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Current status of cosmic birefringence measurements

* Recent analysis of WMAP + Planck data: B = 0.34%383% deg Eskilt & Komatsu (2022)

Stacked observed E'H power spectrum
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However, absolute polarization angle (y) is calibrated with Galactic foregrounds

« To confirm the signal:
Improve understanding of Galactic foregrounds

Improve y calibration

Look for another signs in observables that is not so sensitive to i uncertainties

[Full-shape of the EB angular power spectrum }

Anisotropic cosmic birefringence
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Cosmic birefringence from ALPs

Last Scattering

Observer plane

C{EB obs __
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Axion-like particles (ALPs; ¢) coupled with photons

LD@F Frv

4 24% Ni (1977), Turner & Widrow (1988)

Wide range of mass (m,) and coupling (g) Arvanitaki et al. (2010)

This term makes the phase velocities of right- and left-handed polarization
states of photons different, leading to rotation of the polarization plane

Carroll et al. (1900), Harari & Sikivie (1992)

B = %((pobs — $source)

We can make implications for ALPs by observing g (C;*?)
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Cosmic birefringence from ALPs Sherwin & TN (2023)

* Time evolution of ultralight ALPs

logmy=-48-0

logmgy =29.0

recombination

reionization
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Cosmic birefringence from ALPs Sherwin & TN (2023)

* Time evolution of ultralight ALPs

logmy=-48-0

logmgy =29.0
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recombination Prei = 2 (@ini — Pobs) ~ 0

reionization
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ALP mass dependence of C;* Sherwin & TN (2023)

mg < 10~28eV
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me > 10 ev Nakatsuka, TN, Komatsu (2022)

Reionization bump depends on m,
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ALP mass dependence of C}? Nakatsuka, TN, Komatsu (2022)

EN
()

— my = 10788 v

—_ My = 107279 eV

EN
o

o <
— mg =10"""% eV

my = 107277 v

o
&)

N|_|
Y
=
R
@\
~
[8a)
o
S|
N\
Ao
_I_
=

500 1000 1500 2000 2500 ] 1000 ‘ 500 1750 2
Nakatsuka, TN, Komatsu (2022) redshift z

- Shifting scales of acoustic peaks c.f. birefringence by early dark energy (Murai et al. 2022)

 Suppressing C£? amplitude
* Sign of /¥ becomes negative as m, increases

Future CMB experiments are sensitive to the above features by ALPs
+ Using the full shape of C/® breaks degeneracy between birefringence and v
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Lensed C/* Naokawa, TN (2023)

. o . P'(n) = e*FP(n + Vo)
« Birefringence rotates the polarization plane along the trajectory

1

d(cos ) ] ‘fi:z -y (y ]
Umm' Y 1L
| | | . x CEB AL (v)dy _5(7) . ;
- We derive the lensing correction to C;® by extending formula L Vg
] ] . . 27 d(cosy) di, e (7) = -
of Challinor & Lewis 2005 and implement it to CLASS ’ Vo 1 : Fumihiro Naokawa

x CPB A (7)dh () - (U. Tokyo)

unlensed
lensed (with error bar)

mg = 10780 eV

EB power spectrum
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from Naokawa & Namikawa (2023) arXiv : 2305.13976

We cannot fit observational data without lensing correction to C;*
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Space experiments (mg = 1073%eV) Nakatsuka, TN, Komatsu (2022)

o, = 0.3 deg prior

Planck

logy me.aqa = —30
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l
Use CF? to simultaneously constrain mg ,amplitude and miscalibration angle (i)

Black dashed: approximate values of [g¢;, /2| for a given my, (to realize the Planck measurement: g = 0.34 deg)
Fiducial parameters are not ruled out by observations (Fujita, Murai, Nakatsuka & Tsujikawa 2021)
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Space experiments (mg = 1073%eV) Nakatsuka, TN, Komatsu (2022)

o, = 0.5 deg prior
LiteBIRD
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l
Use CF? to simultaneously constrain mg ,amplitude and miscalibration angle ()

Black dashed: approximate values of [g¢;, /2| for a given my, (to realize the Planck measurement: g = 0.34 deg)
Fiducial parameters are not ruled out by observations (Fujita, Murai, Nakatsuka & Tsujikawa 2021)
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Space experiments (mg = 1073%eV) Nakatsuka, TN, Komatsu (2022)

o, = 0.1 deg prior

LiteBIRD
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l
Use CF? to simultaneously constrain mg ,amplitude and miscalibration angle ()

Black dashed: approximate values of [g¢;, /2| for a given my, (to realize the Planck measurement: g = 0.34 deg)
Fiducial parameters are not ruled out by observations (Fujita, Murai, Nakatsuka & Tsujikawa 2021)
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Space experiments (mg = 107*%eV) Nakatsuka, TN, Komatsu (2022)

g, = 0.1 deg prior

LiteBIRD

logomy i = —28
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oo

l
Use CF? to simultaneously constrain mg ,amplitude and miscalibration angle ()

