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Introduction

» What is the B2G group? » Searches for new physics in unique
» “"Beyond 2 Generations” topologies
» Crossroads with CMS Exotica, SUSY » 4th generation or new resonance
groups production; decays to 3rd
generation SM quarks / gauge
bosons

Beyond 2 Generations Searches

Resonances Dibosons Heavy Quarks
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Jet Substructure

CMS DP-17-026

- W-jets

» Top/W tagging in large-radius (AKS8)
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jets now widespread in CMS

Based on soft-drop mass,
N-subjettiness cuts
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CMS HIG-17-010
CMS BTV-16-002

Higgs Tagging

» Techniques for top/W/Z-tagging well
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Jet Substructure Development

CMS DP-17-027
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Vector-Like Quarks

» A special type of 4th generation
particle predicted by many models
» Non-typical Higgs coupling
» Solves hierarchy problem while
escaping Higgs cross section
constraints

» Different decay modes possible
» B = tW, bZ, bH
» T = bW, tZ, tH

» With high pt T/B — heavy reliance
on jet substructure techniques for

reconstruction!

» Diverse final states possible when

considering pair production

» Single production also important at

» “Examine triangles,
not points”
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Single VLQ Production

» Target B—bH production with merged
H—bb decay
» Tag Higgs-jet with mass, b-tagged
subjets
» Require forward light jets to
enhance signal purity

CMS B2G-17-009
q

35.9 b (13 TeV) 35.9 b (13 TeV)

£ 10" . . £ 10" _ _
o 11810 cMms ¢ Data 1z +jets W +jets g CMS ¢ Data .Z + jets .W + Jets
2 o T - Stat uncertainties *2 T .. Stat uncertainties
5 188 Wt [ IMutiets[ ]>tat unceraintios. S Wi [ [Mutiets| ]2 at uncerainties.
_g —mg=1TeVx500 ----mg=1.8TeV x500 it '—mB=1Ter500 ----mg = 1.8TeV x 500
o O | .
(0] qh) |
0 o) @
= £

=)
= p

- — — —h — — — — —h o
T 200000000 =
2 O NV w D O O N ® © O

g) 1.5 ]

RN S S 1 2 ]

=~ C ¢ ¢ ° ° . ? 1 O L S @ -mmmmmmmmeeeeeeenn & 3

g 5 ¢ 1 > : o -

© 05 - - T ]

a 0o 1 2 4 5 6 7 8 9 oot - - ]
AK4 forward-jet multiplicity A 0 1 2

Number of b-tagged subjets



Single VLQ Production

CMS B2G-17-009

» Dominant background is from
QCD multijet events
» Estimate from data using
sidebands in H-jet mass,
number of b-tags

» Split events into signal regions
based on pT / forward jets
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Single VLQ Results

35.9fb™ (13 TeV)

» Dominant background is from
QCD multijet events
» Estimate from data using
sidebands in H-jet mass,
number of b-tags

» Split events into signal regions
based on pT / forward jets

» Set limits on cross sections for
narrow and wide VLQ models
» Exclude B up to ~1150
GeV for 30% relative width
» First search to study
finite-width effects!
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Pair VLQ Production S BoG 1701

W+ 7. H

» Can also search for VLQs in pair-
production mode

» Including leptons gives a nice way
to trigger, cuts down multi jet

backgrounds W2, H
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Pair VLQ Production

CMS B2G-17-011

» Discriminating variable depends on

event category — St or min(M.p),
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35.9 fb™' (13 TeV)
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Diboson Resonances

Small-radius jets ;| Large-radius jet

» Many BSM physics theories predict
additional symmetries = new gauge
bosons to be produced

» Heavy Vector Triplet, RS Graviton,
little Higgs

» High-mass particles = boosted
objects in final state

» Ability to reconstruct resonance results
in a ‘lbump-hunt’ search
» Reliant on a stable and well-
understood background model
» Usually data-driven methods
employed due to difficulty
modeling unique topologies
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Dib Search with Hi =
iboson Search wi iggs v, OMSB2G 16006
7H
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CMS B2G-16-026

Diboson Search with Higgs . ...
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WYV Search with 2D Fit

