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New results 1n this talk

Many physics models beyond the Standard Model predict heavy new particles preferentially decaying to at least one top quark

1| CMS 2111.10216 b* — tW — qqbulev Nov 21
2 |  CMS 2202.12988 W' — Th/Bt Feb 22
3 | ATLAS | 2305.03401 T( — Ht/Zt)gbl gt May 23
4 | ATLAS | 2210.04517 LOLO — bt Oct 22
5 | ATLAS |CONF-2022-052 LOLQ — 17t Jul 22

Backup Slides Available:

1 CMS 2104.12853 b* > tW = qqbqq Apr 21
2 CMS 2104.04831 W' — tb — qqbb Apr 21
3 | ATLAS | 2201.07045 T — Ht — bbgbb Jan 22
4 | ATLAS |CONF-2021-043 W' — tb — qqbb Aug 21
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Heavy resonance decaying to at least one top quark

Many physics models beyond the Standard Model predict heavy new particles preferentially decaying to at least one top quark

1. Heavy resonances which decay directly to standard model particles (including top and bottom quarks)

Examples:

7' — tt, W — tb, excited quarks (b* — tW.|t* — tg),
Leptoquarks (LQ — tt, LQ — tu, LOLQO — tZ "t \LQLQ — bltv)] Vector-like quark (T — Ht/Zt|)

2. Heavy resonances which decay to new intermediate particles which then decay to standard model particles

Examples:

/' —tT, Z/ — TT,|W'— Tb/Bt [T a new hypothetical heavy fermion)
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Jet-tagging Menu

A schematic showing the way in which
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Jet tagging tools

Novel Top tagger:
® DeepAKS (CMS)
e Deep Neural Network approach, Inputs: Jet constituent particle kinematic and

® Jet grooming
® Soft-drop algorithm (modified mass drop algorithm)

® [mprove mass discrimination and resolution _ . . . . _
angular information, track information, and secondary vertex information.

e ATLAS DNN Top tagger
® Tramning on Deep Neural Network (DNN) with large-R jet substructure variables

® N-subjettiness algorithm.
e Jet energy deposits and the number of assumed subjets, N, is TN

e Better discrimination by using ratios (ex. t3/12) . _ | . o o
as mput: Jet mass, jet pT, energy correlation ratios, N-subjettiness, splitting

Leading large-R jet DNN top discriminant
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https://cds.cern.ch/record/2724149/files/ATL-PHYS-PUB-2020-017.pdf
https://cds.cern.ch/record/2718978/files/DP2020_025.pdf?version=1

Resonance decaying to a top and W 1n lepton+jet final state

® Scarch for a heavy resonance which decays to a top quark and a W boson at proton-proton collisions using CMS

detector at a center-of-mass energy of 13 TeV.
® An excited bottom quark “b*” model 1s used as a benchmark

® [ eptontjets final state considered.

e Hadronic top decay
® W-boson decays to a muon or electron and a neutrino

-ﬁl Variable R
Top jet

http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-20-010/index.htmll
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http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-20-010/index.html

Event Selection

® Final state consists of 1 lepton, missing transverse momentum, and 1 top-tagged jet with high
transverse momentum

e [ epton 1n the final state allows the use of lepton triggers with lower p; thresholds than jet
triggers
® Top tag - Heavy Object Tagger with Variable R (HOTVR) algorithm 1s employed for the
1dentification of collimated t decays

e Variable R allows one to maintain efficiency at low p;
® Neutrino 1s reconstructed using the W mass as a constraint.
e How much “signal-like” the event 1s by exploiting the signal’s angular and kinematic properties.
o Categorize events based on number ot b-tagged jets (Vy,,,,): zero (Ob), one (1b) and more than one

(2b)

Variable R
Top jet
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Search Information
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e No significant excess above the standard model background 1s observed.
e [Limits set on the production cross section for LH, RH, and LH+BH are excluded at 95% CL for masses below

CMS-B2G-20-010

138 fb” (13 TeV)

2.6, 2.8, and 3.1 TeV, respectively (Sensitivity limited by ttbar and single top modeling)
e [ eptontjets results are combined with the all-hadronic analysis
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These are the most stringent limits on the b* quark mass to date, extending the previous best
mass limits (CMS-B2G-17-018) by almost a factor of two.
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http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-17-018/

W’ decaying to a Vector-like quark and a top or bottom

e W boson, spin-1 gauge boson, 1s predicted in numerous models including Little Higgs, extra dimensional,

and left-right symmetric models.
® A search 1s performed for W’ bosons decaying to a B or T vector-like quark and a top or a bottom quark in

proton-proton collisions using CMS detector at a center-of-mass energy of 13 TeV.

e All-jets final state considered.

http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-20-002/index.htm
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http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-20-002/index.html

Event Selection

e Event with at least two AKS (t, H/Z) with pr > 400 GeV and one AK4 jet with pr > 200 GeV 1s required, with 105
< mgp(H) < 140 GeV , 65 < m¢p(Z) < 105 GeV and 140 < mqp(f) < 220 GeV

