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Searching for CPV induced sphaleron process at the early Universe 
with Magnetic Field observations  
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•  First-order phase transition

•  Sphaleron search

•  Future prospect

•  CPV and BAU

Outline
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Baryon Asymmetry of the Universe

3/19



T=0
T=50 GeV
T=90 GeV
T=120 GeV
T=150 GeV

-400 -200 0 200 400
-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

h

V
(h
,T
)

SM

PRL 113, 141602 (2014)

Implication of 125 GeV Higgs
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Higgs Potential Shape??? EFT or ???

Grojean, Servant, Wells 05, P. Huang, Jokelar, Li, 
Wagner 15,Cao, F.P. Huang, Xie, & Zhang 17, 
Zhou, Bian, Guo 19
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LHC say the quantum fluctuation (quadratic 
oscillation )  around h=v with mh=126 GeV, 
not sensitive to the specifically potential shape  +
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SNR > 10 for two-step 
and one-step SFOEWPT

PTGW and collider search
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Bian, Guo, Wu, Zhou, Phys.Rev.D 101 (2020) 3, 035011 
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Xue, Bian*, Shu*, Yuan*, Zhu*, etal, 2110.03096,  PRL in press, editor suggestion

PTGW experimental constraints
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Romero, Martinovic,Callister, Guo, et al., Phys.Rev.Lett. 126 (2021) 15, 151301

Low-scale QCD&Dark PT

High-scale PT

PPTA

LIGO-Virgo O3



Engel etal, Prog.Part.Nucl.Phys. 71 (2013) 21-74

CPV and EDMs
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CPV and EDMs
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Bian, Liu, Shu, Phys.Rev.Lett. 115 (2015) 021801
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Electroweak Baryogenesis 



B violation and sphaleron
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xSM    &   SMEFT
Sphaleron with GW

Zhou, Bian*, Guo*, Phys.Rev.D 101 (2020) 091903(R)
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Lattice EW field foundation 
Φ(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 sites x and x + i ，Φ(t, x), Ui (t, x) and Vi (t, x) are defined at time steps t + 
∆t, t + 2∆t, . . .; 

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

Temporal gauge 
 U0 (t, x) = I2, V0 (t, x) = 1 

leapfrog
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Bubble with sphaleron

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

Lattice implementation

Di, Wang, Zhou, Bian*, Cai*,Liu*, Phys.Rev.Lett. 126 (2021) 251102
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B + L anomaly: ∆NB = 3 ∆NCS~3；
Magnetic helicity and NCS: |H|∼18∆NCS∼ 
6∆NB.

Without sphaleron, the CS number oscillates 
around zero throughout the PT process.

CS number and the magnetic helicity

Di, Wang, Bian*, Cai*, Liu*, 2107.08978
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R0=20,Rs=8,Lw=4

MF versus Sphaleron

Non-vanishing gradients of the 
Higgs fields can generate magnetic 
fields when bubbles collide 

Di, Wang, Bian*, Cai*, Liu*, 2107.08978
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Cosmic-ray and gamma 
ray observations can tell 
the helicity of the MF  

MF helicity evolution 
with PT proceeding  

MHD 

turbulence

MF versus Sphaleron
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Di, Wang, Bian*, Cai*, Liu*, 2107.08978



Summary and future

Interaction between bubble wall and Plasma, and interaction among 
different bubbles are important for Baryogenesis during PT

Higgs Potential shape  

Observation of the cosmic Magnetic field seeded by phase transition 
with GW production may hint the B+L violation

1) The future collider prospect, with dihiggs, Zh and/or Zhh production 
2) Thin wall or thick wall tell by gravitational wave, wall profile and GW 

spectrum
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CPV @Colliders & EDMs



B. Graner, et al, Phys. Rev. Lett. 116, no. 16, 161601 (2016)  

The future Ra225 would improve the EDM measurements by 2 ~3 orders of magnitudes, 
10^-28.  
arXiv:1312.5416 [hep-ph]. arXiv:1606.04931 [nucl-ex].  

CPV and EDMs


