
Bayesian reconstruction of curvature 
perturbations from SIGW

Ameek Malhotra 

NEHOP  
Brussels, 22 May 2025

1



Bayesian reconstruction of curvature 
perturbations from SIGW

Ameek Malhotra 

NEHOP  
Brussels, 22 May 2025

Physics Dept.

1



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 Ivonne 
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 )Pζ

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

2



Scalar induced GW
Theory

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


<latexit sha1_base64="gYV4I4EiGlT/bSG2R4G/uDMZ+Cw="></latexit>

h00
ij(⌘,x) + 2H h0

ij(⌘,x)�r
2hij(⌘,x) = �4Tij

lm Slm(⌘,x) .

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

<latexit sha1_base64="s5t/6+vT37zAMVkO8vFeHxTiTNg=">AAACQHicbVBLSwMxGMzWV62vqkcvwSJ4KGVXpHosevFY0T6guyzZbNqGJpuQZIWy9Kd58Sd48+zFgyJePZk+kNo6EBhm5vuSTCQZ1cZ1X5zcyura+kZ+s7C1vbO7V9w/aGqRKkwaWDCh2hHShNGENAw1jLSlIohHjLSiwfXYbz0QpalI7s1QkoCjXkK7FCNjpbDYugszxkfQl0pII6Bf71NfImUoYiGDv5RPnLJfhvOulRYj0GexMDosltyKOwFcJt6MlMAM9bD47McCp5wkBjOkdcdzpQmy8W7MyKjgp5pIhAeoRzqWJogTHWSTAkbwxCox7AplT2LgRJ2fyBDXesgjm+TI9PWiNxb/8zqp6V4GGU1kakiCpxd1UwZtU+M2YUwVwYYNLUFYUftWiPtIIWxs5wVbgrf45WXSPKt41Ur19rxUu5rVkQdH4BicAg9cgBq4AXXQABg8glfwDj6cJ+fN+XS+ptGcM5s5BH/gfP8AXgWwOw==</latexit>

Slm / �@l@m�, @l�@m� . . .
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Scalar induced GW
Theory

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


Can be realised in single field inflation e.g. 
ultra-slow roll or multi-field scenarios

<latexit sha1_base64="22ayNhSfxXcShAAyfExNzJXubLY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f1XOM+A==</latexit>

kCMB scales Small scales

<latexit sha1_base64="V1pS4qlBhByMW5w8yRqrNJc3RmY=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCG0sixceu6MZlBfuAJpbJdNIOnZmEmYlQQtz4K25cKOLWv3Dn3zhps9DWAxcO59zLvfcEMaNKO863tbC4tLyyWlorr29sbm3bO7stFSUSkyaOWCQ7AVKEUUGammpGOrEkiAeMtIPRde63H4hUNBJ3ehwTn6OBoCHFSBupZ+97HOkhRixtZNBTlEPXuU9PLrOeXXGqzgRwnrgFqYACjZ795fUjnHAiNGZIqa7rxNpPkdQUM5KVvUSRGOERGpCuoQJxovx08kEGj4zSh2EkTQkNJ+rviRRxpcY8MJ35vWrWy8X/vG6iwws/pSJONBF4uihMGNQRzOOAfSoJ1mxsCMKSmlshHiKJsDahlU0I7uzL86R1WnXPqrXbWqV+VcRRAgfgEBwDF5yDOrgBDdAEGDyCZ/AK3qwn68V6tz6mrQtWMbMH/sD6/AFJeZYk</latexit>

