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Post Higgs LHC: where are we?
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Slide: Wang



EW!" :Model and Framework
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• Neutrino mass is the only evidence of NP so far!  
• Neutrino (ν) masses →  popular “Seesaw mechanism”
• In general Seesaw Mechanism:
• #$ → &' 2 )×' 1 , singlet
• RH neutrino mass at GUT scale! NOT directly testable at LHC

• Stand scenes: L-R : mD ~ Λ EW , MR ~MWR  , GUT: MR ~ Λ GUT

• #$’s are Sterile in standard scenarios
• What if MR ~ Λ EW? Can #$ ’s be non-sterile?

Ref: P.Q Hung, PLB 649 (2007)



SM + Mirror Fermions + extended scalar sector 
Gauge Group : SU(3)c x SU(2)W x U(1)Y

EW!" :Model and mirror fermions
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Particle content of EW!" model
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• #$% s are non-sterile, RH doublets couples to the same W 



Majorana and Dirac masses
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Complete Scalar Sector
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Scalars

Singlet ∅" #"
Dirac mass

Doublet
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Scalar Sector Custodial symmetry
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• ! = #$%&
$'& ()*+ ,%= 1 (custodial global symmetry SU(2))

• -$~ / (Λ23) → A “large” triplet vev would spoil ! = 1 at Tree level
• To restore the Custodial symmetry, a triplet Higgs scalar 6 = (3, 9+ =
0) is added such that 

• The potential has a global ;< 2 > × ;< 2 @ symmetry → ;< 2 A
• Rich Higgs sector!
• The nature of EW symmetry breaking is intrinsically linked to the 
Majorana mass of the non-sterile RH neutrino



The scalar potential 
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Blue terms help to get exact minimization of 
the scalar potential and non-zero mass for 
the singlet-type complex scalar field.

The blue !"/$'s terms break 
explicitly the %(1))* × %(1)*,
symmetry
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Transformations:

, - → -,



Scalar Sector

• Physical scalars can be groped into Custodial SU(2)D states: 18 physical 
scalars grouped 5 + 3 + 3 + 3 + 3 + 1

• Quintet → "#±±, "#±, "#%
• Triplet →"&±, "&%, "′&±, "′&%, ")±, ")% ,")*±, ")*%
• Real Singlet →"+%, "′+%, "+)% , "+)*% ,  "+%, "+,%
• Complex Singlet → -,%
• Singlet States:

• VEV’s satisfy: 
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• At tree level, the mass of the complex singlet scalar !"# = $∅"#&

• In gen, '("#, ()#, (*+# , ()+# , ("# and (*#, can mix: 
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Masses of the scalars

• We denote the 6 mass eigenstates by -(., -(, '(’, '(’’, '(’’’, '(’’’’ 
• -(" → lightest, singlet DM, next heavier ones are '(’, '(’’, '(’’’, with heaviest state  
'(’’’’ and '( being the 125 GeV Higgs
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BP’s and BR’s: Scalar Sector masses

TABLE I: BPs obtained fitting for Higgs mass at 125 GeV in conjunction with other heavier scalars 

TABLE II: 125 GeV Higgs BR’s corresponding to the BP’s shown in Table I



• !"# = $∅"#& is investigated to be a feasible DM candidate

• MR are in EW Scale (~ 250 GeV) and from lepton sector (( → *+, (
to e conversion) bounds on the coupling ,"- < 10-4

• The singlet connecting SM to Mirror world can be light (~KeV scale) 
DM candidate!

• As a result of ,"- being constrained, lightest mirror fermions are 
LLPs (Decay length can be substantially LARGE, mm-> cm range)

• Typical decay lengths >> Hadronization length~ . /*01$
• Formation of QCD bound states: Mirror mesons 23434 and hybrid 

mesons 2343 get formed first before decay

• Collider searches of DM promising through the Lifetime frontier 
due to the possibility of large displaced vertex (*64 → * + 8)
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Singlet DM Prospect and LLP signals



• EW!" scenario links neutrino, DM and LLP’s
• Framework has Majorana masses and mirror fermions having masses 

within the reach of the current colliders
• We analyze the complete scalar sector spectrum which includes 

heavier triplets, doublets and singlet Higgs states in conjunction with 
the 125-GeV LHC data
• Model contains distinguished Long-lived particle (LLP) signals with 

large displaced vertices (mm-cm) in quark and lepton sectors
• The case of whether neutrinos are of a Dirac or Majorana nature can 

be settled if like-sign dilepton signals are discovered at displaced 
vertices at LHC
• Also investigating the prospect of the light singlet scalar fulfilling the 

role of the light DM candidate in this framework

Take-Home message

05/05/20 Chakdar Pheno2020 14