® Jop tag:
e ImageTopmp tagger 1s used for t tagging of AKS jets. Label  Tag Discriminant Mass
. . Tight H 0.6 < Dbtag 105 < mgp(H) < 140 GeV
e Higgs tagging: z Ty < 045 65 < mgp(Z) < 105GeV
- - - - t 0.9 < imageT 140 < mgp(t) < 220 GeV
e A dedicated double-b tagging algorithm is used THAsETOPMD sp(t) y
e SD algorithm is used to extract mSD(H) to measure of the jet mass Medium — H  0<Dbtag <06 105 <mgp(H) < 140GeV
Z 0.45 < Ty < 0.6 65 < mgp(Z) < 105GeV
o / tagglng. t 0.3 < imageTopy;p < 0.9 140 < mgp (t) < 220GeV
® 7, 1s used for Z boson hadronic decays, and Inverted ~ H —1 < Dbtag <0 5 < mgp(H) < 30GeV
. . . . . 1 y4 0.6 < T < 1 5 < mSD(Z) < 30GeV
e mSD i1s required to select a jet within the Z boson mass range t  0<imageTopy,,, <03 30 < mgp(t) < 65GeV

® b-tag:
e DEEPJET b tagging algorithms 1s used for b-tagging of AK4 jets

Mitchell 2023 Atanu Pathak



Search Information

Backgrounds

e QCD Multyet CMS-B2G-20-002

® Dominant

e Data-driven background estimation

138 fo’ (13 TeV)  _ ........,.........,....1??3‘7'0.'1.(1'37?\.’)

® Use control regions that are selected with S L CMS | ‘o "] st cMms o .

% = Signal region Data driven QGD = T . [ Signal region I?ata driven QCD _:

identical kinematic criteria to the signal region, 3 |- Medium vamess | d G edm viQmase —J

R -~ . E vt = w stotete’ : k::l:j:und L_m;:(::l'(:zv E 103 E_ PO 1c.5 background uncertainty _EI

but with a reduced acceptance for signal 102 T o omony 2 : s ey E

— 9 : = 102 | Signal MC (m,, = 3000 GeV) —

;¢_ ----- Signal MC (m, = 4000 GeV) 1 = 0 Eresi¥les mmee- Signal MC (m,, = 4000 GeV) S

events. 10 R = o E

® Top quark pair production 1 T | = : W i NOSOY W -

e Estimated with simulation and validated with data 1 107

EREE - E

Search & ERNE- 3 E
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e The signal and expected background m,;, or m,,, My, (GeV] Mg, [GeV]

distribution are compared with data.(Reconstructed my,

assuming the medium VLQ mass hypothesis)
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® No significant excess above the standard model background 1s observed.

® Kirst limits set on the production cross section for W’ bosons for the medium VLQ mass case

® cxcluded for masses below 3.1 TeV at 95% confidence level.

® Sensitivity limited by ttbar and single top modeling

® The low and high VLQ mass benchmarks have a lower W— VLQ branching fraction, and the sensitivity
1s not sufficient to set mass exclusion limaits.

CMS-B2G-20-002
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Vector-like T quark decayimng into Higgs or Z and top quark

® Vector-like quarks are hypothetical spin-1/2 particles that arise in various models that address problems 1n the

SM such as the hierarchy problem. Vector-like quarks are expected to couple preferentially to third-generation
quarks.

® A search 1s performed for Vector-like T quark decaying to a Higgs boson and a top quark (Ht) or Z boson and

a top quark (Zt) in proton-proton collisions using ATLAS detector at a center-of-mass energy of 13 TeV.
e Single lepton with multiple jets and b-jets final state are considered.

q q q q/
H/Z
W)z b/t
W)z T T
b/t ,
¢ H/Z
t
J b/t g P

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-52/
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-52/

Event Selection

Fit regions

Jet mult.  b-tag mult. Region Targeted signal / bkg
. LJ, 1b, > 1fj, O(ty+t), OH, >1V
e Events must have at least one lepton (e or mu), three small-R jets, at least one b- S o
ittt bttt — q
taggedjets and meff> 600 GeV M _ Z p n MET 5 LJ,2b,21’§,0(th+tl), OH, >1V
€ S A LJ, 26, 216500 210,08 21V |
® TOp tag: Jet.e.p LJ, 3b, >1fj, O(t,+t,), >1H, OV
. . . . . 3-5 3 LJ, 3b, >1fj, Ot,, >1t;, >1H, OV
e Boosted leptonic top-quark candidate is required to have p,> 300 GeV, b-jet L1 36, 216 21 00, 11 OV o
———————————————————————————— — Mt)q

LJ, >4b, >11j, O(t,+t;), >1H, OV

1s required to be within AR = 1.5 of the leptonic W-boson candidate.

