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Motivation

 Lepton Flavor Violation (LFV) is highly

suppressed in the SM, an observation

of LFV would most likely mean new

physics

 LFV has not yet been observed among

charged leptons

 LFV is permitted in many extensions

of the SM

Beyond SM 

Higgs

Heavy Z 

boson -- Z 

SUSY RPV 

 sneutrino

Quantum 

Black Hole
…
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Overview of LFV searches at ATLAS 

 Z boson LFV decay search
 to e final states with 7 TeV data (EPJC Vol.71, 12(2011)1809 )

 to e/ehad/had final states with 8 TeV (Phys. Rev. Lett. 115 031801 (2015)) and 13 TeV data

(accepted by EPJC, arXiv:1607.08079v1)

 Higgs LFV decay search
 to e/ final states with 8 TeV data (submitted to EPJC, arXiv:1604.07730v1 & JHEP 1511 (2015) 211)

 SUSY RPV  sneutrino search
 to e/ehad/had final states with 7/8/13 TeV data (same as Z)

 QBH search
 to e/ehad/had final states with 13 TeV data (same as Z)

 tau3 search (submitted to EPJC, arXiv:1601.03567), Z search (same as Higgs)

4 lepton search (JHEP12(2012)124), displaced vertex search (Physics Letters B 719 (2013) 280 ) …

http://link.springer.com/content/pdf/10.1140/epjc/s10052-011-1809-9
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.031801
http://arxiv.org/abs/1607.08079v1
http://arxiv.org/abs/1604.07730v1
http://inspirehep.net/record/1388016
http://arxiv.org/abs/1601.03567
http://link.springer.com/article/10.1007/JHEP12(2012)124
http://www.sciencedirect.com/science/article/pii/S037026931300083X
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Z boson Search – Model 

 Extended SSM Z

 the same couplings as the SM Z boson

 extend to allow for LFV couplings:

Q12, Q13 and Q23
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l = e,  or had A general search for heavy resonance

 Relatively small background due to 2 different flavor leptons Signal: Pythia8
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Z boson Search – Data and objects

 Data sample : 25 ns data in 2015, Luminosity = 3.2 fb−1

MC sample : ATLAS fully simulated samples with all necessary corrections

 Objects

 Electrons

• Kinematic: pT> 65 GeV

|η|< 2.47 (no crack region)

• Track and calo quality 

• Isolated

 Muons

• Kinematic: pT> 65 GeV

|η|< 2.5

• Combined track quality 

• Isolated

 Taus

• Kinematic: pT> 40 GeV

|η|< 2.47 

•  1 and 3 prongs

• Track and calo quality 

•   Overlap removal with e and 

 MET: calculated with calibrated objects 
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Z boson Search – Event selection

 single electron or muon trigger

 back-to-back: (l, l)>2.7

 2 “good” different flavor leptons

 Mll’>600GeV as “signal region”

Ml invariant mass reconstruction

 taus are heavily boosted, so are their decay products

  and those visible hadronic tau decay products are 

~ collinear

 assume () = (had)

 improved peak resolution
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Z boson Search – Backgrounds

• W+jets

• QCD

• Drell-Yan

• Top related

• Diboson 

• …

Backgrounds

irreducible 

backgrounds

jets fake

backgrounds

MC 

prediction

Data 

driven

e channel

Matrix method

 channels

QCD:2d side bands

W+jets: weight MC



9Tau 2016, Beijing, China

Z boson Search – Event yields

 Mll<600GeV: validation region; Mll >600GeV: signal region

 For signal region

Top:73% fake:56% fake:54%
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Z boson Search – Systematics

e channel: PDF + stat

e channel: PDF + stat + fake estimate

 channel: PDF + stat + fake estimate 

Mll’ at 1TeV region
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Z boson Search – Mll discriminant

Dilepton invariant mass

Dominant: Top backgrounds Dominant: Top + jet fake Dominant: Top + jet fake 
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Z boson Search – Limit plots

e channel e channel  channel

Mass exclusion
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Z boson Search – Conclusion

 A search for LFV Z’ is performed in e, e or  final states

 No significant data excess is observed compared to SM expectation

 New limits considerably extend the previous ATLAS results

Conclusion



14Tau 2016, Beijing, China

BSM Higgs Search – Introduction 

Both ATLAS and CMS support the observation of 125GeV “Higgs”

Coupling not very different from SM “Higgs”

Any non-SM 

property ?

