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Why do we search for rare processes ?

Unveiling the unknown 1s exciting !

Rare decays and productions provide a path for probing new physics via indirect
searches.

Any deviations from SM predictions 1n rare processes can guide theoretical
developments and future experimental searches.

At the LHC we have the
necessary ingredient !
The TOP quark

It 1s heavy, short lived and we have abundance of 1t : )



Introduction

In Standard Model (SM), top quark decays to b W almost with a branching
fraction ~1.

Rare top quark decays such as flavour-changing neutral current (FCNC) are highly
suppressed, due to Glashow-Iliopoulos-Maiani mechanism and charged lepton
flavour violation (cLEFV) can be predicted at loop level of neutrino mass terms.

SM has been successtul for many years, but recently several excesses are
reported.

o Lepton flavour violation: Combined result of R(D) and R(D*) anomalies, 3.17¢ deviation from SM T[]
«\W boson mass measurement from CDF Il [2] reported 7.0c of deviation
Muon g-2 measurement 31 recently showed 5.0¢ discrepancy

[1] HFLAV, Semileptonic B decay, 2023 (link)
[2] CDF Collaboration, Science 376 (2022) 6589, 170-176
[3] Muon g-2 Collaboration, arxiv:2308.06230 3



https://hflav-eos.web.cern.ch/hflav-eos/semi/moriond24/r_dtaunu/RDRDst_hflav_moriond24_68.pdf
https://arxiv.org/abs/2308.06230

This talk covers ...

Flavour-changing neutral currents (FCNC) Charged lepton flavour violation (cLFV)
tHg CMS-PAS-TOP-22-002 ccutq arXivi2312.03199

*tH"q Phys. Lett. B 850 (2023) 138478 +11 7t CMS-PAS-TOP-22-011 /,/( )
*with beyond standard model H fi"' ‘

See poster from Jiwon Park

Search for Lepton Flavor Violation in TOP quark sector using data from CMS Experiment
See talk from Barbara Alvarez Gonzalez

EFT based searches in the top-quark sector and beyond from CMS
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-002/
http://dx.doi.org/10.1016/j.physletb.2024.138478
https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-22-005/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-011/
https://indico.cern.ch/event/1291157/contributions/5887446/
https://indico.cern.ch/event/1291157/contributions/5878617/

FCNC involving a top quark
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eBranching fractions in SM 10715~ -10-17
ANy excess can be a hint for Beyond the SM



Search for FCNC: tHq,
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Production

- Effective lagrangian:
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- At least two leptons (electron or muon) with the
same sign (SS) electric charge and at least one jet. 2

i’EKHqt (FPLIqPL + FﬁqPR) qH + h.c..

H—ZZ, WW, TT  cus-pas-Top-22-002

Compact Muon Solenoid

Signal and background events are classified using a
boosted decision tree (BDT). Two BDTs are trained for
tHu and tHc.
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Exploiting ¢ tagging score as one of the training
inputs strengthens tHc sensitivity.



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-002/

Search for FCNC: th, H_’ZZ, WW, U  CcMS-PAS-TOP-22-002

The data are found to
be consistent with the
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-002/

Search for FCNC: tHq

with g2HDM
t
Ith
¢ > Pra” H/A _
. \ ;

- Focus on p,, /p, -induced

same-sign top quark in
same-sign lepton final
states

» Considered no A-H
interference and A-H
interference cases (with
my, — my = 50 GeV)
independently

Events/bin

1N

Phys. Lett. B 850 (2023) 1384/8
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* Deepdet algorithm is used.

Compact Muon Solenoid
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* BDTs trained independently for each era x

[10 mass (w/o interference) + 9 mass (w

interference)] x( p,,=0.4 and p,.=0.4 ) —>
152 BDTs in total.


http://dx.doi.org/10.1016/j.physletb.2024.138478

Search for FCNC: tHq

* No statistically significant excess over
the SM backgrounds is observed.

*4 bins of BDT score in each decay mode
simultaneously fit to extract limits for
each signal mass-coupling hypothesis.

Observed (expected) mass limit [GeV]
without with with
interference interference interference

M O My T A My
Ptu
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10 tc
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1.0 770(680) 810 (670) 760 (620)

Phys. Lett. B 850 (2023) 138478
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- p, largely excluded, but still a large portion of the phase space
not constrained for p,...

* First search based on g2HDM considering A-H interference.

