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= CMB polarization
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= CMB polarization and parity
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= EB correlation from birefringence

If the linear polarization rotates
in the propagation, in general,

(EB)#0 .

In particular, if all photons experience
the same rotation angle f,

After birefringence

-
E, = E,cos(2) — B,sin(2)

Bl = E;sin(2f) + B;cos(2p) Credit: Y. Minami
CfB ~ tan(Zﬁ)C’fE (assuming CIEB = 0 and CfE > CZBB)
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= Measurement of cosmic birefringence
Planck (and WMAP) data suggest the rotation angle f# at 68% C.L.:

(‘E %103 Stacked observed E'B power spectrum
o o = i
0.35°+0.14 :
[Minami & Komatsu (2020)] Q
&
o o
0.30°x0.11 = ot | L sl T
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[Diego-Palazuelos et al. (2022)] 9
° (9p]
O 3420 +O'094 GL) iy Cosmic birefringence | {
¢ _0.091° % —— Meiscalibration angle \
[Eskilt & Komatsu (2022)] o% i BeISt_f't . | . . . . .
L 200 400 600 800 1000 1200 1400

Multipole, [  [Eskilt & Komatsu (2022)]

Isotropic.
IS
consistent with no frequency dependence. [Eskilt (2022)]

Note: These estimate take advantage of galactic foreground

to evade the uncertainty due to miscalibration of polarization. ~¥ Following talks
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= Origin of cosmic birefringence

. : Isotropic
= 0.342°1000 at68% C.L.
p —0.091- atPo7 Independent of photon freg.

e Chern-Simons coupling with axion: ¢F,, F*  carroll (1928,

Isotropic birefringence is possible.
Rotation angle independent of photon frequency

® “Faraday rotation” by magnetic field  [pogosian et al. (2011)]

Magnetic field parallel with photon propagation
Rotation angle depends on photon frequencies.

® Birefringent dark photon
- Next talk
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Cosmic birefringence by ALP

= Axion-like particle (ALP) (Talks in Dec. 1, 2)

A pseudoscalar field arising from a SSB of global U(1) symmetry
Chern-Simons coupling with the SM gauge fields: ngWF””,

Wide range of mass and coupling

A possible solution to the strong CP problem.

cf.) QCD axion: |, . | |
Decay constant” controls its mass and couplings.

Ultra-light QCD axion Composite
Dark energy DMg/QN ueV Light DM WIMP D PBH

DM
107¥3eV 10722ev eV keV GeV M M




Cosmic birefringence by ALP

= ALP-photon coupling

1076
10~7
g ABRA
10 10 cm
10~
SHAET
— ]_0_10 DSNALP
A Eermi-SNe b &
| 10_11 t,q‘— Fermi Q\\‘L‘ﬁ‘\‘% > §_
> = - Pulsars Rt e —————
- L 10712 3
YO )
—_— 10
—14  ORGAN
= 10 /. MADMAX
< - /" ALPHA
00 10-15 PO WISEZ -7 { DALI
S \ = _~ QUAX
\ ,~~ ADMX
1016 g .~ BabyIAXO-RADES
4 i1~ FLASH
_17 _ \\\ /”’,
10 ? \\\&/.) ,//
- AN ~ /fO
1018 E| \‘\-i‘. /'QI;‘@
= S
10-19 -
UL ||||||f|‘l'|'|'f‘|'|'|'[‘|'|'|'l'|1l'|‘l'|'|'l1'|‘|l ULLLLL IUUALALLLL AL LR BRI EALALLL WAL

Birefringence m, [eV]

10/22

Solar v

Gloebular clusters

StAB

uondey
UOESTUO]
CBQQ

33

o'a

Y

THESEUS

XMM-Newton
NuSTAR
INTEGRAL

golar basin

SN1987A
(1)

Diffuse-7

QO .9 % 17 _6 9 A& % 2 A & 2 @ & O P A
@A@X@Aﬁ A0 10 40 10 @A@ @*@X@ AO" A0 407 40" 4O 40 40

[O’Hare (2020)]



Cosmic birefringence by ALP

= Photon coupled with axion-like particle

. 1 1 g .
Let us consider &£ = — Eaﬂqba/‘qb — V(@) — ZFWF”” + ZngwF/“”’

L FoM for A,u [Ni (1977); Turner & Widrow (1988)]

—

A" V2A + V’(V’-A’) =g(¢'VxA’— V’(pr")

. T — . —_— A
Consider a plain wave: A « e @k > with k = k2.

i=wi§<¢’+f<-7¢>=wi P, X (1)),
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2
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circular pol.

11/22



Cosmic birefringence by ALP

= Rotation of linear polarization

-+

ke = @ % b, ()

dn
~—g The plane of linear polarization rotates by

dp g

:B — 5 d}”] Ty 5(¢obs o ¢emit)

dl’] [Carroll, Field, Jackiw (1990)
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Cosmic birefringence by ALP

= Birefringence by axion
g - _ 8
Z D ZCbF ,qu —¥ :B — 5(¢obs o ¢emit)

e [is determined only by g, @, and @

obs’ emit:

e Homogeneous mode of ¢ corresponds to isotropic f.

e [ isindependent of the photon frequency.

To explain the isotropic £,
homogeneous ¢(f) should vary between the last scattering and now.

1:37:29
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Implication for ALPs

= Dark energy ALP

m/Hy
Let us consider a toy model: 108 106 10 102 10° 10> 10*  10°
IR
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V() = —mPp? N S
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>
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¢ = ——¢ = | -
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Simple relation for DE-like ALP mleV]

[Fujita, KM, Nakatsuka, Tsujikawa (2020)]
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Implication for ALPs

= Heavier ALPs

ifm > 10731 eV, ¢ starts to oscillate before reionization.

ifm > 10722 eV, ¢ starts to oscillate before recombination.

The time evolution of ¢ affects the shape of CZEB.
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Implication for ALPs

1.0
. = i
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Implication for ALPs

1

= Early dark energy (EDE) o) ,,,
~ I
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<
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Implication for ALPs

= Other effects of cosmic birefringence

e QOscillating birefringence 10781~ -0k, |
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Implication for ALPs

= Other effects of cosmic birefringence

® Anisotropic birefringence

—— Theory (Acg = 1)
¥ ACTpol
¢ SPTpol 500d

If ALP is the origin of f ~ 0.3°,
perturbations at LSS will induce

anisotropic birefringence a(n), %ﬂ l
o - |
which is not detected yet. '2 +|' ................... F+ 'lf - },
3.
. @)
Constraints on
, ~1.0-
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Multipole L
[SPT Collaboration (2020)]
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® Parity-violating signals in the CMB polar. data,
which imply isotropic cosmic birefringence:

B~ 03
e ¢FF of ALP can be the origin of 5 -
g
p=-Ad
2
e While CZEB X CZEE for uniform f,
time evolution of ALP leads to g Mo
different shape of C/**. s
%
® Cosmic birefringence by ALP can also be i 107
tested by anisotropic biref. and oscillation - .
of polarization. e

l
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