
Bruce	Allen


Max	Planck	Institi

Hannover,	Germany


Pulsar	Timing	Arrays

1



MIT,	27.2.2026



MIT,	27.2.2026

Credit:	Ben	Weiss

Credit:	Mark	Halpern



MIT,	27.2.2026



MIT,	27.2.2026



MIT,	27.2.2026



MIT,	27.2.2026



MIT,	27.2.2026

UC	Santa	Barbara	1984



9

Stochastic	Background	Inflation
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From	B.	Allen,	“Stochastic	gravity-wave	background	in	
inflationary-universe	models”,	PRD	37,	2078	(1988)
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Pulsar	Timing	Arrays	(PTAs)
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LGW ≈ 10 y
Lpulsar ≈ 1000 y
Lsource ≈ 108 y

Promise:	detect	
nano-Hz 
gravitational

waves



11

Key:	Correlation	Pattern	in	Pulsar	Timing	Residuals	
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Hellings	and	Downs	curve
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Hellings	and	Downs,	“Upper	limits	on	the	isotropic	
gravitational	radiation	background	from	pulsar	timing	analysis”,	
ApJ,	265	(1983)
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Current status of six PTAs

Parkes PTA (PPTA), ApJL 951 L6 (2023), 30 pulsars 
over 18 years, no support for or against

European PTA (EPTA) and Indian PTA, Astron. 
Astrophys. 678, A50 (2023), 25 pulsars over 25/10 
years, "marginal evidence/evidence"

Chinese PTA (CPTA), Res. Astron. Astrophys. 23, 
075024 (2023), 57 pulsars over 3 years, "some 
evidence"

North American Nano-Hz Observatory for 
Gravitational Waves (NANOGrav) ApJL 951, L8 
(2023), 67 pulsars over 15 years, "compelling 
evidence”  [Publication’s  to  later revised 
to ] 
 
MeerTime, MNRAS 536, 1489 (2025), 83 pulsars 
over 4.5 years, “Under different assumptions about 
noise processes we can produce either what appear 
to be compelling Hellings-Downs correlations of 
high significance 3-3.4 sigma, with a spectrum 
close to that which is predicted, or surprisingly, under 
slightly different assumptions, ones that are 
insignificant 

3.6σ 4.2σ
3.2σ
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First	Analysis	of	five-PTA	Data	Set
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Posteriors	on	the	slope	and	amplitude	

Yu van Haasteren

• June	2023	data	from	5	of	6	PTAs	is	
public:	121	pulsars	in	total


• New	“direct	combination”	method	
from	van	Haasteren,	otherwise	
vanilla	analysis


• Search	for	a	stochastic	gravitational	
wave	background	which	is:

• 	isotropic,	unpolarized,	Gaussian,	
stationary


• power-law	spectrum: 

  

 
Yu	and	Allen,	Stochastic	gravitational-wave	
background	search	using	data	from	five	pulsar	
timing	arrays,	arXiv2512.08666
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Reconstruction	of	the	Hellings	and	
Downs	curve	(reduced	 ,	a	
good	fit)

χ2 = 0.84
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False	alarm	probability	and	detection

significance

Yu van Haasteren

Bayes	factor	=	 	=	4400	EHD/E0 ≈ 4.1σ significance
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