LJ, >4b, >1fj, Oty, >1t, >1H, OV
e Higgs/V(W/Z) tagging: DL a2l 2 0 2 IOV
LJ, >4b, 0fj, >1t;, OH, O(V+ty) tt+>1b, tt+>1c

e Higgs boson: the small-R jet with p> 350 GeV mass to be between 100 and . 1b. 516, 0. 14, OHL, >1V

1 HJ, 1b, >1fj, 1tp, O, OH, >1V
140 GeV HJ, 1b, > 1fj, >2(t,+t), OH, >1V (o 20001
———————————————— i — q
o Wor Z boson: have pr> 350 GeV, and a mass between 70 and 105 GeV. HI, 20, 2115, 0. T, OH, 21V
2 HJ, 2b, >1fj, 1t;, Ot;, OH, >1V
® b-tag: HI 20, 216 22000, OB 21V |
. . . >6 HJ, 3b, > 1fj, 1t;, >1H, O(V+ty)
® The algorithm used 1s known as DL 1, a DNN-based tagging scheme that uses 3| HIL3b, 216, 00, 2 1H, 1(V4ty)
the secondary vertex information and the impact parameters of the charged || HI 30 210, 21 22000 | 0
. . HJ, >4b, >1fj, 1t;, > 1H, O(V+ty,)
tracks in a VRTrack jet o 216,00, 21H, (V4

HJ, >4b, >1f1j, >1H, >2(V+t;+ty,)

e — e e e e e e e e e e e e e e e e e e e e e e e e - e = - — — — -

HJ, >4b, 01}, >1t;, OH, O(V+ty) tt+>1b, tt+>1c
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Search Information

B ack groun ds Reweighting source regions
Lepton multiplicity Jet multiplicity  b-tag multiplicity Other requirements Targeted background
o V(W/Z)+ets D S >3 S B - i tW o

|mee —mz| < 10 GeV,

: : : : 2 >3 1 e Z+jet
® Data-driven corrections to dominant MC estimated EP'™ < 100 Gev o
background using a 2-D reweighting technique L s B B B B S S R R
: : , S . ATLAS 4-Data ti+light-jets -
® Top quark pair production and tW production 0 105 Vs=13TeV, 139 fo” Dtt+>1c Wti+>1b
: : : : : : = Fit regions Single-top [ V+jets :
e Estimated with simulation and validated with data 1o | PostFit COthers ./ Uncertainty __
: - - - . . ] '
e QOthers includes the tt V/H, VH, tZ, tt tt , diboson, and multijet — 6 jots
10° i

backgrounds estimated using MC samples.

Search

e (ategorization in exclusive signal-sensitive, control and

validation regions to constrain different signal models and
Standard Model backgrounds

Data / Bkg.
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_~ S SN S S S~ A~
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e No evidence of significant contributions from single T-quark production.

e [imits set on the production cross-section of a T quark decaying to the Ht/Zt final state

e cxcluded coupling strength values of k7 > 0.6 (0.55) for singlet (doublet) T masses below 2.1(1.0) TeV at

95% confidence level. The previous ATLAS search 1n the all-hadronic T — Ht channel has excluded %
values above ~0.5 (expected ~0.65) at a mass of 1.6 TeV (2201.07045 )

e Sensitivity limited by ttbar and single top modeling EXOT-2018-52
El _||| III|III|III|III|III|I_¥ 1.6_||| N I B I B R B I—._Q. T T |||||||||||||||||||||_,':41-6_"'|"'|"'|"' L t
= i = Theory (NLO) | - ATLAS 1 = = Theory (NLO) - ATLAS -
an —— 95% CL observed limit 14 s=13TeV. 139 fb" Jaa 10°F —— 95% CL observed limit = 1.4 's =13 TeV, 139 fb™ o
X o e 95% CL expected limit - Care ’ - ] X Y 95% CL expected limit . - \ 95% imi .
s 10°F B 95% CL expected limit +15 = I 88 95% CL observed limit 10, 1 i B 95% CL expected limit +is - T are S observed it 10y
- 95% CL ox L 1 1o e 95% CL expected limit _ i K _— i 1.2 o \oL €Xpected timi
- o CL expected fimit 20 RN mm 95% CL expected limit +16 - 95% CL expected limit +20 - N B 95% CL expected limit £15 -
3 ] N 95% CL expected limit +26 b i i; S0 95% CL expected limit £26 |
i xr = 0.6 1 [ s Tsinglet - 10° & E ) U2 T doublet 1
| | NSBQ\\ i C ] - U~ i
0.8~ Tl - X ] 08¢ §
1022_ = B 1?/\\\ T~ - i N T ~—~_ ]
E E 0.6_'— ] 0.6 ~—— 5
L T singlet, k=0.6 : - ! B 10 T doublet, k=0.6 E [ T~ T i
- : - i o B - . 0.4 T T 3ee — - —
- ATLAS B B - T ] - ATLAS : - T S
\{g =13 TeV, 139 fb‘1 . 0 2— ~~~~I:/~M~ _5_/ ______ FT/M;=-15‘% _________ i B \{g - 13 Tev, 139 fb-1 : - 0 2—_ =10% ~~"==-=--__ ]
cec e b e b b = T ] T e e T e CEe o b b b b b L
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https://arxiv.org/abs/2201.07045