95% CL upper limit onu=o(obs)/o(theory)


http://dx.doi.org/10.1016/j.physletb.2024.138478

cLFV In top quark sector

[

f% t% u/c/4 u/c/i

*Observation of Neutrino oscillations -> neutrino mass & neutral lepton flavour violation.
*The neutrino mass terms predict charged lepton flavour violation
*Branching fractions in SM ~ 10-55, extended SM ~ 10-6

*Any excess is a hint for Beyond the SM

Lepton flavor non-universality in B Physics [link]

Interpretations of some flavor anomalies also predict
0 a reachable CLFV rate in the top quark sector [link]


https://arxiv.org/abs/1506.08614
https://arxiv.org/pdf/1812.08484.pdf

Searches for cLFV

 Takes effective field theory (EFT) interpretation for general study
without model dependency.

1 1
Lett = Ly 2 ZC§6)O§6) O (F)

* ci, Oi Wilson Coefficients and Operators: -

* Dimension-6 operators are used for

building effective Lagrangian

» A\ : the scale of new physics is set to

1 TeV.

Structure Operator Definition Wilson coetficient
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Search for cLFV: eutq

arXiv:2312.03199
submitted to Phys. Rev. D

Compact Muon Solenoid
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BDT discriminant


https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-22-005/index.html

Search for cLFV: eutq arXiv:2312.03199
submitted to Phys. Rev. D

The data are found to be consistent with the The exclusion contours of one
standard model expectation. dimensional limits on Wilson
coefficients:
CMS 138 fb' (13 TeV)
The upper limits: N> 05 95% CL upper limits CLFV Exp=1s Obs
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https://arxiv.org/abs/2312.03199

Single top production

 Events Selection:

one muon, one tau, opposite sign
(OS) electric charge of the two leptons,
Jets 2 3, one b-tagged jet.

Events / 40 GeV

» Background Estimation:

* Prompt backgrounds rely on the simulation

e Jets mis-identified as hadronic taus is
estimated with data based estimation

Data/Pred.

» Reconstruction of SM top and W mass

W PCMS-PAS-TOP-22-011
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-011/

Search for cLFV: uttq

WPCMS-PAS-TOP-22-011
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-011/

_WPCMS-PAS-TOP-22-011

Compact Muon Solenoid

The exclusion contours of one
dimensional limits on Wilson

« Upper limits at 95% CL are set for different interaction operators coefficients:
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-011/

Conclusion

LHC as a top quark factory provides excellent opportunity to search for rare top
quark decays.

We searched for FCNC and cLFV, so far the results are in agreement with SM.

Limits on the branching fractions of O(10-%) or even smaller have been derived.

CMS collaboration continue analysing events with top quark production and
decays.

Stay tuned for Run3 results !
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Search for FCNC: tHg, H—/ZZ, WW. Tt cus.pAS.-TOP-22-002

The data are found to be consistent with the standard model expectation.
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-002/

Search for FCNC: tHq Phys. Lett. B 850 (2023) 138478

Compact Muon Solenoid

with g2HDM
« 2HDM introduces five scalar bosons: H*, H, h, A 100 ¢ — <o
« Z, symmetry is dropped in 2HDM to allow FCNC 05 % lprel < 10 4
— generalized 2HDM (g2HDM) yobs = nB)—nB) _ ¢ 101
« Many parameters and extra processes arise. ' (Planck 2013)

. Alignment (cos y;_;, = 0) emerges when no Z, symmetry and all Impact on p,.and p,,

extra Higgs quartic couplings are O(1) 3 10 | on Baryon Asymmetry
. h becomes /1,5 - | 1"“
+ No HVV, AVV interactions. AR
« Suppresses FCNC interactions for h but allows FCNC for H and A - :,:«.
e Electroweak baryogenesis, lack of FCNC (e.g. t — chyys/uh 55 or P i :: ii{f .
hi,s — utlet), ... could be explained. L S eSS -
e sub-TeV H*, H, A bosons may still exist il

«—> Ayp< O(10 TeV) (opposite assumption to that of EFT).

| q.q;h coupling (125 GeV

Slide from Efe Yazgan

2ams

%‘%‘H coupling ( exotic Higgs .. S
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http://dx.doi.org/10.1016/j.physletb.2024.138478
https://twiki.cern.ch/twiki/pub/CMS/TopAnalysisSummarySlides/TOP-22-010_Summary_Slides.pdf

