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Analysis strategy

e« CMS Run 2 dataset corresponding to L =138 fb™

e Events are collected with a set of single muon triggers

e CLFV signals with distinctive kinematics
 OS ut pair + jets from hadronic top quark ST CLEV
« Higher cross sections in u-quark channel ST CLFV
« ST CLFV signals are characterized by highly energetic u and

Process Lorentz structure Cross sections ( fb)
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Selections and top quark reconstruction

e Events are selected by requiring

e A hadronic top quark is reconstructed targeting ST CLFV
while the main background component is dileptonic tt

« Determine origin of the three jets by minimizing y?
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e Leads to a well discriminated top mass distribution

One isolated u, pr > 50 GeV

One 1, pr > 40 GeV, identified with DeepTau discriminator,
~ 50, 98, and > 99% of target efficiency vs jet, e, and u

Oppositely charged u and

At leaset 3 jets, including one b-tagged jet
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Background estimation

 Rate of jet -> 7, misidentified events is non-negligible

« Normalizations of such backgrounds are calculated using a data-driven method
« ABCD method is utilized by inverting 7, ID and ut charge for each year and tau decay mode

Events / 20 GeV

Data/Pred.

NP
SF _ mis-1D
ND — NP
tot. bkg. genuine
x10° 138 b (13 TeV)
2'2 CMS Bt [l single t
Preliminary Other [C]STLFvyr
1.8 e i
1.6 TT LFVyeqor ST LFV ene,
14 TTLFVy e ¢ Data
1.2 7/ Stat+syst
1
0.8
0.6
0.4
0.2
0
1.5 T
C % % 7
1:—////%%/{%//{/// / o f
0-5_1 L Ihlnn'n‘/l/n ! AN A
0 100 200 300 400 500 600
Muon P, (GeV)

Events / 20 GeV

Data/Pred.

7 7
where N* = obs Ngenume'
B
ND — NCN_
mis-I1D NA
><1_ 0° 138 fb1 (13 TeVZ
sE CMS LG .Smglet _E
- Preliminary Other [C]sTLRVY
255 TTLFVyoir ST LFVyGG,,
ob TTLFVy . 4 Data E
C 7/ Stat+syst 3
1.5F =
i3 =
0.5F 3
O r ]
1_5: L AL L0 OO0 2777 e
i——
05 IIIIIIIIIIIIIIIIIIII q I/' A
0 50 100 150 200 250 300 350 400
TP, (GeV)

Events / 20 GeV

Data/Pred.

and

= N(OS looselD) x

x10°

1.6F
1 4
1.2
1
0.8
0.6
0.4
0.2

0
1.5

1

0.5t
0 50

N(SS tight ID)

N (SS looselD)
138 fb” (13 TeV)

. Slnglet

[]sTLFV
[]sTLFV

= CMS

= Preliminary tupe

Vector
tcut

Vector

tuut

T LFVVector

tcut

TT LFVVector ¢ Data
7 Stat+syst

100 150 200 250 300 350 400
Leading jet P, (GeV)

5



DNN for signal discrimination

 Utilized a multiclass DNN classifier: Discrimination of ST CLFV / TT CLFV / background
« Inputs: Kinematic variables of y, 7, jets, u + 7, MET, and top reconstruction results (28 in total)
0.1p(TT CLFV) + 0.9p(ST CLFV)

e Final distribution is constructed by DNN score =

p(background)

« Post-fit distrubitions for the vector operators with tuut (left) and tcut (right) for
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Results

« Set the most stringent limits on the tqut CLFV interactions

e Branching fractions range from 107 to 108
e Exclusion contours are calculated from the tabulated results
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Summary

 Presented a search for CLFV in tqut interactions at 13 TeV

 Signals are modeled using an EFT framework
 DNN is used to further discriminate signals from background prediction
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Pre-fit yields

« Pre-fit expected event yields for the data, simulated backgrounds and signals
« Signals are normalized by their cross section and luminosity (138 fb™)

Process Event yield
ST CLFV tuut Scalar 535 £ 1

ST CLFV tuut Vector 2327 = 3

ST CLFV tuut Tensor 9909 + 13
ST CLFV tcut Scalar 32 £ <1
ST CLFV tcut Vector 129 = <1
ST CLFV tcut Tensor 701 =1

TT CLFV tuput Scalar 1.1+ <0.1
TT CLFV tuut Vector 82 £ <0.1
TT CLFV tuput Tensor 48 = <1
TT CLFV tcut Scalar 11 £ <01
TT CLFV tcut Vector 79 £ <0.1
TT CLFV tcut Tensor 45 £ <1
tt 4573 + 13
Single Top 306 £ 9
Other 258 &+ 5
Total =+ (stat) 5136 + 17
Data 4810

Data / Background prediction 0.94 £ 0.01
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DNN input variables

e 28 input variables for DNN training and evaluation are listed

Group Variables Description
Muon (p) PTus Mu pr and y of selected muon
Tau (7},) Pre,s e, M, p1, 1, and mass of selected T},

Muon+Tau (uty,)

My, AﬂﬂTh’ A(PP‘Th’ ARVTh

Mass and angular differences of 37}, system

P11, P12/ PT3

pr of jets ordered in increasing pt

Jet 1, 2, 13 1 of jets ordered in increasing pr
ets
my, My, My Mass of jets ordered in increasing pr
bi,b,, b b tageing discriminant of jets ordered in increasin
1, Y2, U3 &8Ng J & Pt
Event pHiss Missing transverse momentum
X2, My, M minimumy? and reconstructed t and W masses
t and W reco.
Aty Ay, ARy Angular differences of jets used in W reco.
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Systematic uncertainties

e Experimental uncertainties
e Luminosity: 1.6% for Run 2
Pileup

high-pt extrapolation 0-10% for [200, 1000] GeV
Tau: energy scale and ID

» Separated sources are used for the vsJet ID

e Dedicated vsJet ID uncertainties for pT > 140 GeV
Jet energy scale (JES) and resolution (JER)

b tagging shape correction

e Background estimation
e Statistical uncertainty from SF calculation

e Closure between data and MC driven SFs
(2-3% on total pre-fit yield)

Muon: ID, isolation, trigger (as well as L1 prefiring),

 Modeling uncertainties

Background cross sections

ME scales (muR and muF)

PS scales (ISR, FSR)

ME-PS matching (hdamp)

Underlying events (PY8 tune)

PDF (NNPDF31, 100 eigenvector + aS)
top pT reweighting
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