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  :   —> cosm. birefringence.   But  cannot be DM at CMB epoch 

                       :  can be DM   -  but (so far): birefringence suppressed if 
                 

                                                                                                   (rapid oscillations of  during )                    

10−33 eV ≲ ma ≲ 10−28 eV a a

ma ≳ 10−28 eV a

a Δτrec,99% ∼ 0.5 Myr

recombination 

Birefringence from Axion-like Dark Matter

Cosmological Birefringence from Axions
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   Inhomogeneous axion (or axion-like) field  
  
  —> optically active medium 

  —> rotation of polarization of light (birefringence)  

   achromatic effect (cf. Faraday rotation ) 

a

∝ 1/λ2

 = 1090 z*

adapted from Y. Minami

z = 0 
observer 

[Carroll, Field & Jackiw 90, Carrol & Field 91, Harari & Sikivie 92, Carroll 98,  
Lue, Wang & Kamionkowski 99, Liu+ 06, Feng+ 06, Finelli & Galaverni 09,  

Arvanitaki+ 10, Galaverni+ 15, Fedderke, Graham & Rajendran 19, Fujita+ 20] 

Δα

Δα ≃
gaγ

2 ∫C
ds nμ∂μa ≃

gaγ

2
Δa



recombination 

Birefringence from Axion-like Dark Matter

Birefringence from oscillating Axion DM
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   Inhomogeneous axion (or axion-like) field  
  
  —> optically active medium 

  —> rotation of polarization of light (birefringence)  

   achromatic effect (cf. Faraday rotation ) 

a

∝ 1/λ2

 = 1090 z*

adapted from Y. Minami

z = 0 
observer 

[Carroll, Field & Jackiw 90, Carrol & Field 91, Harari & Sikivie 92, Carroll 98,  
Lue, Wang & Kamionkowski 99, Liu+ 06, Feng+ 06, Finelli & Galaverni 09,  

Arvanitaki+ 10, Galaverni+ 15, Fedderke, Graham & Rajendran 19, Fujita+ 20] 

Δα

Δα ≃
gaγ

2 ∫C
dη nμ∂μa ≃

gaγ

2
Δa

• This work: 

  - Consider oscillating        ,               , phase, start of oscillation 

  - Recombination Visibility fn.         from Planck, local obs. Window  

  - Difference of recombination & local signals  

  - Obs. CMB are photons arriving together from across 

V(η) W(t)

ωa = maa(t)

V(η)



Axion DM Birefringence
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• Our recent work: 

  - Consider oscillating        ,               , phase, start of oscillation 

  - Recombination Visibility        , local Window  

  - Obs. CMB are photons arriving together from across 

  - Difference of recombination & local signals: birefringence 
 

V(η) W(t)

ωa = maa(t)

V(η)
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Axion DM Birefringence
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• Our recent work: 

  - Consider oscillating        ,               , phase, start of oscillation 

  - Recombination Visibility        , local Window  

  - Obs. CMB are photons arriving together from across 

  - Difference of recombination & local signals: birefringence 
 

V(η) W(t)

ωa = maa(t)

V(η)
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Constraints on the Fraction of DM in the form of ALPs

multiplies  Fa (Δa /a0) below

To give constraints on  
axion-photon coupling….. 
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Isotropic Birefringence Constraints
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Isotropic Birefringence Forecasts
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Isotropic Birefringence Forecasts
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Hint!? of Cosmic Birefringence
Breakthrough analysis  

of Planck 2018 CMB polarization data
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Compared Birefringence from  
CMB      Galactic CMB foreground 

   —> isolated detector (HFI) miscalibration angle uncertainty 

   —> reduced systematic error by x 2

Y. Minami

↔

Planck 
Collaboration 
I. XLIX 2016

cf.
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Axion-Like Dark Matter Constraints from Parametric Resonance & CMB Birefringence

Interpretation of Cosmic Birefringence
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Y. Minami

Planck 
Collaboration 
I. XLIX 2016

cf.

Critical Assessment 

• Dust effects: full investigation (see recent Galactic dust EB - Clark 2105.00120)   
• Foreground effects and EB 
• Fresh look at systematics, instrument modelling 
• Low significance 2.4    : needs to be compared to other CMB data 
• Independent Verification!

Future Observations:  SO, BICEP Array, CMB-S4, CMB-HD, LiteBIRD, PICO

σ

Our theory constraints & forecasts:



Axion-Like Dark Matter Constraints from Parametric Resonance & CMB Birefringence

Summary 

CMB Birefringence probe of Axion(-like) Dark Matter  

• Cosmic birefringence constraints are upto 4 orders 
stronger than x-ray AGN in cluster constraints 
(Chandra). 

• Mass scales probed by CMB in log (ma/eV)              
-29 to -27    and    -26 to -21 (upto FDM)  

• CMB-S4, PICO, CMB-HD can all improve by 1-2 orders 
of mag. in axion-photon coupling 

• Exciting obs. hint of 0.35 (0.14) isotropic birefringence                    
—> if confirmed could reveal axions contributing to 
dark matter 
 

Pranjal Trivedi (Hamburg) 12

CMB Birefrengence robust probe of aDM :  

Independent of  

• Astrophysical magnetic fields, unknown P_B (k) 

• DM density assumptions/enhancements/spikes 

• Astrophysical polarised source  

adapted from Y. Minami

Δα
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Thank you