P ⇠ 10�9

<latexit sha1_base64="+yyMHs0eIuSw+2DhKK/p+zOV8JU=">AAACC3icbZC7TsMwFIYdrqXcAowsViskllZJqYCxgoWxSPQiNaFyXLe1ajuR7SBVUXYWXoWFAYRYeQE23ganzQAtv2Tp03/Okc/5g4hRpR3n21pZXVvf2CxsFbd3dvf27YPDtgpjiUkLhyyU3QApwqggLU01I91IEsQDRjrB5Dqrdx6IVDQUd3oaEZ+jkaBDipE2Vt8ueRzpMUYsaabQU5RD17lPKrUUVuZ0lvbtslN1ZoLL4OZQBrmaffvLG4Q45kRozJBSPdeJtJ8gqSlmJC16sSIRwhM0Ij2DAnGi/GR2SwpPjDOAw1CaJzScub8nEsSVmvLAdGabq8VaZv5X68V6eOknVESxJgLPPxrGDOoQZsHAAZUEazY1gLCkZleIx0girE18RROCu3jyMrRrVfe8Wr+tlxtXeRwFcAxK4BS44AI0wA1oghbA4BE8g1fwZj1ZL9a79TFvXbHymSPwR9bnD+EjmQU=</latexit>

P ⇠ 10�2 � 10�3

<latexit sha1_base64="5+FJsI31Jj9NA+H0KQcT1C56Q2Q=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VwUUsi9bFwUXTjRqhgH5DEMplO2qGTBzMToYT8hBt/xY0LRdwK7vwbJ2kW2nrgwplz7mXuPW7EqJCG8a2VFhaXllfKq5W19Y3NLX17pyPCmGPSxiELec9FgjAakLakkpFexAnyXUa67vgq87sPhAsaBndyEhHHR8OAehQjqaS+XjON++ToJIUXcKwqf5kptGvQ9pEccT+xbiLspLnc16tG3cgB54lZkCoo0OrrX/YgxLFPAokZEsIyjUg6CeKSYkbSih0LEiE8RkNiKRognwgnya9K4YFSBtALuapAwlz9PZEgX4iJ76rObFUx62Xif54VS+/cSWgQxZIEePqRFzMoQ5hFBAeUEyzZRBGEOVW7QjxCHGGpgqyoEMzZk+dJ57huntYbt41q87KIowz2wD44BCY4A01wDVqgDTB4BM/gFbxpT9qL9q59TFtLWjGzC/5A+/wBzvecLg==</latexit>

10�5 < k < 10�1 [Mpc]�1

PTA, Interferometers+
<latexit sha1_base64="nPD4sUqvEIjNXHswzmsPglGZBDc=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXGhJpPjYSNFNlxXsA9JYJtNJO3QyCTMToYa48VfcuFDErX/hzr9x0mah1QMXDufcy733eBGjUlnWl1GYm19YXCoul1ZW19Y3zM2tlgxjgUkThywUHQ9JwignTUUVI51IEBR4jLS90VXmt++IkDTkN2ocETdAA059ipHSUs/c8S9s6zY5Ok+7h90AqaEIEqd+76Y9s2xVrAngX2LnpAxyNHrmZ7cf4jggXGGGpHRsK1JugoSimJG01I0liRAeoQFxNOUoINJNJh+kcF8rfeiHQhdXcKL+nEhQIOU48HRndqSc9TLxP8+JlX/mJpRHsSIcTxf5MYMqhFkcsE8FwYqNNUFYUH0rxEMkEFY6tJIOwZ59+S9pHVfsk0r1ulquXeZxFMEu2AMHwAanoAbqoAGaAIMH8ARewKvxaDwbb8b7tLVg5DPb4BeMj29s1JZE</latexit>

f > 10
�9

[Hz]
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Scalar induced GW
Theory

<latexit sha1_base64="UgVa48wOLT2dg5duuA0jwYVJOxU="></latexit>

⌦GW(k, ⌘) /
Z 1

0
dt

Z 1

0
ds I2(t, s, k, ⌘)P⇣

✓
k
t+ s+ 1

2

◆
P⇣

✓
k
t� s+ 1

2

◆

Kernel, depends on background cosmology 

Primordial curvature power spectrum  

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

Resonant amplification at  
(for Dirac-Delta spectrum)

kGW ≈ 2cskp

See review by Domenech (2021)

