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Motivation from experimental evidents

● After the discovery of Standard Model 
(SM) Higgs at the LHC, one could ask if 
there exist other scalar particles.

● What is dark matter (DM) ?
● Where does the tiny neutrino mass come 

from ?



  

Motivation from model building

● Two Higgs doublet model (2HDM) is very popular 
for various reasons :

- It is just a simple extension of SM scalar sector.

- It can provide an additional CP phase, so the 
general 2HDM is a prototype model to discuss 
matter-antimatter asymmetry in the universe.

- The general 2HDM can also be a prototype 
model for some Axion models.

- Type-II 2HDM was embedded in Minimal 
Supersymmetric Standard Model (MSSM).



  

Motivation from model building

● Out of many 2HDMs, the inert two Higgs 
doublet model (IHDM) (Despande and Ma ‘78) can 
provide dark matter candidate, with a discrete 
Z_2 symmetry imposed.

● There is also no FCNC at tree level for IHDM, 
thanks to this Z_2 symmetry.

● However, the Z_2 symmetry is just imposed by 
hand without justification !



  

Motivation from aesthetics

● We embed the two Higgs doublets into a 
fundamental representation of a new gauge 
group SU(2)_H.

● This new gauge group SU(2)_H to align 2HDM 
as new doublet is used to replace the artificial 
discrete Z_2 symmetry.



  

Some Highlights of G2HDM

● New gauge group SU(2)_H x U(1)_X
● Symmetry breaking of SU(2)_L is triggered or induced 

by SU(2)_H breaking
● One of the Higgs doublet (H_2) can be inert and may 

play the role of dark matter, whose stability is 
protected by gauge invariance

● Unlike Left-Right symmetric models, the complex 
vector fields W’^(p,m) are electrically neutral

● Neutrinos would be Dirac fermions unless additional 
lepton number violation terms are involved. 



  

Signals of new gauge bosons in various 
models

● S : single production ; P : pair production



  

Model configuration – Particle Content 

●



  

Model configuration – Higgs potential



  

Model configuration – Higgs potential



  

Model configuration – Symmetry 
Breaking



  

Model configuration – Yukawa 
Couplings

● The SM quarks and leptons obtain their masses from the 
vev of H_1 via the Yukawa couplings

●

●

●

●

● The corresponding SU(2)_H invariant Yukawa couplings 
are

●

●

●



  

Model configuration – Gauge boson

● The SU(2)_H gauge boson mass spectrum is
●



  

Model configuration – Gauge boson



  

Model configuration – Gauge boson



  

Phenomenology – Methodology

● There are four relevant mass scales in our analysis
● 1. The mass of dark matter particle          :
● 2. The mass of heavy leptons
●

● 3. The mass of heavy quarks
●

● 4. Two heavy gauge bosons



  

Methodology – Spectrum-A



  

Methodology – Spectrum-B 



  

Methodology – Branching ratios



  

Methodology – Search Strategy



  

Phenomenology – Z’ searches at the LHC 



  

Phenomenology – Z’ searches at the LHC

●

● Compare the exotic decay modes of G2HDM 
with MSSM :

● For the MSSM slepton searches at the LHC, 
the major process is 2l+mET :

●

● Similarly, in G2HDM decays of Z′ into a pair of 
exotic fermions can also lead to the same final 
states:

●



  

Phenomenology – Z’ searches at the LHC 



  

Phenomenology – Z’ searches at the LHC 



  

Phenomenology – Z’ searches at the LHC 



  

Phenomenology – Future W’ searches 



  

Phenomenology – Future W’ searches 



  



  



  



  

Summary and Outlook

● We have constructed a model with the 2 Higgs 
doublets embedded into a 2 dim spinor representation 
of a new gauge group SU(2)_H.

● Spontaneous symmetry breaking of SU(2)_H by a 
triplet triggers the breaking of the SM SU(2)_L.

● An inert doublet can be emerged as DM candidate due 
to local gauge invariance rather than the ad hoc Z_2 
discrete symmetry.

● Additional gauge bosons are all electrically neutral 
unlike Left-Right symmetric models. 



  

Summary and Outlook

● Both the new gauge boson Z’ and W’^(p,m) are 
electrically neutral. While Z’ can be singly produced at 
colliders, W’^(p,m), which is heavier, must be pair 
produced.

● If Z’ can be discovered at high luminosity upgrade of 
the collider, we explore the detectability of extra heavy 
fermions in the model via the two 2l+mET & 2j+mET 
signals from the exotic decay modes of Z’.

● For the W’^(p,m) pair production in a future 100 TeV 
pp collider, we demonstrate certain kinematical 
distributions for the 2l+mET & 4l+mET signals. 



  

Thank you for your attention ! !



  

Phenomenology – Z’ searches at the LHC 



  

Phenomenology – Z’ searches at the LHC 



  

Phenomenology – Z’ searches at the LHC 



  

Phenomenology – Z’ searches at the LHC 



  

Phenomenology – Z’ searches at the LHC 



  

Phenomenology – G2HDM vs. LHT



  

Summary and Outlook



  

Outlook

● S : single production ; P : pair production
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