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 From SM to LR models
 Minimal LR model [class A]

 Heavy scalars in the minimal model
 Bi-doublet scalar Production & Decay @ FCC-hh
 Hadrophobic scalar Production & Decay @ LHC & FCC-hh

 Minimal LR model [class B]
 Heavy SM Higgs partner @ TeV scale
 Singlet scalar interpreting the 750 GeV data

 Conclusion
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 RH neutrino are added automatically to the SM

 Gauge symmetry breaking
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Other options exist in the 
scalar sector to break  down 
the gauge symmetry.
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 Scalar sector

 We decouple the left-handed triplet ΔL and simplify the scalars:
 In some LR scenarios, 

 Minimization conditions relate the VEVs
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 Most general scalar potential
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 Yukawa couplings

 The heavy scalars and      could have flavor-violating interaction 
with the SM fermions.

 They are stringently constrained by meson data:
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Bhupal Dev, Mohapatra, YCZ, 1602.05947
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Special cuts to suppress the background:
Mbb > 10 TeV for H0

1=A0
1

Mbb > 5 TeV for H§
1

 The neutral scalars are probable @ FCC-hh, while it might be hopeless for the 
charged one, even @ FCC-hh.

 The stringent FCNC constrains could be dramatically weakened by adding an 
SU(2)R fermion doublet.
 CKM matrix from SM quark mixing with the heavy fermion.
 We can have a second Higgs from the doublet around the TeV scale.

Mohapatra & YCZ, Phys.Rev. D89, 055001 (2014) [1401.0018]



 Before SSB, RH triplet does not couple to quarks:
After SSB: the couplings of RH triplet to quarks are from mixing 
with the Bi-doublet:

 Important couplings for production & decay
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 Dominant production & decay modes

* In the sensitivity perspective, VR associate production is 
subdominant to the VBF mode.

H0
3
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 Dominant production & decay modes
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* SM Higgs portal is subdominant to the Drell-Yan channel.
** In the sensitivity perspective, VR associate production is 
subdominant to the VBF mode.

H§§
2
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H§§
2

* Mis-identification of lepton charges at the rate of 1.5%.

ATLAS, 1412.0237



 Yukawa coupling structures are different, leading to different 
production and decay modes.

 Coupling to extra heavy gauge bosons opens new windows to 
detect heavy scalars in LR model
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 Adding heavy vector-like fermions to generate SM fermion mass 
via seesaw mechanism

 Scalar interaction
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bene¯ting from the extra scalar:
¸1 could be larger than the SM ¸
yt could be smaller than in SM

Mohapatra & YCZ, Phys.Rev. D89, 055001 (2014) [1401.0018]
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Lower bound:
vacuum stability

Upper bound:
purturbativity

There are also UPPER bounds 
of vacuum stability on  masses 
of  heavy VL fermions, at the 
TeV scale.
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Predominately from gluon fusion process 
mediated by top partner loop, whose coupling 
is enhanced by the large top Yukawa coupling.

Coupling to top quark: fermion mixing
Couplings to bosons:     scalar mixing

* It is also possible that the heavy scalar decays into 
pairs of heavy VL fermions.



 Heavy VL fermions obtain their masses by coupling to a singlet S:
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Bhupal Dev, Mohapatra & YCZ, JHEP1602 (2016) [1512.08507]



 In minimal LR model of class A:
 It is promising to probe the scalar sector @ future 100 TeV collider, up to 

few times 10 TeV;
 The hadrophobic sector can be probed up to TeV scale @ HL-LHC.

 In minimal LR model of class B:
 The heavy Higgs (as well as the heavy VL fermions) is constrained to lie at 

the TeV scale by vacuum stability and perturbativity;
 A singlet scalar could explain the 750 GeV ditphon excess, predicting a 

small decay width.
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Sit back waiting for (750 GeV) heavy scalars!


