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格点规范场论

模拟
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• First-order phase transition & Gravitational wave

• Cosmic string & First-order Phase Transition

• Future
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• Motivation



超出粒子物理标准模型的
新物理

正反物质不对称

引力波
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BSM for FOPT GW

Chiara Caprini et al JCAP03(2020)024 

Thermal field theory
Lattice simulation

＋
B
SM

PTA,LIGO,LISA,TianQin,Taiji,…

SNR
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‣ FOEWPT&Higgs physics

Grojean, Servant, Wells 
05, Huang, Jokelar, Li, 

Wagner 15, Cao, 
Huang, Xie, & Zhang 

17, Zhou, Bian, Guo 19

PRL 113, 141602 (2014)

Tunneling
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‣ One-step FOPT

Lattice Simulation

Expansion&PercolationNucleationFinite-T Veff

Finite-T calculation

PT temperature（ ）
duration（ ）
strength（ ）

Tunneling
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Field basis

‣ PT process simulation

Lattice implementation

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

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
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SM+2 real scalars Chao, Guo, Shu 17,… 

CxSM Jiang, Bian*,Huang,Shu 16, 
Chiang, Ramsey-Musolf, Senaha 

18,…

‣ 2-step FOPT                            DM & EWBG

DM 
one-step 
two-step 

BAU 

Jiang, Bian*,Huang,Shu 16

WIMP DM+EWBG WIMP DM+FOPT

Two-step FOPT
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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 
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1st

Z2 EW



Type-a
‣ Two-step PT with the second-step being FOPT
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Zhao, Di, Bian*, Cai*,2204.04427 （PRL under review）



Type-a

solid: both 

dash-dot curves: h

dotted curves : φ

R* Lw

‣ Two-step PT with the second-step being FOPT
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Zhao, Di, Bian*, Cai*,2204.04427 （PRL under review）



Type-b Without Global U(1)

1st

Classical conformal + Dimensional transmutation

‣ Two-step PT with first-step being FOPT
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Zhao, Di, Bian*, Cai*,2204.04427 （PRL under review）



Without Global U(1)

Type-b
‣ Two-step PT with first-step being FOPT
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Zhao, Di, Bian*, Cai*,2204.04427 （PRL under review）



Without Global U(1)

solid: both 

dotted curves: h

dash-dot curves : φ

R* Lw

Type-b
‣ Two-step PT with first-step being FOPT
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Zhao, Di, Bian*, Cai*,2204.04427 （PRL under review）



T. W. B. Kibble 

宇宙弦

‣Cosmic string

相变后U(1) 对称性自发破缺通常形成于GUTs

Yann Gouttenoire et al JCAP07(2020)032 

引力波辐射宇宙弦成圈

Phys.Rev.D 30 (1984) 2036
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King, Pascoli, Turner, and Zhou, Phys. Rev.Lett. 126, 021802 (2021)



ξstr of the string network is 

essentially the typical bubble 

diameter for SFOPT???

T. W. B. Kibble 

Aust. J. Phys., 1997, 50, 697–722 Phys.Rev.D 49 (1994) 1944-1950

Potential

The one-dimension topological defects: cosmic string

‣ Cosmic string simulation                  FOPT
CS: SSB of U(1) symmetry
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Motivated for strong CP and axion DMWith Global U(1)

R* Lw

Zhao, Di, Bian*, Cai*,2204.04427 （PRL under review）
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‣ Cosmic string simulation                  FOPT



‣ Bubbles and vortex&anti-vortex
With Global U(1)

Arrows: phase distribution

Type-b
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‣ Global string from FOPT

弦长 弦间距

弦能量密度
弦能量密度
引力波能量密度

With Global U(1)Type-b
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‣ Related topics

3. DM and GW from FOPT

2. Baryon Asymmetry of the Universe and GW from FOPT
• Sphaleron process, bubble velocity

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

1. EWSB and GW from FOPT
• Probing the Higgs Potential shape and EWPT patterns with GW 

production and Colliders complementarily  

23/23

• PT GW simulation with holography models
• Topological defects: Magnetic monopoles, cosmic strings, 
domain walls 

❖Lattice simulation

❖Pheno
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