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BNV out of equilibrium criterion: 

BNV rate (T) < Hubble constant (T)

EWBG, in the broken phase, we might have BNV rate > Hubble constant, 
which will erase all the baryon asymmetry.

A rigorous computation of BNV rate (sphaleron rate) in the broken 
phase is crucial. 
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BNV out of equilibrium criterion: 

BNV rate (T) < Hubble constant (T)

Why we cannot trust the  condition?
vc

Tc
> 1

It comes from the traditional sphaleron rate computations:

ΓBNV,sph ∼ T4 κ e−B vc/Tc ≲ H, with B ≃ 1.9

Drawbacks:
•  is the minimal of , which is gauge dependent under the general  

gauge. Different gauges might lead into different lower bound.
vc Veff Rξ

• The  is chosen as the SM value; while BSM can modify this value, 
especially in 2HDM, Georgi-Machacek, etc. 

B

• The effect of zero modes and positive modes ( ) are not been 
consistently considered for BSM.

κ
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BNV out of equilibrium criterion: BNV rate (T) < Hubble constant (T)

Our approach: sphaleron rate under 3D EFT for SM EFT (BSM are 
heavy to be integrated out). 

ΓBNV,sph ∼ T4 κ e−B vc/Tc

Traditional case

ΓBNV,sph(x, y) ∼ T4 (zero modes(x, y)) e−f(x,y)

Our case
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Tc
> 1 x =

Higgs selfcoupling3

gauge coupling2
3

y =
Higgs mass2

3

gauge coupling4
3

•  are gauge invariant quantities 
under power countering (to ); 
x, y

g4
•  gauge dependent 

and fixed B 
vc

Zero modes are consistently considered.
• Two-loop matching under 3D EFT• No consistent zero 

and positive modes

• Quantitively control of baryon washout 
in the broken phase.

• Condition immediately 
in the broken phase
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Our sphaleron rate: ΓBNV,sph(x, y) ∼ T4 (zero modes(x, y)) e−f(x,y)

X.X. Li, M. J. Ramsey-Musolf, T. V. I. Tenkanen, YW, 2506.01585  
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: portal coupling between triplet ( ) and Higgs ( ) a2 Σ H
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• The topological field configurations play an important role to 
understand the baryon asymmetry and dark matter of our universe.

• A rigorous computation of sphaleron rate in the EW vacuum is 
crucial for electroweak baryogengesis.

• The traditional baryon number preservation (out of equilibrium) 
condition  is inaccurate and gauge-dependent. We 
propose new condition in the 3D  panel, which is accurate and 
gauge independent.

vc /Tc > 1
x − y

• Two loop thermal corrections from the BSM fields are important to 
determine the properties of baryon washout and phase transition.


