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« 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 (r-sneutrino), QBH and Z’,
etc.

— Clear detector signature and low SM background:
Drell-Yan process largely suppressed
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e Data: 3.2fb1, 13 TeV, collected in 2015

« Background components:

— MC based:
* Drell-Yan
« Top-quark related(pair and single top production)
* Diboson(WW, WZ and ZZ2)

— Data-driven
 W+jets
. QCD Multi-jet

 Signal:
- Z, v, QBH
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Tau Selection

pt > 40 GeV & |n| < 2.47 exc. crack region

Electron-Muon Overlap removal with tight and loose objects

lq|=1
JetIDBDTLOOSE

S " Muon Selection

Muon Selection

o
o
@ 1/3 prong
°
o

@ pr > 65 GeV & |n| < 2.47 ® pr > 65 GeV

exc. crack region @ Use only combined muons
o LHTight @ LooseTrackOnly Isolation
@ Loose Isolation @ MuonSelectorTools
@ Inner tracking requirements passedHighPtCuts

@ Inner tracking requirements
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@ HLT_mu50 || HLT _e60_lhmedium || HLT _e120_lhloose (no tau
trigger used)
@ 3rd lepton veto

I. Check number of good leptons
ii. Veto events with Ne =1& N, =1& N, =1
iii. Veto events with Ne > 1 || N, > 1] N > 1
Iv. Select channel according to leptons available, but still cut for
additional loose leptons

@ One trigger matched lepton
e Back-to-back leptons (A¢p > 2.7)

@ No Opp charge requirement
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» t decay final states are heavily boosted due to large
resonance mass

* Neutrino and the resulting jet are approximately collinear

* 1,=Mj 2PProximation leads to improved peak resolution
(already used for 8 TeV publication)
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« Main source: real muon + fake electron

 Two data samples used:
— Loose:the electron passedthe loose cut and the muon passed the tight cut(N, 1)
— Tight: both the electron and the muon pass the tight cut (N+7)
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* 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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« Contribution from fake t’s is generally not very well modelled in simulation.

« The t fake rate is estimated and used to weight simulated W+jets events to get
W+jets contributionin control region. It is then scaled to signal region

* A normalisation factor for the W+jets backgroundis obtained by taking ratio
between the above expected numberof W+jets and raw W+jets MC prediction
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Region 1: Same-sign pairs with non-isolated electrons/muons (lepton pt
< 200 GeV)

Region 2: Same-sign pairs with isolated electrons/muons (lepton pr <
200 GeV)

[ Region 3: Opp-+Same sign pairs with non-isolated electrons/muons

o Obtain QCD shape from region 3 (orthogonal to SR) by taking
nRee . pRes _ pAIMC

QCD — "%Data Reg
. . . ) Reg2 Regl
o Normalise using regions 1 and 2: Kgocp = QCD/NQCD
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« MC samples for pair- and single-top processes are statistically
limited beyond 1.0 TeV in my. They are added and extrapolated
together.

« Two function forms are used; their results are combined together
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Source Myep = 1 TeV Mypr = 2TeV Mygp = 3TeV

eu er Ut eu er Ut eu er Ut
PDF uncertainty 17% 15% 15% | 35% 38%  35% 70% 75% 70%
Luminosity 5% 5% 5% S%  S% 5% 5% 5% 5%
Statistical 18% 11% 15% | 80% 27% 27% | 120% 28% 30%
Reducible background 5% 29%  40% 5%  35%  15% 5%  45% 85%
Top quark production modelling 5% 3% 4% | 12% 4% 5% 15% 10% 8%
Electron trigger efficiency 1% 1% N/A 1% 1% N/A 1% 1% N/A
Electron identification 2% 29  N/A 2% 2% NJ/A 2% 2% N/A
Electron energy scale and resolution 3% 3% NJ/A 3% 3% N/A 3% 3% N/A
Muon reconstruction efficiency 2% NJ/A 2% 4%  N/A 4% 6% N/A 6%
Muon scale and resolution 4%  N/A 4% | 12% N/A 12% 20% N/A 20%
Muon trigger efficiency 2%  N/A 2% 2%  N/A 2% 2% N/A 2%
Tau 1dentification N/A 4% 4% | N/A 5% 5% N/A 6% 6%
Tau reconstruction N/A 3% 3% | N/A 4% 4% N/A 4% 4%
Tau energy calibrations N/A 2% 2% | N/A 3% 3% N/A 4% 4%
Total 27% 35% 44% | 90% 59% 90% | 140% 90%  120%
SM Background in mgp £+ 0.1 - myp 30 119 114 | 009 055 049 | 0.002 0.014 0.017
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Process me, < 600 GeV | m,, > 600 GeV
Top quark 1190 + 140 22+5
Diboson 159+ 17 49+0.9
Multi-jet and W+jets S5+11 2717
Z/y* - (t 145+2.0 0.18+£0.04
[ Total SM background 1410+ 150 30+7 ]
SM+Z" (Mz =2 TeV) - 75+13
SM+v, (M5_ = 2TeV) - 40+8
SM+QBHRS n =1 (My =2TeV) - 44+9
[ Data 1463 25 ]
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m,,=2.0338 TeV

Mmypr ‘ Run ‘ Event ‘ E%liss ‘ Lep ID ‘ PT, ‘ e ‘ Oy
2088.7 | 284006 | 230173000 72 -13 617 | 029 | 0.4
11 1164 | 1.64 | -2.8

EXPERIMENT

CLHCP2016, Beijing, China

Run: 284006
Event: 230173000
2015-10-29 05:10:08 CEST
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Expected Limit [TeV] | Observed Limit [TeV]

