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Motivation 

The Gertsenhstein effect  

Axions versus high-frequency 
gravitational waves 
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High-frequency gravitational waves

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

Coherent 
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Revisiting Gertsenhstein’s ideas
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• The conversion of gravitational waves into electromagnetic waves 
is a classical process. Its rate does not involve  

• Cosmological conversion 

• The process is strictly analogous to axion conversion.

ℏ

Raffelt, Stodolski’89
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P ∼ GB2L2

The (inverse) Gertsenhstein Effect 
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The (inverse) Gertsenhstein Effect 
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The (inverse) Gertsenhstein Effect 
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• Helioscopes  

• Haloscopes  (radio frequencies) 

• Purely lab experiments 

a

a a

a

• microwave cavities 
• MADMAX 
• ADMX 
• HAYSTAC 
• ABRACADABRA 
• Lumped element detectors 
• …

• CAST 
• IAXO 
• …..

• Light shining through the walls 
• OSCAR 
• ALPS II 
• …
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Hoof et al, 2021

Solar emission of axions
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García-Cely, Ringwald, 2024 

Solar emission of gravitational waves
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Microscopic contribution:   graviton emission
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Solar emission of gravitational waves

Bremsstrahlung Photoproductıon

García-Cely, Ringwald, 2024 
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Macroscopic contribution:   Hydrodynamical fluctuations 
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Solar emission of gravitational waves

García-Cely, Ringwald, 2024 
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Solar gravitational waves

García-Cely, Ringwald, 2024 
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Primordial-plasma 
gravitational waves

Solar gravitational waves

García-Cely, Ringwald, 2024 
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Primordial-plasma 
gravitational waves

Solar gravitational waves

García-Cely, Ringwald, 2024 
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PRELIMINARY 

Solar emission of light spin-2 particles
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PRELIMINARY 

Solar emission of light spin-2 particles
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Conclusions
• The high-temperature plasma within the solar interior generates stochastic gravitational waves. 

• We reexamined this phenomenon due to its significance as the primary source of high-frequency 
gravitational waves in the solar system. 

• Our analysis builds upon existing studies of axion emission from the Sun, particularly regarding the 
treatment of plasma effects. 

• Similar to several well-motivated signals from the Early Universe, we find that the resulting 
gravitational wave spectrum is several orders of magnitude below the current sensitivity of axion 
helioscopes, such as (Baby)IAXO. 

• This study represents a step toward establishing a multi-frequency gravitational wave background 
from Standard Model processes, analogous to that of neutrinos. 

• Our approach can be extended to other stellar plasmas, such as those in white dwarfs and neutron 
stars, as well as to early Universe stages following nucleosynthesis, where plasmas are also non-
relativistic. 

• Whether future advancements will enable the necessary sensitivity to probe these signals remains 
an open question. 


