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Introduction

e Top Quark is the heaviest quark, which plays a unique role in new physics
search
o Electroweak symmetry breaking
o Strongest coupling with Higgs
e Many BSM theories predict top quark interacting with new particles
o 2HDM, DM sectors, vector-like quarks...
e LHC s a big factory of top quark

o More precise measurement and searches done with top quark have been performed in
different final states and many novel analysis techniques have been applied



BSM models

e Two-Higgs-doublet models (2HDMs)

(@)

Predict extended Higgs sectors motivated by
supersymmetric and axion models with a
CP-conserving potential with a softly broken
Z, symmetry.

Contains five higgs bosons: two CP even
H/h, one CP odd A, two charged bosons H*
Free parameters of the theory: mixing angle
among neutral Higgs aq, ratio of the coupling
between H/A tang and m_, of the Z, breaking
term of the potential

Many benchmark models, e.g. Type-ll 2HDM
requires Z, symmetry and specify fermion
coupling to the doublet

Scalar State S colour-octet to
SU(3), motivated in
non-minimal supersymmetric
models that feature scalar

and pseudoscalar sgluon
fields
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BSM models

New vector boson can enhance symmetries in
many BSM theories

e New charged vector boson W e New Color singlet particle Z' strongly
e Use model-independent effective interact with top quark

Lagrangian have the same form of SM'W Er - S :
e : ee parameter in the simplified model:
SO SR 7 B SIS e dn chirality angle 6 and coupling strength c,

i A 7 /
g_Vif"W/:fly#(liYS)fj'i'H-C' E_tyM(CLPL-i_CRPR)tZ'u
= ¢4ty (cosO Py +sin6 Pg)tZ'™*




Flavour tagging

Many b-jets from top quark
decay in final state
o Lifetime of ~1.5ps,
significant mean flight
length before decaying
o Use mainly secondary
vertices, charged-particle
tracks, and hadronic jets
(‘jets’) for flavour tagging
Independently optimised
“low-level” algorithms each of
them use tracks to reconstruct

Manually

heavy flavour jets. optinsed

algorithms

DL1r is a deep learning neural
network that is trained using the
output of ‘low-level’ algorithms"

-- Impact

parameter

= secondary
vertex

primary vertex

Trained
algorithms

L _ — — — _» JetFlavour

ATLAS Simulation —— light-flavour jet rejection —— Training
Vs =13TeV, ttevents --- c-jet rejection —— Test
Anti-kt R = 0.4 PFlow jets

20 GeV < pt <250 GeV, |n| <25

0.95 1.00}
b-jet efficiency


https://link.springer.com/article/10.1140/epjc/s10052-023-11699-1

Machine Learning

e Machine learning used in
many other aspects of the
search
o DNN applied in
top-tagging useful for
final states with Large-R
jet from boosted
top-quark decays
o Novel Graph Neural
Network used in STPSTINRINUNTONTNTNN
signal/background T nalemcenytey)
discrimination
o NN to improve
modelling issue in
tt +jets kinematics for
MC

e
Q

—— DNN top ATLAS Simulation
BDT top Vs =13 TeV
Shower . Trimmed anti-k, R = 1.0 jets
Deconstruction Inteel < 2.0
e 2-var optimised p'T'“e =[500, 1000] GeV
tagger Top tagging
» HEPTopTagger vi
Tgp M™™ > 60 GeV

2

—
2
o

w
~

-

~

c
:©
=
o
2
(3]
=
©
c
=)
(<]
o
X
o
[
om

ury
o




Search for Top philic heavy resonance

e Color singlet particle Z' strongly interact
with top quark from 1 TeV to 3.2 TeV,
including ttZ, tjZ' and tWZ' processes

o  Consider fully hadronic decay channel

e Divide region by jet and b-jet multiplicity

e Main background is ¢t +jets. Background
shape function estimated using data and
extrapolated to signal region using scale
factor from MC

e Use invariant mass spectrum of the two
top quark candidates as the main
discriminator.