Pair-produced scalar and vector leptoquarks decays

® [eptoquarks (LQ) are predicted by many new physics theories to describe:
® The similarities between the lepton and quark sectors of the Standard Model
® Potential to explain the B-flavour (B-meson decay) anomalies
® Measurements of anomalous magnetic moment of muons
® A search is performed for pair-produced scalar and vector Leptoquarks decaying into third-generation quarks and first- or
second-generation leptons 1n proton-proton collisions using ATLAS detector at a center-of-mass energy of 13 TeV.

e Pair produced scalar LO*. — tv,bf or LO%. — t£,bv ¢( = e, i)

mix mix
e Pair produced vector LQ — tv, b with minimal or Yang-Mills coupling

t,b t,b

P LQ::IiX P ’
VLQmiﬁ / v, b LQmix’ L v

-

A,

"'

~
) -
o

S S

LQ:ixix “ . LQ?ﬂix 2, &
P VL’Qmix p

£.b tb

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-12/
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-12/

Event Selection

e All possible decays into 3rd generation quarks (t,b) and 1st& 2nd generation leptons (e, u, v)
t,b t,b

are considered ending up to: LQ
D mix D
o LOLO — tbf’v — bqqbtv >‘;Lqrgi§/ v, € >LQ§12X,/ 0w

o LOLQO — ttvv — bqqgblvvv - ~

LQ::lix \ 2 E LQ?nix \ £, #
® Events must have: P yLQuix p

£,b tb

-

-~ ~

-

® > 4 jets (due to a hadronically decaying top-quark), > 1 b-jet, exactly one signal
lepton and MET > 250 GeV.
® B tagging:

vLQYM — tv/bp
vLQYM — tv/be

e Small-R jets are categorized as b-tagged, using the anti-KT algorithm with a radius R =

04 vLQmln — tv/ibp

e Top tagging : Vl..Qrmn — tv/be
e The Small-R jets jets are reclustered (iteratively with the recursive method) with the LQm'x — tv/bu
anti-kT algorithm with R = 1.0 to obtain large-R jets to reconstruct hadronically Llex — tv/be
decaying top-quark candidates. LQ . — twbv
LQ . — te/bv
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Search Information

Backgrounds Search
® W+jets ® NN trained with NeuroBayes technique:
® Top quark pair production e Different NNs for: 3 signal scenarios, 4 BRs scan, and 2
e Rewighting as a function of Mefr leptons flavors (e, 1), 10 1n total
- e Fit NN output together with CRs —> Limits
® Single top quark puL o8
o171+ V vLOQ™ — bultw LQ". — tv/bu LO? — telby
. 8 S L R L L L L - 8 S R R L R L L :8 L I L L L LB B B B -
o leoson S - ATLAS ¢ Data [t ] © - ATLAS ¢ Data [t o - ATLAS ¢ Data [t -
P | Vs =13 TeV, 139 fo'! [ W+jets [@Single top{ £ | {s=13TeV, 139 fb" [ W-+jets [l Single top P L {s=13TeV, 139 fb™ W W-jets [Single top-
§ . vLQ:;':f( B(vLQ — bu)=0.5 ggtt+v  []Diboson - § - LQ. . B(LQ > bu)=0 Eti+V  []Diboson § . LQﬂ"X B(LQ »1te)=0.5 gti+V  []Diboson -
L (0P . SR | 72 Uncertainty ¢ (07 _SR | [JOther 7~ Uncertainty | W ,| SR 7~ Uncertainty B
M. = Z P + MET ; Post-Fit v LQ:M( 119 7OT§V ; ; Post-Fit DLQ; |>1< ?3 Tc(e)v - 10 ; Post-Fit DLQ?n I:( :; Tzvs
eff t B - : -
Jet,e N i e - ¢
€l _
10

10

EXOT-2019-12

. : e e e e e e e b _

2 : 2 5 -
m 1.25¢ m 1.25F 1 @ 1.25F
g 1 TR e W/W/ EIE I :
(4] © - (4]

8 0.75F 8 0750 A 0.75F

085 055 0.6 065 0.7 075 0.8 085 09 095 1 085”0'5'5"()6"'0'65"07”'0'75"08'0'85”09'0'95'”1 085 055 06 065 07 075 08 085 09 095 1
N NN, NN,
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https://arxiv.org/abs/physics/0402093

RGIIR

® No significant excess above the standard model background 1s observed.

