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Introduction

Goal: Search for resonant production of new particles
with a large branching fraction to top and bottom quarks

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

Examples:
Z — tt, W — tb, excited quarks (b* — tW, t* — tg),
leptoquarks (LQ — tt, LQ — tp)

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

Examples:
Z T, Z > TT,W — Tb/Bt

Notes:
T represents a vector-like top quark partner

James Dolen (Purdue University Northwest) B represents a vector-like bottom quark partner



Introduction

Goal: Search for resonant production of new particles
with a large branching fraction to top and bottom quarks

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

Examples:
Z — tt,|W — tb,)excited quarks (b* = tW) t* — tg),
leptoquarks (LQ — tt, LQ — tp)

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

Examples:
Z = 1tT, Z - TT,]W — Tbh/Bt
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Introduction

Searching for heavy resonances
— decay products are highly boosted
— hadronic decays often merge within one jet

Increase Increase
@ top pr top pr

=

Increase

AR ﬁ top pr

Extensive use of jet substructure based tagging tools
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Jet-tagging Menu Unmerged

hadronic top

Utilize jet substructure to tag
partially or fully merged jets

Partially merged hadronic
top
(W jet + b jet)

Fully merged
hadronic top jet

Double
b-tag

Leptonic top with non-
isolated lepton
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CMS Simulation

Jet Tagging ools

" CMS HIG-13-008 —— sMHiggs, m = 600 GeV
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Jet Tagging Tools - Novel Top laggers

CMS JME-18-002

. Particles
-  DEEPAKS top-tag - | (B
& (14 layers)
part:cles ordered by pr Fully
- Deep Neural Network approach connected | | Output
. Secondary Vertices (! layer)
- Inputs: Jet constituent particle kinematic and 2| e WJ —
angular information, track information, and v ordered by S
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CMS Simulation Preliminary
. - :
Image Top top-tag
- Image recognition techniques using Convolutional 10
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- HOTVR
10°°
- “Heavy Object Tagger with Variable R”
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O 626853 160 RN .
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Search for a heavy resonance decaying to a top quark
and W boson in the all-hadronic final state
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Search for a heavy resonance decaying to t and W in the
all-hadronic final state

* Search for a heavy particle which decays to a top quark and a W
boson

Benchmark Model: Excited bottom quark “b*™”

 All-Hadronic final state considered

http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-19-003/index.html
James Dolen (Purdue University Northwest) Submitted to J. High Energy Phys. 9
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Event Selection

(13 TeV) (13 TeV)

:)_0.25 — CMS | ;E*LH (2.4 TeV) :)-0.16 _ CMS | ;E*L” 2.4 TeV)
< L Simulation [ Single top (W) < | Simulation [ Single top (tW)
02l QCD multijet 0.14 ¢ QCD multijet
i Signal region 0.12}F

0-15; o.1§—
« CMS Run Il data (2016-2018) ot
0.05F ggz
- Integrated luminosity 137 b
m, [GeV] T,/ T,
* Require two well-separated AKS jets
3:0'35§ CMS — Zatov |
* Jop tag = ooy s = S o
- Soft-drop groomed jet mass ool
- N- subjettiness ratio T3/12 oos| _my
- B-tagged subjet (Deep CSV algorithm) Subjet DeepCSV
) 051 — b, (2-451T3e\T/()eV) s F S (2.i1T3e\T/?V)
¢ W_tag 2 o0 _ gﬂ“fiﬁon =§i8%|e mtSIFtJi_(tW) 20022 : ginl\”’llu?ation =tsfi:;|e topu(tW)
0.4 et 018k QCD multijet

Signal region oo .
: ; 0.16 F Signal region :

- Soft-drop groomed jet mass o1s)

o2f | | 01

- N-subjettiness ratio T2/T+ oodf
i e . . 0.02 T =
° 50‘ B 500 150 200 250 0o 0.1 0.‘2‘ ‘6.3 0.4 05 0.6 0.7 0.8 0.9 1

James Dolen (Purdue University Northwest) my, [GeV] T/ T



Search Information

137 b (13 TeV) 137 b (13 TeV)
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- Binned maximum likelihood fit

- miw VS Mt distribution
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Results

No significant excess above the standard
model background is observed.

