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You want to search for 
GW backgrounds (GWBs) from your favorite models 

with some GW detector. 

2 important questions are…

1. How well can the signal be detected? 
i.e., how well can the underlying model’s parameters be probed?

2. Can different models be distinguished? 
whose GWB are very similar, but not overlap. 
E.g., due to some theoretical uncertainties.



Gravitational Wave Backgrounds (GWBs) 
from cosmological origins.
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PTA 
Hints

My favorite!

Cosmic-string GWB can be loud and spans a broad frequency range.

PS, Thesis



4

02.05.2025 — Peera Simakachorn (IFIC, Valencia U.)

<latexit sha1_base64="zhyTXi7w+TfCy8SQNz8nqmfTB7g="></latexit>

Gµ →
(

ω

mPl

)2

→ 6.7↑ 10→11
( ω

1014 GeV

)2

String tension [energy per length]

GWB from 
Cosmic Strings

A cosmic string = a line-like topological defect 
from a spontaneous symmetry breaking [e.g., U(1)], 

at energy scale . [Kibble ’76]η

Network of cosmic 

Allen & 
Shellard,’90

String 
loops

long strings
GW 
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“The master formula”

See also talks by Kai and  Jose-Juan

 lloop ∼ αt
α ≃ 0.1
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Conventional templates  

Nambu-Goto (NG) 1D strings: only GW emission
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VOS: Velocity-dependent 
One-Scale model
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BOS: Blanco-Pillado, 
Olum, Shlaer, ’13, ‘17
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ΛCDMNG analytics
NG simulations

NG analytics

NG simulationsΛCDM
VOS
BOS

Dimitriou, Figueroa, PS, Zaldivar, (to appear)
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Other BSM scenarios can modify these 3 ingredients.

Beyond conventional  
templates!
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Templates
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string GWB

Beyond

conventional

Cosmic

histories

Non-

standard

post-infla.

eras

Extra

ther-

malized

DOFs

Completely

secluded

sector

Loop’s

properties

Initial

loop size
Loop’s

GW

emission

Loop

number

density

LRS

Smaller

intercom-

mutation

Metastable

cosmic

strings Current

carrying

strings

Field

theory

strings

Conventional

(Nambu-Goto)

VOS

(semi-
analytic)

BOS

(sim.)

A public catalog for ΩGW( f )

Soon with 
Dimitriou, Figueroa, 

PS, Zaldivar, (to appear)

*local strings

Recently: 
Baeza, Copeland, 

Figueroa, Lizarraga, ‘24
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For example, LISA

1. How well can we detect the cosmic-string GWB? 
and extract info about parameters: , other BSM parameters 

(See also LISA CosWG ’24)

Gμ

Searches for cosmic-string GWB

2. Can LISA distinguish between cosmic string models? 
(because some of them are very similar, though they do not overlap.)

We will see detector noises + stochastic signal.
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Previously…

Tobs = 75% × 4 yrs

Detector Noise PLS 

<latexit sha1_base64="ne8ZOkN9NRQHJmnfmFKPnBbCOyE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Jv2yxW36s5BVomXkwrkaPTLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UvVq1dn9Zqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD6IejXI=</latexit> } “A signal with SNR = 10. 
Our signal is detectable!”

This is not realistic! 
(e.g., the observation is noise. 

How to get signal from observation?) 
SNR is not enough! 
What is the range of , 

including uncertainty? 
Is the signal VOS or BOS?

Gμ

Signal-to-Noise Ratio

Or its graphical representation: Power-law integrated sensitivity (PLS) curve
[Thrane & Romano ‘13]

(Peera in his PhD)
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A better and more precise way…

Using the simulation-based inference (SBI) technique 
(A machine-learning method) 

with the “ GWBackFinder ” package  
developed by Dimitriou, Figueroa, Zaldivar [2309.08430] 

Data analysis 

when a (mock) data from detector is given.

