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Diboson Resonance searches

Spin-0, Heavy Higgs, Radion
Spin-1, Heavy Vector Triplet W’, Z’
Spin-2, RS/Bulk Graviton

Wizjet 5
1o g Merged
0 leptons WIZ jet
cplon + e
MET WIZ jet Z\V(resolved) ‘
C — Merged W ———— 2 AKA4 jets
i /‘/ WIZ jet e <
e'e
2 leptons
MET , | Merged
T —— ‘/ WIZ jet
0 leptons
Merged jet :
with displaced g — — |Isoltated
vertex epton +
1 |ept0n MET Merged jet
with displaced% ‘%
" vertex
Merged jet b 0 leptons Merged jet
with displaced ndl with dirstplaced
vertex \ - vertex
2 leptons ete ,
Merged jet HHtautau (8 TeV only)
with displaced MET Merged jet
vertex (2 nu) with displaced A




Diboson Resonance searches

* In Runl, excess of events aroun
diboson analyses

* ATLAS: largest excess in WZ all-hadronic
* CMS: largest excess in WH semileptonic

e From Run1l to Run2: 8 TeV = 13 TeV
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* For 2 TeV signal, parton luminosity scaling by ~15

e X > WV = lvgqg

e 2015 data: 2.3/fb, Vs=13TeV = | =
+ EX0-15-002: 800 - 4000 GeV o
* B2G-16-004: 600 - 1000 GeV 7
* 2016 data: 12.9/fb, Vs=13TeV ==

* B2G-16-020: 600 - 4500 GeV
(http://cds.cern.ch/record/2205880)
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CMS B2G-16-020

* Heavy Resonance decaying to WV in the semi-
leptonic final state
* Bulk Graviton to WW to lep, MET, and Fat-Jet
* Wprime to WZ to lep, MET, and Fat-Jet

* Signal Mass coverage: 600 — 4500 GeV
* Low mass analysis [600-1000] with M,,,, 600-1500 GeV
* High mass analysis (1000- 4500] with M,,,, 0.8-5 TeV



High p- W Boson Hadronic Decay
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W/Z Tagging

Jet pruning w0
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* V-boson mass window -
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Bulk Graviton: 65-95GeV -
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W’: 75-105GeV AN
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Jet substructure
* N-subjettiness
* 7,,<0.45 for low Mass & 7,, < 0.6 for high Mass

Top-Enriched Control Sample:
* Reverse the b veto selection
* The back-to-back angular selection is removed
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Signal and Bkg Estimation

Jet mass :II:> _
correction

—1
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Signal

WWIWZ/Z27

Single Top

TTbar

W+jets
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« Shape:

—

— < Fit from MC

—

Data-driven for Dominant bkg:
* Normalization: fit my sideband

Fiatasr (M) = amc (M1yj) X Fgatass(Mi1y;)

ﬂfMC(mzv;’) =

Fyvc,sr(my))

Fuc,ss(m)
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Fit on data in the sidebands to extract the W+jets normalization in signal region

TTbar, VV, Single Top: Norm. and shape in Pruned jet mass from MC, and corrected by

Top-enriched control region
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M 1IN Signal Region

0.6-1.5TeV

0.8-5TeV
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M., in Signal Region
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Systematic Uncertainties

* Brief summary
 Common terms for signal and backgrounds
* Integrated lumi, Theory XS, lepton Trigger and ID, V-tagging
* Signal

* |lepton energy scale/res, jet energy/mass scale/res, btagging,
Scale and PDF uncertainties

* Backgrounds
* W+jets norm.: stat. of data in sideband, shape function, TTbar

* WH+jets shape: a and F,,,,(SB) uncertainties inflating byv2
e TTbar and Single Top norm.: SF from Top-enriched control region
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W’ HVT model A
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Summary

» [600-4500 GeV] analysis of the X = WV — |vJ
 No significant excess with 12.9/fb 13TeV data