Limits set on the

for left-nanded (L
and vector- like ¢

oroduction Cross section
H), right-handed (RH),

niralities (LH+BH).
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137 b (13 TeV)

95% CL upper limits

—— Observed

--===' Median expected

137 b (13 TeV)

95% CL upper limits
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-===-=' Median expected
- 68% expected
95% expected

137 b (13 TeV)

95% CL upper limits
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-=-== Median expected
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Search for a heavy resonance decaying to a top quark
and W boson in the lepton+jets final state

James Dolen LHCP - Bologna - June 2018
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Search for a heavy resonance decaying to t and W in the
lepton+jets final state

« Search for a heavy particle which decays to a top quark and a W
boson

Benchmark modle: Excited bottom quark “o*”
* Lepton+jets final state considered

Hadronic top decay

W-boson decays to a muon or electron and a neutrino

Variable R
Top jet

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-20-010/

o iIndex.html
James Dolen (Purdue University Northwest) 14
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Event Selection

CMS Run Il data (2016-2018)
Integrated luminosity 137 flo-1

Final state - 1 lepton, missing transverse momentum, and 1 top-tagged jet

Lepton allows for lower pr trigger
« Jop tag
HOTVR - Variable R allows one to maintain efficiency at low pr
* Neutrino reconstructed using the W mass as a constraint
« (Chi-squared estimator used to measure how signal-like an event is

» (Categorize events based on Nptags

James Dolen (Purdue University Northwest)
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Search Information

* Backgrounds

- Top quark pair production

»  Control region: 2 b-tag category is used to
constrain systematic uncertainties associated with
simulation

- Single top
- Non-top
»  Dominantly W/Z+jets and diboson
»  Estimated with data using the O b-tag category
»  Transfer function (alpha method)
* Search
- Binned maximum likelihood fit

- b* mass is reconstructed from the tWW mass

James Dolen (Purdue University Northwest)
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Results

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

* Limits set on the production cross section for left-handed (LH),
right-handed (RH), and vector-like chiralities (LH+BH).

* Lepton+jets results are combined with the all-hadronic analysis

137 fb7 (13 TeV)

S . ||137fb (13|T6V% 10+E_|-1.‘||||||||||||||||||||||||||||||?_
o] 3 CMS —e— Data - - CMS ,,,,,,,,,,,,, bt s tW -
S 10" = praliminary — E Preliminary PP > b, =
%) 102 single t = _ 95% CL upper limits
GCJ I other = Fo) 1 —— Observed a
L|>J 10 tot. uncertainty =3 Qo Median expected
e ., ¢ b* ,, (2.4 TeV) 4 g -~ l+jets
10 = — - - all-hadronic
E T 10'E - - combination =
1072 T .. [ 68% expected
10-° a . [[] 95% expected
107 é 1072
5 1.5 E ° S
%? - c °c TN -
| 3
g os ®
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James Dolen

Search for a W’ boson decaying to t and b

LHCP - Bologna - June 2018
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Search for a W’ boson decaying to t and b

* W’ boson: Spin-1 gauge boson

Predicted in numerous models including Little Higgs, extra dimensional,
and left-right symmetric models.

 Hadronic final state considered

©

b jet

http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-20-005/index.html
James Dolen (Purdue University Northwest) Submitted to Phys. Lett. B 19
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Event Selection

CMS Run Il data (2016-2018)
Integrated luminosity 137 fbo-

* Require 1 AK8 and 1 AK4 jet separated by AR>1.2

* Reject pairwise top - make sure there is no heavy AKS8 jet near the
AK4 jet

* Jop tag

b jet

DeePAKS top-tag
* b-tag
DeepJET b-tagger

James Dolen (Purdue University Northwest)
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Search Information

* Backgrounds
- QCD Multijet

»  Dominant

»  Data-based background estimation

+  Control region used to estimate the multi jet background in the signal region and

validated with the validation region.
35.9 b (13 TeV)
T T | T T T T

T T T T T T T T | T T
CMS ¢+ Data
I Multijet

- Top quark pair production

Events / GeV
3,

»  Estimated with simulation and validated with data

[y
(=)

