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Signals from new physics beyond SM 
• Last Big Discovery

• Next Big Discovery :

• What if New-Particle is a Complete SM Singlet? 
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2012 
Higgs Discovered 

➢ No New Physics Signals
6 years and counting !!

HL-LHC

100 TeV Collider?

➢ Last missing piece of SM 
discovered but expected !!

Displaced Vertex!
➢ Produced via mixing with SM

particles 
➢ Can be  sufficiently long lived !!
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Future displaced vertex  search
• Displaced Vertex Signature

• Future Displaced Vertex Searches at LHC
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➢ Low Standard Model Background
➢ Ideal for new physics searches 

MATHUSLA 

HL-LHC

Signal

Background

MATHUSLA

J. Chou, D. Curtin, H. Lubatti
arXiv: 1606.06298
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Future displaced vertex  search
• Future Displaced Vertex Searches at LHC
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➢ Rare SM Higgs Decay

D. Curtin, M. Peskin arXiv: 1705.06327 
D. Curtin, K. Deshpande, et.al arXiv 1712.07135
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Minimal B-L model and displaced vertex
• Minimal Gauged B-L (Baryon-Lepton) Extension of SM

• Heavy Neutrino production from Higgs decay
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➢ Anomaly Free:                  3 generation of right handed Neutrinos (Ni)
➢ Seesaw Mechanism :       Ni are SM singlet and can have Majorana mass

➢ Ni  can be long-lived !!     

➢ Higgs Mixing ➢ NN production

Example
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Heavy neutrino production with displaced vertex
• N production at LHC (                                        )      
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➢ Using future best search reach value
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Heavy neutrino decay: type-I seesaw
• Heavy Neutrino Decay into SM particles 
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➢ Degenerate Case:

Decay length is independent of 𝑈𝑀𝑁𝑆

➢ 𝑚𝑖 is the mass of the light neutrino
➢ Lightest light neutrino mass  

fixes light neutrino mass spectrum

Normal Hierarchy (NH) :   (m1 < m2)    <  m3 :       m1 = mlightest

Inverted Hierarchy (IH) :    m3 <     (m1 < m2) :      m3 = mlightest
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Heavy neutrino decay: type-I seesaw
• Decay Length: 

8

Normal Hierarchy (NH) :   (m1 < m2) <  m3
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Inverted Hierarchy (IH) :    m3 <  (m1 < m2)  

mN
3

mN
1

mN
2

(mlightest)

Digesh Raut, Alabama 



Heavy neutrino decay: type-I seesaw
• Normal Hierarchy: 
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mlightest = 0.1 eV

mlightest = 0.001 eV

mlightest = 0.01 eV
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Heavy neutrino decay: type-I seesaw
• Inverted Hierarchy: 
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mlightest = 0.1 eV

mlightest = 0.001 eV

mlightest = 0.01 eV
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Type-I seesaw and neutrinoless double beta decay

• Neutrino less Double Beta Decay: 
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Complementarity 

➢ Displaced vertex search : (mN , mlightest)
➢ Neutrinoless double beta decay:  (mlightest)

S. Dell’Oro, S. Marcocci, et.al 
arXiv: 1601.07512
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Displaced vertex search reach for different masses

• Generalization (                                                    )

12Digesh Raut, Alabama 



Displaced vertex search reach for different masses

• Generalization (                                                    )

13Digesh Raut, Alabama 



Summary
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Thank You

• Prospect of new physics search with a displaced vertex signature at the 
future colliders

• New physics with displaced vertex signature for a completely singlet 
SM new physics particle.

• Type-I seesaw in gauged B-L extension of SM 
• Heavy neutrino pair production via Higgs mixing
• Heavy neutrino with a displaced vertex signature at HL-LHC and MATHUSLA 

detector. 

• Complementarity of displaced vertex search for heavy neutrino and 
neutrinoless double beta decay searches
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Back Up Slides: Z’ Search and displaced vertex


