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      Long-Lived states 
 
LLP are produced with sizeable production rate and suppressed 
decay (tiny couplings, approximate symmetries, etc.) 
 
There are many theories yielding displaced signatures 
 
Main options: 
    (i) LLP carry SM quantum numbers: SUSY realizations 
    (ii) LLP are SM singlets: Higgs decays etc. 
 
 
 
 
 



      Susy I: Split-Susy 
High-scale sfermions and low-scale inos: mino << msfermion 

 
Consequence: there might exist fermions, like the gluinos, 
potentially accessible at the LHC, that can be pair-produced but 
cannot decay except via higher-order operators. 
 
                                                     The lifetime depends on the 
                                                     splitting to the power four 
 
 
 



         Susy II: RPV 
 
R-parity violating couplings can be included or not by hand. 
 
The proton decay constrains combinations of RPV couplings to be 
small. But, the individual RPV couplings can be a priori large. 
 
                                                 Consequence: all the familiar  
                                                 prompt RPV decays can be  
                                                 made displaced if small 
                                                 couplings are introduced by 
                                                 hand. 
 
                                                      
 
 



        Hidden sector(s) 
 
New SM singlet degrees of freedom, X, at the weak scale. 
 
There are only a few production options, basically the direct  
resonant pair-production of X via: 
   
n     the Higgs(es) 
 
n     the Z boson 
 
n     some BSM particle, e.g. a Z’-boson (likely to be heavy) 
                                                      
 
 



        Displaced decays 
 
The focus has been initially on theories giving two displaced 
vertices per event, for sake of simplicity. 
 
The lifetime is treated as a free parameter. 
 
LLP signatures can be quite challenging at the LHC, we discuss an 
example in the following.                                                      
 
 



       The minimal U(1)B_L model 
[EA, Delle Rose, Coriano’, Moretti, Shepherd-Themistocleous,  
 arXiv:1612.05977, arXiv:1605.02910]                    

SU(2) x U(1)Y x  U(1)B-L 
 
Dµ = δµ + ig1YBµ + i(g~Y + g’1YB-L)B’ µ

Scalar potential V(h, H2) 
 
with α the scalar mixing between the two 
d.o.f. 
 
LY = LY

SM +LY(ν, νh) 
 
νh being the right-handed heavy neutrinos  



       The minimal U(1)B_L model 
                                   Particle content 
 
1 extra heavy Z’-boson 
with M > 2.5 TeV for a viable leptogenesis, so-called the friendly setup 
[Mohapatra, Blanchet 2010]  
 

3 heavy Right-Handed neutrinos νh 
they acquire a Majorana mass and naturally implement the Type I seesaw mechanism. 
If close to degeneracy, they can give rise to resonant leptogenesis, explaining the 
matter-antimatter asymmetry. 
 

1 extra Higgs singlet H2 
giving mass to Z’ and νh 

 



       The minimal U(1)B_L model 
          Recent limits on masses, couplings and mixing 
 

SM 
Qmax > 1015 GeV 



       The minimal U(1)B_L model 
    Striking signatures: pp -> h, H2, Z’ -> heavy neutrinos 
    4 possible scenarios 

 

•      h and H2 are almost decoupled, α = 0 
           the Z’ mode is the only accessible channel 
 
•  mνh < mh/2 and mH2 > 2Mw 

     heavy neutrinos are produced by the SM-like Higgs 
 
•  mνh > mh/2 and 2mνh <  mH2 < 2Mw 

        heavy neutrinos are produced by the heavy Higgs 
 
•  mνh < mh/2 and 2mνh <  mH2 < 2Mw 
            heavy neutrinos are produced by both h and H2 
 
 

 



       The minimal U(1)B_L model 
        Striking signatures: pp -> Z’ -> heavy neutrinos 
   This friendly channel advocated by Mohapatra et al. does not seem viable 

 



       The minimal U(1)B_L model 
         Striking signatures: pp -> Z’ -> heavy neutrinos 
    

Exploring fat jet and jet 
substructure to enhance S/B 
[EA, Delle Rose, Moretti, 
Oleiya, Shepherd-
Themistocleous 2017] 



