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What is the NANOGrav Collaboration?

What did they observe?

What are Primordial Black Holes?

What are the authors’ conclusions?

SUMMARY



SUMMARY

Model of a Pulsar and its Detected Intensity

M. Kramer Animations



NANOGrav Physics Frontiers Center 
SUMMARY

NANOGrav Detects Deviations in Pulsar Timing



What Are Primordial 
Black Holes?

SUMMARY



The European Space Agency
SUMMARY

Cosmic Microwave Background Indicates Variation in the 
Early Universe



SUMMARY

Regions of High Density Could Cause a Primordial Black Hole



Gema White 
SUMMARY

Primordial Black Hole Formation by Collapse of Overdense 
Regions in the Early Universe 



How Could PBHs 
Account for the GW 
Background?

SUMMARY



Jeffrey Bryant, Wolfram|Alpha, LLC
SUMMARY

The Formation of Primordial Black Holes Could Cause 
Gravitational Waves



Szczureq
SUMMARY

Primordial Black Holes Could Account for All Dark Matter
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Analysis of Results 
& Conclusions



Key Conclusions

PBHs can explain 
NANOGrav data

PBH mass range 
explains dark 

matter

PBH GW spectrum 
will be detectable 

by LISA

ANALYSIS



How were these 
conclusions reached?

ANALYSIS



ANALYSIS

Authors derived a 
model for the 
PBH mass 

distribution
from early 
universe 

perturbations

Primordial Black Hole Mass Distribution Model



Fraction of dark 
matter consisting of 

primordial black holes
is fixed to one

Mass distribution peaks 
in dark matter range

ANALYSIS

Mass Model Relation to Dark Matter



Model falls into a gap in current 
observations and constraints

ANALYSIS

Detection of Mass Distribution Model



ANALYSIS

Mass distribution 
corresponds to a 
gravitational 

wave spectrum

Gravitational Wave Spectrum of Primordial Black Holes



Gravitational wave 
spectrum falls in 95% 
confidence interval 
of NANOGrav data

ANALYSIS

Gravitational Wave Spectrum Relation to NANOGrav



Gravitational wave 
spectrum is in range 

detectable by LISA

Gravitational Wave Spectrum Relation to NANOGrav

ANALYSIS



Citation Evaluation



Source: Dimensions; Web of Science

215 Total Citations

96

94.74

Citations in the last 
2 years

Times more citations 
than average

Multidisc-
iplinary

139 136

CITATION EVALUATION

The paper boasts of a good citation record! Since its 
publication in 2021:



Web of Science
CITATION EVALUATION

This paper has been increasingly cited since its publication



CITATION EVALUATION

There have been significant developments since this publication.
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