See Bryan Zaldivar’s talk on Monday
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For a signal  

from model  

with parameters  
and a detector noise 

M
⃗s

Ωnoise( ⃗n)

Ωsignal = ΩM
GW( ⃗sinj)

 

[ ]
Ωtot( ⃗θ) = Ωsignal( ⃗s ) + Ωnoise( ⃗n)

⃗θ = { ⃗s, ⃗n}

Mock Data 
D( ⃗θ)

from Model  M

Neural Posterior Estimation (NPE)

Probability (Posterior) distribution 
of model’s parameters, given data 

ℙ( ⃗s |D)

*In A, E, T channels

 
(over all possible 

signals and noises), 
neural networks 

are trained.

Neural Likelihood Estimation (NLE) 

Evidence given a parameter of some model 
ℙ(D | ⃗s, M)

 samples106

SBI technique with “ GWBackFinder ”
See also Bryan Zaldivar’s talk on Monday
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Neural Posterior Estimation (NPE)

Probability (Posterior) distribution 
of model’s parameters, given data 

ℙ( ⃗s |D)

Neural Likelihood Estimation (NLE) 

Evidence given a parameter of some model 
ℙ(D | ⃗s, M)

Once the network is trained (for hours/days), 
SBI can obtain posterior/evidence instantly! 
for each input = data , model  and parameters .D M ⃗S

* MCMC would take hours/days for each input.

SBI technique with “ GWBackFinder ”

Q1: How well can the signal be detected? 
A1: Parameter reconstruction !

Q2: How to distingush between models? 
A2: Model comparison !

See also Bryan Zaldivar’s talk on Monday
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I. “Parameter reconstruction” ability

Ωsignal = ΩM
GW( ⃗sinj)

Model 

ΩM
GW( ⃗s )

Posterior of  ⃗s
ℙ( ⃗s |D)

 with [ ]Ωtot( ⃗θ) = Ωsignal( ⃗s ) + Ωnoise( ⃗n) ⃗θ = { ⃗s, ⃗n}

Mock Data 
D( ⃗θ)

from Model . (E.g., BOS with )M Gμinj

NPE 
for Model M

“ Uncertainty in detecting a signal 
 of  with a GW detector.”⃗Sinj

Instantly!

See also Bryan Zaldivar’s talk on Monday
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 1%∼

 10%∼

one-parameter template: Gμ

Example: Reconstructing  for BOS modelΩGW

 1%∼

Band = 95% uncertainty range in  ΩGW

Dimitriou, Figueroa, PS, Zaldivar, (to appear)



String tension

15

02.05.2025 — Peera Simakachorn (IFIC, Valencia U.)

(Gμ)inj = 10−13
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LISA noise

(Gμ)inj = 10−16

Relative uncertainty in  
   0.2% (95% CL)

log Gμ
∼

Red: SBI
Blue: MCMC

String tension
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LISA noise

Example: Reconstructing  for BOS modelGμ

Relative uncertainty in  
   0.6% (95% CL)

log Gμ
∼

Dimitriou, Figueroa, PS, Zaldivar, (to appear)
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Reconstruction uncertainty  

scanned over BOS model’s parameter space
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(of the true signal)
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True model 

ΩMtrue
GW ( ⃗s )

Evidence of  Mtrue

ℙ(D |Mtrue)

 with [ ]Ωtot( ⃗θ) = Ωsignal( ⃗s ) + Ωnoise( ⃗n) ⃗θ = { ⃗s, ⃗n}

Mock Data 
D( ⃗θ)

NLE for Mtrue

 Bayes factor: BF(Mtrue, Mrival) = ℙ(D |Mtrue)
ℙ(D |Mrival)

Instantly!

Ωsignal = ΩMtrue
GW ( ⃗sinj) from Model  (E.g., BOS with )Mtrue Gμinj

Rival model 

ΩMrival
GW ( ⃗q)

Evidence of  Mrival

ℙ(D |Mrival)

NLE for Mrival

“ Ability to distinguish  from  
for a signal of  with a GW detector.”

Mtrue Mrival
Mtrue( ⃗Sinj)

II. “Model comparison” ability



h2ΩGW

SNR = 102

SNR = 10

10-5 10-4 10-3 10-2 10-1 1
10-13

10-12

10-11

10-10

LISA

Gμ= 5 × 10-11

10-11

10-12

10-13

10-14

10-15

10-16

10-17

BOS
VOS

f [Hz]

18

02.05.2025 — Peera Simakachorn (IFIC, Valencia U.)

