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Introduction
SWs dominated GWs production : Nucleation, Expansion, Percolation
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Introduction

Space-based GWs detectors Ground-based GWs detectors
Miliherze range Handred Hertz range

Measured 03
-==-- Advanced LIGO design sensitivity
—— Total controls
—— Quantum shot

Quantum radiation pressure
—— Thermal
—— Seismic
Newtonian

ave strain h [strain,/v/Tiz]
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John Baker et al., arXiv:1907.06482  Craig Cahillane arXiv:2202.00847
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Data generation

Time delay interferometry

Time delay interferometry (TDI)

q)ABC(t) = ASDABC + nABC(t)
Apa,. : phase difference at vertex A
Nage(t) 1 noise at vertex A

Arm Length L =25 x 10°m

TDI (cancel laser frequency noise)
Tristan L. Smith arXiv: 1908.00546
===

Arm Length L = 4km

E x & Cross correlation method for LIGO
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Craig Cahillane arXiv: 2202.00847
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Data generation

AET channels

AET channels

XYZ channels AET channels Power spectral densities
Vertex A: X A= %(fo) PSDA(f) = Su(f) Ra(f) + Na(f)
Vertex B: Y E= %(X—ZY—&-Z) PSDg(f) = Su(f) Re(f) + Ne(f)
Vertex C: Z = 5X+Y+2) PSD7(f) = Su(f) R7(f) + Nr(f)

. Null channel method
PSDr(f) = Nr(f)
Tristan L. Smith arXiv: 1908.00546

Noise PSD [Hz3]
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Data generation

Frequency domain data

Frequency domain data

Distribution :
. 2
. 1 da(fx) ‘ , TR
P(da(fk)) — —ep| |, 2= —= P,(f)
2mos 202 4
Generate in frequency domain
Comparison of Theoretical and Simulated PSD in A Channel Comparison of Theoretical and Simulated PSD in T Channel
| ®  Simulated Data ™ e simulated Data

—— Theoretical PSD .| — Theoretical PSD

Frequency (Hz)

Guillaume Boileau arXiv:2011.05055v3

Frequency (Hz)
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Data analysis

Likelihood

Likelihood

Logarithmic Likelihood function

No N/2 23,6
T2f, f Na(f, f Ne(f)INT(f,
he=-3% {In (W s Ts [Sa(fi) + Na(f)llSe (f) + Ne(fi)INT( k))
k=1 k=1 8
R A |dE ()P |d5 ()P
T2 | Sa(fi) + Na(fi) — Se(fi) + Ne(fi) N7 (fi)
. . . . 2 k : index of discrete frequenc
Fisher information matrix Fj = —E (W) N.:‘IO":t[ifn_adnutmbcrqinon);scgmcm
o Ny =12 ¢ mumber of scgments
T = 4 years : observation time
N2
Flikelinood _ p / [ 2 A[Sa(fk) + Na(fi)] O[Sa(fi) + Na(fi)]
’ = L[Sa(fi) + Na(fi)]? 20, 00;

1 ONr(f) ONT(f)
NZ(f) 00 96,

Provide fast estimates of parameter
uncertainties to compare with MCMC
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Data analysis

Comparison between FIM and MCMC

Comparison between FIM and MCMC
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m Comparison of parameter constraints

SN m Color coding (red for MCMC, blue for
[ FIM) & Parameters are fully recovered

m Dark for 1o, light for 20
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Chiara Caprini, arXiv:2403.03723v2
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Data analysis
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Constraints on xXSM parameters

Constraints on xSM parameters

xSM model parameters vs, mp,, 0, bz, b
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Phenomenological parameters Qp, fo

3 , 7/2 _
() = (£) (o) Alexandre Alves arXiv: 1812.09333
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Data analysis
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Constraints on xXSM parameters

Constraints on xSM parameters

All Points with Confidence Regions
o T o Alpoints o Points within Confidence Regions
. o Pointsinside 95% o Points inside 95%
o Points inside 68% o points inside 68%

10g10 fiw

25
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log10Q0 10g10Q0
physical constraints (Alexandre Alves arXiv: 1812.09333)
m 1.The Higgs potential must be stable and bounded from below.
m 2.Perturbativity and unitarity must hold at high energies.

m 3.Higgs couplings must remain close to the Standard Model values.
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Data analysis
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Constraints on xXSM parameters

Constraints on xSM parameters

© Al points
* 1o points

- ye - 20poims GWs observation significantly restricts
' the ranges of the xXSM parameters and
reveal strong parameter correlations,

™ demonstrating it can directly constrain

particle physics models beyond the
/ Standard Model.

by l, s
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Data analysis

Constraints on Higgs couping parameters

Constraints on Higgs couping parameters

m? m}
AL = —3=2(1+ Sr3)h} — 25+ (1+ 0ka)ht

2m? —2bzvs—4bsv? 5m?_—A4byvs—8byv?
Srs — 02 [,g M I R [73+ % + 0%
h hi
| Collider-only measurements leave

large uncertainties in here
GWs observations from FOPT
provide complementary information
that helps to narrow the allowed
parameter space, highlighting its

. crucial role in probing the Higgs

prilir g potential beyond the collider

measurements.

Alexandre Alves arXiv: 1812.09333
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Future improvement

Future improvement

m 1. Perform simulation in time-domain to capture realistic, non-
stationary features.

2. Combine the space-based and ground-based detectors for joint
observations.

m 3. Implement 2nd-generation TDI to improve laser noise
cancellation.

4. Apply CLT and CG to reduce computation cost.

5.Explore more particle physics for GW predictions.
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Future improvement

Thank You!

Questions are welcome.

Qingyuan Liang
University of Chinese Academy of Sciences
qingyuan211045@gmail.com
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