CMS B2G-16-029

» For a lepton+large-radius jet diboson
search, a new method has been
employed

» Simultaneous 2D fit in plane of the
large-radius jet mass and
reconstructed resonance mass mx

» Allows acceptance and calibration
of boosted top, W, Z in situ with
signal extraction

No worry from overlap of tagging

working points
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\"WAY SearCh With 2D Fit CMS B2G-16-029
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WYV Search with 2D Fit

CMS B2G-16-029

» Use data to obtain
templates for main
backgrounds
(W+jets)

» Robust method that
can be extended to

other search channels
in the future
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Diboson Summary
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Leptoquark Search (top + tau)

CMS B2G-16-028

» Leptoquark pair production
» Decays to third generation are

35.9 fo! (13 TeV)
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Leptoquark Results

» Search excludes LOQ—top+tau up to
~900 GeV

» Can also scan over branching ratios by
including the bv mode (combined here
with a sbottom SUSY search)
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W' Resonances

CMS B2G-16-016
2217 (13 TeV)

» Search for W'—tb including both
lepton+jets and hadronic final states

» Lepton+jets channel — reconstruct
My, from lepton, MET, two jets

» Solve for neutrino momentum
with W mass constraint

» Combine “best” jet with W to
reconstruct top

» Then combine with highest-pr
remaining jet to form W'
candidate

» Hadronic channel — use large-
radius jets for top-tagging
» W' candidate formed from
leading dijet combination
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W' Resonances CMS B2G-16-016

» Limits set on right-handed 2.2 b (13 TeV) 2617 (13 TeV)
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Top Pair Resonances

CMS B2G-16-015

» Search for heavy resonance decaying

to two top quarks

» Use lepton+jets, and fully hadronic
decay modes of ttbar system p
» Reconstruct top pair invariant mass for

signal discrimination

» Good control of backgrounds (QCD
estimated from data sideband

region)
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2.6 b’ (13 TeV)
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Summary

» Very unique high-pr topologies considered in B2G searches

» Jet substructure, b-tagging tools are critical to reconstruct them

» Great number of new B2G results to discuss over the first half of this year!

» Not able to mention them all here

» See https://cms-results.web.cern.ch/cms-results/public-results/publications/B2G/

index.html for all!

» More results in the pipeline as we speak!

Beyond 2 Generations

B2G-17-011

B2G-17-013

B2G-17-005

B2G-16-028

B2G-16-029

B2G-17-009

B2G-16-025

B2G-16-023

B2G-16-026

B2G-17-003

B2G-17-010

e A B A

Search for vector-like T and B quark pairs in final states with leptons at \/E =13 TeV

Search for a new heavy resonance decaying into a Z boson and a Z or W boson in 22 final states at \/E =
13 TeV

Search for a heavy resonance decaying into a Z boson and a vector boson in the vvqq final state
Search for third-generation scalar leptoquarks decaying to a top quark and a 7 lepton at \ﬁ =13 TeV

Search for a heavy resonance decaying to a pair\/_cof vector bosons in the lepton plus merged jet final state at
s =13 TeV

Search for single production of vector-like quarks decaying to a b quark and a Higgs boson

Search for pair production of excited top quarks in the lepton+jets final state

Search for ZZ resonances in the 2£2v final state in proton-proton collisions at 13 TeV

Search for a massive resonance decaying to a pair of Higgs bosons in the four b quark final state in proton-
proton collisions at /5 = 13 TeV

Search for pair production of vector-like quarli7_in the bWbW channel from proton-proton collisions at
s =13 TeV

Search for heavy resonances decaying to a top quark and a bottom quark in the lepton+jets final state in
proton-proton collisions at 13 TeV
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Outlook

» As we collect more data, gains in
sensitivity become harder to realize

» We continue to develop and improve
analysis strategies, background
estimation methods, and more to
increase search power

» Collaboration with other groups in
CMS to develop new tools (jet
substructure, b-tagging, e.g.)

» More data allows for high-statistics
control samples of various
backgrounds

» Discussions with theorists have also
been very fruitful
» We continue to target specific

models as well as remain model
independent for other
interpretations
» Width effects in VLQ and
resonance searches
implemented
» Mixing effects between SM and
BSM important to consider

» In conclusion, the B2G group is an
exciting place to work and we are
ready for an upcoming discovery!
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