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Motivation for Diboson Search

Beyond the Standard Model
A Hierarchy problem
A Dark matter

Search for heavy resonances
decaying to diboson

A 750 Diphoton bump CSEXGIE 018
A 1 Z WW’ zz R E‘,Ms Pr_eilifnli_n_z_i{g__“_' 831 (13TeV) + 197 " (8 TeV)
A Extradimension N VA Y
A Bulk Graviton: WW, ZZ S B
A Heavy Vector Triplet framework
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From Runl to RunZ2
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diboson analyses
AATLAS: largest excess in Wzhatlronic
ACMS: largest excess in WH semlleptonlc
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AFor 2 TeV Bulk Graviton, parton luminosity scaling
by ~15
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HighMassDibosonResonances

ACMS searches overview

A 8TeVEXG12-n HNY
A 8TeVEXG13n n Y
A 8TeVEXQ14n n Y
A 8TeV,EXQ4nmnyY
A13 TeVEXQGL5n nH Y
A13 TeVB2G16n no Y
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More results forXltHH or H'tdliboson

LucaPernie Searche$or extended Higgs sectors wiGMS
LucaCadamuro Searches for resonant-giiggs production with CMS



Resonance Search Strategy

ADiboson decay channels:
A All-hadronic, semleptonic
A Fat jets forhadronic W/Z/H bosons
Al S LI 2 y Aaddv2Igwft @S O

ABackgrounds estimation
A all hadronic:
A Background is described by smooth fit function
A semileptonic:

A Each components are estimated from observed data or from
simulation

Ad dzY L &St NDOK
A0 or 1neutrino: searctexcess over then,, distributions
A 2 neutrinos: transverse mass;
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Hadronic W/Z/H Tagging
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CMSDR2015038

HadronicH(bb) Tagging

AThe boostedH(bb)signal can be identifiedy:

A(old) 2 subjets of a fat jet

AKR >0.3,a dzo 2 S I R <03 (fdtjeibiag k
A(new) Doubleb tag is a dedicated tagger to identify fat

jets with 2 bquarks

double-b

Sub-jets

Secondary Vertex within the fat-jet cone
Observables built from secondary vertex
and tracks associated to fat-jet

Defines sub-jets
b-tagging cbservables for each sub-jet
explicit jet track association

CMS Simulation Preliminary (13 TeV)
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CMSEX(012-024

Alkhadronic VV search @8 TeV

ADijet, \itagging: jet pruned mass +H K _ M

_CMS, L =197 10" {s=8TeV
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AlFhadronic VV search @13 TeV

ADijet, \itagging: jet pruned mass +H K _ M
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AllFhadronicVH search @8TeV
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A Nostrong excess at 758eV
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WYV, X/ Semileptonic @8TeV
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WV Semileptonic @13TeV

AWV:2 2 T @dndp %It gl |j
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A Low mass analysis has loose triggers and event selections
A Nostrong excess at 756eV
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WH Semileptoni@8TeV

A2 I, @fat jet with H(bb) tagging
AExcess at 2 TeV in el channel
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VH Semileptonic @13 TeV
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CMS Runl: HVT and Bulk Gravito

ANo significant excess observed
lvbb,gqq _qdbb, qggqgggcombine gqqq, lvgg, llgg combine
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CMS Run2: H\Ahd Bulk Graviton

ANo significant excess observed
qqqg, lvag combine qgqa, lvgg combine
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Summary

ARun 2 of the LHC is off to a good start
A13 TeV analysis already more sensitive at TeV scale
AMany great results already now

ALooking forward to 2016 LHGn

AMany new results expected fohis summer
A750 GeV, B TeV, and ultrdaigh mass region

LHC /HL
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THE COMPACT MUON SOLENO

Tracker:
~1 m? Pixels (66M channels)
~200 m? Si microstrips (9.6M channels)
— . Iron Yoke

tations of
on detectors

ECAL: Electromagnetic
calorimeter - 76K PbWO, crystals ﬁ
12.500 tons HCAL: hermetic Brass/

Scintillator sampling hadronic -' Y

21 mlong .
15 m diameter calorimeter
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PARTICLE DETECTION AT CMS

Key:
Muon Iron return yoke interspersed
= Electron with muon chambers

= Charged Hadron
-=== Neutral Hadron
= Photon

— :
ERN, Febriaury 2008
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D Bamey, ¢

Transverse slice
through CMS
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LHC Runl and Run?2

Total Integrated Luminosity (b ')

Data included from 2010-03-30 11:22 to 2012-12-16 20:49 UTC
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CMSIME13-006

HighMass Diboson Resonances

AGrowing effort to explore high o~
mass diboson resonances in a . j
large variety of final states _

AWW, WZ, ZZ, WH, ZH, HH q "
AW, Z, and H all have significant i
branching fractions to jets g 05~ ]
AWhen X is massive (typicadltarting oo  omom
from ~600900GeV) traditional dijet 5 emees ot oy
search begin to fall - poamosis
ANeed to useadvancedechniquesto ** - |

identify (and everb-tag) merged jet 55 a0 50 “oog 7200



CMSEXG15-002

Hadronic W/Z Tagging
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Mistagging efficiency

CMSDR2015038

HadronicH(bb) Tagging

CMS Simulation Preliminary (13 TeV)

- — double-b-tag

— Subjet CSVv2

 — Fatjet CSW2
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CMSEXG15-002

DataDriven for Backgrounds

WYV run2
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CMSEXG13-009

WYV, X/ Semileptonic @8TeV
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CMSB2G16-003

VH Semileptonic @13 TeV
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CMSEXG15-002

WV Semileptonic @13TeV
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WV Semileptonic @13TeV
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Systematics Uncertainty

AWV search o B
ASignal: PDF, scale;-dv 33Ay 3 a0l S Tl OG22l
A Background normalization

A W+jets normalizatiomriven by amount of data irsideband

A TTbar and Single Top normalizatimnthe scale factor derived itop-
enrichedcontrol sample

A VV normalizatiorby the Wtaggingscale factor derived itop-
enrichedcontrol sample

A W+jetsM,,, shape
A M, shape in sidebandriven by data
A alphashape driven by W+jets Mgatistics

AZV search is very similar to the WV search
A Same hadronic Yagger for example
A Special lepton ID for boosted topologies



[ a{ wdzym I[Ib wdzy H

A Sensitivity higher for 13 TeV analysis due to pafhtwninosityand cut
optimizations

A New for 13 TeV: Sensitivity improved when splitting into W/Z
masscategories
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