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The sources of MGz gravitational waves 

- The early universe 

 

- Primordial black holes 

 

- Exotic compact objects 

 

- Topological defects 
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Relic gravitational waves in cosmological models 

• Inflation ⇒ cosmological perturbations ⇒ large-scale structure 

formation (by scalar perturbations) and relic gravitational waves 

(tensor perturbations) 

 

• Scalar and tensor perturbations ⇒ CMB anisotropy and polarization 

⇒ observational constraints 

 

• For the case of GR these constraints restrict the possible types of 

potentials of inflaton 

 

• For the case of modified gravity theories the models with arbitrary 

potentials can satisfy the observational constraints 

 

• Restriction on modified gravity theories  

  

(detection of gravitational waves from neutron star merging) 
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The main parameters of relic GWs 
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The stages of the universe’s evolution 



The spectrum of relic GWs at the modern era 
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The value of tensor-to-scalar ratio and frequency of relic GWs at 

the radiation domination era depends on the type of the 

cosmological model 
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For standard slow-roll inflation one has 
1

3
S RDw w   (SD stage is absent). 



The spectrum of relic GWs for standard slow-roll 

inflation 



The spectrum of relic GWs for inflation with 

additional SD stage 



Primordial black holes 

•  Primordial binaries 
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• Capture in primordial BH haloes 
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with frequencies from kHz up to GHz. 



Exotic compact objects: boson star binaries 

For inspiral phase 
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The GW amplitude for a boson star binary formed by equal mass objects is 
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is the compactness parameter. 

where D is the distance between the source and the observer. 

The examples of the boson star models on the basis of modified gravity theories: 

S. V. Chervon, J. C. Fabris, I. V. Fomin, Black holes and wormholes in f(R) gravity 

with a kinetic curvature scalar. 2021, Class. Quantum Grav. 38, 115005. 
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Topological defects: Cosmic strings 

A cosmic string loop oscillates relativistically under its tension and emits GWs in 

a series of harmonics with frequencies which depend only on the length of the 

loop      and the harmonic mode n. SL

The frequency of gravitational waves is 
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For the frequencies                     Hz the spectrum of GWs is flat and the value of 

the energy density is estimated as follow 
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where Gµ is the dimensionless tension of the string and Γ is the dimensionless 

total power emitted by the loop. 



MHz gravitational waves detection 

Application of gravitational-optical resonance in Fabry-Perot interferometers 

for detection of the high-frequency gravitational waves. 

Gravitational-optical resonance in a multibeam interferometer occurs if the 

condition is fulfilled that an integer number of half-waves of gravitational 

radiation fits into the cavity length L, namely 
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For n = 1, the relative variations in the power of laser radiation in the field of 

a gravitational wave 
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The maximum sensitivity                                  can be achieved for GWs with 

frequencies of 5-10 MHz. 
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The developed scheme of the complex for testing 
the registration gravitational waves  
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1 – Nd:YAG laser1064 nm,  

2 – mirror, 

3 – beam expander,  

4 – pinhole, 

5 – Fabry-Perot interferometer ,  

6 – focusing lens, 

7 – long-wave filter, 

8 – beam splitter,  

9 – camera, 

10 – photodetector DET10N2, 

11 – data collection system,  

12 – data processing system  

Characteristics Value 

Cavity length  2 m 

Pump laser wavelength  1064 nm 

Laser power  1 W 

Signal sampling frequency  till 20 MHz 

Main characteristics 



2m 

Band width 70 MHz 
Spectral range  500-1700 nm 
Equivalent noise 
power (NEP) 

2,0·10-14 
W/Hz 

Size 0,8 mm2 

Laser output power  (λ=1064 нм) 1 W 
Mod composition  TEM00 
Polarization at 1064 nm  linear  
Line width 10 kHz 
Free dispersion region of a laser  GHz 
Temperature tuning sensitivity  0,005 nm/C 

Spectral range  190 – 1100 nm 
Matrix size  6,5 х 4.8 mm 
Number of elements  1390 х 1040 
Dynamic range  59 dB 
Minimum detectable  
signal  

0,63 nW/cm2 

mirrors 

laser 

photodetector  

camera 

Size 20 mm 
Spectral range  1064 nm 
reflection 99,99 

long-wave filter 

beam expander 

Wavelength 1064 nm 
expansion 10x 
Transmission >98,5% 

Size 25 mm 
Spectral range  1064 nm 

R/T=10/90 

beam splitter 



Experimental research  

Images of the central spot recorded on a 

video camera for a short period of time. 

The signal measurement time was 3 s.  

The temporal order of images goes from 

left to right and from top to bottom  



Experimental research  

Long-term signal recording on the photodetector  

with a frequency of 1 MHz. Duration 20 min. 
Reconstructed spectrum of the signal  
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