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Introduction

SM has been proved to be a superb model in variant tests, but we need to go beyond the
SM due to there are results which couldn’t be explained within the SM, i.e.,

e The long known dark matter, dark energy, neutrino masses

e Recent: 3.3 sigma violation of lepton flavour universality, muon g-2 anomaly

How to probe physics beyond SM:
e Direct search

o Resonant or non-resonant of BSM particles (energy scale within LHC)
e Indirect search (usually search for deviations from SM)

o Rare decay (e.g., FCNC)

o EFT interpretation (e.g., See Reza’s talk)
o ...

BSM study using top quark events in this talk.
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https://cms-mgt-conferences.web.cern.ch/conferences/pres_display.aspx?cid=2944&pid=24767

% FCNC in t(t~)Hq (H>bb~)
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/Motivation: N\ 137 fb!

{ e FCNC decays are highly suppressed in SM, for top -> H+u/c, : THEP02(2022)169

: BR <1071 l

: e Several BSM allow FCNC including tHq (q = u, ¢) interaction :

l SM QS 9HDM  FC 2HDM MSSM R SUSY :

I -

| t—uH 2x10717 41x10™® 5.5x107° — 1075 ~ 106 1 axiv:hep-ph/0409342

| |

\ t—cH 3x107% 41x10™° 15x107% ~107° 10° ~107% 1

N //
Single top process (FCNC in the production) and double e oo .
top process (FCNC in the decay) are considered. % \
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Event selection:

e One isolated muon or electron

e At least three jets, in which at least
two of them are tagged as bjets

> 5 categories: b2j3, b2j4, b3j3, b3j4,

b4j4
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https://link.springer.com/article/10.1007/JHEP02(2022)169
https://arxiv.org/pdf/hep-ph/0409342.pdf

FCNC in t(t~)Hq (H>bb~)
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e SM tt~ is the dominant background
e Two MVA steps are used, firstly the DNN for event reconstruction, and
then BDT for signal/background separation.

Kinematics comparison between data and prediction to check the validity of
the DNN.
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https://link.springer.com/article/10.1007/JHEP02(2022)169

FCNC in t(t~)Hq (H>bb~)

BDTs are used to separate signal and backgrounds in 5 categories.
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https://link.springer.com/article/10.1007/JHEP02(2022)169

FCNC in t(t~)Hq (H>yy)

Motivation: p
e Similar with tHq (H- bb~) but using H=>yy channel 137 tb
Single top process (FCNC in the production) and double 2111.02219, PRL accepted

top process (FCNC in the decay) are considered.

t

o
o

Di-photon preselection:
e Photon MVA ID derived to suppress the
nonprompt photon background (n’>yy)

" i e myy in (100, 180) GeV to reconstruct the
& w Higgs candidates
Y Y Then two event categories:
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ok A — i e dor s lepton
i T d N Signal extraction: BDT method is used to
ol == aEam R separate signal and backgrounds.
10 10 i .

Main backgrounds:
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http://arxiv.org/abs/2111.02219

FCNC in t(t~)Hq (H->yy)
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http://arxiv.org/abs/2111.02219

CMS .
Z CLFV 1n top events

Motivation: 137 b

e Lepton flavor violation (LFV) processes are forbidden within the SM THEP06(2022)082
with massless neutrinos, but many new physics models predict
sizable CLFV

e Recent B-anomaly from LHCD indicate the possibility of lepton
flavor universality violation. Many models that explain the

B-anomaly predict similar interactions in the top sector, e.g.,
[HEP07(2019)025, BR(t > I'c) ~ 10°°.

Searching for CLFV processes using top quark events could therefore
shed light on anomalies seen in B meson decays.
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CLFV 1n top events

Event selection:

e Exactly one electron and one muon
(oppositely charged)

e Invariant mass of ey larger than 20 GeV

e At least one bjet

After event selection, 90% of the background
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CP violation in top-pair events

137 fb™*
Motivation: arXiv:2205.02314
e CPV in the SM is not enough to explain the matter-dominant
universe, search for CP violation using tt~ events by assuming
. ‘ 3
a nonzero chromoelectric dipole moment (CEDM, d ) of the L g—‘“tT”a’“"(atg b d%)tGZW

2

Coupling between Top-dnd gluon after
considering CEDM contribution, Reference.

top quark

Event selection: tt~ events with one decayed W- lepton +
neutrino and one decayed W- quarks

Sensitive to charge sign of bjet

O3 = Que(Pv, Pgs Pes Pj,) < Qe - (Pr X Pj,)s
Og = Qu€(P, py, — P, Per Pj,) * Qe(Po — Pg) - (Pe X Pj), l
012:q°(pb-pg)€(P’q’pb’ PB)“(ﬁb—ﬁB)z(ﬁbxﬁB>Z' N, — My : n — My ‘
S i + (5 ,
O14 = €(P, pp + Py, Pes Pj,) < (P + Pg) - (Pe X Pj,)- 0y oW
4 CP observables, constructed using final Find the bjet from hadronic decay top, then

the charge sign of bjet could be obtained by

status objects.
checking the charge sign of lepton.
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https://arxiv.org/abs/2205.02314
http://dx.doi.org/10.1103/PhysRevD.93.014020

