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GWs from the early universe
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GWs from the thermal plasma

Cosmic Gravitational Microwave Background (CGMB)

[Weinberg 72] [Ghiglieri, Laine, 15] [Ghiglieri, Jackson, Laine, Zhu, 20] 
[Ringwald, JSE, Tamarit 20], [Ghiglieri, JSE, Speranza, 22],
[Laine, Ghiglieri, JSE, Speranza, 24]
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Outline

● Scalar model:
● Standard Model (SM): 
● Beyond the SM (BSM) theories:



 



 



 



 

Single graviton production dominates if



 

Quantum gravity effects are small 
corrections. They suppressed by a factor 
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GWs from the thermal plasma in SM

SM gauge couplings



 

[2004.11392] 

Single graviton production processes

GWs from the thermal plasma in SM



 

GWs from the thermal plasma

From BBN and CMB:
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Graviton pair production processes

[2401.08766]

In SM double graviton production dominates if

GWs from the thermal plasma in SM
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Conclusions
● CGMB is guaranteed stochastic GW background 

which peaks in GHz regime
● Powerful probe of particle physics models 
● Peak amplitude determines maximum temperature
● Quantum gravity effects are encoded as density 

perturbations in GW spectrum
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Distribution functions
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CGMB in modifierd cosmology

[Muia, Quevedo, Schachner, Villa 23]



 

Sensitivity to stochastic GWs

From BBN and CMB:

We can only constrain:

BUT

Graviton photon conversion in galactic or earth magnetic field seems more promising...



 

Astrophysical detection of Stochastic GWs

[He, Giri, Sharma, Mtchedlidze, Georgiev, 23]
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