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Outline

How well can we constrain the primordial curvature power spectrum and
potentially the equation of state from scalar induced GW observations?

Based on work in progress with Aya Ghaleb, Gianmassimo Tasinato and Ilvonne
Zavala (Swansea Cosmology group)
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Outline

How well can we constrain the primordial curvature power spectrum and
potentially the equation of state from scalar induced GW observations?

(assuming Gaussian PC)

Based on work in progress with Aya Ghaleb, Gianmassimo Tasinato and Ilvonne
Zavala (Swansea Cosmology group)
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Scalar induced GW

Theory

hf/L,j (777 X) +2'H h’/Lj (777 X) _ Vthj (777 X) — _4Tijlm Sim (777 X) °

Gravitational waves at second order in the scalar perturbations, typically sourced
around horizon crossing of the scalar modes

S, o $9,0,,d, ,D0,, P . ..

[Tomita (1967), Mataresse et al (1993+),
Ananda et al. (2006), Baumann et al. (2007)]



Scalar induced GW

Theory
P~10"%—10""°

Enhancement of the scalar power spectrum
on small scales can lead to PBH + scalar

induced GW
P~ 1077 _\\/ T

Can be realised in single field inflation e.q.
ultra-slow roll or multi-field scenarios CMB scales Small scales

107° < k < 107! [Mpc] "
PTA, Interferometers+

f > 107" [Hz]



Scalar induced GW

Theory

o0 1
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/ Primordial curvature power spectrum

Kernel, depends on background cosmology

The induced GW spectrum contains information about the background
cosmology and the primordial curvature power spectrum.



Scalar induced GW

Theory

— b=-046(w=09) |
— b=0(w=1/3)
b=1/2(w=1/9)

Resonant amplification at kgy ~ 2ck,
(for Dirac-Delta spectrum)

Log1[Qcw /A%

—2.0 —1.5 —1.0 —0.5 0.0
Loglo(k/kp)

See review by Domenech (2021)



Scalar induced GW

Theory

Analytic approx. for broad peaked spectra (RD)
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[See review by Domenech (2021)]

0 < nuv <4,
nuy, nuv > 4, Universal IR behaviour
[Cai, Pi, Sasaki (2020)]
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Scalar induced GW

Theory

Dependence on w

3
) k << krhp
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[Domenech (2021)]



Reconstructing curvature power spectrum

Previous work

Development of fast code (SIGWAY) to
compute Qg from P, (and V) for

radiation and early matter-radiation
transition

Reconstruction based on templates
(power spectrum+potential), binned
amplitudes, NG + more

Lisa @7
CosWG-25-01

CERN-TH-2024-217

Reconstructing Primordial Curvature Perturbations via
Scalar-Induced Gravitational Waves with LISA
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https://arxiv.org/abs/2501.11320

Reconstructing curvature power spectrum
Our method

Reconstruct PC using linear interpolating splines (other possibilities as well) — no
strong assumptions regarding functional form of spectrum

Pc(k) (k P) 4.00 — 1(.)1 - 182 : ------1-03 e
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Similar methods have been previously used for the CMB 225 8
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Planck 2018: Constraints on Inflation
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Reconstructing curvature power spectrum
Our method

We sample the likelihood using a nested sampler,
6 — spline node positions and amplitudes

P (k)

Q mode 6) _Q ODS ’
oL =Y ( GW, dAl(Q) GW 0b ) |
f GW

We assume AL24w given but not necessary, method

can be integrated into SGWB estimation pipeline e.q.
SGWBinner for LISA
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Reconstructing curvature power spectrum
Our method

Let the data determine node positions and amplitudes. Use Bayesian evidence for
relative probabilities of spline models with different number of nodes.

At the end, reconstruct distribution of P.(k) and {25y (k) from the samples after
marginalising over the reconstructions with different number of nodes

43[P<7k ./\/ln]Zn\

Relative probability/weight of
model with n nodes

e.g. E[P: | = 2n
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Reconstructing curvature power spectrum

Example: Radiation domination

68%. Reconstruction is great if peak of {2y is observed
95%,
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Reconstructing curvature power spectrum

Example: Radiation domination
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Reconstructing curvature power spectrum

Example: Radiation domination

What if peak is not observed?
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Reconstructing curvature power spectrum

Example: Radiation domination

Case of non-detection: upper limits on PC
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Reconstructing the equation of state

If SIGW are observed, how well can we reconstruct the primordial curvature power
spectrum and the equation of state?

We consider the following scenario, (using modified
version of SIGWFast [Witkowski 2022])

krh < kGW

DE, Matter w=1/3 cc=w#1/3 Inflation

Today t ~ 0
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Equation of state

k [Mpc™!]
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Background equation of state can be
iInferred from the data since peak shape

depends on w
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w = 0.663 7001

0.64 0.65 0.66 0.67 0.68

0.69

k [Mpc™!]
1013 8 1011 1012
TR | ] L 10—_. ] P R S S W | P R S | ] ] ] L
— Truth
107Y
10—10 %
5
G
10~
10—12
TR RRNSTE e
f [Hz]




Equation of state
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SIGW reconstruction

Summary

SIGW observations would allow for constraints on the small scale curvature power
spectrum and equation of state (more examples in paper: oscillatory features, eMD-RD

transition, ¢, = 1 case)
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SIGW reconstruction

Summary

SIGW observations would allow for constraints on the small scale curvature power
spectrum and equation of state (more examples in paper: oscillatory features, eMD-RD

transition, ¢, = 1 case)

But, this Is just a starting point...

Can further incorporate non-Gaussianity, gradual transitions to radiation domination, PBH
constraints, modifications of GR

Reconstruction for power spectrum could also be extended to directly reconstruct the
inflationary potential
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Thank you!

Contact: ameek.malhotra@swansea.ac.uk
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