e First limits on the production cross-section are derived for eight models as a function of leptoquark mass and
branching ratio into the charged lepton at 95% confidence level.
¢ Dominating systematic uncertainties: top related background modelling and Jet Energy Scale (JES) uncertainties but

highly statistically dominated in high masses limited by statistical uncertainties

=  FT T My ou ooy < 1.44(1.47) TeV p=0.5
o 09 aTLAS — LO;~e() p
— -1 _
g 0.8]- (s = 13YTM9V= 139 b = MO () < 1.39(1.37) TeV p=0.5
~ - —vLQ | — tv/bu -
g O7E —vQ > tvibe E Exp. limit [GeV] Obs. limit [GeV]
S 0.6F —VLQn; — tv/by E
0 4 LQ'. —tv/be 1440+0 1440
T 04E % by E LQY. — tu/bv 1380+29 1370
I 03 —LQE, > teby = LQY. — te/by 1410+%9 1390
- 0'2; — Observed Limit _é VLQE\: - tv/bll :L93Oi%% 1980
- o - M b 1930*29 1900
0.1 ---- Expected Limit = VLQm;x - tv/ € B -70
F , ; - vLQ™™ — tv/bu 1660+ 1710
[~ 1 | | | | | | | ' 1 | | | | | | : )
0500 1000 1500 2000 2500  VLQpiy — tv/be 16502 1620
m o [GeV]
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Leptoquarks decaying into a top pair and lepton pair

® [ eptoquarks (LQ) are a good candidate as a BSM mediator to explain anomalies
® A search for pair production of LQs decaying into a top quark pair and a pair of electrons or muons, 1n multi-lepton
final states (2¢ SS, 3¢ and 4¢ ) in proton-proton collisions using ATLAS detector at a center-of-mass energy of 13 TeV.

e Pair proc

uced scalar LQ;’”XLQC’}""X

e Pair proc

uced vector LQ U,

S 41, 6= e, ), = 1.0

Atanu Pathak



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-052/

Event Selection

e Events must have:
e Single and dilepton triggers with > 2 leptons, > 2 small-R jets with p> 25 GeV and

|n| <2.5,and > 1 b-jet

> E | | | | | | | | | I | | | | | | | | | E > § T T T I T T T | T T I I I §
e Signal Region: 8 - ATLAS Simulation Preliminary 8 1()Qf_ATLAS Simulation Preliminary _
® Meff > 500 GGV, § 10 E}; ;;Tev |:| Total Background —= 8 ? Is ; ;;Tev |:| Total Background ?
' Ny - 2 € —— LQ® (1.6Tev) T % {02 H — LGS (16TeV) —
o my," > 200(100) GeV for 3¢ (47) o - (w/o megcut) D:ni'%“x(m Tev)  ° % (wio mz"cut) g':m'x(m Te\i) §
Jet_tagging; § 1= s gm (1.6 TeV) ~ % 1 = =mm gx (16TeV) =
: : . . D - = U, (2.0 TeV) = - e U, (2.0 TeV) :
® PFlow objects using the anti-k7 algorithm = - 10O [ .
with a radius parameter of R = 0.4 S | 0_1:_ """"""""""""""" _: _5 -
b-tagging: = : 19 5 E
: © - 1L : -
® a deep-learning neural network that use | : - L _
impact parameters of tracks and the 107 E - -
displaced vertices reconstructed in the : 107 E E
ID' 1 0_3 E- | : T B AT SN TR N AN NN SN TR NN Y NN SO TR M 1 0_5 :_ ' | ' ' | ' ' I ' _:

0 + 1000 2000 3000 400 0 200 400 600
Mest [GeV] m>" [GeV]

£

ATLAS
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Search Information

Backgrounds Search
e Estimated using the MC samples e A total of 7 CRs are defined, VRs are defined, using cuts on
o 11W megr and muyin, 1In order to validate the modeling
o 11/ o Fit M, as discriminating variable to all SRs and CRs
‘ Diboson .E | L I L | L | L | L | | L | T 11
- 2 ® Dat LQS. (1.6 TeV) |
e Non-prompt leptons ATLAS-CONF-2022-052 g 10°p ATLAS Prelminaly Qiw  mEommon
= - (s=13TeV, 139 b .
o) n Btt(Zy*) [l Non-prompt | -
|_|>J - Signal regions [ ]Other 72 Uncertainty n
o 10%f | I T o 10°F T T | | | | 3 - 3/SR-e -+ Pre-Fit Bkg. |
E - ATLAS Preliminary  Data [ ]LQ;, (1.6 Tev) []ttw E . ATLAS Preliminary ® Data [(Jfw @ Diboson : 10 Post-Fit =
T - Vs=13TeV, 139 fb" Il Diboson [l i z/v") W Non-prompt 1 | L {5 =13TeV, 139 fo’ @y gy EJNon-prompty 1 C L -
_ , > _ _ , [ Non-prompt e []tty*(LM) [l Mat Conv [ --- -
| Signal regions [Jother  / Uncertainty -- Pre-FitBkg. 10*F Control regions [C]QMisiD []Other 7/, Uncertainty i L -
| Post-Fit _ Post-Fit - - Pre-Fit Bkg. : =
1E E
107 E E
g._,10—25!!!!!!!!!!!!!!'!!!!!!!!!!!!!!!!!!!E
o _ o | m 1.5F : E
0 15 A 0 1.1 25 __________________ 5\3 1?/-@#/##// R /////////////////////74///#
E 1r;;;;/';;;:+:;;;;:,:;;:-_y_-,_«ff:r_y_,:f :f:’-/:,:::’:’-/:,‘/#a/ﬁﬁ»’v’s’ﬁ/ﬂ#s’ﬁ/‘ﬂ'v’sf/6/‘;19/5//6;‘/9’5//6»‘#”5/- _.\g 1‘///74///79%//%/%/ ////74’///;//"///7’4///7«4 CDU 055_ : _E
4 05} ; e + _________ : } Soasrs} ' ]
ot 5 ' ' y : 0.75° e e > 3 3 5 5 800 1 OOO 1 500 2000 2500 3000 3500 4000
3&0&9\ o <, SR\/, SR ~e fSR\/, “lw f"’(e) f"’(o) f/’” f””a/o s " Mgy [GeV]
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RGIIR