o First to reconstruct the resonance
explicitly for minimal model
dependence

Fraction of events
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ATLAS Simulation m= i+ light
Vs=13TeV i+ 21
s+ 21c
E W/Z + jets
Single top
. (- WZH
I Other
— Z'(1.5TeV,8=0)
——- Z(15TeV, 8=17/2)
— Z'(3.0TeV,0=0)
,,,,,,,, ~== Z'(3.0TeV, 8=m2)

c=1.0

Nb—jels

ATLAS Simulation i + light
Vs=13TeV . i+ 21b
.+ 21c
B W/Z + jets
3 Single top
7+ W/2ZH
Il Other
—— Z'(15TeV, ¢ =1.0)
-=- Z'(1.5TeV, c;=4.0)
—— Z'(3.0TeV, ¢ =1.0)
—=—- Z'(8.0 TeV, ¢, =4.0)

6=0


https://doi.org/10.1140/epjc/s10052-023-12318-9

Top philic heavy resonance result

o No significant excess from model independent bump-hunting search
o The upper limits on the cross-section for the top-philic Z'

At the higher mass range cross section limits are stronger for the smaller couplings
due to the narrower signal width

stronger model constraint for 8 = 0 because of the additional contributions from tjZ’

and tWzZ’

ATLAS
Vs=13TeV, 139 fb"

2 add.jets, 3 bets (SR)

Expected yield: 304 + 11
Observed yield: 272

Events /0.1 TeV

¢ Data
Post-fit uncertainty on background
—— Post-fit background
Z (1.5TeV, ¢=1.0, 0=2)
(scaled to 51 fb)
Most significant deviation

interval (1.5-1.8 TeV)

BumpHunter
global p-value = 0.69

2.25 2.50 275 3.00
myy [TEV]

ATLAS
Vs=13TeV, 139 fo"!

—e— Observed 95% CL upper limit for ¢;=4

—ea— Observed 95% CL upper limit for ¢;= 1

=== Expected 95% CL upper limit (+10) for c;=4

s Expected 95% CL upper limit (+10) for ¢;=1

= LO Z'(tt) cross-section for ¢;=4 (I'/m =64%)
LO Z'(tt) cross-section for ¢;=1 (I'/m = 4%)

225 250

chirality parameter 6 = 0

275 3.00
mz [TeV]



Search for #¢ (H/A) in 2LSS/ML
WHEP07(2023)203

e Search for tf H/A of a heavy Higgs boson in the = romataed 1 s background

type-ll 2HDM, in same-sign dilepton and multi B S T L T
< BSM 4tops SSML [Ctiw aco Wtiw EwW
Iepton channel é‘ gaseFlTe SR tf(Z/y')(high] =ziH
« o re-Fi QmisiD Mat. Conv.
o Interference negligible up to 1 TeV Mo, e

[t Uncertainty

compared with H/A-> ¢
e Five control regions to determine the
normalization of fake/non-prompt lepton
background and ttW QCD
e Two sequential BDT classifiers:

o SM BDT to separates SM tttt events from
other SM backgrounds

o BSM mass-parameterised BDT Sum of leading four b-tag scores
discriminates between BSM tttt and other
backgrounds
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https://doi.org/10.1007/JHEP07(2023)203

Search fortt(H/A) in 2LSS/ML

ATLAS

Events / bin

Baseline SR
Pre-Fit

CR lowBDT BSM SR

Data/ Bkg.

BSM 4tops SSML [Otw aco WtwEW

No significant excess is observed

The values of tang below 1.2 or 0.5 are excluded for a mass of 400 GeV or 1000 GeV
assuming only one from H/A contributes

Improved limit from 70/9 to 14/6 fb for 400/1000 GeV from ATLAS previous
result.[JHEP12(2018)039]

Comparable result with CMS in same channel [Eur. Phys. J. C 80, 75 (2020)]

*: normalised to total background

¢ Data ---mH=400 GeV *

(s=13TeV,139f0"  ---mH=1000 GeV * lltiti

ATLAS —e— Observed limit
Vs=13TeV, 139 fo’' Expected limit
BSM 4tops SSML RS

[ J+t2

Theory:

tanp=0.5
tanp=1.0

@t(Zy")(high)  EtH ATLAS —e— Observed
CJamisiD @ Mat. Conv. s=13TeV, 139fb"  ---- Observed £ 1o,
WLowm, @HF e y BSM 4tops SSML — — Expected

WHFu M Others
[t Uncertainty [ Expected £ 16,,imon
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https://link.springer.com/article/10.1007/JHEP12(2018)039
https://link.springer.com/article/10.1140/epjc/s10052-019-7593-7#citeas

arLas 1 + Data
5= 13 TeV, 139 fi :
1L, 28, >3b [_] tiiight
Pre-Fit B t>1c

B tt+>1b

[] Others
Uncertainty
Bkg. before corr.

