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Stochastic GW background (SGWB)
A stochastic background of gravitational waves has resulted from the
superposition of a large number of independent unresolved sources.

§ Cosmological (early Universe)

§ Astrophysical (stellar activity)



SGWB = noise
Family dinner Cocktail	party



SGWB = symphony of the Universe

Orchestra



Romano	&	Cornish,	LRR,	2017



Cosmological background

§ Unique window on the very early stages of the Universe and on the physical laws
that apply at the highest energy scales (potentially up to the Grand Unified Theory
(GUT) scale 1016 GeV).

§ Results from the amplification of vacuum metric fluctuations during inflation

§ Active sources could have enhanced GW production at the end of inflation (particle
production, reheating, spectator fields, primordial black holes)

§ Other models include cosmic phase transitions, topological defects (cosmic
(super)strings)



Assuming the	background	is Gaussian,	stationary,	isotropic and	unpolarized (by	
analogy with the	CMB),	it can be completely characterized by	the	fractional energy
density spectrum:

with

Characterizing the SGWB
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energy density in	GWs
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Astrophysical Backgrounds
§ Foreground for	the	cosmological background	

§ Formed	by	sources	that	cannot	be	resolved	individually	

§ Compact	binary coalescences,	pulsars,	core-collapse	supernovae,	BH	ringdown,	initial	
instabilities in	neutron	stars

§ Complementary	to	individual	detections	(probe	the	high	redshift	population)

§ Carry	informations about	the	star	formation	history,	the	metallicity	evolution,	the	
average	source	parameters.

§ May	have	different	statistical	properties	compared	to	the	cosmological	background:	
non	continuous,	non-Gaussian,	non	isotropic
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Figure 4. Distributions of the optimal statistic and S/N for
HD (blue), monopole (orange), and dipole (green) spatial
correlations, as induced by the posterior probability distri-
butions of pulsar-intrinsic red noise parameters in a Bayesian
inference run that includes a spatially uncorrelated common-
spectrum process. The means of each distribution are the
noise-marginalized Â2 given in Table 3. The top panel also
shows the posterior of an uncorrelated common red pro-
cess A2

CP (dashed gray) from Figure 2 for comparison. All
three cross-correlation patterns are identified in the data
with modest significance; but it is only for an HD-correlated
process that the amplitude estimate is compatible with the
posteriors of Figure 2.

not distinguish among them. Nevertheless, these results
are markedly di↵erent from those of NG11gwb, which
found no trace of correlations. The highest S/N is found
for the monopolar process, which may seem in conflict
with the Bayes factors of Table 2; however,Figure 4
shows that the corresponding amplitude estimate Â2 is
more than a factor of two lower than implied by the
ACP posterior, shown there by the dashed curve. A
compatible amplitude estimate is found only for the HD
process. In other words, the optimal-statistic analysis
is consistent with the Bayesian analysis. They agree on
the presence of an HD-correlated process at the com-
mon amplitude indicated by the Bayesian analysis, and
both find it strongly unlikely that there are monopolar
or dipolar processes of equal amplitude. These optimal-
statistic results are robust with respect to changing �
within the range recovered in Figure 1.

Figure 5. Average angular distribution of cross-correlated
power, as estimated with the optimal statistic on the 11-year
data set (top) and 12.5-year data set (bottom). The num-
ber of pulsar pairs in each binned point is held constant for
each data set. Due to the increase in pulsars in the 12.5-yr
data set, the number of pairs per bin increases accordingly.
Pulsar-intrinsic red-noise amplitudes are set to their maxi-
mum posterior values from the Bayesian analysis, while the
SSE is fixed to DE438. The dashed blue and dotted orange
lines show the cross-correlated power predicted for HD and
monopolar correlations with amplitudes Â2 = 4⇥ 10�30 and
9⇥ 10�31, respectively.

Figure 5 shows the angular distribution of cross-
correlated power for both NG11 and NG12, as obtained
by grouping pulsar pairs into angular-separation bins
(with each bin hosting a similar number of pairs). The
error bars show the standard deviations of angular sepa-
rations and cross-correlated power within each bin. The
dashed and dotted lines show the values expected theo-
retically from HD- and monopolar-correlated processes
with amplitudes set from the measured Â2 (the first col-
umn of Table 3). While errors are smaller for NG12 than
for NG11, neither correlation pattern is visually appar-
ent.

4.3. Bayesian measures of spatial correlation

Inspired by the optimal statistic, we have developed
two novel Bayesian schemes to assess spatial correla-
tions. We report here on their application to the 12.5-
year data.