® No significant excess above the standard model background is observed.

® [imits on the production cross-section on both scalar and vector LQ at 95% C.L.
e Observed exclusions LQ — re(tu) : Scaler my s < 1.61 (1.64) TeV, minimal coupling scenario vector mpo. < 1.71 (1.73) TeV, Yang-Mills

mix

coupling vector My, < 2.0 (2.0) TeV

® These limits are competitive with the previous ATLAS limits (search for LQC’l"ix in the mixed decay mode ATLAS-CONF-2022-009.)

® Main systematic uncertainty from lepton identification, but analysis 1s statistically limited ATLAS-CONF-2022-052
1

§_10 “§|||||||||||||||||||||||||||||||||||||||||||I;ﬂ -_g-_ ":| — T ] T T T ] T T 1 — T T 1 T 1 |:" qu 1:|||||||||||||||||||||||||| ||||||||||||||||:
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9 L0t LG tete Exp. limit - f:D 107" = EninNmif ’ ---- Exp. limit = - B 08:_ ---- Exp. limit E

o E N mix — *mix - Exp. 1o | ?Dv— - Uy Uy - tutu -Exp +1c - g T B EXpx o, -

G107 E 95% CL limits Exp. £2 3 3 | 95%OCLlimis Exp. +20 1 8 o/ 7 005 £ 10 100ry 3

g_ - Theory (NNLO +NNLL) - \% 5 “= Theory (LO) m -

a ot approx 1 B10 = 0.6F =

© B - = - F Z

0 - : - 05 E

] 3 = m

_ — = 0.4F - 3
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- 107 = 0.2 2 95% CL limits .

- - 0.1 —
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-009/

Summary

e All those five analysis were performed with data collected by the CMS and ATLAS experiment between
2016 and 2018 (full Run-2 data) at 13 TeV, corresponding to an integrated luminosity 137 fb~.

® No significant excess found in CMS or ATLAS Run-2 data.

® The most stringent limits to date on W’ bosons decaying to a top and a bottom quark, or b* quark mass, or
scalar LQs with flavour-diagonal and cross-generational couplings are obtained.

® Improved top and b-quark identification techniques help to reject background from multi-jet events and to
increase the sensitivity to new physics.

® Exclusion limits were set, good improvements have been observed w.r.t previous analyses using

2015+2016 data only.
Thank you for your attention
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Back Up

Useful link for those analysis are here:
CMS:

7' — tt : http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-17-017/index.html

W’ — tb : http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-20-005/index.html

b* — tW : http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-19-003/index.html

W’ — Tb/Bt : http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-20-002/index.html

Z' — tT : http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-17-015/index.html

/' — TT : http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-18-005/index.html

LQ — tt : http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-16-028/index.html

ATLAS

T — Ht : https://atlas.web.cern.ch/Atlas/§GROUPS/PHYSICS/PAPERS/EXOT-2019-07/

W’ — tb : https://atlas.web.cern.ch/Atlas/sGROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-043/
LQLQ — bltv : https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-12/

LQLQ — tltl : https://atlas.web.cern.ch/Atlas/sGROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-052/
LQ — tt : https://atlas.web.cern.ch/Atlas/§GROUPS/PHYSICS/PAPERS/EXQOT-2019-15/

T — Ht/Zt : http://cdsweb.cern.ch/record/2779174/files/ ATLAS-CONF-2021-040.pdf
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http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-17-017/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-20-005/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-19-003/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-20-002/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-17-015/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-18-005/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-16-028/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-07/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-12/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-052/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-15/
http://cdsweb.cern.ch/record/2779174/files/ATLAS-CONF-2021-040.pdf

