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Possible SGWB Sources
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PTA discovered SGWB?

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

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
(NANOGrav). Our analysis finds strong evidence of a stochastic process, modeled as a power-law,
with common amplitude and spectral slope across pulsars. The Bayesian posterlor of the amplitude
‘ “/° power-law spectrum, expressed as characteristic GW strain, has medi; , | and
5%—95% quantlles of 1.37-2.67 x 10~!° 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.

[NANOGrav, 2009.04496] Quw =233%10™° @f =3.17 X 1078/hz




10°

10*

- 0
10710 1078 107° 107 1072 10

10—12

PTA discovered SGWB?

I , n T T TG Ao P DR,
I L|||L|||pll|r|||r|||_||||_||||_||||n|||.__|||_|| : St _ mJ :
Wﬁvlllullll_lll_ : _ _ _ : " " 1 1 1 1 1 N 1 1 g “
: _ _ _ _ 1 1 I 1 1 P~
o _ _ _ _ I 1 1 I 1 1 I I _ _ n_ _ s_ X
. _ _ _ _ I | I I 1 I I I ] _ L5 | 4 _
B _ _ _ " I | I | I | I I L_. ||f|||—l|r||_||||_||d_|||L|||
: _ " ||“|||L|||L.|||b||||—||||_||||_||||_||||“|||L_|I.|_| _ _ g_ _ R, “
ml_r|||"||||_|| 1 I I 1 1 " “ " _ _ _ ! _-m" _ m“ |
3 I I I I I 1 ] _ _ _ _ " £ _ _
_ I I i o
l" " _ : _ ._p |“.|||_r|||"||||“||||_|||L|||L|||.—|| (0] ||_r|m|"||||” M“ P
mr|||_||||"||||“|||.“|||_|| 1 | I 1 | " " " m -3 " _ “p
H" | | ! ! " " " " " | I I " nru "(" " +“ _m
I I I ! _ X . ; ! I 1 I ! Q2 ' o _\ml : o! 9
| : : _ | 1 1 I 1 1 ] I m Ilr|g|_ ||“|||g|l||.e||
_ : _ e e i e e = |g : -"_ )
S I | = TR I
T . | _ : _ _ _ _ 1 £ ] 3 > )
| _ _ . _ _ : _ _ " “ " 1 L o) @ Q@ X [\ ] “T
I
- N B sy e s
' _ ) )
_ , \ ||_w|||"||||"||||"|||L|||L|||.—|- © ||_r.0|"0|._..|0“ L_..m.
............. S A BRI c IR
3 _ | “ _ : _ 1 - | _u 1 - (18—
- | 1 1 | o) “ _ b
n" " " : 1 I I " ! m " © '® ®! u
I" _ _ _ " ||"||||_|||L|||L| (@] ||r|.||_|p||_|||O|“||||”|||
a2 1 1 1 I~ 1 1 1 ! !
— U R A 2 I
¥ L SR T o A R A
X I I
B _ I I I I ooy L
_ R SREIEEE - TN R e _ _ _
E e I._||| | _ _ _ _ " | I | | | | “
E ! _
: | o | o N
X : _ _ _ _ 1 I 1 1 1 1
i | _ _ _ _ S e i e L Rl I
_ _ YT T ST A _I 1 I 1 | ] I
JI T _ _ _ _ : l I I I I I 1
m_ | _ _ : _ _ 1 I 1 1 I 1
“_ | _ _ _ _ 1 1 I 1 I I 1
[ " _ _ _ _ " | I | 1 | | I
N Y 4 S S S S R lm m e = = =
i R o A T i SR S
mr |||||||||| |._||| | _ _ _ " _ ) 1 1 I 1 | ] "
E _
2 _ o " o S
X " _ _ _ _ " " ] I I I I I I )
|" I I | I I |L|||+|||+_.|||_r|||"||||"||||“|||L_||
- _ _ _ _ : ] I 1 I I 1
g " _ _ _ _ " " 1 [0} I 1 | 1 I
[ _ _ _ _ 1 = I 1 | ] I
i " : _ _ _ _ L_|||+||. -w ERE I S Sl ] B R R
Ihv |||||||||| ST +|||r|||r|||"||| _||||"||||“|||_ ] [} I 1 " “ “
3 _ " " " ] | 1 I " e " " _ _ _
g | _ _ _ _ _ _ _ " I o I I I I !
g " o I -1
I N -1 R
_ + _ _---_r---_----_----_---L_---L_--J-- Il _ _ _
E B | | | I | I | _ | - _ _ _ _ X
3 | _ " : _ : _ : _ : " I | = I ! I I !
= " ! _
S0 T T T S S N =4 S R S S
= _ _ _ _ | | I | I | | | | % ]lT.nGI._ll.I|_|.I.|I._|.I.IlI..I|
= —— I L_ .h +1||f1|17111_|11|_||||_|1||“|11|__111.”11 @ _m o « _ !
— T =~ I 1 I _ !
3 T~ S I B I R
m" _ _ _ _ " " 1 1 1 1 (0] aQ "B IT “ _
S " \\\\\ . |||"||||"||||"||||“|||_ 1 Q. I 1 " “ "
m.ﬂllll _. 1 | I | I I 1 S " " _ _ _
S _ : : _ _ I I ! I I I
s _ _ _ _ " " | | 1 | | I
i e N = = = o = = =
S S U B b- i - ~ : _ |
||||||||||||| I _
E | o ~—~_ . I
- _ : : _ _ I I I |
R N R I I I Y I > ! _ _ !
_ _ R = ey Py T T T 1 T L e e
ettt . T T T P ———— T !
"h'|||_||||_||||_|||Io|||+|||.”||||"I|||"|| “ " |“ ) | 1 " " " “ “
E| _ _ : : _ 1 | I I I I I | ) _ ! _ _ !
- _ _ _ : " | I I ! I I I I = _ ! _ _ !
C\ _ _ : _ I 1 1 I 1 1 I I 1 m _ X _ _ X
B _ _ _ : I | I I I I I I L E - T L I
: _ _ _ _ i B RN SRR SRR BB R IR R BN a _ | | _ _
E T _ _ _ | _ " _ | of | _ _ _
=i 1 1 ! ! ! o | | |
= I I | I _ ! 2 _ < Aﬂ
I 1 ] _ _
g N R
L1 1 1 1 1 1 1 1 I I ] = . I_PIPIWI_IKLIII
: k g g g g g ; . _ ool T R
= . | 1 I | I 1 ] I a _ | _ |
E _ I | I I | S ° + o_ O _
| g | | 1 1 1 _ ! k% _ !
o G I I | I I I I I : ! S _ ! _ _ !
X O _ _ _ _ | _ _ 1 P I 1 | I I
B p " | 1 I | I | I I o S
] ~ © o
= S N X < i [\
S < © [oe] S N X © _ :
El IR S = _ o o o o =)
—
- = = S5 =2 =2 &g g =

