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Constraints on first-order phase transitions 

and relevant particle physics models



‣ SGWB

EWPT

Cosmic string

High scale PTLow scale PT

LISA,TaijiPTA LIGO
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NEW physics&GW from 1st PT

Chiara Caprini et al JCAP03(2020)024 

Thermal field theory 
Lattice simulation

PTA,LIGO,LISA,天琴,太极,…

SNR
Tunneling
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Sound Wave

MHD turbulence

phase transition duration:

Root-mean-square four-
velocity of the plasma: 

‣ SGWB spectrum

peak frequency:

peak frequency:

peak frequency:

Bubble collisions

See the talk of David Weir
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Field basis equation of motion

‣ SFOEWPT simulation

Lattice implementation

Di, Wang, Zhou, Bian*, Cai*,Liu*, Phys.Rev.Lett. 126 (2021) 251102

Lattice Simulation

Expansion&PercolationNucleationFinite-T Veff

Finite-T calculation

PT temperature（      ）
duration（      ）
strength（      ）

Tunneling
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γ⋆ = R⋆ /(2Rc ) 

γ⋆ = 2.98，vw=0.94 

γ⋆ = 4.84，vw=0.98 

R⋆ Lw

Di, Wang, Zhou, Bian*, Cai*,Liu*, Phys.Rev.Lett. 126 (2021) 251102

‣ SFOEWPT simulation
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‣Collider&GWs searches of 1st EWPT 

＋
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Symmetry breaking process

SM+Scalar Singlet

SM+Scalar Doublet

Profumo, Ramsey-Musolf, Wainwright, Winslow 
14, Bian, Huang, Shu 15，Cheng, Bian 17, Bian, 
Tang 18,Chen, Li, Wu, Bian,19…

Dorsch, Huber, Mimasu,No.14,Bernon, 
Bian, Jiang 17, Bian, Liu 18, Huang, Yu, 
18,…

Zhou, Cheng, Deng, Bian, Wu 
18,Zhou, Bian, Guo,Wu 19, Ramsey-
Musolf  etal 21,  Zhou, 
Bian,Du,22,…

Bruggisser, Harling, Matsedonskyi, Servant,18,

Bian,Wu,Xie 19, Bian,Wu,Xie 20,…

Bi, Bian, Huang, Shu, Yin 15, Bian, Guo, Shu 
17,Baum, Carena, Shah, Wagner, Wang 20, …

Cao, Huang, Xie, & Zhang 17, Zhou, 
Bian, Guo 19, Cai,Hashino,Wang,Yu,22…

SNR > 10 for two-step and one-step SFOEWPT

Higgs&GWs

SM+Scalar Triplet

NMSSM

SMEFT

Composite Higgs

PTA,LIGO,LISA,天琴,太极,…

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

LIGO-Virgo O3

‣  LIGO-Virgo search for FOPT
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95% CL. 
Excl.

‣ PPTA search for FOPT
PPTA DR2 dataset constrain low-scale phase transition，dark sector and QCD scale FOPT
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‣ Two step EWPT DM+ BAU

EWBG

WIMP/FIMP DM 

SFOEWPT

Composite DM

SM+real singlet CxSM
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‣ Two step lattice simulation

PHYSICAL REVIEW LETTERS 126, 171802 (2021)
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‣ Two-step FOPT potential
 Type-a

Motivated for DM&EWBG, see:1804.06813,1702.06124,1609.07143, 1605.08663, 1605.08663,etc 

1st

12/21



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

Zhao, Di, Bian, Cai,2204.04427 
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 Type-a

solid: both 


dash-dot curves: h


dotted curves : φ

R* Lw

‣ Two-step PT with the second-step being FOPT

Zhao, Di, Bian, Cai,2204.04427 
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Huang, Long, and Wang,1608.06619Curtin, Meade, Yu,1409.0005

Craig,Englert, and McCullough,1305.5251

๏Zh@ILC/CEPC
‣Collider search for 2step FOPT
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Goncalves,Han,and Mukhopadhyay, 1710.02149

‣Collider search for 2 step FOPT

See also: Lee, Park,and Qian, 1812.02679

๏Off-shell Higgs@LHC
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PBH from postponed vacuum decay

Probability for a Hubble volume 
not to decay until time tn 

PBH abundance
Collapse of the 
Hubble horizon

SJW

PBH from delayed  vacuum decay
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PBH from delayed  vacuum decay
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Vacuum decay is 
postponed in a Hubble 

horizon

𝑯−𝟏

Hubble-sized 
perturbations

Causality requires 
𝑷𝑹 ∝ 𝒌𝟑

Press-Schechter formalism

Estimation of the density perturbation amplitudeCurvature from delayed  vacuum decay

at the Hubble scale
J Liu, L Bian, RG Cai, Zong-Kuan Guo, SJ Wang, Phys.Rev.Lett. 130 (2023) 5, 051001, 2208.14086
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low-scale and slow 1st PTs motived for dark PT and 
EWBG 

BBN

Constraints on PT models

GW constraints 
(PPTA)
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Thanks
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Comoving radius of vacuum bubble

Spatial fraction of the 
false vacuum

Relativistic plasma and bubble walls

Bubble nucleation rate

False vacuum energy density

FLRW Eq. 

Radiation evolution Eq.

PBH threshold 

PBH mass 
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PBH from delayed  vacuum decay