 10% relative difference in ∼ ΩGW

(ΩGWVOS/ΩGWBOS - 1)× 100%

10-5 10-4 10-3 10-2 10-1 1
-20

-15

-10

-5 Gμ= 5× 10 -11

Gμ=
10 -12

Gμ= 10 -14

Gμ= 10 -16
Gμ= 10-18

f [Hz]

Distinguishing VOS and BOS with LISA?

If LISA can reconstruct 
with much less uncertainty, 

we can distinguish.

Dimitriou, Figueroa, 
PS, Zaldivar, (to appear)
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Distinguishing VOS and BOS with LISA?

 Gμ ≳
5 × 10−13
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Gμinj
. For decisive comparison, 

it seems we need diff. between spectra. 
ΩGW ∝ Gμ ⇒ ΔΩGW ∼ ΔGμ /2

ΔΩrecon
GW ≲ 0.1 ×

This is 
 
.

SNR
≳ 103

Dimitriou, Figueroa, PS, Zaldivar, (to appear)

(of the true signal)
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Other uncertainties for conventional templates: 
SM degrees of freedom (dofs) evolution
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<latexit sha1_base64="m6Pux224ucv4hIdop/95g3vL9cU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fip01eBogwH5YpbdRcg68TLSQVyNAflr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LJU0Qu1ni3Nn5MIqQxLGypY0ZKH+nshopPU0CmxnRM1Yr3pz8T+vl5rwxs+4TFKDki0XhakgJibz38mQK2RGTC2hTHF7K2FjagMwNqGSDcFbfXmdtK+qXr1ae6hVGrd5HEU4g3O4BA+uoQH30IQWMJjAM7zCm5M4L86787FsLTj5zCn8gfP5A1UZj5Q=</latexit>

}SM 
relativistic 

dofs

Saikawa-Shirai [1803.01038] 
Husdal [1609.04979]

QCD 
PhT

EW 
PhT
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LISA cannot 
distinguish different 
SM-dof evolution 

from cosmic-string GWB, 
even for large SNR.

⟨ln BF⟩ ∼ 0

Require reconstruction with 
uncertainty in !≲ 1 − 2 % ΩGW

Distinguishing SM-dof 
evolutions with LISA?

(of the true signal)



22

02.05.2025 — Peera Simakachorn (IFIC, Valencia U.)

Templates

for cosmic-

string GWB

Beyond

conventional

Cosmic

histories

Non-

standard

post-infla.

eras

Extra

ther-

malized

DOFs

Completely

secluded

sector

Loop’s

properties

Initial

loop size
Loop’s

GW

emission

Loop

number

density

LRS

Smaller

intercom-

mutation

Metastable

cosmic

strings Current

carrying

strings

Field

theory

strings

Conventional

(Nambu-Goto)

VOS

(semi-
analytic)

BOS

(sim.)

Distinguish other BSM scenarios 
from the conventional template?

M

<latexit sha1_base64="Sm1V1ynbm0R5ZgcO5kAVJBnpROM=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmbiDMncgl68CAmYBZIh9HR6kjY9C909Qgj5Ai8eFPHqJ3nzb+wsgoo+KHi8V0VVvSDlTCrL+jBya+sbm1v57cLO7t7+QfHwqCWTTBDaJAlPRCfAknIW06ZiitNOKiiOAk7bwfhq7rfvqZAsiW/VJKV+hIcxCxnBSkuNm36xZJle2XHcC2SZTtW13aomluc5bgXZprVACVao94vvvUFCsojGinAsZde2UuVPsVCMcDor9DJJU0zGeEi7msY4otKfLg6doTOtDFCYCF2xQgv1+8QUR1JOokB3RliN5G9vLv7ldTMVVv0pi9NM0ZgsF4UZRypB86/RgAlKFJ9ogolg+lZERlhgonQ2BR3C16fof9Iqm7Zjeg2nVLtcxZGHEziFc7ChAjW4hjo0gQCFB3iCZ+POeDRejNdla85YzRzDDxhvny3hjTk=</latexit>

