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Electroweak Baryogenesis

Γsph ∼ Asph(T )e−Esph(T)/T > H

NEW J.PHYS.  14  (2012)  125003,  
DAVID E.MORRISSEY, MICHAEL J. RAMSEY-MUSOLF

S =
nB(ΔtW)

nB(0)
> e−X

v̄c(T)
T

> ζsph ∼ 1
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 AVOID DOMAIN WALL PROBLEM
  EWPT STRENGTH

Theoretical Constraints : Vacuum Stability & Perturbation 

Experimental Constraints : EW Precision Observables & Higgs Measurement 

QUARTIC COUPLINGS & STRENGTH OF EWPT

MIXING ANGLE & DM & HEAVY HIGGS MASS & EWPT & COLLIDER
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Constraints: W mass measurement

TRANSLATE FROM CDFII W-MASS MEASUREMENT 

Small  with large mixing angle is favored !mh2

DOES THE W MASS MEASUREMENT EXCLUDE THE SINGLET HIGGS MODEL ?

The answer is NO!!

This is not a UV complete model

Two degree of freedom, 95% C.L.
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B-jet

JHEP 01 (2024) 051, 
WX.Z, Y.Cai, M.J.Ramsey-Musolf, L.Zhang

HIGGS MEASUREMENT AT THE LHC UTILIZES B-JET DECAY MODES MOSTLY. 
HIGGS DECAY TO LIGHT QUARKS WOULD IMPROVE THE HIGGS MEASUREMENT SIGNIFICANTLY   

OPPORTUNITIES AT FUTURE COLLIDERS!!!
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CEPC tests the lower mass region.

Exotic Higgs Decay at CEPC : H → SS

Phys.Rev.D 100 (2019) 7, 075035, H-L Li, MJRM, S. Wilocq

Resonant Di-Higgs channel at the LHC

LHC tests the higher mass region.

IF NOT, 
HOW CAN THESE DETECTION CHANNELS TO BE OPTIMIZED?

For both CEPC and the LHC, 
multiple channels are investigated. 

We must ask: Has the information from these  
detection channels been fully utilized?

Two answers are included in this talk
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Optimizing detecting PT ability at colliders : Combine  and  bb̄γγ ZZ → 4ℓ

Viable SFOEWPT parameter space

The minimum/maximum limit of detection capability

THE DETECTABLE SPACE HAS EXPANDED !!!

Space between  the blue and the  
purple line can be detected now ! 
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Nonzero coupling  would induce Higgs invisible decay if g1AA mA <
mh1

2

The decay width is Γh1→AA ∼ 1 −
4m2

A

m2
h1

× ( sin θ
0.1 )

2

× 50 [MeV]

Thus it is safe to set the DM mass with  mA ≥ 62.5 GeV

Recently-studied case Well-studied case: Recently-studied casemA > 62.5 GeV

: Well-studied casemA = 62.5 GeV

For , most SFOPT points survive XENON1T search  
and are able to be detected by XENON-nT or PandaX-4T.
mA > 62.5 GeV

For , most SFOPT points do not survive XENON1T search.mA = 62.5 GeV



cxSM: search EWPT & DM at the (HL-)LHC 

Di-Boson: Cover the whole space in mh2
> 600 GeV

Di-Higgs: Cover significant portion in mh2
< 400 GeV

LHC Run-II : Almost no exclusion ability 



cxSM: search for  at the (HL-)LHCbb̄ + MET

Detectable region by singlet search only,  
including di-boson and di-higgs channels

Space that can only be detected by bb̄ + MET



Summary
We briefly see how the Higgs measurement impact on the EWPT searches at colliders, 

which gives an opportunity to the future collider—CEPC. ML method is expected to optimize 

the preselection step.

Two methods are introduced to optimize the heavy Higgs search for EWPT. One is to combine  

di-Higgs and di-boson channels, the other is to make use the branching new search channel 

 .   

Without updating LHC hardware, detectable parameter space are extended  

by the first method.  DM is very hopefully to be discovered by the future Xenon-nT or PandaX-4T.

bb̄ + MET


