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• The expected level of the Background of GW detected by the 
PTAs can be robustly estimated from the local census of BHs. 


• The level of the Background seems high compared to the 
expectations based on the current census. If BHs are missing 
from the local count it is unclear what mass they should have to 
be consistent with all constraints. 


• In addition to the amplitude (and slope) there is another 
informative parameter that can be constrained with current 
observations, the typical number of sources that contribute to 
the background. One can use this to constrain the number and 
typical mass of the BHs that contribute most.  

Executive Summary

Work done with Gabriela Sato-Polito and Eliot Quataert
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• Amplitude of the spectrum


• Information as a function of frequency


• Summary

Outline

Implication of the PTA results

Quick advertisement of results related to LIGO/VIRGO



Implications of the  
amplitude of the GW 
Background



PTA Results
Relation to local population of BHs

• Local black holes are the remanent of the mergers that 
produced the GW background.


• How many times did they merge? What was the mass ratio? At 
what redshifts?


• The relation is very robust and insensitive to number of mergers 
and redshift.



Local population of BHs
Scaling relations



PTA results
Which BHs contribute

Peak contribution determined by the brake in the mass 
function. Contribution to the GW background peaks at a 
slightly higher mass.  



PTA results
Relation to local population of BHs

There are two basic parameters we might try to constrain, the overall normalization of the mass 
function and the mass that contributes the most. One can change these quantities by changing the 
scaling relations or their scatter, etc. 



How to change the local population

Matching the measure background requires a population of BHs that have not been 
observed before. 



Predictions for local surveys

Matching the measure background would imply for 
example 60 BHs above 1010  or 2 above 1011 in a 
local survey of 100 Mpc radius. 

Observed points from:



Implications of the  
measurements as a 
function of frequency



PTA results
Detections as a function of frequency



Modeling the distribution of power
Relation to the luminosity function

Averages in terms of Luminosity function

Power from a collection of sources

Distribution 

Fourier transform 



Modeling the distribution of power
Relation to the luminosity function

The distribution of power has a Gaussian like core and an tail. The mean of the distribution and the 
location of the peak can be very different. 

Things change rapidly with model parameters and frequency but that evolution can be understood 
analytically. 

Although the Luminosity function is not a power law, most of the aspects of the distribution of power 
can be understood using that case as a reference. In that case there are analytic expressions. 



The luminosity function
General expression

In terms of chirp mass

Volume factor

Mass vs strain

General conclusions



Characteristic number of sources
The shape of the probability distribution



Characteristic number of sources
The shape of the probability distribution

In the rescaled variables the shape of the luminosity 
function is fairly Universal. So the data depends 
only on one parameter, the characteristic number of 
sources. 


Furthermore results are very close to the one of a 
power law, with the slope at the place where the 
typical number of sources is one. 

The distribution of power looks like a Gaussian core with a power law tail. 


The power law tail is directly given by the luminosity function of sources, the easiest way to obtain a very 
high value of the total power is to have one very bright source. 


The Gaussian-like core is determined by the numerous and faint sources. As their importance grows as the 
shape of the distribution is progressively closer to a Gaussian. 



PTA results
Poisson Fluctuations



PTA results
Implication of the frequency measurements

Nc can already be constrained with current data and provides 
interesting information about the local population of BHs



PTA results
Individual Sources





Summary
• Mergers of SMBHs are the expected source of this background. 

Its amplitude can be related. The amplitude of this background 
can be calculated based on the local population of Black Holes


• The measured amplitude is large compared to baseline 
predictions. 


• Adding a small number of heavy black holes would increase the 
background but would lead to fluctuations in the power that are 
not seen


• Another solution if to increase the overall size of the population 
of BHs but the increase is substantial. 


• Current observations constrain a second parameter in addition 
to the amplitude and thus both the number density and typical 
mass of the BHs that most contribute can be constrained. 