M̄

<latexit sha1_base64="tqG1CuRmr/oz0GtXs42WJkzs7EE=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFSYa22RXdONGqGAf0IYymU7aoZNJmJkIJfQj3LhQxK3f486/cfoQVPTAhcM593LvPWHKmdIIfViFldW19Y3iZmlre2d3r7x/0FJJJgltkoQnshNiRTkTtKmZ5rSTSorjkNN2OL6a+e17KhVLxJ2epDSI8VCwiBGsjdTuhVjmN9N+uYJs5PvOeRUi+8L1qlXfEM8991ANOjaaowKWaPTL771BQrKYCk04VqrroFQHOZaaEU6npV6maIrJGA9p11CBY6qCfH7uFJ4YZQCjRJoSGs7V7xM5jpWaxKHpjLEeqd/eTPzL62Y68oKciTTTVJDFoijjUCdw9jscMEmJ5hNDMJHM3ArJCEtMtEmoZEL4+hT+T1pntuPa/q1bqV8u4yiCI3AMToEDaqAOrkEDNAEBY/AAnsCzlVqP1ov1umgtWMuZQ/AD1tsn8VeQAg==</latexit>

String 
monopole 
network

e.g., Buchmuller, Domcke, Schmitz, ‘21
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Metastable-string template

<latexit sha1_base64="mE6tlJSU9PeJkzmXktAme2oNz74="></latexit>

with
→
ω ↑ mM

ε

[
monopole scale

string scale

]
> 1

GWB spectrum depends on 
 andGμ = (η/mPl)2

Low-frequency cutoff due to 
string network decay.

κinj

10-14 10-13 10-12 10-11
60

62

64

66

68

70

72

74

↓

with m
etasta

ble

string
featur

e

SNR
=
10 3

SNR
= 500SNR = 250

SNR = 100SNR = 50

Gμinj

Confidently distinguishable  
metastable-string GWB. 

⟨ln BF⟩ > ln 102

Comparing 
metastable strings (true model) 

vs. 
conventional (VOS) template

κinj

10-14 10-13 10-12 10-11
60

62

64

66

68

70

72

74

↓

with m
etasta

ble

string
featur

e

SNR
=
10 3

SNR
= 500SNR = 250

SNR = 100SNR = 50

Gμinj

No metasta
ble 

feature
 ↑

Dimitriou, Figueroa, PS, Zaldivar, (to appear)

(of the true signal)

(of the true signal)
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To search for 
GWB from our favorite models 

with some GW detector. 

Important questions are

1. How well can the signal be detected? 
i.e., how well the underlying model’s parameters be probed?

2. Can different models be distinguished? 
(whose GWB are very similar, but not overlap.)

The SNR is not enough!

Take-home messages!
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 A characterization of LISA for (Nambu-Goto) cosmic-string GWBs: 
parameter reconstruction and model-comparison abilities

⇒

Data analysis with SBI technique: Super fast !𝒪(secs − mins)

We don’t know yet the true signal of GWB. 
— How well can we reconstruct? 
— How well can we distinguish between different models?

<latexit sha1_base64="m6Pux224ucv4hIdop/95g3vL9cU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fip01eBogwH5YpbdRcg68TLSQVyNAflr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LJU0Qu1ni3Nn5MIqQxLGypY0ZKH+nshopPU0CmxnRM1Yr3pz8T+vl5rwxs+4TFKDki0XhakgJibz38mQK2RGTC2hTHF7K2FjagMwNqGSDcFbfXmdtK+qXr1ae6hVGrd5HEU4g3O4BA+uoQH30IQWMJjAM7zCm5M4L86787FsLTj5zCn8gfP5A1UZj5Q=</latexit>

}

Take-home messages!

Must scan over all possibilities  
across models’ parameter spaces

Still more works to be done!

PhT, Inflation, 
Scalar-induced, 
Axion-kination, etc… 

A characterization of Detector X for GWB from Y.
What’s next ?

LISA, 
Einstein Telescope, 

Cosmic Explorer, etc…

More realistic…including astro foregrounds, transients  “ Global fit ”⇒