<latexit sha1_base64="lu+d57yQnl6bllwt00WLzvfP4+o=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARBLHMaFE3QtGNywr2Ae1QMmmmDc1khiSjlKHgr7hxoYhbv8Odf2PazkJbD9zL4Zx7yc3xY86UdpxvK7ewuLS8kl8trK1vbG7Z2zt1FSWS0BqJeCSbPlaUM0FrmmlOm7GkOPQ5bfiDm7HfeKBSsUjc62FMvRD3BAsYwdpIHXvPR1eoHUhMUvfk7HGUusemd+yiU3ImQPPEzUgRMlQ79le7G5EkpEITjpVquU6svRRLzQino0I7UTTGZIB7tGWowCFVXjo5f4QOjdJFQSRNCY0m6u+NFIdKDUPfTIZY99WsNxb/81qJDi69lIk40VSQ6UNBwpGO0DgL1GWSEs2HhmAimbkVkT42WWiTWMGE4M5+eZ7UT0vueal8Vy5WrrM48rAPB3AELlxABW6hCjUgkMIzvMKb9WS9WO/Wx3Q0Z2U7u/AH1ucPK7mUWw==</latexit>

b =
1� 3w

1 + 3w
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Scalar induced GW
Theory
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WDependence on  (RD)Pζ

Universal IR behaviour 
[Cai, Pi, Sasaki (2020)]

<latexit sha1_base64="VcztSzVa/AIJeB6gp7P5YiDcYc4="></latexit>

⌦GW(k) /

8
>><

>>:

✓
k

kp

◆3

, k ⌧ kp,
✓

k

kp

◆��

, k � kp,

with � =

(
2nUV, 0 < nUV < 4,

4 + nUV, nUV > 4,

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

[Domenech (2021)]

<latexit sha1_base64="NS2Qny6VB5Jbe/J8pmvuOHjX1EE="></latexit>

⌦GW(k) /

8
>>>>>>><

>>>>>>>:

✓
k

kp

◆3

, k ⌧ krh,
✓

k

kp

◆3�2|b|
, krh ⌧ k ⌧ kp,

✓
k

kp

◆���2|b|
, k � kp,

with � =

(
2nUV, 0 < nUV + b < 4,

4 + nUV, nUV + b > 4,

Theory
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<latexit sha1_base64="lu+d57yQnl6bllwt00WLzvfP4+o=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARBLHMaFE3QtGNywr2Ae1QMmmmDc1khiSjlKHgr7hxoYhbv8Odf2PazkJbD9zL4Zx7yc3xY86UdpxvK7ewuLS8kl8trK1vbG7Z2zt1FSWS0BqJeCSbPlaUM0FrmmlOm7GkOPQ5bfiDm7HfeKBSsUjc62FMvRD3BAsYwdpIHXvPR1eoHUhMUvfk7HGUusemd+yiU3ImQPPEzUgRMlQ79le7G5EkpEITjpVquU6svRRLzQino0I7UTTGZIB7tGWowCFVXjo5f4QOjdJFQSRNCY0m6u+NFIdKDUPfTIZY99WsNxb/81qJDi69lIk40VSQ6UNBwpGO0DgL1GWSEs2HhmAimbkVkT42WWiTWMGE4M5+eZ7UT0vueal8Vy5WrrM48rAPB3AELlxABW6hCjUgkMIzvMKb9WS9WO/Wx3Q0Z2U7u/AH1ucPK7mUWw==</latexit>

b =
1� 3w

1 + 3w

Dependence on w



Reconstructing curvature power spectrum
Previous work

Development of fast code (SIGWAY) to 
compute  from  (and ) for 
radiation and early matter-radiation 

transition


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

amplitudes, NG + more

ΩGW Pζ Vϕ

2501.11320

9
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Reconstructing curvature power spectrum
Our method