Model

eu et Ut eu er UT
7z 3.2 27 2.6 3.0 2.7 2.6
RPV SUSY 7, 25 2.1 2.0 23 2.2 1.9
QBHADDn=6| 46 4.1 3.9 45 4.1 3.9
QBHRSn =1 25 2.2 2.1 24 2.2 2.1

CLHCP2016, Beijing, China

Jun Guo - Shanghai Jiao Tong University
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Summary

« Search for Lepton-Flavor Violation was carried out in
dilepton channel at ATLAS in Run Il, using 13 TeV data

collected in 2015

- Strategies were optimized accordingly for different decay
channels. ATLAS result on LFV search has been
sulc;mitted 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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« 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 m, /m..
/m . spectrum. In case deviations are found, quan#
them

* If no significant deviations are found, proceed to
extract limits based on BSM models

CLHCP2016, Beijing, China Jun Guo - Shanghai Jiao Tong University
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—e— SSM Vs =13 TeV

— Heavy gauge boson with the same quark Pzt
couplings as the SM Z i i

— LFV couplings are introduced: (Q;,, Q;z.and ]
Qz) |

+ RPV SUSY:

— R-Parity introduced to avoid the decay of the ;
proton 107

— SUSY particles have an R-parity of -1 while # potemass [Te
SM particles have +1 -

— Can violate either lepton or baryon number SOF L e ey
but not both at the same time (which would Sk RS fRseTeY
lead to proton decay) wb N PP > QBH 117 ]

« QBH: b ;

— Produce QBHs when the extra dimensional o'k .
Planck Scale is reached

— Quantum Gravity might violate Lepton - ]
Flavour conservation ey, et and ut states 10012345é78910

My, [TeV]
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Background | Estimation Method | Generator | Available?

DY — Il MC Simulation Pythia Yes
tt MC Simulation Powheg Yes
Single Top MC Simulation Powheg Yes
Diboson MC Simulation Sherpa Yes
W+ Jets MC+Data-driven Powheg Yes
Multi-jet Data-driven - Yes
Signal process PDF Generator | Available?

QBH CTEQ6L1 QBH Yes

[ NNPDF2.3 | Pythia8 Yes

Uy NNPDF2.3 | Madgraph Yes

CLHCP2016, Beijing, China
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Define control regions for each background:

o W+ Jets:

e MET> 30 & Lepton pt < 150 GeV
e Take shape from MC and scale according to CR:

where KW—I—jets — JCR

SR _ CR CR )
NW+jets — (NData o NOthers) ) KW-HetS

SR
W+jetsMC

W+jetsMC

@ QCD Multijet estimation:

Region 1:
Region 2:

Region 3:

Same-sign pairs with non-isolated electrons/muons (lepton pr
< 200 GeV)

Same-sign pairs with isolated electrons/muons (lepton p1 <
200 GeV)

Opp-+Same sign pairs with non-isolated electrons/muons

Obtain QCD shape from region 3 (orthogonal to SR) by taking

Reg __ pjReg AlIMC
NQCD — NData o NReg
NReg2

Normalise using regions 1 and 2: Kgcp = QCD/NgngDl
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41 l l I Corr I I 4 I l l Crr [ I_
0 = ATLAS Internal — Central 108" A7L4s internal — Central -
103;_@:13Tev, 32 —3/2 ggwn JoeL =13Tev, 321" :252 ggwn _E
E — B —— Lumi Up === —— Lumi Up
1025 = Lumi Down 12 = §'§§E Lumi Down
E — == =
2 [ EE' 2 = ==
e - = w E*E
1_% et channel §E 1= ut channel =
‘0_% g 10—%— ==
1022 | = 10 | f
10° 10°
m,, [GeV] m,. [GeV]
channel | Normalisation Factor (CR to SR) Contribution
eT 1.30 += 0.09 4= 0.20 3020.44 + 531.98
[T 1.04 += 0.08 4= 0.17 1951.25 4 342.58
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Channel KQCD NQCD NQCD NQCD NQCD

et .12+ 047 £ 0.17 | 110.09 | 123.77 | 237.91 | 267.47 + 80.24

T 0.02+0.13+0.01 | 272,77 | 6.11 | 569.02 | 12.77 + 3.83
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ejt channel:

My Run Event E-‘}‘iss Lep ID | pr, ul. o),
2088.7 | 284006 | 230173000 72 -13 617 | 0.29 | 0.4
11 1164 | 1.64 | -2.8
eT channel:
My Run Event E%’iss Lep ID | pr, Ne o),
1633.8 | 281411 | 741678308 | 8.5 11 412 | -1.26 | 1.8
-15 400 | 1.33 | -1.5
17 channel:
My Run Event E7“-[liSS Lep ID | p7, il Oy
1665.7 | 284285 | 507432681 | 130.8 -13 159 | 2.20 | 2.7
15 81 | -2.19 | -0.5
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3-D event display m,, = 2.088 TeV

ATLAS

EXPERIMENT

25/61

SJTU, HK Cluster, USTC, U-Tokyo, UAlberta, IPAS ATLAS Lepton Flavour Violation search




3-D event display m., = 1.634 TeV

SATLAS

o EXPERIMENT

SJTU, HK Cluster, USTC, U-Tokyo, UAlberta, IPAS ATLAS Lepton Flavour Violation search




3-D event display m,, = 1.665 TeV

Run: 284285
Event: 507432681
2015-10-31 23:36:00 CEST

EXPERMENT

SJTU, HK Cluster, USTC, U-Tokyo, UAlberta, IPAS ATLAS Lepton Flavour Violation search



