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Introduction

« SM has been successful for many years, but recently several excesses are reported
 Lepton flavor violation: Combined result of R(D) and R(D*) anomalies, 3.3¢ deviation from SM 1]

« W boson mass measurement from CDF Il [2] reported 7.0¢ of deviation
« Muon g-2 measurement 3! showed 3.3¢ discrepancy

« Considering recent experimental results, as well as theoretical motivations, various
anomalous interactions have been explored in the top quark sector
« Flavor-changing neutral currents (FCNC)
Lepton flavor violation (LFV) in top quark interactions
Effective field theory approach to the new physics -> EFT details given by Jon Wilson
CP violations -> Also see top properties talk of Dennis Schwarz
Exclusive top pair production -> Covered in joker talk of Beatriz Lopes

[1] HFLAV, Semileptonic B decay, 2021 (link)
[2] CDF Collaboration, Science 376 (2022) 6589, 170-176
[3] Muon g-2 Collaboration, Phys. Rev. Lett. 126, 141801


https://conference.ippp.dur.ac.uk/event/925/contributions/5716/
https://conference.ippp.dur.ac.uk/event/925/contributions/5714/
https://conference.ippp.dur.ac.uk/event/925/contributions/5726/
https://hflav-eos.web.cern.ch/hflav-eos/semi/spring21/html/RDsDsstar/RDRDs.html

Flavor-changing neutral currents

e« FCNC: highly suppressed in SM, due to Glashow-lliopoulos-Maiani mechanism
« top-related FCNC branching fractions (BF) ~ 102 - 10" in SM

e In BSM, BF can be enhanced as high as 104 - 10°

e Theory predicts BF close to the sensitivity with full LHC Run2 data
« Among various Xqt (X = H, Z, g, y) couplings,
Hat where Higgs to bb and yy final states are covered in CMS

e kappa framework is used for simulation

which uses a coupling modifier k

L

q=u,

S

t KHqt (fI%qPL + fngR>qH + h.c.
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Hqt FCNC in H->bb JHEP 02 (2022) 169

 Hgt FCNC interaction for tt or single top production, H->bb channel, 137 fb-!
« DNN event reconstruction + BDT signal extraction for 2017+2018 dataset, combine with 2016 results
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» Event selection
e One isolated electron or muon

e jet >= 3 and b-jet >=2 _ 08 B ]

Data / Pred.
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 Event reconstruction

 DNN to select a jet permutation
« Assume three hypotheses: ST and TT FCNC, and SM tt
« Signals will have certain kinematics, while backgrounds dominated by tt
e Multiple hypotheses -> extract multiple sets of kinematic variables
e They are combined at BDT for signal extraction
« Trained for correct jet combination against the others, efficiency 78-86%
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 Signal extraction

« BDT: Signals (ST+TT) vs SM backgrounds (tt), for each category/year/coupling (5*2*2 = 20 in total)
« Inputs: lepton / jet / dijet / trijet kinematics, their angular separations, and b-tagging variables

« Post-fit distributions:
« Most sensitive category is b3j4 (left two), and b4j4 (right two)
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e Leading systematic uncertainties

° Theory: Ur, UR
e Experimental: b-tagging
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 Set limits by simultaneously fit on five BDT distribution for each coupling
e The limits on coupling is translated to BF:

Hgt FCNC in H->bb

137 fb' (13
I I
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Hqt FCNC in H->yy PRL 129 (2022) 032001

« Hgt FCNC interaction for tt or single top production, H->yy channel, 137 fb™

« Event selection
e Diphoton triggers & ID, 100 < myy < 180 GeV
pr > 1/3(0/4)* Myy for (sub-)leading photon
 Leptonic channel: isolated e/u >=1, jet >=1
e Hadronic channel: jet >= 3 and b-jet >=1
« Use data-driven y+jets / multijet backgrounds for BDT training
e Resonant bkg: 120 < myy < 130 GeV

* Event reconstruction

Minimizing lm,, ; — M¢op| + Imjj; — megp|, ONly in hadronic channel

Kinematic fit

Jet/lepton assignment using DNN, for each signal process (ST and TT) and each channel

Modeling of reconstructed variables are validated by comparing data and MC in res. and non-res. region
Reconstructed kinematic variables are used for BDT for signal extraction


http://dx.doi.org/10.1103/PhysRevLett.129.032001

 Signal extraction

Hqt FCNC in H->yy

PRL 129 (2022) 032001

e Train BDTs in resonant and non-resonant region: coupling (2) * channel (2) * (non-)res (2) = 8 BDTs
« Using BDT scores, define 4 (had) + 3 (lep) SR
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e For fitting, Myy S drawn for each SR

S/(S+B) weighted events / GeV
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e Limits on branching fractions

Hqt FCNC in H->yy

PRL 129 (2022) 032001

Simultaneous fit on myy distributions of SR in each coupling
Corresponding observed (expected) limits are