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

Pζ

Planck 2018: Constraints on Inflation 

Similar methods have been previously used for the CMB

<latexit sha1_base64="NsjKO6FvOGDmdJJbvTvwmNzF414=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqjPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD1heM+g==</latexit>

k

<latexit sha1_base64="lqFG2sYQGfK6j2BKIj8ZGnqC33s=">AAAB83icbVBNS8NAEN3Ur1q/qh69BItQLyURqR6LXjxWsB/QhLLZTtqlm03YnQg19G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5QSK4Rsf5tgpr6xubW8Xt0s7u3v5B+fCoreNUMWixWMSqG1ANgktoIUcB3UQBjQIBnWB8O/M7j6A0j+UDThLwIzqUPOSMopG8Zj/zngDptDo+75crTs2Zw14lbk4qJEezX/7yBjFLI5DIBNW65zoJ+hlVyJmAaclLNSSUjekQeoZKGoH2s/nNU/vMKAM7jJUpifZc/T2R0UjrSRSYzojiSC97M/E/r5dieO1nXCYpgmSLRWEqbIztWQD2gCtgKCaGUKa4udVmI6ooQxNTyYTgLr+8StoXNbdeq99fVho3eRxFckJOSZW45Io0yB1pkhZhJCHP5JW8Wan1Yr1bH4vWgpXPHJM/sD5/AKLwkXA=</latexit>

P⇣(k) <latexit sha1_base64="1wQuBPv91rvvB3hi8APgvJAeC0g=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkLIrRT0WvXisYD+wXZZsmm1Ds8mSZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5YcKZNq777aysrq1vbBa2its7u3v7pYPDlpapIrRJJJeqE2JNORO0aZjhtJMoiuOQ03Y4up367SeqNJPiwYwT6sd4IFjECDZWeqyMAnaOGgE7C0plt+rOgJaJl5My5GgEpa9eX5I0psIQjrXuem5i/Awrwwink2Iv1TTBZIQHtGupwDHVfja7eIJOrdJHkVS2hEEz9fdEhmOtx3FoO2NshnrRm4r/ed3URNd+xkSSGirIfFGUcmQkmr6P+kxRYvjYEkwUs7ciMsQKE2NDKtoQvMWXl0nroupdVmv3tXL9Jo+jAMdwAhXw4ArqcAcNaAIBAc/wCm+Odl6cd+dj3rri5DNH8AfO5w/0wI/P</latexit>

(ki, Pi)
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Reconstructing curvature power spectrum
Our method

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


We assume  given but not necessary, method 
can be integrated into SGWB estimation pipeline e.g. 
SGWBinner for LISA

θ →

ΔΩGW

<latexit sha1_base64="UL8xxKfDx9yQykxTKtOr2emUfVQ="></latexit>

�2 lnL(✓) =
X

f

✓
⌦GW,model(✓)� ⌦GW,obs

�⌦GW

◆2

.

<latexit sha1_base64="NsjKO6FvOGDmdJJbvTvwmNzF414=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqjPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD1heM+g==</latexit>

k

<latexit sha1_base64="lqFG2sYQGfK6j2BKIj8ZGnqC33s=">AAAB83icbVBNS8NAEN3Ur1q/qh69BItQLyURqR6LXjxWsB/QhLLZTtqlm03YnQg19G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5QSK4Rsf5tgpr6xubW8Xt0s7u3v5B+fCoreNUMWixWMSqG1ANgktoIUcB3UQBjQIBnWB8O/M7j6A0j+UDThLwIzqUPOSMopG8Zj/zngDptDo+75crTs2Zw14lbk4qJEezX/7yBjFLI5DIBNW65zoJ+hlVyJmAaclLNSSUjekQeoZKGoH2s/nNU/vMKAM7jJUpifZc/T2R0UjrSRSYzojiSC97M/E/r5dieO1nXCYpgmSLRWEqbIztWQD2gCtgKCaGUKa4udVmI6ooQxNTyYTgLr+8StoXNbdeq99fVho3eRxFckJOSZW45Io0yB1pkhZhJCHP5JW8Wan1Yr1bH4vWgpXPHJM/sD5/AKLwkXA=</latexit>

