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New Physics

•High energy frontier (LHC, etc)

•Precision frontier (EDM, MDM, etc)

•Cosmic frontier (CMB, etc)

•Dark matter searches (direct, indirect, etc)

•Gravitational waves

Nature

See also 一鸣’s talk
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•  Inflation (tensor mode fluctuation)

•  Reheating (preheating)

•  Cosmological first order phase transitions

•  Topological defects (cosmic strings, domain walls, etc)

•  Dark matter (primordial black holes, dark photon, axion, etc)

See, e.g., Snowmass 2021 white paper arxiv:2203.07972
(Submitted to General Relativity and Gravitation, corresponding author) 
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 Gaussian

 Stationary

 Isotropic

 Unpolarized

Just like a noise, it is described similarly.

PRL 118, 121101 (2017)

Energy density Spectrum

www.ligo.org

See also 发朋’s talk (anisotropy) 



• The standard method of searching for SGB

• Remove majority of noises specific to a single interferometer

cross-correlation estimator O1, O2 and O3 data from 
interferometer I(J): (H, L, V)

overlap reduction function

https://www.ligo.org
CERN Courier



model predictionmeasured value

variance of noise

Likelihood

Posterior

prior

Model comparison: Bayes factor
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LIGO

PPTA

NANOGrav
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Hindmarsh, et al,PRL112,041301(2013)

Bubble Collisions Sound Waves MagnetoHydrodynamic Turbulence

https://home.mpcdf.mpg.de/~wcm/projects/
homog-mhd/mhd.html

energy concentrated at walls acoustic production turbulent motion

See alo 立功’s talk (new simulation result and new phenomena), 
             少江’s talk (wall velocity calculation)
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•  LIGO (~100Hz)  : (~PeV - EeV)

•  LISA, Taiji, Tianqin: mHz : (~100GeV)

•  PTA: nHz (~100MeV)

Hindmarsh et al SciPost Phys.Lect.Notes 24 (2021) 

New Physics?

Guenther, arxiv: 2010.15503

See also Jiang’s talk, 赟’s talk 



HG,Sinha,Vagie,White,JCAP 01 (2021) 001

(RD)

•  Broken power law model

•  Bubble collision domination

•  Sound waves domination



11

95% CL UL (CBC+BPL)CBC + BPL No Evidence for BPL Signal

95% CL UL with fixed n2

Posterior distributions for 2 variables (correlations)

insensitive

(SW)
(BC)
(BC)



•  No Evidence for Broken Power Law Signal

•  No Evidence for Bubble Collision Domination Signal

•  No Evidence for Sound Waves Domination Signal

95% CL UL with fixed Tpt and beta/Hpt

Sound Waves

95% CL UL (CBC+BPL)

Broken Power Law

95% CL UL with fixed Tpt and beta/Hpt

no sensitivity

Bubble Collision

First result from gravitational wave data!

O1+O2+O3@LIGO (H1, L1), Virgo



Croon, Gould, Schicho, Tenkanen, White, JHEP04(2021)055

See also Xiao’s talk (uncertainty due to sound velocity calculation)

• Finite T effective potential calculations

• Phase transition parameter calculations (vw)

• GW spectra calculations (simulations, modellings)

• Possibly new phenomena

H.G, Sinha, Vagie, White, JHEP06(2021)164

(fixed wall velocity)
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Cosmic String Searches



• Solutions of classical field equations

• Boundaries take vacuum field values (finite energy)

• Degenerate vacuum (manifold) and nontrivial mapping
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Domain Walls

http://www.ctc.cam.ac.uk/outreach/origins/cosmic_structures_two.php

Cosmic Strings

For domain wall GWs, see Yeling’s talk



https://www.ligo.org/science/Publication-S5S6CosmicStrings

example waveform in time domain (cusp)
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cusp, kink, kink-kink collision

LIGO-Virgo-KAGRA collaborations, PRL 126, 241102 (2021)



• Stochastic gravitational wave background

• Individual burst

LIGO-Virgo-KAGRA collaborations, PRL 126, 241102 (2021)

particle physics model 
dependence

scale 
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Dark Photon Dark Matter Searches

O1 Result O3 Result

Now a collaboration effort !
The continuous wave group joined our search in O3



primordial black holes
boson stars, BEC

WIMPultralight particles
(axion, dark photon)

wave dark matter particle dark matter exotic compact object

All can be searched for using gravitational wave detectors. 19



20SciPost Phys. Core 3, 007 (2020) See also 永超’s talk
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CERN Courier

a dark photon wave
silicon mirror
�(1)� :     1/GeV
�(1)�−�:  1/2GeV

very narrow frequency band
Search method is similar 
to “continuous waves”
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Red:      O1 result
Yellow:   assuming observed SNR=0
Blue:      assume observed SNR=0
              and optimal bin choice
Magenta: O4-O5 (2 years)

New in O3 search:
1. Another search performed by the continuous wave group with a different method
2. An improvement factor included from finite light travel time (PRD.103.L051702, Morisaki, et al)

(Nature)  Commun.Phys. 2 (2019) 155, H.G, Riles, Yang, Zhao Phys.Rev.D 105 (2022) 6, LIGO-Virgo-KAGRA Collaborations
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• First direct search for cosmological first order phase transition by LIGO

• New constraint on cosmic strings with latest LIGO data

• New constraint on dark photon with latest LIGO data
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