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Introduction: Motivation

SM processes are expected to conserve lepton flavour

Lepton-flavour violating (LFV) decays would be a clear indication of
New Physics

Many extensions to the SM include LFV decays:
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Introduction: Beyond Standard Model (BSM) theories

Quantum Black Hole

Produce QBHs when the extra-
dimensional Planck scale is reached
(ADD: 6 lrg xD, RS: 1 warped xD)

Quantum Gravity might violate
lepton flavour conservation
→ eµ, eτ and µτ final states
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Introduction: Analysis Strategy

i) Select events from data with exactly one good electron and one muon

ii) Compare observed yields to SM expectation

iii) Look for deviations from SM expectation in the meµ spectrum

iv) In case deviations are found, quantify them

v) If none are found, extract limits on the models being searched for
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Object and Event Selection

Electrons

pT > 65 GeV, |η| < 2.47

Identification: Tight (pT < 125
GeV), Medium (pT > 125 GeV)

Impact parameter: |d0/σd0 | < 5
and |∆z0 sin θ| < 0.5 mm

Isolation: Loose (tracks and cells)

Muons

pT > 65 GeV, |η| < 2.5

Identification: HighPT
requirements

Impact parameter: |d0/σd0 | < 3
and |∆z0 sin θ| < 0.5 mm

Isolation: Loose with only tracks

Event Selection

Trigger: HLT mu50 || HLT e60 lhmedium || HLT e120 lhloose

3rd lepton veto: events with an additional ’loose’ muon1 or electron2 rejected

At least one trigger-matched lepton

Back-to-back requirement: ∆φeµ > 2.7

No opposite charge requirement (reduces 5-6% signal, but only fake e bg)

1 muon: standard selection cuts, except isolation
2 electron: LH-Medium for pT < 125 GeV, LH-Loose for pT > 125 GeV, no isolation cut
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Data, background and signal samples

SM Backgounds

Background Estimation Method Generator

Top (tt̄, single t w/assoc W ) MC Simulation and Extrapolation Powheg
Diboson (WW , ZZ , WZ ) MC Simulation and Extrapolation Sherpa

Multi-Jet & W+jets Data-driven (Matrix Method) -
Drell-yan ττ (Z/γ∗ → ττ) MC Simulation Pythia8

Signal processes

Process Generator
QBH QBH
Z ′ Pythia8

Data

Currently using 3.2 fb−1 at√
s = 13 TeV
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Background processes: Multi-jets and W+jets

Data-driven estimation based on Matrix Method (2× 2)1

[
NTT

NLT

]
=

[
re fe
1 1

] [
NRR

NFR

] re : probability of an electron to be identified →
evaluated from simulation

fe : probability of a jet to be misidentified as an
electron → evaluated from data in multi-jets
enriched control region

’Tight’ electron: if fullfilling all selection cuts
’Loose’ Electron: as above, but looser identification and no isolation requirement

Multi-jets control sample

Emiss
T < 25 GeV and mT < 50 GeV

Contamination from W+jets and other
SM EW processes substracted using MC

predictions.

Estimate

Expect ∼ 85 events with a luminosity
of 3.2 fb−1
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Background processes: Top Quarks and Diboson

MC simulation has very limited statistic above 1 TeV in meµ → extrapolation

Functional forms: e−a · xb · xcln(x) and a/(x + b)c

Chosen for their stability when varying the fit range and for the quality of the fit

Nomimal → the median of all the tested fit ranges using both functional forms.

Systematic uncertainty → fit parameter uncertainty ⊕ RMS of all fit variations

 [GeV]µem

200 300 400 1000 2000 3000

N
um

be
r 

of
 E

ve
nt

s

5−10

4−10

3−10

2−10

1−10

1

10

210

 = 13 TeVs

 PreliminaryATLAS

Simulation

Top background

Top Quarks simulation up to 600 GeV

 [GeV]µem

200 300 400 1000 2000 3000

N
um

be
r 

E
ve

nt
s

10−10

9−10

8−10

7−10

6−10

5−10

4−10

3−10

2−10

1−10
1

10

 = 13 TeVs

 PreliminaryATLAS

Simulation

Diboson background

Diboson simulation up to 400 GeV

Luis Roberto Flores Castillo (CUHK) Hefei 2015 December 20, 2015 9 / 22



Systematics Uncertainties
Sources of systematic uncertainties are divided in two categories:

Theoretical → uncertainties on the predicted cross section times branching ratio

Experimental → uncertainties relating to detector limitations or simulation of the
detector response

N/A → represents cases where the uncertainty is not applicable

N.B.: The background expectation beyond 2 TeV is < 0.1 events
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Results: yields
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Results: Lepton η and φ
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Resuts: Lepton pT
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Results: ηeµ, φeµ
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Results: peµT
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Potential peµ
T mis-modelling; its effect is incorporated into the meµ uncertainty:

1 peµ
T distribution in MC is weighted to match data

2 bg extrapolation redone from reweighted mass spectrum → larger uncertainty

3 adopted as nominal uncertainty; accounts for both peµ
T modelling & extrapolation
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Results: meµ and p-value
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Largest local significance: 1.7σ from an event with meµ = 2.1 TeV

No significant excess observed
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Results: Mass limits setting

Bayesian inference using the Bayesian Analysis Toolkit (BAT)

Template shape method employed

Sources of systematic uncertainty incorporated in terms of nuisance parameters

Z ′ SSM
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Model Expected Limit [TeV] Observed Limit [TeV]

Z ′ SSM 3.19 3.01
QBH ADD n=6 4.62 4.54
QBH RS n=1 2.56 2.44
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Conclusions

Presented the search for BSM phenomena decaying into eµ final
states using 3.2 fb−1 at

√
s = 13 TeV

No significant excess observed:
Limit set to 3.01 TeV for Z ′ and 4.54 (2.44) TeV for QBH ADD (RS)

Results published as ATLAS Conference Note
(ATLAS-CONF-2015-072)

Aim to add eτ and µτ decay channel in the near future

The work described in this talk was partially supported by a grant from the Research Grants
Council of the Hong Kong Special Administrative Region, China (Project No. CUHK 24300114).
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BACKUP
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Introduction: Beyond Standard Model theories

R-Parity Violating 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)

[not included in this analysis]
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Statistical Analysis
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Limit Setting
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