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Abstract

A novel model embedding the two Higgs doublets in the popular two Higgs doublet models

into a doublet of a non-abelian gauge group SU(2)H is presented. The Standard Model SU(2)L

right-handed fermion singlets are paired up with new heavy fermions to form SU(2)H doublets,

while SU(2)L left-handed fermion doublets are singlets under SU(2)H . Distinctive features of

this anomaly-free model are: (1) Electroweak symmetry breaking is induced from spontaneous

symmetry breaking of SU(2)H via its triplet vacuum expectation value; (2) One of the Higgs

doublet can be inert, with its neutral component being a dark matter candidate as protected by

the SU(2)H gauge symmetry instead of a discrete Z2 symmetry in the usual case; (3) Unlike Left-

Right Symmetric Models, the complex gauge fields (W 0
1 ⌥ iW 0

2) (along with other complex scalar

fields) associated with the SU(2)H do not carry electric charges, while the third component W 0
3

can mix with the hypercharge U(1)Y gauge field and the third component of SU(2)L; (4) Absence

of tree level flavour changing neutral current is guaranteed by gauge symmetry; and etc. In this

work, we concentrate on the mass spectra of scalar and gauge bosons in the model. Constraints

from previous Z 0 data at LEP and the Large Hadron Collider measurements of the Standard Model

Higgs mass, its partial widths of �� and Z� modes are discussed.
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Outline

• L-violation responsible for 0!ββ decay and wash-out on L and B

• Connection to asymmetric dark matter (ADM) 

• Conclusions





Chemical potential equilibirum

All chemical poten3als vanish a6er ΔL=2 kicks in !



Ø We single out operators which 
contribute 0!ββ with short-
and long-range interactions. 

Lepton Number Viola1on (LNV) 
Operators 



§ Since we only study wash-out effects resul4ng from the 0!ββ
operators, only e-lepton asymmetry will be eliminated.

§ In order to washout other flavor asymmetries, one would need 
LFV operators together with the 0!ββ operators. 

§ We study ℓ#→ ℓ$ + � and ℓ#→ ℓ$ conversion 

Lepton Flavor Viola4on (LFV)



Results

Ø From 0!ββ, one can not 
differentiate O9 and O11 from 
O5

Ø However, O9 and O11 can be 
probed at the LHC 



§ 0!ββ decays only probe the electron flavor, so LFV is needed to 
wash out asymmetries stored in " and # flavors

§ To carry out the analysis in a model-independent way, we 
assume no correlation between the generation mechanism 
and washout

§ The existence of a decoupled sector can protect asymmetries 
from washout in the visible sectors (Phys. Lett. B207, 210 
(1988) and 1309.4770)

Caveats



Can ADM save world?

All chemical poten7als vanish a8er ΔL=2 kicks in !





Can ADM save world?

If par4cles in the dark sector are also charged under 

SU(2)L, then the sphalerons can transfer symmetry 

between B, L and X (dark charge) => Asymmetric DM 

M. T. Frandsen, C. Hagedorn, WCH, E. Molinaro, H. Päs, arXiv:1801.09314



Can ADM save world?

If models need an extra asymmetry-transfer 
interaction, then DM asymmetry will also vanish! 

M. T. Frandsen, C. Hagedorn, WCH, E. Molinaro, H. Päs, arXiv:1801.09314



Can ADM save world?

Ø If there exist par8cles carrying U(1)Y charge, the 
hypercharge neutrality condi8on will be modified

M. T. Frandsen, C. Hagedorn, WCH, E. Molinaro, H. Päs, arXiv:1801.09314



Conclusions
Ø Observation of LNV via 0vbb decay or at colliders together with 

LFV can falsify high-scale baryogenesis/leptogenesis

Ø In certain ADM models, the existence of DM can revive high-
scale baryon asymmetry generation mechanisms and realize the 
connection of the baryon and DM density

Ø ADM models that require an extra asymmetry transfer 
mechanism may be constrained by LNV observation 


