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1. ALPS II and sensitivity prospects due to 
axion birefringence 

2. High frequency gravitational waves. 
3. Conclusions

OUTLINE



Camilo García-Cely

AXION BIREFRINGENCE



Camilo García-Cely

AXION BIREFRINGENCE

Geometric optics limit
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AXION BIREFRINGENCE
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ALPs II experiment at DESY

THE ALPS EXPERIMENT 
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ALPs II experiment at DESY
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THE ALPS EXPERIMENT -Polarimetry enables use of these cavities 
without requiring a magnetic field. 

-Similar optical infrastructure is now being 
considered for a Standard-Model 
measurement of vacuum magnetic 
birefringence; see by Spector et al., 
arXiv:2510.14064 

-At the MHz range,  limited by the shot noise. 
The higher the frequency of the laser the 
higher the noise. The higher the power, the 
lower the noise.

2025,  CGC, Marsili, Ringwald, Spector
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HIGH-FREQUENCY GRAVITATIONAL WAVES



A growing 
community is 
seriously 
considering the 
search of high 
frequency 
gravitational 
waves 

High-frequency gravitational waves
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AXION BIREFRINGENCE

Geometric optics limit
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BIREFRINGENCE DUE TO A  GRAVITATIONAL WAVE

Geometric optics limit

dei

dt
= (Γ0

ρλ
dxi

dt
− Γi

ρλ) dxρ

dt
eλ

See e.g. Weinberg 2008
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BIREFRINGENCE DUE TO A  GRAVITATIONAL WAVE

See e.g. Weinberg 2008

Geometric optics limit

dei

dt
= (Γ0

ρλ
dxi

dt
− Γi

ρλ) dxρ

dt
eλ

The effect depends on the  
polarization and the direction
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PROJECTED SENSITIVITY FOR GRAVITATIONAL WAVES
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• For GWs coming from the zenith, 
the cross polarization has the 
same cavity response function as 
axions 

• The plus polarization decouples
(selection rules) 

2023,  Domcke, CGC, Lee, Rodd
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PROJECTED SENSITIVITY FOR GRAVITATIONAL WAVES
2025,  CGC, Marsili, Ringwald, Spector
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- I discussed the evolution of light polarization as it propagates through the background of 
axion DM or that of a passing plane GW.  

- For axions, the polarization vector of linearly polarized light rotates around the direction of 
propagation. 

- For GWs, the polarization changes, though the effect goes beyond a simple rotation about 
the direction of motion.   

- Geometric optics provide a unified treatment of these effects, demonstrating that the 
polarization evolution in all cases originates from the same underlying physics. Synergy 
between searches for axion DM and those for GWs.  

- These effects can be exploited in the optical cavities of the ALPS II experiment, initially 
designed to observe the light-shining-through-a-wall induced by axions, but easily adaptable 
to measure polarization effects from other sources.  

- For axions dark matter, this search is competitive with other laboratory-based experiments 
and with astrophysical searches, particularly near resonance frequencies.  

- With only minor modifications, the ALPS II experiment may be able to explore currently 
unconstrained parameter space by other strategies proposed to search for high-frequency 
GWs. 

CONCLUSIONS
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OPTICAL CAVITY

The laser is held on the cavity resonance . 
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