ST

SEARGH FOR SCALAR INDUCED

GRAVITATIONAL WAVES IN
PTAS
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MOTIVATION
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PULSAR TIMING
ARRAYS

e Pulsar Timing Arrays record
the time of arrival of the light
pulses emitted by pulsars

e These pulses are extremely
stable in time

e However, many external
effects can alter the expected
period of the pulsars

\ This is what PTAs
are looking for
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PULSAR TIMING
ARRAYS

e They can be used to detect
the presence of gravitational
waves

Gravitational Wave
Background

e The presence of a gravitational
wave background disturb the
metric and induce correlated time
delays
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logy(Excess timing delay [s])

—38.735

[2306.16213]

we Hellings—Downs spectrum

Power-law posterior

—8.50 —8.25 —-8.00
log,o(Frequency [Hz])

POTENTIAL GW
SIGNAL INPTA

Potential signal from a nHZ
frequency GW background
observed in all PTAs
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Astrophysical source: 0R|G|N OF THE SlGNAL

e Super massive black holes

[2306.16213]
Cosmological sources:

we Hellings—Downs spectrum

Power-law posterior

. . * Phase transition
== == Median power-law amplitude; Y= 13/3 2

e Inflation

I~k ® cosmic strings

‘&.LJ \
N H
\"“

~

e Scalar induced GWs

logy(Excess timing delay [s])

—-8.75 -850 —-8.25 —-8.00 —-7.75
log,y(Frequency [Hz])
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Astrophysical source: UR'G'N UF THE SlGNAL

e Super massive black holes

[2306.16213]
Cosmological sources:

we= Hellings—Downs spectrum

Power-law posterior
\\\ == == Median power-law amplitude; y = 13/3
~ ~

Y

e Phase transition
e Inflation
* cosmic strings

-
Yo 't .
Jek
‘iil .
-

1AL Could they explain
—8.75 —8.50 —8.25 —8&.00 —7.775 the signal P29

log,o(Frequency [Hz])

logy(Excess timing delay [s])
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WHAT ARE THE SIGWS?
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SCALAR
e Primordial metric perturbations are Scalar |NDUCED GWS

decompo.sed Into scalar and tensor perturbations
perturbations

A5 = a®(n) [—(1 + 20)dn? + (1 +20)p; b hiy) o' da’

Negligible at
No GWs produced at linear order linear order
in perturbation theory/for small

perturbations
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SCALAR
e Primordial metric perturbations are |NDUCED GWS

decomposed into scalar and tensor
perturbations

ds® = a*(n) |—(1+29)dn* + ((1 +2®)dy + hij) dv'da’|

Gravitational waves produced if
large primordial perturbations!
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CAN THE SIGWS EXPLAIN THE
PTA SIGNAL ?
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e CMB constrains the amplitude of the SCALAR

scalar perturbations at large scales INDUCED GWS

P, ~ O(107°) atscales k ~ O(1Mpc™') l1so7062r]

x Too small to induce any detectable

GWs...
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e CMB constrains the amplitude of the SCALAR

scalar perturbations at large scales |NDUCED GWS

P, ~ O(107) atscales k ~ O(1Mpc™)

1074, — A=1
A =0.5
— A=0.05
1077
%f
10
107; /
A logQ(k/k*)> | |
Pl — S —
¢ (k) NI P( A2 10 k/}fo 10
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e Parametrize the power spectrum at
small scales with a log-normal
function

e Use IPTA and NANOGrav data to find
what parameter space fits the signal

Ae ~ 1077
k, ~ 10° Mpc™!

10—2_

BAYESIAN SEARCH IN
PTA DATA

Scalar induced GWs only

-
-
...............

Bl [PTADR2
Bl NGI12

10° 106 107
k. [Mpc™]

MU days 2023

10

14th September 2023



PRIMORDIAL BLACK HOLES
FROM GURVATURE
PERTURBATIONS
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PBH FORMATION FROM LARGE
e Let's consider a perturbation 9, CURVATURE FLUCTUAHUNS

with a given scale 7,

For big enough
perturbation

3 8
M = kMy(r,,) (dm U 56)

e What is the population of

! Depends on the curvature
PBH today?

power spectrum

MU days 2023 14th Septemlber 2023
11



feen = Fy(F;)
(Mpgn) = Fu ()

@® One could transiate
them into constraints on
the amplitude AC

@ How do those upper limits
show up in our bayesian
search?

[

PBH FORMATION FROM LARGE
CURVATURE FLUGTUATIONS

H- Evaporated

2110.06815]
TT= " T ' T "\ " T O e T T B
: *ég[ AW
Voo O AN
] &3 '
AB
DF
u—dist.

il | | | | | | I | I I [ |

[ ]

1

0-*107*°107**107"*107" 10°* 107° 107* 10> 10° 10* 10* 10° 10° 10"

My [ M)
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Ar ~ 1077

That large amplitudes of
fluctuations also produce
primordial black holes...

@ The PBH abundance is a function of the
parameters (A¢, ke, A)

—>

The parameter space that
can explain the signal is in
conflict with PBH
overproduction constraints

1072

BAYESIAN SEARCH IN
PTA DATA

Scalar induced GWs only

L]
H'h_

"L
‘l
-t

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

Bl PTADR2
Bl NGI12
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UPPER LIMITS ON THE
CURVATURE POWER
SPECTRUM
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1000

100

0.1 0.01

0.1}
A\ R
0.01
— NGI12
A=l B
IPTA DR2
107 108 107
k. [Mpc™]

1000 100 10 1 0.1

0.1

--------
..............
______
d -

......
w1t
pan®
.......
e
.........................

Gaussian, Astro

— IPTA DR2

107 108
k.[Mpc ']
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CONCLUSION

Large amplitudes of the curvature power
¢ spectrum produce GW able to explain the signal
observed in PTA

® Such large amplitudes would produce
primordial black holes as well

We have shown that the parameter space able
@® to explain the signal would potentially produce
too many PBHs compared to observational data

The SMBH model is favored to explain to signal
® and we therefore derived upper limits on the
amplitude of the curvature spectrum
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