CP violation in top-pair events

Fit strategy:

e Signal and background contribution is estimated using fit on mlb

e Signal shape from simulation, background shape from data in a
W+jets enriched region

137 fb!
arXi1v:2205.02314

.. . ~Acp: measured from ideal detector
Acp(0O;) = Nevents(Q; > 0) = Nevents(0; < O>, i =8,6;12, 14. ACP = DAerp A’cp: measured effective asymmetry
Nevents(Oi > O) + Nevents(Oi < O)
Zero within SM D =e.— ey,
Al (%)
CMS 138 fb™ (13 TeV) | = |
— e+ets H+jets Combined
.é. 1 e/u,>4jets (2 b jets 0.09 0.02 )
A 524 Jol542b] : ) 0; —0.07+015%0% _0.04+0.12+9%2 —0.05+0.09 1%
o . mm
2z [ f DeliseR P TR Oy —017+015798 _011+£0.12+0% 0134 0.0979%
- § A’ in lepton+jets § A'cp in lepton+jets (8 TeV) 0.06 0.04 0.03
i O, —0.04+01575, +0.16+0.1275 +0.09 £0.09 T5o:
i Oy —019+015%0%8 01640121312 _0.17 +0.09 1%
B @
0‘_.} H ot { + { . Results:
i ? {- + { {. + { e No significant CPV in both channels for all
, 5: i observables
T ° dgt =0.04 = 0.10 (stat) = 0.07 (syst), Uncertainties
- reduced by a factor ~3 compared with 8 TeV
~1
o, ) 0., 0., results
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https://arxiv.org/abs/2205.02314

CMS
Z Summary

® There have been many results on BSM from CMS using top quark

events:
o FCNC results from tHq events, with H>bb~ and H->yy channels
o CLFYV results using eu channel

o CPV results using tt~ events
e Current results are consistent with SM, no significant deviation
observed.
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Additional slides
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FCNC in t(t~)Hq (H->bb~)

BDTs are used to separate signal and backgrounds in 5 categories.
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https://link.springer.com/article/10.1007/JHEP02(2022)169

CLFV 1n top events

C 137 fb™!
L =L+ Leg = Lgm + Z Xng e [HEP06(2022)082
5
0" = (1" 7'1) @1, aa) B = O+ Dl -+ O 3 g
01 = (1,y") (@Y, 94); Ogcatar = Ofoyy + hc,
O™ = (LY (Eey,uy), Otensor = O, +hic,
Ogng = (€,7"e) (AY,94)
0L = (€Y ep) (U, Y ug),
01(333"“1 = (1,¢3) € (Touyg),
O = (1,0"e}) € (Ao0,14),

Operators that give rise to top quark CLFV interactions.
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https://link.springer.com/article/10.1007/JHEP06(2022)082

CLFV 1n top events

Channel 1 b tagged >1 b tagged
tt ATT800 £ 7900 265000 = 7100
tW 49100 4 1300 7710 + 250
Other 7950 £ 670 850 £ 70
Total background prediction 534900 4+ 8000 273600 + 7100
Data 537236 268781
t decay 604 + 2 45.24+ 0.4
Vector
t production 17103 £ 29 1557+ 9
t decay 7824+ 0.2 6.1 +0.1
eutu Scalar
t production 3670 £ 6 336 + 2
t decay 3499 + 9 266 + 2
Tensor
t production 61011 £ 107 5567 = 33
) t decay 596 + 2 90.4 4+ 0.5
Vector
t production 1711 +3 166 £ 1
t decay Tt 152 11.4 +£0.1
eutc  Scalar
t production 294 +1 28.5 £ 0.2
t decay 3467 + 8 534+ 3
Tensor
t production 6329 4 13 621 £ 4
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CP violation in top-pair events

137 fb!
arXi1v:2205.02314

A “Acp: measured from ideal detector
Acp = DAc

Nevents(O; > 0) = Nevents(O; < 0) P" A’cp: measured effective asymmetry

g =36, 12,14,
Nevents(oi > O) + Nevents(Oi < O)

Acp(O;) =

CP observable Dilution factor D

Zero within SM D=g¢,— €y,
Oy 046700
Ok Qa1
O 07410
O14 060 T

J

where €, is the fraction of events where the measured CP observable has the correct sign, and
€, 1 the fraction with the wrong sign. Events are classified into the correct-sign (wrong-sign)
type when the sign of the CP observable at the reconstruction level agrees with (differs from)
that at the POWHEG generator level.
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