Jet tagging tools

i 59.7 fo! (13 TeV) i 59.7 1" (13 Te\) o e (2018)59.7 fb" (13 TeV)
@ : T 1T 1 I L I L I | L L I L : € | L I | L I | L L I | et 7 smgle— samp|e . Data
2 E 14000 F - c 10 . ;
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Lﬁ 1400 & Prelimi B tt merged top b LI>J 12000 Prelimi B tt merged top B TR Preliminary In(AKS jet)l<2.4 — Qc% multijet
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- P> 300 GeV - b N 300 GeV - ’ .tV
1200 - T Zo0.46 \ Il tt unmerged top . 10000 | tJ,>0.46 Il tt unmerged top — 10° : - Vv
1000 - Single top merged top - | Single top merged top Nomlnal ;;g 3:9 z:: ::::ls o
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- I W+Jets E 6000 [ I W+Jets
600 § -
- -Z+Jets . 4000 i -Z'i'Jets —
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DeepAKS8 (W vs. QCD)

Soft drop mass distributions for AK8 PUPPI jets with pT > 300 GeV
after the template fit are shown with the pass (left) and fail (middle)
N-subjettiness requirement of 132 < 0.46 using data collected in 2018.

Distributions of the DeepAKS
discriminant for W tagging in data and
simulation 1n the single-u sample.
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W' — Tb/Bt : Event Selection

13 TeV 13 TeV
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W' — Tb/Bt : Event Selection

13 TeV 13 TeV
£ °F CMS 1 5,4 CMS :
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Resonance decaying to a top and W 1n hadronic state

® Scarch for a heavy resonance which decays to a top quark and a W boson at center-of-mass energy of 13
TeV.

® The production of an excited bottom quark, b*, 1s used as a benchmark when setting limits on the cross

section for a heavy resonance decaying to a top quark and a W boson.

® All-Hadronic final state considered.

Top jet W jet

http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-19-003/index.htmll
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http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-19-003/index.html

Event Selection

) (13TeV) ] (13 TeV)
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Search Information

Backgrounds:
e QCD Multijet

(1, ;) CMS-B2G-19-003 (s, 1)
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® No significant excess above the standard model background 1s observed.

® [imits set on the production cross section for left-handed (LH), right-handed (RH), and vector-
like chiralities (LH+BH) are excluded at 95% confidence level for masses below 2.6, 2.8, and 3.1

TeV, respectively.
CMS-B2G-19-003

] -1
137 fo (13 TeV) _ | | 878 Tey) A (5 TEY)
— N Y A N A Y N B B B B L N fo) L L b L L o rl | o _
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These are the most stringent limits on the b* quark mass to date, extending the previous best mass limits by almost a factor of two.
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W’ bosons decaying to a top and bottom 1n the hadronic state

e W’ boson, spin-1 gauge boson, 1s predicted in numerous models including Little Higgs, extra dimensional,

and left-right symmetric models.

® A search 1s performed for W’ bosons decaying to a top and a bottom quark 1in proton-proton collisions at a

center-of-mass energy of 13 TeV.

e Hadronic final state considered.

0
q t

Top jet

°

b jet

http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-20-005/index.html
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http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-20-005/index.html

Event Selection

® Analyzed data were collected by the CMS experiment between 2016 and 2018 (full Run-2 data) and correspond to an
integrated luminosity 137 fb~!.

e Event with at least one AK8 and one AK4 jet is required, both with p,> 550 GeV and |n| < 2.4, and which are
separated by AR > 1.2

® Reject pairwise top - make sure there 1s no heavy AKS jet near the AK4 jet

® Jop tag: o
® DrerAKS top-tagger 1s used for t tagging of AKS jets. '
® b'tag: Top jet b jet

® D:ereJer (DNN-based tagger) 1s used for b-tagging of AK4 jets
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Search Information

Backgrounds
* QCD Multyet CMS-B2G-20-005

® Dominant
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[ [ | [ [ [ [ ]
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. 4 . 1, i - Il Multijet -
e Control region used to estimate the multi jet = 10°¢ —H ER mi
: : : . = : Single t - < Single t _
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e Estimated with simulation and validated with data - -
% 1-55"-'T<'>tél bkg. unc. - s 1.5 mTotal bkg. unc. | TS
Search S I N ¥ DU SR
) . © - .
. . . . L _ ()
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are compared with data. my, [GeV]

e Binned maximum likelihood fit of reconstructed W’
mass.
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® No significant excess above the standard model background 1s observed.

e [imits set on the production cross section for both left-handed and right-handed W’ bosons
® Both excluded for masses below 3.4 TeV at 95% confidence level

CMS-B2G-20-005 187 b (13 Tey
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The most stringent limits to date on W' bosons decaying to a top and a bottom quark 1n the all-hadronic final state are obtained.
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W’ bosons decaying to a top and bottom 1n the hadronic state

e W’ boson, spin-1 gauge boson, 1s predicted in numerous models including Little Higgs, extra dimensional,

and left-right symmetric models.