First, we performed Bayesian inference on a model
where the uncorrelated common-spectrum process is

• 47	pulsars	observed between July	2004	and	June
2017	

• strong evidence of	a	stochastic process in	the	
common spectrum.

• no	visually apparent	correlation pattern		(need
more	data)

• could be an	astrophysical background	from
SMBHB,	another stochastic background		or	
unknown noise.	



Implications of the LIGO/Virgo detections

§ The	events	we	detect	now	are	loud	individual	sources	at	close	distances

§ Many	more	sources	at	larger	redshift	contribute	to	create	a	GW	background
(1	BBH	about	every	1200s	and	1	BNS	every	60s)

§ Using	the	mass	distributions	and	the	local	rates	derived	from	the	individual	
observations	in	GWTC-3	(O1+O2+O3),	one	can	get	an	estimate	of	the	background

(see	Stephen Fairhurst’s talk	on	Wednesday morning)



Stochastic background from CBCs
Energy	density	in	GWs	given	by:

with		

Rate
Spectral	properties
of	individual sources



Estimate fromDetected Sources

arXiv:2101.12130



Detectability

Power	integrated curve:	
if	a	GW	spectrum crosses	
or	is tangent	to	the	curve it
can be detected at	2-
sigmas	after 2	years
(assuming 50%	duty cycle)



Data Analysis Principle
Search for excess of coherence in the cross correlated data streams from multiple
detectors with minimal assumptions on the morphology of the signal.

§ Assume stationary, unpolarized, isotropic and Gaussian stochastic background.

§ Cross correlate the output of detector pairs to eliminate the noise:

	si = hi +ni
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Cross Correlation Statistics
§ Standard CC statistics (Allen & Romano, 1999, PRD, 59, 102001)

§ Frequency domain cross product:

§ optimal filter:

§ in the limit noise >> GW signal

 !!Y = !s1
*( f ) !Q( f )!s2( f )df∫ !!

 !!
! !Q( f )∝

γ ( f )Ω gw( f )
f 3P1( f )P2( f )

!with!Ω gw( f )≡Ω0 f
α

!!Mean(Y )=Ω0T , !Var(Y )≡σ 2 ∝T , !SNR!∝ T !!



Overlap Reduction Function

!"
"

!"
!

!"
#

!"
$

!!

!"%&

!"%'

!"%(

!"%#

"

"%#

"%(

)*+,-.

!+
).

*

*

/!,

/!0

1!0

23

 		
γ ( f )= 5

8π e2πif Ω̂Δ
!x/c∫ F1

A(Ω̂)F2A(Ω̂)
A={+ ,×}
∑ dΩ

Loss of	sensitivity due	to	the	separation and	the	relative	orientation	of	the	detectors.

Time	delay

Detector	response



§ No evidence for a stochastic background (cosmological or astrophysical).

§ But set upper limits on the total energy density:

Constraints on the isotropic GW energy density

from CBCs

arXiv:2101.12130



Constraints on cosmic strings models
Models A,	B	and	C	based on	Nambu-Goto numerical simulations	with cusps,	kinks and	kink-kink
collisions

arXiv:2101.12248



Constraints on cosmic strings models (p=1)

arXiv:2101.12248

A:
B:

C1:
C2:

The	stochastic analysis of	O1+O2+O3	gives the	best	constraints for	B	and	C	(PTA	for	A)



Constraints on phase transitions
Spectrum	modeled by	a	broken power	law whose peak frequency depends on	the	temperature of	the	PT

arXiv:2102.01714



Directional searches
§ relax	assumption	of	isotropy	and	generalize	to	arbitrary	angular	distribution.

§ by	applying	appropriate	time	varying	delays	between	detectors	it	is	possible	to	
map	the	angular	power	distribution	in	a	pixel	or	spherical	harmonic	basis

radiometer	analysis	for	point-like	sources:

spherical	harmonic	decomposition	:

P(⌦̂) = P↵e↵(⌦̂)

See Jishnu Suresh’s talk	today



Constraints from Radiometer

SNR

90%	UL

arXiv:2103.08520



Constraints from SHD: LVK results

SNR

90%	UL



Conclusion
§ The	preliminary goal	of	the	LIGO/Virgo stochastic group	is to	
measure the	isotropic SGWB.

§No	detection with O3	but	improved constraints (cosmic strings,	PT

§ The	background	from CBCs have	a	good	chance	to	be detected in	the	
next few	years.

§Many new	searches can lead	to	very interesting results (non-
isotropic,	non	standard	polarization,	non	Gaussian).	These searches
could be extended to	LISA.




