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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.
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Gravitational Wave Backgrounds (GWBs)
from cosmological origins.

Cosmic-string GWB can be loud and spans a broad frequency range.
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A cosmic string = a line-like topological defect
from a spontaneous symmetry breaking [e.g., U(1)],

Cosmic Strings

GWB from at energy scale 7. [Kibble *76]

String tension [energy per length]
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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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Other BSM scenarios can modify these 3 ingredients.
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Searches for cosmic-string GWB

For example, LISA

We will see detector noises + stochastic signal.

1. How well can we detect the cosmic-string GWB?

and extract info about parameters: Gu, other BSM parameters
(See also LISA CosWG '24)

2. Can LISA distinguish between cosmic string models?

(because some of them are very similar, though they do not overlap.)
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fmax

Previously.. Signal-to-Noise Ratio SNR = \/Tobs /
Jf

min

if [Q(:w(f) r
Qnoise(f) '
Or its graphical representation: Power-law integrated sensitivity (PLS) curve
[Thrane & Romano ¢13]

Detector Noise PLS
“A signal with SNR = 10.

Our signal is detectable!”
(Peera in his PhD)

10—10 .

10—11 i

This is not realistic!

(e.g., the observation is noise.
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How to get signal from observation?)
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Is the signal VOS or BOS?
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A better and more precise way.

Data analysis

when a (mock) data from detector is given.

Using the simulation-based inference (SBI) technique

(A machine-learning method)
with the “ GWBackFinder " package
developed by Dimitriou, Figueroa, Zaldivar [2309.08430]

See Bryan Zaldivar's talk on Monday
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SBI technique with ‘¢ GWBackFinder *’

See also Bryan Zaldivar's talk on Monday

--------------------------------------------
L d

_ M - \‘. »
For a signal 5 Qgional = LGy (Sip;) from Model M . l106 samples
from model M Q. (6) = Qgienat(S) + Rooie() . _
with parameters s [0 = {5.71}] 5 (over all possible

and a detector noise signals and noises),

Qnoise(n)
*In A, E, T channels

neural networks

are trained.

Neural Posterior Estimation (NPE) : Neural Likelihood Estimation (NLE)
& &
Probability (Posterior) distribution Evidence given a parameter of some model
of model’s parameters, given data P(D|5, M)
P(s|D) '
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SBI technique with ‘¢ GWBackFinder *’

Neural Posterior Estimation (NPE) Neural Likelihood Estimation (NLE)
@ "E
Probability (Posterior) distribution Evidence given a parameter of some model
of model's parameters, given data : P(D|5, M)
P(s| D) '

Q1: How well can the signal be detected?: Q2: How to distingush between models?

Al: Parameter reconstruction ! A2: Model comparison !

Once the network is trained (for hours/days),

SBI can obtain posterior/evidence instantly!

for each input = data D, model M and parameters S

* MCMC would take hours/days for each input.
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I. ‘‘Parameter reconstruction’’ ability

Qinal = Qorw(Sin) from Model M. (E.g., BOS with Gpyp)

signal — 1nj

Quo(0) = Qg (5) + Qi) with [0 = {5, 71})]

Mock Data
D(®)

&
- for Model M

Posterior of s

P(5|D)

“ Uncertainty in detecting a signal
of §;,; with a GW detector.”
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Example: Reconstructing €,y for BOS model

one-parameter template: Gu

— injected ‘---- recon. Qg (F;Gu) ----- recon. Gu ™ 95% CL recon.

\ Gu — 10~'"

fow [HZ]

Band = 95% uncertainty range in Qgw
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Example: Reconstructing Gu for BOS model

(Gﬂ)inj = 107" (Gﬂ)inj =107'°
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. . Ao Recontructed log Gu
Reconstruction uncertainty

scanned over BOS model’s parameter space

This is uncertainty in Gu.
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II. ‘“Model comparison’’ ability

Q — QMtrue(S ) from Model Mtrue (E g BOS with Glulnj)

signal — 1n]

Qtot(e) - Qsignal(§) + Qnoise(ﬁ) with [6 - {39 ﬁ}]

Mock Data

D)

NLE for m

true

NLE for »

2

rival

Rival model

True model

QMtrue( S ) »

rlval( q )

Evidence of M, .| |Evidence of M., .,

H:D(D | true) P(D i 1val)

N\ /

P(D|M,,.)
Bayes factor: BF(M,, ., M., .) = | M
P(Dl rival)
“ Ability to distinguish M. from M .

for a signal of M, (S ) with a GW detector.”

true inj
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Distinguishing VOS5 and BOS with LISA?

~ 10% relative difference in Qg

If LISA can reconstruct
with much less uncertainty,
we can distinguish.
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Distinguishing VOS5 and

200 H! T T NNNNH! T [N
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with LISA?
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Qow x1/Gu = AQqw ~ AGu/2. For decisive comparison,
it seems we need AQSY" < 0.1 X diff. between spectra.



Other uncertainties for conventional templates:
SM degrees of freedom (dofs) evolution
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Distinguish other BSM scenarios
from the conventional template?

Non- Extra
VOS Tem p|ates standard ther-

(semi- for cosmic- post-infla. malized
analytic) { string GWB

eras DOFs

Conventional

(Nambu-Goto)

Cosmic

histories
Loop

Smaller number
intercom- . density Completely
mutation secluded
R | Beyond sector
I" Metastable .
cosmic conventional

. strings ~ Current
. A carrying Loob’s
Strlng V , —— strings - :
properties
monopole

network u Field

M theor

M ~ory

strings

e.g., Buchmuller, Domcke, Schmitz, 21
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Gu=5x10"1

Metastable-string template

Low-frequency cutoff due to
string network decay.

GWB spectrum depends on
Gu = (n/mp))* and

107121 - m monopole scale
- - - = stable 3 \/E — M [ p > 1
metastable 7 Strmg scale
12 b Kinj (of the true signal)
10°© A PR . . .
10-5 104 10-3 10-2 10174, Dimitriou, Figuerca, PS, Zaldivar, (to appear)
f [Hz] i metastab\e
72j NO (eature -
. 70" ]
Comparing f

metastable strings (true model)
VS.

conventional (VOS) template
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Take-home messages!

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.)
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Take-home messages!

We don’t know yet the true signal of GWB.

— How well can we reconstruct? } Must scan over all possibilities
— How well can we distinguish between different models? J across models’ parameter spaces

= 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)!

What’s next 2
A characterization of Detector X for GWB from Y.
LISA, PhT, Inflation,
Einstein Telescope, Scalar-induced,
Cosmic Explorer, etc... Axion-kination, etc...

More realistic...including astro foregrounds, transients = “ Global fit "
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