Higgs LFV  decay :

 A complementary to SM Higgs 

measurement

 Well motivated by theory

Considered Lagrangian for the Yukawa interactions

 Stringent limits on He from low energy tau decay experiments, but less stringent 

limits on He or 

Higgs(125GeV) e or  :  can decay both hadronically and leptonically
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BSM Higgs Search – Data and objects

 Data sample : 8 TeV pp data in 2012, Luminosity = 20.3 fb−1

MC sample : ATLAS full simulated samples with all necessary corrections

 Objects

 Electrons

• Kinematic: pT> 26 GeV

|η|< 2.47 (no crack region)

• Track and calo quality 

• Isolated

 Muons

• Kinematic: pT> 26 GeV

|η|< 2.4

• Combined track quality 

• Isolated

 Taus (had)

• Kinematic: pT> 45 GeV

|η|< 2.47 

•  1 and 3 prongs

• Track and calo quality 

•   Overlap removal with e and 

 MET: calculated with calibrated objects 
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BSM Higgs Search – Event selection: had channel

2 SRs are introduced to 

maximize the sensitivity 

lep = e or 

SR1:  dominant bkgd W+jets

SR2: dominant bkgd Z+jets

WCR: validate modelling of Wjets

TCR: validate modelling of top 

M(l,) is reconstructed similar as Z, and is used for signal search 

2 VRs are introduced to validate 

the dominant backgrounds 

MMC

lm 

Nucl. Instrum. Meth. A 654 (2011) 481
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BSM Higgs Search – Backgrounds: had channel

• W+jets

• Z+jets

• Zll (l=e,)

• Top related

• Diboson 

• Higgs

Backgrounds

irreducible :

Real lep + tau

jets fake

backgrounds

MC 

prediction

Charge based 

Data driven

• Z
Embedded 

Z data sample

• QCD

Reweight MC 

With CR 
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BSM Higgs Search – Control plots: had channel

Up:  e channel

Down:  channel

Left:  SR1

Right: SR2
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BSM Higgs Search – Event selection: lep channel

2 SRs are defined to maximize the sensitivity 

SR1:  with no central (||<2.4) light jet

SR2:  with  1 central light jet

Search variables
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BSM Higgs Search – Backgrounds: lep channel

Backgrounds are estimated with an e- symmetry method by assuming:

 SM processes in data are symmetric under the exchange of prompt e  with prompt 

 Higgs LFV decay breaks this symmetry

Effects from non-prompt e/ & efficiency difference are corrected

SR1 SR2

Phys. Rev. D 90, (2014) 015025
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BSM Higgs Search – Results

 No statistically significant deviations of the data from bkgd prediction are observed

 95% CL upper limits on LFV Higgs decay Branching ratio is placed with a frequentist

method assuming mH = 125GeV
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BSM Higgs Search – Conclusion

A search for He or H LFV decay is performed, with  decays both 

leptonically and hadronically

 No obvious data excesses over SM background prediction  are observed

 95% CL upper limits on LFV Higgs decay Br are placed
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Other searches -- 3

 A search for 3 is made with 8TeV 20.3/fb dataset using W events at ATLAS

 No events are observed in signal region ,   

while 0.2 bkgd events are expected

 The observed upper limits of Br(3) is 

3.76 x 10-7 at 90% CL.

 Demonstrate the potential of LHC as a 

probe of LFV in  decay

 Expect significantly improved sensitivity 

with more data

 Dominant systematics are from muon recon and trigger
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Other searches

 Quantum black hole search 

 SUSY RPV tau sneutrino search

Share exactly the same strategy as Z search

and will be published together with Z on EPJC

 Z LFV decay measurement

Share similar strategy as H search and will be

published together with Higgs search on EPJC
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Summary

Several analyses searching for LFV in the charged lepton sector are performed by 

ATLAS

 No significant data excess over SM expectation is observed in any channel

 Limits are put on the  x Br or Br, which considerably extend the previous ATLAS 

results
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Summary

Backup slides
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Statistical analysis for Z search

 Reasonable agreement between observation and expectation 

 95% CL level Limits are put on the  x Br of Z model

 Bayesian method is used to set limits
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BSM Higgs Search – Results

 No statistically significant deviations of the data from bkgd prediction are observed

 95% CL upper limits on LFV Higgs decay Branching ratio is placed with a

frequentist method assuming mH = 125GeV


