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We can constrain 𝑚𝜙 from 𝐶ℓ
𝐸𝐵 to determine e.g. whether axions behave as DE or (a fraction of) DM
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Dynamics of axions

𝑧

𝜙
𝐻(𝑧osc) ∼ 𝑚𝜙

𝑚𝜙 ∼ 10−28eV

Rotating recombination signals only

ReionizationRecombination

𝛽rec ≃
𝑔

2
𝜙in 𝛽rei ≃ 0

𝜙in

Polarization from reionization and recombination could be differently rotated depending on 𝑚𝜙



reionization

Mass dependence of 𝐶ℓ
𝐸𝐵

Reionization bump depends on axion mass

10−32eV ≪ 𝑚𝜙 ≪ 10−28eV

𝑚𝜙 ≪ 10−32 eV

𝑚𝜙 ≫ 10−32 eV

𝑙
𝑙
+
1
𝐶
𝑙𝐸
𝐵
/2
𝜋

[𝜇
K
2

]



𝑚𝜙 ∼ 10−28eVMass dependence of 𝐶ℓ
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• Shifting scales of acoustic peaks
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Mass dependence of 𝐶ℓ
𝐸𝐵 𝑚𝜙 ∼ 10−28eV

• Shifting scales of acoustic peaks

• Suppressing 𝐶𝑙
𝐸𝐵 amplitude

• Sign of 𝐶𝑙
𝐸𝐵 becomes negative as 𝑚𝜙 increases
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Mass dependence of 𝐶ℓ
𝐸𝐵 𝑚𝜙 ∼ 10−28eV
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• 𝐶𝑙
𝐸𝐵 is sensitive to 𝑚𝜙

Constraining axion by measuring 𝐶ℓ
𝐸𝐵

(𝐶ℓ
𝐸𝐵 = 2𝛼𝐶ℓ

𝐸𝐸)

How significantly can we constraint axion parameters using ongoing and future experiments?

• We do not have to worry about the uncertainty of the instrumental miscalibration angle (𝛼)

Using the full shape of 𝐶𝑙
𝐸𝐵 , we can break degeneracy between axion parameters and miscalibration angle



Ongoing and Future Large CMB Projects

Simons Observatory (early 2020s)

POLARBEAR ACT

SPT/BICEP

LiteBIRD (will be launched in 2028)

2020s – 2030s is the very exciting era for cosmology using polarization

(2020s - 2035)
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• energy density of 𝜙 which affects the background evolution
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We simplified our calcuation by ignoring

Ω𝜙ℎ
2 < 0.006 is required (Hlozek et al. 2015)DM-like: 10−32 eV ≪ 𝑚𝜙 ≪ 10−25 eV

DE-like: 𝑚𝜙 ≪ 10−32 eV considered as cosmological constant

• energy density of 𝜙 which affects the background evolution

• gravitational lensing effect on EB

• anisotropic birefringence

(Capparelli 2020)𝛿 ሷ𝜙 + 2ℋ𝛿 ሶ𝜙 + 𝑎2𝑉′′𝛿𝜙 + 𝑘2𝛿𝜙 = ሶത𝜙 3 ሶΦ + ሶΨ − 2𝑎2𝑉′Ψ



Biref signal (EB) from 𝑧 ∼ 8

Upper bound on EB Dust

Dust (BB)

FG cleaning

GW signal (BB)

• 𝐶𝑙
𝐸𝐵 signal is much larger than 𝐶𝑙

𝐸𝐵 dust FG after 
a FG cleaning method which realizes a detection of 
inflationary BB with r=0.001, a main goal of LiteBIRD

• Frequency dependence of mis-calibration angle can lead 
to e.g. anisotropic and/or ell-dependent 𝛼, depending on 
FG cleaning methods, more work needed. 

Discussion

We need a foreground (FG) cleaning to accurately measure large scale 𝐶𝑙
𝐸𝐵

However, FG is not important for high-ℓ 𝐶𝑙
𝐸𝐵 (i.e., 𝑚𝜙 ≫ 10−28 eV)



Discussion

Possible extensions

providing low-z cosmic birefringence

• including multiple axion fields (e.g. Obata 2022)? (Obata-kun’s talk)

• other possible sources of cosmic birefringence?

• remote quadrupole as a new tomographic information?



Summary

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

We found that 𝐶ℓ
𝐸𝐵 ≠ 2𝛽𝐶ℓ

𝐸𝐸 and the shape significantly depends on 𝑚𝜙

Especially, reionization bump and high-ℓ features in 𝐶ℓ
𝐸𝐵 can be used to constrain 𝑚𝜙



Backup



Approximate birefringence angle

𝛽 =
𝑔

2
(𝜙 𝜂0 − 𝜙(𝜂rec))

𝛽 ≡
𝑔

2
(𝜙 𝜂0 − ⟨𝜙⟩)

If the visibility function is 𝑔𝑣 𝜂 = 𝛿(𝜂 − 𝜂rec):

For the visibility function deviates from the delta function, we define

𝜙 ≡ ∫ 𝑑𝜂 𝑔𝑣𝜙/∫ 𝑑𝜂 𝑔𝑣
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𝑔𝜙in

2
= 16.5 × 0.35 deg, 𝛼 = 5.5 deg

𝑔𝜙in

2
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𝑚𝜙 = 10−28.5eV
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