Events / 200 GeV

Search for tt H/A 1L./2L0OS

e Targets the final states containing one lepton or
two opposite-sign leptons

e Events are categorised in bins of jet multiplicity and
b-tagging requirements

Data / Bkg.

200 400 600 800 1000 1200 1400 1600 1800 2000
H' [GeV]

[ Main baCkground from tt_ +jetS events 2 *: normalised to total post-fit Bkg.
o Use of the flavor rescaling to correct the under-estimation of TR et et o By k00r-
the ¢t + HF production PostFiL %g'i‘

o Neural-network based kinematic reweighting to correct the T
kinematics modelling with ¢¢+jets MC and data e

e Use mass parameterized graph neural network to
extract the signal from background

0'50 01 02 03 04 05 06 07 08 09 1

GNN Score



https://arxiv.org/pdf/2408.17164

Search for tt H/A 1L./2L0OS

e Combined with 2LSS/ML channel

O

The combination improves the sensitivity relative to using only the 2LSS/ML final states in the high mass

regime.

e No significant excess observed

Small excess of 2.1 standard deviation observed at mH=500 GeV
Limit also set for 8888->tttt

O

O

o)
&
=
T
£
Tz
m
X
<
%
T
Q.
R~
©

ATLAS
Vs =13 TeV, 139 fb"
1L/2LOS+2LSS/ML
All limits at 95% CL

ATLAS

s =13 TeV, 139 fb’
1L/2LOS+2LSS/ML
All limits at 95% CL

Observed (combined)
Expected (combined)
Expected+1c (combined)
Expected+2 ¢ (combined)
Expected (1L/2LOS)
Expected (2LSS/ML)
Theory (NLO)

tanB = 0.5 (H)

tanB =1.0 (H)

04 06 08

—e— Observed (combined)
— — Expected (combined)
Expected+ 1o (combined)
Expected+20 (combined)
Expected (1L/2LOS)
el Expected (2LSS/ML)
—— Theory (LO)

1.6
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Search with W'->tb

New vector charged-current interactions W’
preferentially couple to third-generation particles
and only observable in third-generation decay
modes.

All-hadronic (0-lepton) channel sensitive for high

mass W’

o  Large R jet to reconstruct top quark
o  Data driven method to estimate multi-jet background

lepton+jets (1-lepton, either electron or muon)

channel sensitive for low mass W'
o  Top quark reconstructed from lepton, missing transverse
momentum and a small-R jet

Use reconstructed mass of the top-bottom
system, m, as variable of interest

Fraction of events / 100 GeV

AR(¢,b_top)

JHEP12(2023)073

ATLAS Simulation
Vs=13TeV

O-lepton, SR1 W'y mass [GeV]
— - 1500
— - 2000
3000
— - 4000

6000 7000
m,, [GeV]

Number of jets = 2

Number of b-tagged jets
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https://link.springer.com/article/10.1007/JHEP12(2023)073

Result

e (Good agreement between the background prediction and data is observed
e Right handed W' below 4.6 TeV are excluded, improved from 3.25 TeV from
previous ATLAS result and 3.4 TeV from CMS

ATLAS

(s =13 TeV, 139 fb’

0-lepton, SR1 ¢ Data

Post-fit --W'(m=3TeV)
[ Data-driven
mAll-had ft
W Non-all-had tt
72 Uncertainty
-«= Pre-fit bkg.

ATLAS —— Observed 95% CL limit
{s=13TeV, 139 fb™
g/g=1.0

Events / 100 GeV
b) [pb]
2

—— = Expected 95% CL limit

[ Expected 95% CL limit +16
Expected 95% CL limit £2¢

— = - 1-lepton Expected 95% CL limit

—_
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)X BW >t

= === O-lepton Expected 95% CL limit
NLO W' cross-section (ZTOP)
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Ratio to bkg.

1000 2000 3000 4000 5000 6000
m(W'_) [GeV]
2000 3000 4000 5000 6000 7000
m,, [GeV]




Conclusion

e Comprehensive suite of Run 2 searches performed. No significant
deviations observed yet.

e Run 3 offers a landscape with more data, higher energies and lots of results
still to come!
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