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CONSTRAINTS ON SCALAR
PERTURBATIONS FROM PTA
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MOTIVATION
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WHAT ARE THE SOURGES OF GW?
® All the GW events observed

so far (LIGO-VIRGO) came
from astrophysical objects

Black hole + black hole

O .
merging

® Black hole + neutron star
merging

@® neutron star + neutron star
merging
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WHAT ARE THE SOURGES OF GW?

@ But: Early universe
phenomena could also
trigger GW So far never observed....

Phase transitions in the early

o
universe

® Domain walls (i.e. axion)

Large perturbations in

¢ the early universe

KSETA Workshop 29th March 2023



WHAT ARE THE SOURGES OF GW?

@ But: early universe
phenomena could also
trigger GW So far never observed....

Phase transitions in the early

o
universe

® Domain walls (i.e. axion)

Large perturbations in

¢ the early universe

this talk
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SCALAR
@ Metric perturbations are |NDUCED GW

decomposed into scalar and tensor
perturbations

ds® = a*(n) [—(1 4 20)dn? + ((

Negligible at
linear order
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SCALAR
@ Metric perturbations are |NDUCED GW

decomposed into scalar and tensor
perturbations

A5 = a®(n) [—(1 + 20)dn® + (1 + 20)3,; b hyy) o' da]

Sourced by the scalar
perturbations at non-linear
order

@ Gravitational wave spectrum is @

function of the curvature power QGW (k) = F(PC(]C))
spectrum
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Qaw (k) = F(P:(k))

We know the curvature

e

spectrum at large scales from

CMB:

P ~ O(107”) atscales k ~ O(1Mpc™)

[1807.06211] [

To small to produce any
seizable GW...

SCALAR
INDUCED GW

KSETA Workshop
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SCALAR
Qo (k) = F(P.(k)) INDUCED GW

N

Almost no constraints on the
curvature power spectrum at
small scales !

)

Could have big enough
perturbations to produce GW
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May Produce CALAR
INDUCED GW

Not big enough to
produce gravitational
wave

05 Ol()
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ANY SIGN OF THE SIGW ?
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POTENTIAL GW

@ Pulsars send light pulses with SIGNAL INPTA
stable period

@
O%

® PTA observe multiple pulsars
with a well know period
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POTENTIAL GW

@ Pulsars send light pulses with SIGNAL IN PTA
stable period

O @ !faGW goesin between the

Earth and the pulsar, the time
of arrival of the next pulse is
delayed

KSETA Workshop 29th March 2023
10



POTENTIAL GW

@ Pulsars send light pulses with SIGNAL INPTA
stable period

O @ Signal observed in

NANOGrav and IPTA

KSETA Workshop 29th March 2023
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POTENTIAL GW

WHAT IS THE ORIGIN OF THOSE SIGNAL IN PTA
GW?

@® Coallescence of super massive

black holes \\ » Works well to explain the signal

@® Could those GW have been produced by large
perturbations in the early universe?

\ : Use bayesian search on the data to find what
curvature power spectrum could explain the

signal

KSETA Workshop 29th March 2023
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PARAMETRIZATION OF THE POTENTIAL GW

POWER SPECTRUM SIGNALINPTA
Parametrize the power spectrum
¢ at small scales VF\)/ith a Iog—normql PC
shape .
G
A log?(k /k.)

Use data of IPTA and NANOgrav to find
what values could explain the signal

KSETA Workshop 29th March 2023
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PARAMETRIZATION OF THE
POWER SPECTRUM

S Parametrize the power spectrum
at small scales with a log-normal
shape

P (k) A¢ EXp( logz(k//f*))

B V21 A 2A?

Use data of IPTA and NANOgrav to find
what values could explain the signal

POTENTIAL GW
SIGNAL IN PTA

00
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B [PTADR2
N NG12
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PRIMORDIAL BLACK HOLES
FROM GURVATURE
PERTURBATIONS
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PBH FORMATION FROM LARGE
CURVATURE FLUGTUATIONS

@ let's consider a perturbation 5m
with a given scale 7T°,,

For big enough
perturbation

@® Whatis the population of PBH

today? a

Depends on the curvature
power spectrum

KSETA Workshop 29th March 2023
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PBH FORMATION FROM LARGE
CURVATURE FLUGTUATIONS

Depends on the curvature
power spectrum

What is the population
of PBH today?

52
rm\Tm) \/27T(77?m oab 202
O :;_? md?]f/ 'Ton) T2 (K 7 ) W2 (K
0
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feeu = Fy(F;)

PBH FORMATION FROM LARGE
CURVATURE FLUGTUATIONS

@
<1L4PBH> — FM (PC) 10" I *']I | | I T I I 7 W R
102 g 5 ‘,l‘ u“ el
One could translate them 10-3 VR 8
@ nto constraints on the e o
amplitude A, < g5
10-°
_ pu—dist.
10”7
.. -3 [ N\ 2/p
How do those upper limits B8 Evaporated |
. h . b . 10—9 E | T .I | T S I S NN S NN S - | N T IR SR (S SR NN S— | 1 [Ey
SNOW Up In our bdyesian 10810716101102107° 10-* 1076 107* 102 10° 10> 10' 10° 10% 10"
search? Mg [ M)
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PBH FORMATION FROM LARGE

frea = Fr(F) CURVATURE FLUCTUATIONS
O < MPBH> _ FM ( PC) Scalar induced GWs only
oy L
One could translate them {;‘;: ..........
® into constraints on the Qg,;\ -
amplitude A, i L/
Astro T i
How do those upper limits 10| g IPTADRS
@® show up in our bayesian B NGI12
sedrch? \_/ 10108 107
A =1 K [MPC_I}
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PBH FORMATION FROM LARGE

— F.(P GURVATURE FLUCTUATIONS
® PBH f\L ¢
< MPBH> _ FM ( PC) Scalar induced GWs only
-..‘/._%BH =\
One could translate them AN
® Into constraints on the Qg’p o
amplitude A, = %, 5
Astro \ A
The IPTA region able to 107 amm IPTADRS
® explain the signal seems to B NGI2
produce to many PBH!! \_] BT R R
A — 1 k., [Mpc_ll
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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

KSETA Workshop 29th March 2023
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CRITICAL THRESHOLD BACKUP
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CONSTRAINTS PBH BACKUP
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HOW TO PROBE SMALL SCALE

POWER SPECTRUM ? |7

@ Parametrize the power
spectrum with a log-normal iy
shape |

P (k)

10_2?

7

Aps ( logz(k/k*)> R

— X
V2T A P 2A?

| sl PTADR2

| . NG12
. 10* 10° 100 107 10° 107
search to determine the L
k. [Mpe™]

evidence regions
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