       The minimal U(1)B_L model 
         Striking signatures: pp -> h, H2 -> heavy neutrinos 
    



       The minimal U(1)B_L model 
         Striking signatures: pp -> h, H2 -> heavy neutrinos 
    



       The minimal U(1)B_L model 
               heavy neutrinos decay length and apparatus 
    

The probability that νh would decay 
in the annulus defined by the radial 
distances d1(η) and d2(η) is    

Region 1 

Region 2 



       The minimal U(1)B_L model 
               heavy neutrinos decay length and apparatus 
    



       The minimal U(1)B_L model 
                           Heavy neutrinos decays 

Same-sign events 
νh reconstruction is possible  



       The minimal U(1)B_L model 
          Long lived heavy neutrinos in the muon chamber 
pp -> h -> νhνh -> 2l+X, 3l+X or 4l+X      (l=e, µ) 
 

BP1: mνh=40 GeV, cτo=1.5 m  
 
PT > 26 GeV for the two most 
energetic muons and PT > 5 GeV for 
all the others. 
 
L = 100 fb-1 
 

3 event categories: 
 
2µ-> 2 separated tracks 
3µ -> 1 DV + 1 separated track 
4µ -> 2 DVs 



       The minimal U(1)B_L model 
            Long lived heavy neutrinos in the inner tracker 
pp -> h -> νhνh -> 2l+X, 3l+X or 4l+X      (l=e, µ) 
 

BP4: mνh=50 GeV, cτo=0.5 m  
 
PT > 26 GeV for the two most 
energetic muons and PT > 5 GeV 
for all the others. 
 
L = 100 fb-1 
 

3 event categories: 
 
2l-> 2 separated tracks 
3l -> 1 DV + 1 separated track 
4l -> 2 DVs 



       The minimal U(1)B_L model 
          Light long lived RH neutrinos (mνh < Mh/2) and PT

l 

pp -> h -> νhνh -> 2l+X, 3l+X or 4l+X      (l=e, µ) 

 
Black, blue, red and 
green ordered in 
decreasing lepton PT 

The analysis is very 
sensitive to trigger 
thresholds. 
 
The investigation of 
new displaced tri-lepton 
triggers is quite worth. 



       The minimal U(1)B_L model 
          Light long lived RH neutrinos (mνh < Mh/2) and PT

l 

 
pp -> h -> νhνh -> 2l+X, 3l+X or 4l+X      (l=e, µ) 

 



       The minimal U(1)B_L model 
              Short lived heavy neutrinos (Mνh > 100 GeV) 
     [EA, Delle Rose, Moretti, Oleiya, Shepherd-Themistocleous, preliminary] 

 
pp -> H2 -> νhνh -> 3l+2j + ETmiss 
[mH2=250 GeV, mνh = 100 GeV, α = 0.3, MZ’ = 5 TeV, g’=0.65] 

 



       The minimal U(1)B_L model 
                      Reconstructing the heavy Higgs 
 
pp -> H2 -> νhνh -> 3l+2j + ETmiss 
[mH2=250 GeV, mνh = 100 GeV, α = 0.3, MZ’ = 5 TeV, g’=0.65] 

 



       The minimal U(1)B_L model 
                  Reconstructing the heavy neutrino 
 
pp -> H2 -> νhνh -> 3l+2j+ETmiss 
[mH2=250 GeV, mνh = 100 GeV, α = 0.3, MZ’ = 5 TeV, g’=0.65] 

 
 After applying the cut 
 
|MT

vis – MH2| < 100 GeV 



                  Conclusions 
Long-Lived particles is a rich framework for BSM searches 
 
•  A heavy LLPs naturally appear in a variety of theories  

•  Within the UB-L(1), the discovery of LL heavy right-handed 
neutrinos would have important cosmological implications 
(probe the type of seesaw mechanism, test of leptogenesis, …) 

 
•  Generally, striking signatures aside, at times involved, i.e. new 

experimental challenges ahead especially on trigger thresholds. 
 
 
                                Always a step forward 


