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See also Ligong Bian’s talk

Symmetry
Restoration

Temperature drops

bubbles plasma MHD —> Gravitational Waves
—> Baryon Asymmetry (EWBG)

—

1st order from BSM

i

® Modified Higgs potential (Higgs physics, GW)
@® Extra CP-violation (EDM; LHC)

® B-violation: Sphaleron process (LHC, GW)

Morrissey,Ramsey-Musolf, NJP [1206.2942]




@® Collider and GW work towards a common goal

@® Correlation and complementarity in their roles

Detection of early-universe gravitational-wave
signatures and fundamental physics
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Bubble Collisions Sound Waves MagnetoHydrodynamic Turbulence
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energy concentrated at walls acoustic production turbulent motion

New observables: primordial magnetic field, scalar perturbations, anisotropy, primordial black hole...
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THE SPECTRUM OF GRAVITATIONAL WAVES @esa
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Chung,Long,Wang, PRD [1209.1819]

® | arge cubic term from thermal correrctions (loop level)
® Add new scalars (iree level)
® |ncluding non-renormalizable operators

EFT approach: Cai,Hashino,Wang,Yu [2202.08295]
Global fit: Du, NPPP [2303.16400]
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h1: the Higgs
h2: heavier scalar

® First order EWPT achievable in simplest SM+Singlet model

® Correlation and complementarity between collider and GW probes
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® First order EWPT achievable in simplest SM+Singlet model h1: the Higgs

® Correlation and complementarity between collider and GW probes
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® Enhanced (resonant) di-Higgs production

See also:
No,Ramsey-Musolf, PRD [1310.6035]
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Resonant Production

0(gg — hy)BR(hy — hyh)(fb)

Morse, 2017

BR HH—xxyy
(mn = 125 GeV)

zz

™. h vv [0.26%] 0.1%
Ny
*s ﬁ|ﬁ‘ | |

rarer

bb WwW g9 L2 zz W

95% CL(ATLAS 3ab™' @13TeV)

104}
1075}
10-5-

107}

s, check WW/ZZ channels =
500 600 700 800 900 1000 1100 1200
my, (GeV)
Alves,Gongalves,Ghosh,HG,Sinha, PLB [2007.15654]

1078

; 10—1

102

107°

10

10°

107

_ rarer



35.9 b (13 TeV

IIIIIIIlIF![IIIlIIIlIII II!iIIIIIIIIIII

CMS

—s— Observed

- 68% expected

------- 95% expected

T LR

High multiplicity final states: 7 ~ 20

1 IIIIIII[
L lIIIIII[

I
ot
(Y

~10fb
(9TeV)

A
o — PEFeag

IIIIIIIIIFIlIIIlIII III|I|!IIIIIIIII|||
82 84 86 88 92 94 96 98 10

Logo [ whE]

T35 -30 -25 -20
Log,o[f](Hz)

—10




Lepton-flavored EWBG

HG, Li, Liu, Ramsey-Musolf, Shu, PRD [1609.09849]

® Effective for baryon asymmetry generation
® GW less affected by the small CPV
® Definitive target for CEPC and others

With GWs: Xie, JHEP [2011.04821] and others

Unconstrained from EDM measurements
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See also Xin Chen’s talk
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Lepton-flavored EWBG
HG, Li, Liu, Ramsey-Musolf, Shu, PRD [1609.09849]

® Effective for baryon asymmetry generation
® GW less affected by the small CPV

® Definitive target for CEPC and others
OK

With GWs: Xie, JHEP [2011.04821] and others

Unconstrained from EDM measurements
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® GW serves as a new tool for probing the EWPT
@ Correlation and complementarity exist between colliders and GW

@® Studies at colliders can guide future detections at Xk, K%, LISA
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