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Cosmic Microwave Background (CMB)
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Cosmic Microwave Background (CMB)

▪ (Nearly) Perfect Blackbody
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Cosmic Microwave Background (CMB)

▪ (Nearly) Perfect Blackbody
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Any deviation?

(spectral distortion)
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Polarization of CMB
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Polarization of CMB
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Polarization of CMB
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CMB Birefringence
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Cosmic Birefringence

▪Birefringence
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Cosmic Birefringence

▪Birefringence
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Cosmic Birefringence

▪Axion Background
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Cosmic Birefringence
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Cosmic Birefringence

▪Axion Background
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Cosmic Birefringence
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Polarization of CMB
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Polarization of CMB
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E-mode
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Cosmic Birefringence
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A hint for parity violation

in our universe?  

[Eskilt, Komatsu 2205.13962]

Isotropic Birefringence
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What if: Birefringent “Dark” Photon?



CMB and Dark CMB
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CMB at Visible Universe



CMB and Dark CMB
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Dark CMB at ‘Dark Universe’
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Key Question
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Key Question
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Massless Dark Photon & Kinetic Mixing 
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Massless Dark Photon & Kinetic Mixing 
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Diagonalization



Massless Dark Photon & Kinetic Mixing 
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Diagonalization

Interaction terms



Massless Dark Photon & Kinetic Mixing 
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Diagonalization

Interaction terms

milli-charged particle



Constraints on 𝝐 : milli-charged particle
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Modified Maxwell Equations
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Modified Maxwell Equations
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Modified Maxwell Equations
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freely propagates in SM vacuum
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Theory of Polarization



Theory of Polarization
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Decomposition

Theory of Polarization



Theory of Polarization
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Decomposition

Theory of Polarization

P: degree of polarization



Theory of Polarization
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Jones Matrix

Decomposition

Theory of Polarization

P: degree of polarization



Intensity

Polarization Tensor

Theory of Polarization
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Jones Matrix

Decomposition

Theory of Polarization

P: degree of polarization



Stokes Parameters
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Stokes Parameters
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Birefringence angle



Stokes Parameters
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Birefringence angle

Circular polarization
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‘Birefringent’ Dark Photon



Initial Setup and Birefringent DP
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[SML, DW Kang, J-O Gong, D Jeong, D-W Jung, SC Park, 2307.14798]
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Initial Setup and Birefringent DP
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Birefringent Dark Photon
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▪ Birefringence (𝑼 ≠ 𝟎)  

▪ No circular polarization (𝑽 = 𝟎)  

▪ No Intensity change



Birefringent Dark Photon
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▪ Birefringence (𝑼 ≠ 𝟎)  

▪ No circular polarization (𝑽 = 𝟎)  

▪ No Intensity change * This is what happens with axion
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Effects on Photon & Implications



Jones Matrix of SM Photon
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Observation:

is time-independent

freely propagates

⇒



Jones Matrix of SM Photon
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▪ This result is independent of the specific form of 𝛃𝐗(𝐭)

▪ Intensity changes (spectral distortion)

[SML, DW Kang, J-O Gong, D Jeong, D-W Jung, SC Park, 2307.14798]



Spectral Distortion
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For blackbody, 

Characteristic frequency dependence (suppression at large k) 

from ∆𝑁𝑒𝑓𝑓



Polarization of SM Photon
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Polarization of SM Photon
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▪ Birefringence (𝑼 ≠ 𝟎)  
[SML, DW Kang, J-O Gong, D Jeong, D-W Jung, SC Park, 2307.14798]



Polarization of SM Photon
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▪ Birefringence (𝑼 ≠ 𝟎)  

▪ No isotropic birefringence at 𝑶(𝝐)

▪ Non-zero variance
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Polarization of SM Photon
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▪ Birefringence (𝑼 ≠ 𝟎)  

▪ No isotropic birefringence at 𝑶(𝝐)

▪ Non-zero variance
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Polarization of SM Photon
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▪ Circular Polarization (𝑽 ≠ 𝟎)  

[SML, DW Kang, J-O Gong, D Jeong, D-W Jung, SC Park, 2307.14798]



Polarization of SM Photon
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▪ Circular Polarization (𝑽 ≠ 𝟎)  

[SML, DW Kang, J-O Gong, D Jeong, D-W Jung, SC Park, 2307.14798]

[1704.00215 ]



Possible Implication
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[Preliminary]



Possible Implication
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[Preliminary]



Conclusion

▪ There have been some signals of parity violation in cosmology.

▪ e.g. cosmic birefringence, galactic 4-point function, etc.

▪ This may signal the existence of parity violation in the dark sector.

▪We constructed the polarization tensor of two massless photons

and explored the observational consequences in CMB.

▪ Spectral Distortion
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▪ Birefringence ▪ Circular Polarization
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Back-ups



B-mode Polarization
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lensing-induced B-modes

primordial B-mode 



EB Correlation
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Pictorial Understanding
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