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A pseudo-scalar field with a potential and Chern-Simons coupling to photons can 
reproduce both!
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COSMOLOGY SCALAR FIELD
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Models
Chern-Simons term
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Change:    
w(z)

Δ" → $

anomaly coefficient 

Model
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• CMB: Planck NPIPE (PR4) CamSpec high-  TTTEEE + Planck 2018 low-  TT and 

EE (9915 + 56 data-points). distance to last scattering, ISW effect 

• SNe:  (1701 light curves from 1550 Sne Ia in  z [0.001,2.26]). 

expansion rate at low redshift 

• BAO: DESI DR2 (13 data-points in z [0.295,2.33] from galaxies, quasars, and 

the Lyman-α forest).   

• CB:  ACT DR6  β = 0.215 ± 0.074 deg.

ℓ ℓ

Pantheon+ ∈  

∈

Yunzhi Wu



8

Cobaya 
MCMC 

CLASS DDE ver. 

Cosmology Data: 
Planck CMB, DESI BAO,  

Patheon SN 
+ 

ACT Birefringence β

Cosmology Parameters: 
 + nuisance H0,𝐴𝑠,  𝑛𝑠,  𝜔𝑏,  𝜔𝑐𝑑𝑚,  𝜏𝑟𝑒𝑖𝑜

Sample

BSM parameters: 
𝑓,  𝜇(𝑚) 𝜙′￼, 𝜙𝑖𝑛𝑖,  𝑐𝜙𝛾

Power Spectra TTTEEE 
Expansion history likelihoods

Methods

𝐻(𝑧),  𝑟𝑑…
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Axion-like potential
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Linear potential
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GUT scale

Yunzhi Wu



Constraints
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CDM:Λ

3𝜎
+ 4𝜎

4 . 9𝜎
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Models comparison
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w(z)
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w(z)
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DESI DR2 Results II
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w(z)
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β(z)
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Too fine-tuned? 

reionization

CMB: β = 0.215 ± 0.074 deg
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β(z)
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Too fine-tuned? 
Check the birefringence angle of 
reionization photons: LiteBIRD 
SKA radio 

reionization

CMB: β = 0.215 ± 0.074 deg
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• Evidence for Dynamical Dark Energy over a cosmological constant at about 3  level 
(cosmology data only). 

• 4  level when cosmic birefringence is included. 

• An axion-like potential is a viable model only for large values of the anomaly coefficient!  

• Scenarios in which the pseudo-scalar field rolls down a potential with quadratic, linear, or 
Ratra–Peebles forms can provide a good fit, with a symmetry-breaking scale close to the 
GUT scale. 

𝝈

𝝈
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Discussion
• Future experiments as  
• LiteBIRD (CMB)  
• SKA 		  (radio)  
can rule out/constrain these models through birefringence tomography  

• Gravitational effects in non-linear scale (galaxy clusters, or even smaller)?  
• w(z)<-1 (phantom crossing)
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THANK YOU!
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