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max scale to 
trust simulations 

GW emission length scale in units of t 

modified by: 

o  GW emission 
Assumes  about 1 
kink/cusp per loop 
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GW emission length scale in units of t 

modified by: 

o  GW emission 
 
o  GW back-reaction GW back-reaction scale in units of t 
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modified by: 

o  GW emission 
 
o  GW back-reaction 

 
o  GW signal depends on number of cusps and kinks 

Not known from simulations 
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modified by: 

o  GW emission 
 
o  GW back-reaction 

 
o  GW signal depends on number of cusps and kinks 

Damour, Vilenkin (2001)  
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modified by: 

o  GW emission 
 
o  GW back-reaction 

 
o  GW signal depends on number of cusps and kinks 

Blanco-Pillado, Olum, Shlaer (2015) 
Wachter, Olum (2017) 
Wachter, Olum  (2017) 
 

Ringeval, Sakellariadou, Bouchet (2007) 
Lorentz, Ringeval, Sakellariadou (2010) 
Blanco-Pillado, Olum, Shlaer (2014) 



Some recent results 
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Distinction between Individually separable events (bursts) and the stochastic 
background is done (as usually) through the value of  

Numerical constant that contains all theoretical uncertainties 
associated with type of GW source (cusps, kinks, kink-kink collisions) 

amplitude decays as                but #events per loop           
                              oscillations goes as 
                              square of # kinks 

 may change... 
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 Visibility domains 

Kink events 

The fundamental 
mode of each loop 

imposes a lower cut-
off in the size of the 

loops that are visible at 
the pulsation  

Only loops with >1 oscillate slow 
enough to have a red-shifted 

fundamental mode 1< 

GW fast enough to be 
interpreted as stochastic 
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These features are the result of the 
decay and back-reaction scales 
entering the visibility domain  
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Produced by loops 
in the matter era 

High-frequency plateau produced 
by loops in the radiation era 
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Produced by loops 
in the matter era 

High-frequency plateau produced 
by loops in the radiation era 

The cusp case dominates over the kink by about one order of 
magnitude and the kink case dominates over the kin-kink 

collision by also about one order of magnitude  
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The overall peak is significantly higher than the knee while its amplitude 
decreases with Gμ much slower than the amplitude at the knee frequency. 

 



Some recent results 
Ringeval, Suyama 1709.03845 
 
 
 



Some recent results 
Ringeval, Suyama 1709.03845 
 
 
 



Some recent results 
Ringeval, Suyama 1709.03845 
 
 
 



Comparison 

All studies find a plateau at high frequencies, a maximum and a fast decay at 
low frequencies. 
 
 
 



All studies find a plateau at high frequencies, a maximum and a fast decay at 
low frequencies. 
 
 
 

Ringeval, Suyama 1709.03845         vs.            Blanco-Pillado, Olum, Shlaer (2014) 
 
 
Lorentz, Ringeval, Sakellariadou (2010) 
Ringeval, Sakellariadou, Bouchet (2007) 
 

No thermal history effects 
Cusp events only 

Comparison 
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Comparison 

Peak and 
knee are 
merged  

It matches exactly ref * 

10% agreement with  
of ref* 
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Comparison 

The overall peak is significantly higher than the knee while its amplitude 
decreases with Gμ much slower than the amplitude at the knee frequency. 

 
Also the effect of thermal history lowers the plateau by 3 orders or magnitude 
around LIGO frequencies. 



Effects of microstructure 
Ringeval, Suyama 1709.03845 
 
 
 

Back-reaction very efficient 
Stochastic bckd dominated by kinks           
and not by collisions 
Stochastic bckg dominated by collisions 

Copeland, Kibble 
(2009) 
 
 
 

Worry about 
value of  and 
distribution of 
kink angles 
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Constraints on G 
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•  Thermal history is taken into account 
 
 

 
 
 
•  Gravitational back-reaction is considered through a toy model of smoothing 
   -- kinks are not considered (smoothed out by `convolution’) 
 
 
•  Assumed flat background 
 
•  Find cusps and compute radiation power spectrum 
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Pulsar Timing Array:  


