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BNV by anomaly, in 
presence of SU(2)L field

t’Hooft, 1976

FOEWPT can create vacuum bubbles and mediate baryogenesis.



The phase diagram of the Standard model. 
Higgs masses of mH < 75 GeV (excluded) the

Standard Model undergoes a FOEWPT
(figure from 2008.09136 )



SM:

SM Higgs mass too low
for FOPT. (<70 GeV)
Bochkarev and M. E. Shaposhnikov, 1987

Even w FOPT, SM’s CKM
insufficient for baryogenesis
see hep-ph/9312215, /9404302,/9406289

BSM:

Must exist in abundance 
around transition Tc
( -> close to EW scale)

Moderately (at least) coupled
to the SM 
(-> coupled sectors)

► 2HDM: mH>~300 (transport by tops)

►SM with a dim-6 Higgs potential for 

M<800 GeV

(EDMs similar to 2HDM)

►MSSM: light stop for the phase transition 

(very constrained now!)

transport by the charginos (instead of tops)

severe constraints from EDMs

►Singlet models (NMSSM): many 

possiblities

cubic terms in the tree-level potential 

induce a strong phase transition

EDM constraints somewhat relaxed (or 

totally absent for transitional CP)

bonus  ->   GW from FOEWPT



Yield hzz correction up to 30% (of SM)
Large  range of hhh cubic coupling 
(compared to SM) gives FOEWPT

1608.06619

A Very Inert (Z2) Example:
SM + real singlet scalar
BSM singlet carries odd parity

-> h-s mixing forbidden by Z2

-> modified Higgs (125GeV) 
branching & couplings at
loop level



New charged doublet/fermions

Loop correction to Higgs
branching into diphotons.



Summary from workshop: 

Astro/GW connection

① Bubble collision
② Sound wave in plasma 
③ Magetic Turbulence

The total Gravitational Wave:

Three sources of energy

BSM Phenomena cross-check need model interpretation.



SFOEWPT & Gravitational Wave Signal

Radiative Classical Scale Invariance Breaking by Dark Matter: 

GW - CEPC

CEPC can probe BSM

potentials that yield

SFOEWPT,

w precision Higgs

measurements. 

Can cross-test with 

GW experiments.

See talks from 

Ligong Bian

& Jiang Zhu

Modified Higgs cubic and quartic couplings.



See Tran’s talk at CEPC workshop
Friedrich, MJRM, Tenkanen, Tran 2203.05889

Doublet + Triplet Higgs Model (w/o Z2)



A neutrino connection: CEPC’s complementary measurement of 

Jiajun Liao’s talk



Jiajun Liao ： CEPC can probe NSI to 10-3



Linqing Gao’s talk: CEPC sensitive to 102 GeV Weak multiplet DM

via combined fit to  ee->WW,Zh,ZZ,Zγ, μ μ

cross-sections @ one-(DM)-loop level



CEPC can probe asymmetric composite dark 

matter via displaced lepton jet

See Mengchao Zhang’s talk

Scalar mediator       helps to generate DM (dark baryon) and Baryon simultaneously: 

dark quark

lepton

arXiv:1306.4676 arXiv:2104.06988 

（or lepton, +subsequent L->B）



Pheno @ CEPC

production via colored scalar

-> dark jets & dark pions

->invisibles

-> displayed dark pion decays


