Testing Electroweak Baryogenesis
LHC Observables and Gravitational Wave Signals
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How can we reconcile the Standard Models of particle physics and cosmology?

Particle Physics Cosmology

Standard Model of Elementary Particles

three generations of matter interactions / force carriers
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Physics Beyond the SM?

> Dark Matter
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What is dark matter?
Why more matter than anti-matter?
What is dark energy?



® GUT Baryogenesis

® Affleck-Dine Mechanism

® Leptogenesis

® Spontaneous Baryogenesis
/Sakharov conditions(1967)\ P yog

@® Electroweak Baryogenesis
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Symmetry-breaking in the early universe

V Symmetry Restoration

modification of Higgs properties

Unbroken Phase

Baryon asymmetry

Hindmarsh, et al, 2015

Temperature drops



Unbroken Phase

L, R Higgs vev




theoretical calculation of gravitational wave spectrum and detector simulation
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Standard Model of Elementary Particles
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Phase Transition Particle Physics Model

LIGO, LISA, Taiji, Tianqgin... Gravitational Wave Spectrum
Parameters

data analysis, constraints or discovery(parameter estimation)



Energy density Spectrum
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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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bb Morse, 2017
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Sphaleron (Manton, 1983)

® Transitions between vacua violates B

® Provides B-violation for Baryon asymmetry generation "

leptons

antileptons

S %iﬁtfi.ﬁuarks
Cline, arxiv:0609145
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® Can also be searched for at colliders ~ quarks
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First search already done

® High multiplicity final states: 7 ~ 20

@® Null detection yet Bloch wave interpretation (valid ?)
Ellis&Sakurai, JHEP04(2016),086
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@® CP-violation is generally small, decoupled from GW analysis

Im(yz)

® Lepton-flavored EWBG is effective for baryon asymmetry generation

HG, Li, Liu, Ramsey-Musolf, Shu, PRD96,115034 (2017)
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Gauge Basis: — Y, ImY;" = Baryon Asymmetry

=  CP-violating h7T
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Unconstrained from EDM measurements
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discovery or exclusion?

Collider Sensitivities
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Snowmass White Paper:

Gritsan et al arXiv:2205.07715
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® EWBG remains a viable and highly testable mechanism
® GW becomes now an increasingly important new observable

® Correlation and complementarity exist between collider and GW probes

Electroweak Baryogenesis
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