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The NANOGrav 12.5-year Data Set:
Search For An Isotropic Stochastic Gravitational-Wave Background
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THE NANOGRAV COLLABORATION

ABSTRACT

We search for an isotropic stochastic gravitational-wave background (GWB) in the 12.5-year pulsar-
timing data set collected by the North American Nanohertz Observatory for Gravitational Waves. Our
analysis finds strong evidence of a stochastic process, modeled as a power-law, with common amplitude
and spectral slope across pulsars. Under our fiducial model, the Bayesian posterior of the amplitude
for an f~2/3 power-law spectrum, expressed as the characteristic GW strain, has median 1.92 x 1015
and 5%-95% quantiles of 1.37-2.67 x 10~1° at a reference frequency of fy, = 1 yr—'; the Bayes factor in
favor of the common-spectrum process versus independent red-noise processes in each pulsar exceeds
10,000. However, we find no statistically significant evidence that this process has quadrupolar spatial
correlations, which we would consider necessary to claim a GWB detection consistent with general
relativity. We find that the process has neither monopolar nor dipolar correlations, which may arise
from, for example, reference clock or solar system ephemeris systematics, respectively. The amplitude
posterior has significant support above previously reported upper limits; we explain this in terms of
the Bayesian priors assumed for intrinsic pulsar red noise. We examine potential implications for the
supermassive black hole binary population under the hypothesis that the signal is indeed astrophysical
in nature.
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WHAT ABOUT CORRELATIONS!
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we find evidence for Hellings & Downs correlation with a p-value of 5 X 107 — 1.9 X 10™* (approx. 3.5 — 40)
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what is the source!



Supermassive Black Holes Binaries
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GW signal from individual SMBHB

number density of SMBHB binaries

Phinney 2001, Wyithe & Loeb 2003
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can it be something else!?
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GWB from cosmological phase transitions
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Afzal et al. [2306.16219]
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astrophysics or new physics!



Pol et al. [2010.11950]
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Agazie et al. [2306.16222]
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PTAs are not only a discovery tool!



Afzal et al. [2306.16219]

_>
=

[ [
STABLE-N

A

|



https://arxiv.org/abs/2306.16219
https://arxiv.org/abs/2306.16219

Afzal et al. [2306.16219]

104 —

STABLE-N

|

A

1078 — tu

Afzal et al. [2306.16219]

upper limits

'

STABLE-C +— SMBHB
STABLE-K +— SMBHB
STABLE-M -+ SMBHB
STABLE-N + SMBHB



https://arxiv.org/abs/2306.16219
https://arxiv.org/abs/2306.16219

( )
/204 ~

(7, 1) = ¥ TRIE) cos (mt +7(7)

\_ v,

DM density

63



4 )
0(d,1) = Y-L25(2) cos gt +1(7)
\_ ),

69



.
204 ~

O(F,t) = quf% 7) cos (mgt + (7))

),

v
s gravitational signal
G
s(t) ~ —L2 sin(2myt)
m
¢
\_

_J

Khmelnitsky, Rubakov [1309.5888]

70


https://arxiv.org/abs/1309.5888

f [Hz]

—— C(Correlated

| ---- Uncorrelated

- s _
\~ /\\I /

(254 + 1)py = 0.4 GeV /cm?

107

mg [GV]

/1


https://arxiv.org/abs/2306.16219

N
, 204 ~, L
(T, 1) = - ¢(T) cos (myt + ¥(T))

y

v
s gravitational signal
G
s(t) ~ —L2 sin(2myt)
m
¢
\_

_J

Khmelnitsky, Rubakov [1309.5888]

(2

\
direct coupling signals A
VPo .
s(t) ~ dm?b./\ sin(mt)
W,

Kaplan,AM, Trickle [2205.06817]



https://arxiv.org/abs/2205.06817
https://arxiv.org/abs/1309.5888

R (e TV VA TV
--O_ AL L LR 'q‘;"""l E
—— Correlated R = .
— == Uncorrelated 1077 g MICROSCOPE jg E
1074 ;3)
, 0_5 _ : —
O < 1
= :_0_6 =— -
1077F
10~8 PR . 108 b .
| t}%g” iwd ] [ - fé%» N |
107 108 102 102 100 1072 105 102 102 100 102 102
mg eV] mg |eV]
f [Hz| f [Hz]
107 107% 1077 107Y 107 107% 1077 1079
107 g 1073
10~ | 104
10~° | 10~°
. ' M
<107 >10~6 [Rb/Cs atomic clocksf MY
= 10 Rb/Cs atomic clocks ‘ﬂ = 10 : fCs atomic cloc '
10_7 \\'\CG\ = 10_7 A —
BN\ v
108 5 1 1078F MR -
\\\\\ | <€A —483) < Agrav ;\\T\\gr%l I ]
10—24"1625 10 2 10 21 ib—zo 10—24 10 zé'*Id—zé"Ia—zi"Ib—zo
mg [eV] me [eV]
73

'10—22
mg [eV]

'10 21

Afzal et al. [2306.16219]



https://arxiv.org/abs/2306.16219

OUTLOOK

---------------------------------------------------------------------

---------------------------------------------------------------------



Have we detected a GWB in the nHZ band? Answer in 0-2 yrs!?

----------------------------------------------------



Have we detected a GWB in the nHZ band? Answer in 0-2 yrs!?
Astrophysics or new-physics? Answer in 2-5 yrs!?

'_ ------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------



Have we detected a GWB in the nHZ band? Answer in 0-2 yrs!?
Astrophysics or new-physics? Answer in 2-5 yrs!?

PTAs can be a powerful discovery tool (see Phase Transitions, Cosmic Strings, DM substructures ...)

---------------------------------------------------------------



Have we detected a GWB in the nHZ band? Answer in 0-2 yrs!?
Astrophysics or new-physics? Answer in 2-5 yrs!?

PTAs can be a powerful discovery tool (see Phase Transitions, Cosmic Strings, DM substructures ...)
PTAs can set stringent constraints on new-physics models



