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First-order phase transitions
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The feature of electroweak phase transition
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Going beyond the SM

so—r—r—————————  The SM EWPT: a smooth crossover

symmetric confinement phase

120" Realizing 15%-order EWPT calls for new physics
L hep-ph/0010275 ]

2nd order endpoint

Benefits from FOPTs:
1 * Deviation from equilibrium

L emem e Change of vacuum structure & particle mass
" .6 " e Entropy injection, thermal inflation, etc

Physical consequences: baryogene5|s dark matter, black holes, etc
Baker et al, 1608.07578 ‘
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Detecting the FOEWPT (1)

The gravitational
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G Sound

Caprini et al, JCAP 04 (2016) 001; JCAP 03 (2020) 024 ¥ waves
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Detecting the FOEWPT (2)

Collider experiments complementarity

t T>T7.

Ur(¢)

FOPT (vacuum decay)

AU

¢
Di-Higgs production

v

LHC — HL-LHC
HE-LHC? LHeC?
CEPC? ILC? FCC?
Muon collider?

e.g. fl’ EWPT [Ramsey-Musolf, JHEP 05 (2020) 179]

Huang, Gu, Yu, Zhang, PRD 93 (2016) 10, 103515; Alves, Guo, et al, JHEP 04 (2019) 052, JHEP 12 (2018)
070, JHEP 03 (2020) 053, PLB 818 (2021) 136377; Liu and KPX, JHEP 04 (2021) 015, 2408.03649; etc

Exotic Higgs decay

Kozaczuk, Ramsey-Musolf et al, PRD 101 (2020) no. 11, 115035; Carena, KPX et a/, 2203.08206 (Snowmass

2021); Liu et al, PRD 105 (2022) 11, 115040; etc

Higgs triple coupling, EW precision measurements

Huang, Gu, Yu,Zhang, PRD 93 (2016) 10, 103515; Cao, Huang, KPX, Zhang, CPC 42 (2018) 2, 023103;
Su, Williams, Zhang, JHEP 04 (2021) 219; Song, Su, Zhang, JHEP 10 (2022) 048; etc

And other signals (very model-dependent)
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The plan of our section

There have been excellent reviews for FOPTs

Mazumdar et al, Rept. Prog. Phys. 82 (2019) 076901; Athron, Wu et al, Prog.Part.Nucl.Phys. 135 (2024)
104094; Roshan et al, 2401.04388 (RMP)

We do not need to rewrite one
There have been numerous articles studying the collider signals
related to FOEWPTs (see last slide)

We are not able to cover all of them in a section

Our basic idea
Talk only about the phenomena directly related to CEPC —
A 240 GeV electron-positron collider

Two typical types of signals
 Precision measurement of the Higgs couplings: hVV, h3, etc
* On-shell production of new light particles, e.g. h = ¢a.

Probing the nature of electroweak phase transition at the colliders

3 subsections
(1 intro, 2 signals)

Higgs precision measurements

Higgs exotic decay
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Origin of the potential barrier

A seminal classification[chung, Long and Wang, 1209.1819]
Light particles,
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Higgs precision measurements

Relation between h® operator and the FOEWPT

A

2 8?2

FOEWPT: 0.55 TeV < A < 0.89 TeV
Cross section 8, (o+e-_zx) ~ 0.016X8), € (0.96%, 2.4%)

The deviation of h3 coupling §, ~ 0.468 (

FIG. 1: NLO vertex corrections to the associated production NC:
cross section which depend on the Higgs self-coupling. These <= (o-12|
terms lead to a linear dependence on modifications of the self-

coupling &j,.

McCullough, 1312.3322;
see also Cao, Huang, KPX,
Zhang, 1708.04737
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Light singlet: general case

The potential at finite temperature
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Light singlet: Z, spontaneous breaking case

Motivated by dark symmetry breaking models [Carena et al, 1911.10206]
A bs
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Higgs exotic decay as a probe

Current bounds and projected reach
See also Carena, KPX, et al, LHEP 2023 (2023) 432
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Future Higgs factory is very important!
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See also Xuliang Zhu'’s talk and

LHEP 2023 (2023) 436
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Closing remarks & Thank you for listening

Our section of the whitepaper

* Focusing on phenomena directly related to CEPC and FOEWPT

* Higgs precision measurement & Higgs exotic decay as two
representative aspects

* Primarily completed, maybe adding some comments on the
classically conformal EWPT?
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At the CEPC: e*e™ — Z¢? Needs simulations
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