Black dashed: approximate values of [g¢;, /2| for a given my, (to realize the Planck measurement: g = 0.34 deg)
Fiducial parameters are not ruled out by observations (Fujita, Murai, Nakatsuka & Tsujikawa 2021)
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Ground-based experiments (m, = 107%%eV) Nakatsuka, TN, Komatsu (2022)

o, = 0.5 deg prior

ACT
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l
Use CF? to simultaneously constrain mg ,amplitude and miscalibration angle ()

Black dashed: approximate values of [g¢;, /2| for a given my, (to realize the Planck measurement: g = 0.34 deg)
Fiducial parameters are not ruled out by observations (Fujita, Murai, Nakatsuka & Tsujikawa 2021)
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Ground-based experiments (m, = 107%%eV) Nakatsuka, TN, Komatsu (2022)

0, = 0.5 deg prior

Simons Observatory
loggmefa = —28
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l
Use CF? to simultaneously constrain mg ,amplitude and miscalibration angle ()

Black dashed: approximate values of [g¢;, /2| for a given my, (to realize the Planck measurement: g = 0.34 deg)
Fiducial parameters are not ruled out by observations (Fujita, Murai, Nakatsuka & Tsujikawa 2021)
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Ground-based experiments (m, = 107%%eV) Nakatsuka, TN, Komatsu (2022)

» = 0.1 deg prior

Simons Observatory
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l
Use CF? to simultaneously constrain mg ,amplitude and miscalibration angle ()

Black dashed: approximate values of [g¢;, /2| for a given my, (to realize the Planck measurement: g = 0.34 deg)
Fiducial parameters are not ruled out by observations (Fujita, Murai, Nakatsuka & Tsujikawa 2021)
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Ground-based experiments (m, = 107%%eV) Nakatsuka, TN, Komatsu (2022)

o, = 0.5 deg prior

CMB-54
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l
Use CF? to simultaneously constrain mg ,amplitude and miscalibration angle ()

Black dashed: approximate values of [g¢;, /2| for a given my, (to realize the Planck measurement: g = 0.34 deg)
Fiducial parameters are not ruled out by observations (Fujita, Murai, Nakatsuka & Tsujikawa 2021)
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nm phase ambiguity measured rotation angle Naokawa, TN, et al. (2024)

Observed rotation angle has ambiguity of phase of angle

Last Scattering Last Scattering

/1'8 = 0.3 deg /1,8 = 0.3 + 180 deg

Observer plane Observer plane

BOPS = sin(2 x 0.3) EMP BObS = sin(2 x (180 + 0.3)) ECMB

CMB birefringence analysis could not distinguish f = 0.3 + n x 180 deg (|n| = 0,1, ...)

Nonzero values of n significantly change C;® (next slides)
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nm phase ambiguity measured rotation angle

Naokawa, TN, et al. (2024)

1000 1500
multipole, [
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nm phase ambiguity measured rotation angle

Naokawa, TN, et al. (2024)

1000 1500
multipole,

Toshiya Namikawa, Calibration workshop, Nov 4-8, 2024

19



nm phase ambiguity measured rotation angle

Naokawa, TN, et al. (2024)

1000 1500
multipole,

The power spectrum is not changed at most of the angular scales
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nm phase ambiguity measured rotation angle

Naokawa, TN, et al. (2024)
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The reionization bump is changed significantly
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nm phase ambiguity measured rotation angle Naokawa, TN, et al. (2024)

EE for my

= = =
~ ~ ~
I I
W = 00 kN~ O

=
o~
I

=
o~
I

S S

Il

- R o
!

-~
o~
I
()]
N,

6 8
multipole, {

The reionization bump in CfE is suppressed due to averaging of rotation angles
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Polarized Sunyaev Zel'dovich (pSZ) effect TN & Obata (2023)

‘::i"i'j*‘: Sunyaev & Zel'dovich 1980,
Kamionkowski & Loeb 1997,
Portsmouth 2004

Last scattering surface seen by g
a late-time electron i

7,
&

W

47 Last scattering surface

* pSZ signals can be reconstructed with CMB and LSS observables (see Deutsch et al. 2017)

* pSZcan be used to probe time evolution of ¢ in the late-time universe
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Polarized Sunyaev Zel'dovich (pSZ) effect

TN & Obata (2023)

e Constraints on birefringence angle at each z bin

dashed: ignoring pSZ contributions in B°PS _-®

Low-? E, B: LiteBIRD (¥ < 10)
q%,q®:S4 or HD x LSST galaxies

Constraints are O(0.1) deg at z>>2 with future CMB missions + LSST

Useful to constrain the nm phase ambiguity

c.f. Lee, Hotnli, Kamionkowski (2022)
and Hotinli et al. (2022)
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Summary

 We study in details the ALP-induced cosmic birefringence effect on CMB polarization

 We found that, in general, CfB * ZﬁCfE and the shape significantly depends on my (ALP dynamics)

Sherwin & TN (2023) Nakatsuka, TN, Komatsu (2022)
Naokawa & TN (2023) Naokawa, TN, Murai, Obata, Kamada (2024)

mm) Breaking degeneracy between the absolute angle and birefringence signal,
relaxing the requirement for the angle calibration

For example, Aa~0.5deg is enough to confirm the signal for SO/ 5S4 if me > 10728 eV

* Polarized SZ could provide independent constraint on cosmic birefringence at low redshift
TN & Obata (2023)
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