P⇣(k) <latexit sha1_base64="1wQuBPv91rvvB3hi8APgvJAeC0g=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkLIrRT0WvXisYD+wXZZsmm1Ds8mSZIWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5YcKZNq777aysrq1vbBa2its7u3v7pYPDlpapIrRJJJeqE2JNORO0aZjhtJMoiuOQ03Y4up367SeqNJPiwYwT6sd4IFjECDZWeqyMAnaOGgE7C0plt+rOgJaJl5My5GgEpa9eX5I0psIQjrXuem5i/Awrwwink2Iv1TTBZIQHtGupwDHVfja7eIJOrdJHkVS2hEEz9fdEhmOtx3FoO2NshnrRm4r/ed3URNd+xkSSGirIfFGUcmQkmr6P+kxRYvjYEkwUs7ciMsQKE2NDKtoQvMWXl0nroupdVmv3tXL9Jo+jAMdwAhXw4ArqcAcNaAIBAc/wCm+Odl6cd+dj3rri5DNH8AfO5w/0wI/P</latexit>

(ki, Pi)

11



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  and  from the samples after 
marginalising over the reconstructions with different number of nodes

Pζ(k) ΩGW(k)

<latexit sha1_base64="aluhhAQiM9nrmLIeLlfLpuk55jw="></latexit>

e.g. E[P⇣,k] =

P
n E[P⇣,k|Mn]ZnP

n Zn
.

Relative probability/weight of 
model with  nodesn

12



Reconstructing curvature power spectrum
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Example: Radiation domination

Reconstruction is great if peak of  is observed ΩGW68%,
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99.7%

credible 
intervals
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Reconstructing curvature power spectrum
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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 Pζ

1010 1011 1012 1013 1014

k [Mpc°1]

10°5 10°4 10°3 10°2 10°1

f [Hz]

10°6

10°4

10°2

100

P
≥

1011 1012

k [Mpc°1]

10°4 10°3 10°2

f [Hz]

10°17

10°15

10°13

10°11

≠
G

W

Upper Limit

16



Reconstructing the equation of state

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

<latexit sha1_base64="V+V56djztlVMtI7iQUZG6sCVTLc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU91VqV6EohePFewHtEvJptk2NpssSVYpS/+DFw+KePX/ePPfmG170NYHA4/3ZpiZF8ScaeO6305uaXlldS2/XtjY3NreKe7uNbRMFKF1IrlUrQBrypmgdcMMp61YURwFnDaD4U3mNx+p0kyKezOKqR/hvmAhI9hYqfF05Z2cFbrFklt2J0CLxJuREsxQ6xa/Oj1JkogKQzjWuu25sfFTrAwjnI4LnUTTGJMh7tO2pQJHVPvp5NoxOrJKD4VS2RIGTdTfEymOtB5Fge2MsBnoeS8T//PaiQkv/ZSJODFUkOmiMOHISJS9jnpMUWL4yBJMFLO3IjLAChNjA8pC8OZfXiSN07JXKVfuzkvV61kceTiAQzgGDy6gCrdQgzoQeIBneIU3RzovzrvzMW3NObOZffgD5/MH78COEg==</latexit>

w = 1/3
<latexit sha1_base64="HjZ7Pc/gXl2749wFbkcQS2gBoLw=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5rUol6EohePFewHtDFstpt26WYTdzdqCf0rXjwo4tU/4s1/Y9L2oK0PBh7vzTAzz4s4U9qyvo3c0vLK6lp+vbCxubW9Y+4WmyqMJaENEvJQtj2sKGeCNjTTnLYjSXHgcdryhleZ33qgUrFQ3OpRRJ0A9wXzGcE6lVyzSFx1V0EX6LEr6D2yj08KrlmyytYEaJHYM1KCGequ+dXthSQOqNCEY6U6thVpJ8FSM8LpuNCNFY0wGeI+7aRU4IAqJ5ncPkaHqdJDfijTEhpN1N8TCQ6UGgVe2hlgPVDzXib+53Vi7Z87CRNRrKkg00V+zJEOURYE6jFJieajlGAiWXorIgMsMdFpXFkI9vzLi6RZKdun5epNtVS7nMWRh304gCOw4QxqcA11aACBJ3iGV3gzxsaL8W58TFtzxmxmD/7A+PwBBh+Sfg==</latexit>

