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Why search for Lepton-Flavour Violation?
• Standard Model processes are expected to

conserve lepton flavour. Therefore, a Lepton-
Flavour Violating (LFV) decay would be a clear
indication of New Physics. LFV is allowed in many
extensions of the SM:
– Predicted by RPV SUSY(τ-sneutrino), QBH and Z’, 

etc.
– Clear detector signature and low SM background: 

Drell-Yan process largely suppressed
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Samples
• Data: 3.2fb-1, 13 TeV, collected in 2015

• Background components: 
– MC based:

• Drell-Yan
• Top-quark related(pair and single top production)
• Diboson(WW, WZ and ZZ)

– Data-driven
• W+jets
• QCD Multi-jet

• Signal:
– Z’, ντ, QBH
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Object Selection
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Event Selection
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Neutrino 4-vector determination for 
hadronic τ’s

• τ decay final states are heavily boosted due to large 
resonance mass

• Neutrino and the resulting jet are approximately collinear
• ην=ηjet approximation leads to improved peak resolution 

(already used for 8 TeV publication)
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Data-driven Estimation: Matrix method
(eµ channel)

• Main source: real muon + fake electron

• Two data samples used:
– Loose: the electron passed the loose cut and the muon passed the tight cut(NLT)
– Tight: both the electron and the muon pass the tight cut (NTT)
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Data-driven Estimation(eµ channel)
• Applied a smoothing procedure to show the background contribution in 

the final dilepton invariant mass plots

• Associated systematic uncertainties 
– Variation of definition of control region
– MC to data discrepancy for W+jets
– Lumi
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W+jets Estimation(eτ, µτ channel)
• Contribution from fake τ’s is generally not very well modelled in simulation. 

• The τ fake rate is estimated and used to weight simulated W+jets events to get 
W+jets contribution in control region. It is then scaled to signal region

• A normalisation factor for the W+jets background is obtained by taking ratio 
between the above expected number of W+jets and raw W+jets MC prediction
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QCD Estimation(eτ, µτ channel)
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Extrapolation of MC bkgd
• MC samples for pair- and single-top processes are statistically 

limited beyond 1.0 TeV in mll’. They are added and extrapolated 
together.

• Two function forms are used; their results are combined together
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Systematics
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Invariant mass of eµ
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No signal observed



meµ=2.088	
  TeV
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Invariant mass of eτ
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No signal observed



Invariant mass of µτ
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No signal observed



Limit Setting of eµ Channel
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Limit Setting of eτ Channel
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Limit Setting of µτ Channel
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Limit Summary
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Summary
• Search for Lepton-Flavor Violation was carried out in 

dilepton channel at ATLAS in Run II, using 13 TeV data 
collected in 2015

• Strategies were optimized accordingly for different decay 
channels. ATLAS result on LFV search has been 
submitted to EPJC recently. No LFV has been observed 
so far

• 13 TeV data in 2016 is being analyzed. Stay tuned for 
more exciting physics!
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backup
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Analysis Strategy
• Aim to find excess in the dilepton invariant mass 

spectrum from SM expectation

• Select events from data with exactly two different 
flavour leptons

• Look for deviations from SM expectation in the meµ/meτ
/mµτ spectrum. In case deviations are found, quantify 
them

• If no significant deviations are found, proceed to 
extract limits based on BSM models
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Beyond-SM Models
• LFV Z’:

– Heavy gauge boson with the same quark 
couplings as the SM Z

– LFV couplings are introduced: (Q12, Q133 and 
Q23)

• RPV SUSY:
– R-Parity introduced to avoid the decay of the 

proton
– SUSY particles have an R-parity of -1 while 

SM particles have +1
– Can violate either lepton or baryon number 

but not both at the same time (which would 
lead to proton decay)

• QBH:
– Produce QBHs when the extra dimensional 

Planck Scale is reached
– Quantum Gravity might violate Lepton 

Flavour conservation eµ, eτ and µτ states
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SM backgrounds and Signal
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QCD & W+jets Estimation(eτ, µτ channel)
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W+jets Estimation(eτ, µτ channel)
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QCD Estimation(eτ, µτ channel)
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Highest mass events of eµ, eτ, µτ
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