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New dataset from PTAs
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Gravitational wave sources for Pulsar Timing Arrays
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Particle cosmology related with electroweak 1st PT

Beyond Standard Model theory

QFT Thermal QFT

Collider
phenomenology

Equilibrium

thermodynamics

Perturbation
Or Lattice

Bubble nucleation
&hydrodynamics
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Gravitational waves Baryon asymmetry

See Michael’s paper



Methods for PT dynamics study
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Thermodynamics of PT
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Vacuum decay at finite temperature

Potential, V(¢)
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Bounce solution

Bubble nucleation

PT strength

Phase transition
inverse duration

GW parameters and FOPT
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New physics & Gravitation waves
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Lattice electroweak theory

®d(t, x) : Higgs field doublet defined on sites;

Ui(t, x) and Vi(t, x) : SU(2) and U(1) link fields, defined on the link between the neighboring
sitesxandx +1, ®D(t, x), Ui(t, x) and Vi(t, x) are defined at time steps t + At, t + 2At, .. .;

Conjugate momentum fields: II(t+At/2, x), F (t+At/2, x) and E(t+ At/2, x), are defined at time
steps t + At/2, t + 3At/2.

1

Ui(t,z) = exp ( — %gAwG“WQ“) Di® = 5 [Ui(t,2)Vi(t, 2)®(t, 2 + ) — B(t, )]
Uo(t,z) = exp ( _ %gAtaawg) Do® = Ait [Uo(t, 2)Vo(t, )@ (t + At, ) — B(t, ).
Vi(t,z) = exp ( _ %gA:ch-) Ot + At,z) =B(t, ) + AI(t + At/2, z)
Volt,) = exp ( — oreBo). Vit + At, ) =g Ao ALt + At/2,2)Vi(t, 2
U;(t + At, z) =gATALF,(t + At/2, 2)Us(t, z),
Temporal gauge ' leapfrog

Uo(t,x) =12, Vo(t,x) =1

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



1st order EWPT simulation-quantum tunneling

Field basis equation of motion Lattice implementation
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See Jinno and Chi’s talk for the fluid simulation



Bubble collision and GWs generation
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See Jiang Zhu’s talk for the wall velocity’s calculation



Bubble dynamics of FOPT
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1st order EWPT simulation-thermal fluctuation
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1st order EWPT simulation-the real thermal scenario?
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Nucleation theory
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Nucleation theory
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1st order EWPT simulation-thermal fluctuation

Wigner function in field theory

PR(T) = A dx|y (x, T)[? > Pr(t) = /R Do|¥ (¢, 1)|?

(ZF 75 % FWigner& £: (g, p)AR = 18 b B HEFEZ BHTT) U(p,t)= (o(x)|¥(t)) = /D¢i<¢|0(f|fo)|¢i><¢i(X)|‘P(fo)>

W (q,p;t) ~ |0 (z,t)[?

Wi(q, p;t) =/due—%p“ <q+g‘ﬁ(t) \q— g} ) Wg(x), (2);t] = /Dap(x)exp [—%/dwﬂ(w)go(a:)] X <¢(a:) + @ p(t) () — ‘0(2“f)>
Wigner function: (¢, II) phase space Quasi-probability distribution
p(0) = e oH Wp(a), (@);f] 2 0
Wig(z), (z); 0] =% / Dip(x) exp [—% / dl:ﬂ(:r)go(:z:)] <¢($)+ PE) | 1 | 3(z) — sogﬂ)>
_%p [ / delg STE (@) + 5(Vo()? +V(¢)]] " 4(x) is the real scale field
z=Trp= [ Dita zf) Wie i \:((;): f (33) (w(t) )

Stanistaw Mrowczynski and Berndt Miiller, Phys. Rev. D, 50:7542-7552, Dec 1994.



Wigner function’s EOM

Equal in the classical limit
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Numerical simulation’s setup
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Simulation results
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Simulation results-field spectrum
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Simulation results

1D field Wave function evolution
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Simulation results
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Simulation results
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Gravitational waves provide a new window to
probe/constrain beyond standard model physics

»»Lattice simulation

 Nucleation/Sphaleron rate simulations
e PT-GW simulation
* Topological defects: Magnetic monopoles, cosmic strings, domain walls, string-wall

*Pheno

1. Baryon Asymmetry of the Universe and GW from FOPT

e Sphaleron process, bubble velocity (local equilibrium? )

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