c2s = w 6= 1/3

<latexit sha1_base64="S3U4xzUNAY/4m7R+0jJHpgwlicE=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBVUlEqsuiC11WsA9oQphMJ+3QySTMTIQSiht/xY0LRdz6Fe78G6dtFtp64MKZc+5l7j1hypnSjvNtLS2vrK6tlzbKm1vbO7v23n5LJZkktEkSnshOiBXlTNCmZprTTiopjkNO2+HweuK3H6hULBH3epRSP8Z9wSJGsDZSYB8Og9yTMZKDMfI4R8Xzpj0O7IpTdaZAi8QtSAUKNAL7y+slJIup0IRjpbquk2o/x1Izwum47GWKppgMcZ92DRU4psrPpyeM0YlReihKpCmh0VT9PZHjWKlRHJrOGOuBmvcm4n9eN9PRpZ8zkWaaCjL7KMo40gma5IF6TFKi+cgQTCQzuyIywBITbVIrmxDc+ZMXSeus6taqtbvzSv2qiKMER3AMp+DCBdThFhrQBAKP8Ayv8GY9WS/Wu/Uxa12yipkD+APr8wdzKpbW</latexit>

krh ⌧ kGW

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

Inflation

<latexit sha1_base64="N56vxqw3Bk9vp/tZgkcBj2A5gE4=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A9ol5JNs21oNgnJrFiW/gwvHhTx6q/x5r8xbfegrQ8GHu/NMDMv0oJb8P1vr7C2vrG5Vdwu7ezu7R+UD49aVqWGsiZVQplORCwTXLImcBCsow0jSSRYOxrfzvz2IzOWK/kAE83ChAwljzkl4KQu4B7R2qgn7PfLFb/qz4FXSZCTCsrR6Je/egNF04RJoIJY2w18DWFGDHAq2LTUSy3ThI7JkHUdlSRhNszmJ0/xmVMGOFbGlQQ8V39PZCSxdpJErjMhMLLL3kz8z+umEF+HGZc6BSbpYlGcCgwKz/7HA24YBTFxhFDD3a2YjoghFFxKJRdCsPzyKmldVINatXZ/Wanf5HEU0Qk6RecoQFeoju5QAzURRQo9o1f05oH34r17H4vWgpfPHKM/8D5/AJAikM0=</latexit>

t ⇡ 0Today

DE, Matter
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Equation of state

Background equation of state can be 
inferred from the data since peak shape 
depends on w

1010 1011 1012 1013

k [Mpc°1]

10°5 10°4 10°3 10°2

f [Hz]

10°7

10°5

10°3

10°1

P
≥

1011 1012

k [Mpc°1]

10°4 10°3 10°2

f [Hz]

10°12

10°11

10°10

10°9

10°8

≠
G

W

Truth

0.64 0.65 0.66 0.67 0.68 0.69

w

w = 0.663+0.012
°0.013
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Equation of state

Peak location and UV behaviour depend 
on , but there are can be degeneracies 
between  and …

w
w Pζ

1010 1011 1012 1013

k [Mpc°1]

10°5 10°4 10°3 10°2

f [Hz]

10°7

10°5

10°3

10°1

P
≥

1011 1012

k [Mpc°1]

10°4 10°3 10°2

f [Hz]

10°10

10°9

≠
G

W

Truth

0.2 0.4 0.6 0.8

w

w = 0.658+0.095
°0.12
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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,  case)cs = 1
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Summary
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transition,  case)cs = 1
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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



Thank you!

Contact: ameek.malhotra@swansea.ac.uk
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