
Fatemeh Elahi
University of Notre Dame

Pheno 2016

LHC Constraints on Lµ � L⌧ Interactions

Phys. Rev. D.93.015022 (2015) 
arXiv:1511.04107 [hep-ph] 

with Adam Martin

http://arxiv.org/abs/arXiv:1511.04107


Why Lµ � L⌧?

An accidental global symmetry of SM. 

Anomaly free! Can be gauged. 

               is not realized in nature (i.e. tau decay to electron), so it must 
be broken. 

predicts a     that only couples to muon and tau family.  

Currently not very constrained, because it does not couple at tree level to 
quarks (LHC) and electron (BaBar II).  

Also motivated because of (g � 2)µ anamolous magnetic moment of muon

Z 0

Lµ � L⌧

He, Joshi, Lew, Volkas

Phys.Rev D44(1991)
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of Lµ � L⌧ :

✏g0 : the coupling of Z 0
to µ and ⌧ family

Shaded region: Bounds from 
LHC 8, from recasting                      

Purple Line: CCFR bound from 
Neutrino trident production: 

Black contour lines: the percent 
increase in the rate of cross 
section including    and the 
needed luminosity to get     .
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                         is clean and well-measured. 

                         and                              can be used as 
background control sample.  
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The main difference between      and photon (the biggest 
background), is that     is massive. 
We cannot tell which pair of muons should reconstruct     mass.
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Optimized Z 0 search in pp ! 4µ
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MT (µ+, µ�
) turned out to be more useful than mµ+µ�

because of its broader

distribution, resulting in more interference between signal and SM.

The main difference between      and photon (the biggest 
background), is that     is massive. 
We cannot tell which pair of muons should reconstruct     mass.

Z 0

Optimized Z 0 search in pp ! 4µ
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New bounds from our study in LHC

The exclusion contour 
assuming full HL-LHC 
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cuts.  
The HL-LHC bounds are 
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bound for the parameter 
space explored.
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How about MZ0 < 2mµ?



Optimized Search for MZ0 < 2mµ
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Want     to be on-shell.  

no photon background. 

Z 0

Br(Z0 ! ⌫`⌫`) = 100% Z 0/



Want     to be on-shell.  

no photon background. 
But new backgrounds 
emerge:
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E↵ective Cuts in pp ! µµ 6ET

High MET 
to reduce  
and                 background. 

pp ! µµ+ jets
pp ! ⌧⌧
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E↵ective Cuts in pp ! µµ 6ET

High MET 
to reduce  
and                 background. 

  
make                 negligible.  
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New bounds from our study in LHC

Assuming full luminosity reach of HL-LHC,  bounds from HL-LHC 
are stronger than CCFR bound for this region of parameter space. 
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Can we do even better?!



Matrix Element Method (MEM)

Assuming a model (i.e. SM), use matrix element of a process to 
distinguish signal from background.

If we have only leptonic final states, their four-momenta are 
measured, and thus     is also specified.  

Example: Looking for a    , in                at Z pole:
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Matrix Element Method (MEM)

• uses the maximum amount of theoretical information available.
• has been used to give the most precise measurement of top quark mass. 

Fiedler el al. [arXiv: 1003.1316]



Matrix Element Method (MEM)

• uses the maximum amount of theoretical information available.
• has been used to give the most precise measurement of top quark mass. 

What if we have missing energy?

Fiedler el al. [arXiv: 1003.1316]

We have to integrate over all possible values of                . 
Difficult! 

|M|2 = |M(pi, p
vis
f , pinvf )|2

pi and pinvf



Idea
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Current on-going project!!



• Gauged              is a simple extension of SM.

• This model is also motivated because of the anomaly in 

• The current constraints on this model are not very strong.

• For                              , the process                         can be used to 
set bounds on    . Because it is well-understood and                             
can be used as background control sample. 

• For                   , this  model can be explored in the           final 
state, although many new background emerge. 

•  With Matrix Element method, we might be able to enhance our 
reach significantly. 

Conclusions
Lµ � L⌧
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Thank You