® A search 1s performed for W’ bosons decaying to a top and a bottom quark 1in proton-proton collisions using

ATLAS detector at a center-of-mass energy of 13 TeV.

e Hadronic final state considered.

°

b jet

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-043/

Atanu Pathak



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-043/

Event Selection

® Analyzed data were collected by the ATLAS experiment between 2016 and 2018 (full
Run-2 data) and correspond to an integrated luminosity 139 fb~!.

e Events must have at least one large-R jet (R = 1.0) with p;-> 500 GeV and one small-R
jet.

® Top tag:
® deep-neural-network (DNN) is used for t tagging

® b-tag:
e Small-R jets in the range |7 |< 2.5 are identified as containing a b-hadron using the

"DL1r’ algorithm, a DNN-based tagging scheme that uses the secondary vertex
information and the impact parameters of the charged tracks in a VRTrack jet

A@é Mitchell 2023 Atanu Pathak
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Search Information

ATLAS-CONF-2021-043

=W'(m = 4TeV)

Backgrounds
e QCD Multijet $ wE ATLAS Proiminay 2
: : : S .. (s =13 TeV, 139 fo” B
® Data-driven background estimation = 10 SR1. post i o Data

oo o o o 3
® Multyjet background estimated with data-driven ABCD method. 10 M Data- c;ngen
JAll-ha
10°E @ Non-all-had tt =
~2.Uncertainty .

----Pre-fit bkg.

® Top quark pair production .

e Estimated with simulation and validated with data

Search 107
® Analysis regions classified according to: DNN top tag category, b-tag from W’ 0™
decay and b-tagged jet in large-R jet. 2 102;

e Combined fit to three signal-sensitive regions of ttbar and multijet estimate and g . 751

signal model in W’(t+b) invariant mass distribution
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® No significant excess above the standard model background 1s observed.
e Limits set on the production cross-section of a W’ decaying to the tb final state

e W’ with right-handed coupling excluded below a mass of 4.4 TeV at 95% confidence level.

3 1 O E I | | | | I | | .I I. | | I I I | | I | | I | | | | | | | | I E
% - ATLAS Preliminary  _—__ opserved 95% CL limit -
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Vector-like T quark decaying into Higgs and top quark

® Vector-like quarks are hypothetical spin-1/2 particles that arise 1n various models that address problems 1n

the SM such as the hierarchy problem. Vector-like quarks are expected to couple preferentially to third-
generation quarks.

® A search 1s performed for Vector-like T quark decaying to a Higgs boson and a top quark in proton-proton
collisions using ATLAS detector at a center-of-mass energy of 13 TeV.

e Fully hadronic final state considered.

il

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-07/
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-07/

Event Selection

Analyzed data were collected by the ATLAS experiment between 2016 and 2018 (full Run-2 data) and correspond to an
integrated luminosity 139 fb~!.

e Events must have at least two large-R jets (R = 1.0) with p;> 350 GeV and |7 | <2.0, The large-R jets must have a mass
between 100 and 225 GeV.

® Top tag:
® deep-neural-network (DNN) 1s used for t tagging, along with mass between 140 and 225 GeV are considered.

e Higgs tagging:
e requiring the large-R jet mass to be between 100 and 140 GeV, along with an upper bound on the jet-substructure

variable 7,

® b-tag:
® The algorithm used 1s known as DL1, a DNN-based tagging scheme that uses the secondary vertex information and the

impact parameters of the charged tracks in a VRTrack jet

A@é Mitchell 2023 Atanu Pathak
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Search Information

Backgrounds
* QCD Multyet EXOT-2019-07

® Data-driven background estimation

e Events from specifically chosen event-tagging states to > CATLAS
. oo . . . 8 180—_V§=13T6V 139fb-1 ¢ r[]?]ata1 GTGV K 05
estimate the multyjet background event yields 1n the signal, = RIS = AR -
normalization, and validation regions. - - Signal Region post-fit mtt + Z/W/H
@ 140 M Single top
. . = - ot ll-had
® Top quark pair production § 120|— Mgl]toijgta o
e Estimated with simulation and validated with data 400 NSt @ Syt e
e Non all-hadronic #f process 80— |
e Estimated using MC samples 60— SR postfit S+B
Search 40
20—
® Events are classified according to the tagging states of each large-R 0- . |
: : : : (44 29 (44 29 -i(E -0 | N\
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jet.SR, VR, NR 05742 74 7.6 1.8 2 22 24 26 28 3
® Scarch over mjj(Dyjet invariant mass distributions) SR, NR showing my, [TeV]

the results of the model when fitted to the data.
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® No evidence of significant contributions from single T-quark production.

e Limits set on the production cross-section of a T quark decaying to the Ht final state

e cxcluded coupling strength values of xr > 0.5 for T masses below 1.8 TeV at 95% confidence level.
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