tz, 2002.04615]

Imi

[Sch

JIHz]



PTA discovered SGWB?
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The formation of
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There 1s a peak on the primordial density
perturbation, which leaves horizon and gets
frozen at a-.
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The formation of
Primordial Black
Holes

Ure-entry deq ao

{ The peak scale re—enter the hoion at rdiaion ‘
;_' dominated era. If it exceeded some critical value §
| of (1), PBH will form. Its mass is 6(Mg). |

[Zeldovich & Novikov 1966]

k. = Ha. [Hawking 1971]
34 [Carr & Hawking 1974]



abundance = High-¢ tail '
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p = erfc - |
N

| Ma;tt.dom.
1/H; ~a3?

5, ~ 0.41

N
S
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Induced GWs 7

e EoM of the tensor perturbation: Iy C Iy

W+ 2 hy + k*hy ~ [d3pd>pcl>k_p X (transfer functions)

Zp

 The induced (secondary) GWs are

h ~ | dn X (Green function)

d’p X (Transfer function) X O, D),

* The energy density parameter is then

Qaw ~ (hh) ~ (PODD) ~ PL ~ P2,

. 2
e |n the radiation dominated universe we have % = —®

3

[Baumann+ 2007, Ananda+ 2007, Saito and Yokoyama 2008]
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Free propagation |
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The formationof — i
induced GWs

Ure-entry eq ao

! Generation at

{ horizon reentry|

Matarrese+, 1997]
Ananda+, 2007]
Baumann+, 2007]
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Induced GWs
Qaw ~ (hh) ~ (DDPOD) ~ PZ ~

PBH abundance
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Planet-mass PBH
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PBH from RZ-inflation

__ tensor spectrum
~ scalar spectrum
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PBHSs as LIGO events
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PBHSs as LIGO events
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PTA discovered SGWB?
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PTA discovered SGWB?
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PTA discovered SGWB?
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|IGW from Broad Peak
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|IGW from Broad Peak
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Infrared Scaling
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Infrared Scaling of SGWB

[Universal infrared scaling f° |

GWs

incoherent
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induced

The infrared scaling of the GW
spectrum 1s &3, as (1) k 1s smaller than
all the scales of the source term; and
(2) k-mode reenter the horizon in the
radiation dominated universe.

'Cai, SP, and Sasaki, arX1v:1909.13728



Infrared Scaling of SGWB
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Infrared Scaling of SGWB
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NANOGrav SGWB

NANOGrav 1Ayr

k1/2

—0.091 <w <£0.048

S 2] [ Domenech and SP, 2010.03976]



NANOGrav PBHs
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Summary

Induced GWs is one of the most important scientific goal of the next
generation GW detectors, which has fruitful phenomena together with
PBH physics.

IGW and PBH-DM: If PBHs can serve as all the DM, induced GWs
must be detectable by space-based GW detectors.

Shape of IGW: It depends crucially on the width of the scalar peak.
We found analytical formulae for both cases in the radiation-
dominated universe, which is useful for signal searching in the future.

NANOGrav has detected common-spectrum PTA time residuals
which might be the first detection of SGWB. We show that this can
be connected to the recently reported planet-mass PBHSs.
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