 Search

—

—h
<

- Bump hunt in the mu distribution

—_
<
N

- Binned maximum likelihood fit
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1
L I
E ]
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L.Q_
c
>
o
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o
(&)
T

1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 L]
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Results

59.7 fb™ (13 TeV)

95% expected 95% expected

% EICIMISI o +Data |
. e Ol ultije _
* No significant excess above the standard 31 mi
model background is observed 2 10l N —W' 31:38 SS))'
* Limits set on the production cross section .
for both left-handed and right-handed W’ 10H¢
bosons gk ,
- Both excluded for masses below 3.4 TeV at g 'S mTotal bkg.une. ]
95% confidence level § 15 }
650064006 5000
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o 18718 Tey) 43717 (13TeV)
i— 10=_CMS = pp =Wy E ﬁ- " CMS - pp = W
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E
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Search for a W’ boson decaying to a vector-like quark
and a top or bottom quark in the all-jets final state

James Dolen LHCP - Bologna - June 2018
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Search for a W’ boson decaying to a vector-like quark and a top
or bottom quark in the all-jets final state

« W' = tB/bT

Benchmark Model: Composite Higgs model with W’ — VLQ branching
fraction equally distributed between tB and bT and VLQ branching
fractions equally distributed between gZ and gH

* (Consider the case where the W’ decays through an intermediate
resonance such as a vector-like quark (B, T)

« Hadronic final state considered (t, H, Z decay hadronically)

H,Z H,Z

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-20-002/

Index.html
James Dolen (Purdue University Northwest) 24
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Event Selection

] 13 TeV
° CMS RUI’] ” data (201 6'201 8) g 0.62_1961!1\77,/'InasrySimulation —— QCDMC
Integrated luminosity 137 fio- o b gl MG (m, =TeV
045

- Final state: top quark, H/Z boson, b quark s
Top candidate: 1 AKS8 jet pr>400

H/Z candidate: 1 AKS8 jet pt>400 OL - ;HJJ

00102030405060708091

0.2H

|mageMD
b candidate: 1 AK4 jet pr> 200
13 TeV
* Top tag: ImageTop + SoftDrop mass SossCMS
» H tag: Double b-tag + SoftDrop mass 04 R

« /tag: N-subjettiness + SoftDrop mass

* Db-tag: DeepFlavor tag

-1 -0.8 -0.6 -0.4 -0.2 0 02040608 1
Dbtag
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Search Information

« Signal region: 1 tight-tagged top jet, 1 tight-tagged Higgs or Z
boson jet, and 1 b-tagged jet HZ

* Backgrounds
QCD Multijet

»  Dominant

»  Data-based background estimation

+  Transfer function used to predict the signal region using a defined background estimation
region

+  Validation regions used to test the procedure

Top quark pair production

»  Estimated with simulation and validated with data

e Search

Bump hunt in the W’ mass distribution (MiHe or Mizo)

James Dolen (Purdue University Northwest)
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Results

. . _ Region: C 137 fo (13 TeV)
* No significant excess above the standard model ¢ ;[ cwms Lo tHD
. 5 = Preliminar Data driven QCD
packground is observeo S -
- . . , R e

» Limits set on the production cross section for W' "By,

noson mass for several vector-like quark mass e

nypotheses.

« Extended beyond the benchmark model:
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Conclusions

» Broad search program at CMS for heavy BSM particles
decaying to third generation quarks

- Public results: https://twiki.cern.ch/twiki/bin/view/CMSPublic/
PhysicsResultsB2G

 \Well motivated models

* No significant excess found in CMS Run Il data

1. Heavy resonances which decay directly to standard model

particles (including top and bottom quarks) These are not jUSt ideaS!
Examples: Broad search program at CMS.
Z (W > tb)excited quarks (b* > tW)t* = tg), Completed analyses for many signal
""""""""""""""" topologies available here:

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

‘ Examples: https://twiki.cern.ch/twiki/bin/view/
Z 21 Z > TTW = To/Bt CMSPublic/PhysicsResultsB2G

James Dolen (Purdue University Northwest) 28


https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G

