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ATLAS detector
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Analysis strategy

Pans—4

The aim of this search is to find an excess in the dilepton invariant mass
spectrum that could point to lepton-flavour violating decays
e
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Background processes

Irreducible backgrounds Reducible backgrounds
SM Drell-Yan(qq - Z/y* - ) QCD (Light jets
tt bb

Single top cC)
Diboson(WW,WZ and ZZ2) W+jets

With two prompt leptons in the  Jets or non-prompt leptons are
final state reconstructed as prompt leptons

MC simulation Data-driven




Physics objects and events selection

a1

Electron selection Muon selection

P:>65GeV & |eta| < 2.47
Crack region

LH-Medium Electrons
FixedCutTight Isolation
Inner tracking requirement

P:>65GeV & |etal < 2.5
Use only combined muon
FixedCutLoose Isolation
Muon Quality Hight P+
Inner tracking requirement

Tau selection Event selection

P:>65 GeV & |eta] < 2.47
Crack region

Medium ID

|charge|=1

Number prongs =1 or 3

Combination of single electron and
muon trigger

Exactly two different-flavor leptons
Opposite sign requirement

my> 130 GeV and Ag,r>2.7
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N, a sample where both electron and muon pass tight cut.
N, . asample where electron passed loose cut and muon passed tight cut.
r, : The real efficiency is N_ %97 / NLoose measured by MC samples.

fe: The fake rate measured by multijet enriched sample in data.

Ny is data sample made up of a “real” electron and a “real” muon and Ngj IS
data sample made up of a “fake” electron and a “real”” muon.



Fake background(l\/lultljet) In eprchannel: Matrix Method
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The electron real efficiency (a)
and number of tight and loose
electrons (b) as a function of the
electron P-.

The electron fake rate(a) and the
number of tight and loose
electrons in the multijet
enriched sample(b) as a function
of electron P-.



Fake background(W+jets) in et and ut channel: Data-driven
Pans— " BINNN

WH+jets background enriched sample in data:

® Only one electron or muon passing the same criteria as for the signal selection;

® veto et/ut pairs with invariant mass 80 < m;; < 110 GeV to remove events
coming real Z decays, where [ = e, u;

@® Taus required to satisfy TauJetBDT score > 0.40;

® A¢(l, 7)< 2.7 to ensure orthogonality with the signal region, where l = e, u;

® m;(LEy;)>80GeV,wherel=e,pu.

PassID
N;

The tau fake rate 1s defined as: 175 = —NTot
t
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Fake background(W+jets) in et and ut channel: Data-driven

Pans—4
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Fake background(Multijet) in et and pt channel: Data-driven

asNa=l
Three regions about multijet sample in data:
Object selection Lepton-pair charges
Ry | Non-isolated e/ u & Thag.vis failing 7 ID requirements (pr, & pr, < 200 GeV) Same-charge
R, Isolated e/u & pass ID ty,q.vis (1, & pr, < 200 GeV) Same-charge
R Non-isolated e/ u & Thaq.vis failing 7 ID requirements Same-charge + Opposite-charge

In each region it is assumed that the multijet contribution is equal to:

R R R
NMZ?tijet = NDZfa o NMzg
The ratio of isolated to non-isolated events found in regions 2 and 1:
Reg.z'_
KMultijet = %
Multijet

The number of multijet events in the signal region:

SR __ arReg.3 )
12 NMultijet — NMultijet Kyuitijet
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Fake background(Multijet) in et and pt channel: Data-driven
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Top quarks background estimation:extrap%j[%g%] ~
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round estimation:extrapolatio

VAR N
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Input MC/Central Fit

10*
103
1025

10

1074 fs=13TeV, 361"
ep channel

Cumulative event count

ATLAS Simulation
/s =13 TeV, 36.1 fb"’

SOo00D L=k !
D0 e B

| | 1 |
1000 2000

200 300 400

Top quarks background
fit range variation

15

me, [GeV]

Top quarks background fit
systematic uncertainties
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Stitch:800.0 GeV
Integrals from 800.0 GeV:
InHist:70.39 +/- 4 63
OutHist:67.11 +/-7.03

Fit Range: 350.0-450.0,1000.0- X

MC/Central Value

Top quarks background
integral bin-by-bin

Dijet function: a - x? - x¢in()
Inverse Monomial function:

(x+b)¢

04 iy
200 500 000 %000 3000 4000



YiEXAAE

&/ suANGHAI JIAO TONG UNIVERSITY

Systematic Uncertainties A

Source 1 TeV 2TeV 3TeV

el epu et Ut | eu eu et Ut eu ey er Ut

b-jet b-jet b-jet
veto veto veto

Luminosity 2 2 2 2 2 2 2 2 2 2 2 2
Top-quark extrapolation 5 3 2 2| 32 8 3 4 63 12 3 14
Top scale 7 6 7 8 | 40 15 1 14 65 15 3 27
PDF 116 15 12 14 | 32 34 17 20 | 51 69 16 53
Pile-up 1 1 3 7 9 6 3 13 32 12 2 17
Dilepton pt modeling 7 4 2 1] 11 5 0 1 15 6 0 4
Electron iden. and meas. 4 4 5 - 4 8 6 - 5 11 8 -
Muon iden. and meas. 3 4 - 4 7 7 - 16 17 10 - 18
T iden. and meas. - - 2 2 - - 1 1 - - 1 2
T reconstruction eff. - - 2 2 - - 1 1 - - 1 3
T fake rate - - 6 9 - - 5 12 - - 2 12
Multijet transf. factor - - 31 2 - - 53 0 - - 64 0
Reducible eu estimation 2 - - - 2 - - - 2 - - -
Jet eft. and resol. 1 4 9 8 2 12 17 42 5 17 22 48
b-tagging - 3 - - - 2 - - - 2 -
E,‘Fmliss resol. and scale - - 3 4 - - 5 6 - - 8 8
Total 19 20 37 25 | 62 45 61 62 | 110 79 73 91
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Tau ID study: Tau RNN Identification

Pans—4

« The recommended Jet ID algorithm is updated to the RNN ID which
claim will have better efficiency and fake rejection than BDT.

« Combination of low-level input variables for individual tracks and
clusters as well as several high-level observables calculated from

track and calorimeter quantities. g 10'gr
« Since etau channel and mutau @ |
] .. 2 10°F
IS sensitive to the tau ID, we
have a first look to see If ¢ [
- L E
there’s any improvement for C  RW(tprong)
- L =eee- BDT (1-prong)
Our anaIySIS. 10? o \;V:;:(ggj;g:;s}.ﬁ-prong)
- BDT (3-prong)
[ Worklng pomts (3- prong)

0 0102030405060708091

17 True T, . efficiency



Summary

1. LFV search have been done using 2015-2016 data, No significant excess is
found in any channel, exclusion limits for the parameter of interest of the various
models searched are extracted.

2. For the reducible background matrix method and data-driven method are used
to calculate objects efficiency and fake rate, top quarks background is estimated
by using extrapolation .

3. Full run-2 data and some new methods like RNN will be used for this study,
hope to get better results than before, it’s on going now.

18
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Back up
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Fake hadronic tau rejection
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