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SFOEWPT&BAU&GW
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FOEWPT&Higgs physics

Higs arrauncemant semriraser & July 2012
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Model classes for one-step FOPT

I. Thermally (BEC) Driven IIA. Tree-Level (Ren.) Driven
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BSM for FOPT GW

Standard Model of Elementary Particles
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PTA,LIGO,LISA,TianQin,Taiji,...

LISA sensitivity
Configuration 4+ noise level —

};,2525.91-_5 [f]

Signal-to-noise ratio

SNR

Chiara Caprini et al JCAP03(2020)024



One-step FOPT

PHYSICAL REVIEW LETTERS 126, 251102 (202!

Magnetic Field and Gravitational Waves [rom the First-Order Phase Transition
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Nucleation Expansion&Percolation
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GW from Bubble collisions
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LIGO-Virgo search for FOPT

High-sca]e PT Romero, Martinovic,Callister, Guo, et al., Phys.Rev.Lett. 126 (2021) 15, 151301

LIGO-Virgo O3
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PPTA search for FOPT

= PPTA DR2 dataset constrain low-scale phase transition, dark sector and QCD scale FOPT

PHYSICAL REVIEW LETTERS 127, 251303 (2021)

Constraining Cosmological Phase Transitions with the Parkes Pulsar Timing Array
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PTGW and collider search

Double Kiggs Production
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Two-step FOPT
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Collider search for FOPT

® Zh@ILC/CEPC

1 1
Vo= —p2|H* + A\ H|* + 5,@52 + Aus|H 2S% + Z,\S.s"1

Vesi (h, T) = Vo(h) + V& (R) = Vi (h, T) + V,(h, T)

Craig,Englert, and McCullough,1305.5251

Real Scalar Singlet (Z>—-Limit)

0.100 HLLHC
~  0.050| |
' | 5
=N
) %5 0.010}
= =~ 0.005| e
3 ’1? 4. CEPC/ILC-500 ~
o e AR FCC-ee
I 0-001 j o -*2'3.::;‘%::3;-‘}':6’.,
_ ES X 10—4 i R S
7 Nonperturbalive Ay required (o avoid - lg)
-2 negative runaways (lree—level)
1.x107%|
| 0 100 200 300 400
= 200 600 R00 1000 singlet mass: M; (GeV)

my |GeV|

Curtin, Meade, Yu,1409.0005

Huang, Long, and Wang,1608.06619

13/25



Collider search for FOPT

@ Off-shell Higgs@LHC
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Two-step PT with the second-step being FOPT

Type-a
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Two-step PT with the second-step being FOPT

Type-a
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Two-step PT with first-step being FOPT

Type-b

Without Global U(1)
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Two-step PT with first-step being FOPT

Without Global U(1)
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Two-step PT with first-step being FOPT

Type-b
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Two-step FOPT with global U(1)

With Global U(1)

&1,2/N9

t/R* =0.43

Motivated for strong CP and axion DM
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Global string from FOPT

Type-b
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Global string from FOPT

With Global U(1
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1. EWSB and GW from FOPT

* Probing the Higgs Potential shape and EWPT patterns with GW
production and Colliders complementarily

2. BAU and GW from FOPT

* Sphaleron process, bubble velocity

3. DM and GW from FOPT

e DM and high/low-scale PT, DM out-of-equilibrium & FOPT,
PBH DM&FOPT

4. Topological defects from FOPT

* Magnetic monopoles, cosmic strings, domain walls
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