B(t->Hu) < 0.019 (0.031)%
B(t->Hc) < 0.073 (0.051)%

The most stringent experimental limits in Hut channel published to date.
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: . arXiv:2205.02314, accepted to JHEP
CP VIOlatIOI'l arXiv:2205.07434, submitted to JHEP

e CP violation regarding chromoelectric dipole moment (CEDM)
e |+jets channel, 138 fb™! (TOP-18-007, 2205.07434) More details on asymmetry measurement
« Dilepton channel, 36 fb™! (TOP-18-007, 2205.07434) -> See Dennis’s talk

- . 20
[ — g—z‘tT”UW(atg + Z,YSdet%)thw d% — %Im(dtc) -> Higher CP-odd d,. implies larger CP-asymmetry (A.p)

e CP observables:

N—

; r: ~ Neven S(Oi > O) _ Neven s(oi <0
. I+.Jets: 03, Og, 015, 014 (03, O, are sensitive to b and bsign)  Acp(O;) = Neven;(oi SR Neven;(oi -0
« dilepton: 04, 04

SN—"

» Event selection
 |+jets: One isolated lepton, jets >= 4, b-jets ==
« Hadronic top quark is reconstructed by chi2 minimization with y? < 20, m;, < 150 GeV
 dilepton: Two opposite-signed isolated leptons, jets >= 2, b-jets >=1
« my > 20 GeV. For same flavored pair, applied Z mass veto (76 < m; < 106 GeV) and p™ss > 40 GeV
« Events are reconstructed by kinematic fit

« Measure asymmetry by fitting m;;, (I+jets) or number of events using Poisson PDF (dilep.)
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Asymmetry in O

CP violation

e CP observables and variations regarding CEDM parameters

« Asymmetry factor then translated in terms of CEDM
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b |+JetS ACP =

e |[+jets channel:

A is linearly proportional to d,; (numerical tests: PhysRevD 93 014020)
dtG +a
bd’ + cdig +d

and dilepton: A =alm(d,g) +b

« Dilepton channel: d,c = 0.04 £ 0.10 (stat) = 0.07 (syst) (combined)
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CLFV

« Charged Lepton Flavor Violation (CLFV) in ey channel, 138 fb™

e Expect B anomaly to exist in top quark sector as well

JHEP 06 (2022) 082

« Event signature and relevant EFT operators: eutu and eutc vertices

C
L =L+ Legg = Loy + Z A—fg()x + -+ (C: Wilson coefficient, A: mass scale)

Productions Decay

e Predicted cross sections: Larger in production mode

channel Vector Scalar Tensor

Production (eutu) 63475° £8  139135+2 2908130 437

Production (eutc) 5817 +8 121790 +1.8 292732 +37
Decay (eptq) 320198 +1.3 4057402 18772 +38

unit in fb, with A = 1 TeV

Ovector - Olq T Olu + Oeq T Oeu7

Oscalar — Ol(ic)lu + h°C>

Otensor =0 (3)

lequ + h.c,

More details on EFT:
check the talk given by Jon
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http://dx.doi.org/10.1007/JHEP06(2022)082
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e Event selection

CLFV

« Combination of single and dilepton (eu) triggers

« Oppositely charged eu pair, Mme, > 20 GeV, jets >=1, b-jets >=1,
e Two categories: b-jets = 1 and b-jets > 1 for signal extraction using BDT
 Signals: three types of operators (scalar, vector, and tensor) * two flavors of quarks (u / c)

« Utilize BDT to distinguish signals over backgrounds
e Inputs: p; of leading jet and lepton, MET, AR(e, 1), # of jets
« Leading lepton p; well characterizes signal kinematics
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CLFV JHEP 06 (2022) 082

e Fit BDT distributions to data and set upper limit on Wilson coefficients
 Limits are calculated for scalar, vector, and tensor operators, individually
 Limits on Wilson coefficients then translated to branching fractions
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Summary

e CMS collaboration continues searching for rare and BSM top quark interaction searches

e Flavor-changing neutral currents
Lepton flavor violations

CP violation

Effective field theory approaches
And other rare processes

e Experimental results suggest no significant excess from the SM predictions so far

e The last set of analyses with the 138 fb! data are coming soon, stay tuned!
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« Parameterization of Acp

« From Phys. Rev. D 93, 014020 (2016): A; =

CPV in dilepton channel

O'(OZ >0)—0'(O7; <O)

OSM

Nevens Oi >0) — Nevenq O,' <0
Acp(0;) = fevenelDr 2 0]~ Nevensl

S—"

Nevents(oi > O) + Nevents(oi <0

« As CEDM cross section is proportional to d,;"2

Ny —-N_ o0y —0_ 0sm
Ny + N_ OSM OCEDM
— A OSM — (a-di +D) % OSM
OCEDM OCEDM
Cl,'dtG —|—b

c-d%Ger-dtGJre

I
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CLFV
e List of operators and yield (C /A% = 1 TeV-2), limits on operators and BF

Vertex Int.  Ceurq/A% [TeV 2] B(107°)
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