada (2021)
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4. Summary

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

ﬂ — 035 + Ol4deg él\(/)lizn(;mi & E.Komatsu

- There Is no theoretical reason “"why O Ty L e LT
: ini ini’J¢p = ;
now" (coincidence problem). :

- The effective mass proportional to DM §0-3§

¢¢¢¢¢

density can explain the problem. -
0.1
- We propose a specific UV model: pommm = (e
The Witten effect on hidden e ™

monopole dark matter. Thank you' S.Nakagawa, F.Takahashi, M.Yamada (2021)
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Back up
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AXion dynamics

1026V < my < 10-5eV = AGlf, ~ O(1) = Expectation by Planc.:k.
( = HO) ( ~ H ) ﬁ — 035 i 014deg Y.Minami & E.Komatsu

rec (2020)
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Another UV model
1 a @

Low energy EFT Ly=- (8¢) —cHHDqu oL, F,,

Non-minimal coupling to gravity
LD —(R¢* ~ —3EHp¢” (Matter dominated era) o Foehasn.
¢~ O(l) = ¢y =066~ O(1)

XR ~ 0 during RD, so the axion was almost massless.
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