* In the model of HVT A, we set a limit on the W' mass of
2.0 TeV

« PAS-PUB & ICHEP2016
« B2G-16-020

« More data will definitely tell us more
« 28/fb 13 TeV data
 Aiming for 2017 Moriond



Incomplete List of Diboson Searches
from PKU Group

CMS PAS PKU Authors

8TeV, H— WW, HIG-13-008 Z. Xu

8TeV, X— WW, EXO-12-021 S. Liu, Z. Xu

8TeV, X— WH, EXO-14-010 M. Wang, Z. Xu
13TeV, X— WV, EXO-15-002 Q. Wang, Z. Xu
13TeV, X— WW, B2G-16-004 Q Wang, H. Huang, Z. Xu
13TeV, X— WV, B2G-16-020 H. Huang, Z. Xu

Shuai Liu(2010) Mengmeng Wang(2011) Qun Wang(2013) Huang Huang(2014)

) 8 '!, =
PhD == PhD ) PhD '
Candidate Candidate

PhD
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THE COMPACT MUON SOLENOID

Tracker:
~1 m?2 Pixels (66M channels)
~200 m? Si microstrips (9.6M channels)
=S5 Iron Yoke

tations of
on detectors

ECAL: Electromagnetic
calorimeter - 76K PbWO, crystals

f
12.500 tons HCAL: hermetic Brass/ y
Scintillator sampling hadronic -‘ ol

21 mlong .
15 m diameter calorimeter
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Data/MC Comparison

Pruned jet mass tau2l
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CMS Runl - Run?2

 Sensitivity higher for 13 TeV analysis due to parton luminosity and cut
optimizations

* New for 13 TeV: Sensitivity improved when splitting into W/Z
mass categories
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* No significant excesses observed combining all-
hadromc and seml eptomc channels
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Results Publication

* PAS-PUB

* CMS Collaboration, “Search for new resonances decaying to WW/WZ->€vqq”,
CMS Physics Analysis Summary CMS-PAS-B2G-16-020, 2016.

* ICHEP2016

e http://indico.cern.ch/event/432527/contributions/2207066/

Search for new resonances involving Higgs, W or Z S

boson at CMS (15" + 5')

© 5Aug 2016,15:10 2 Beyond the Standard ... Beyond the Standard Mo...
@ Chicago 7 ()

Speaker

A Salvatore Rappoccio (State University of N... )

Description

Beyond the standard model theories like composite Higgs models predict resonances with large branching fractions in a
Higgs boson and a vector boson with negligible branching fractions to light fermions. We present an overview of searches for
new physics containing a Higgs boson and a W or Z boson in the final state, using proton-proton collision data collected with
the CMS detector at the CERN LHC. For high-mass resonances decaying to intermediate bosons, the large boost for hadronic
decays gives rise to one single "merged" jet, which can be identified through a study of its substructure consistent with the
presence of two quarks, enhancing the sensitivity due to the large branching ratios for hadronic decays. B-quark identification
algorithms are used in addition to identify the hadronic H decays.
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http://cds.cern.ch/record/2205880
http://indico.cern.ch/event/432527/contributions/2207066/

Samples and Pre-selections

* Data: 12.9/fb (2016) *  Tight muon: py>50GeV, |n|<2.1,
* Loose muon (for veto):
o Ci pr>20GeV, |n|<2.4
Slgnal * Missing E; > 40 GeV ( type |)
° BU | k G raViton * Transverse mass > 40GeV
. Electron channel
« Wprime | cecondamwel
e Tight electron: p; > 55 GeV
° Backg roun ds * Loose electron: Veto ID
* Missing E; >80 GeV ( type )
* W+Jets Both channels
e TTbhar Noise cleaning filters
. AKS jets, p; > 200 GeV, Loose ID
¢ Slngle TOp AK4 jets (for b-veto), Loose ID
Leptonic W pT > 200 GeV
« WW/W2Z/77 P P

AR(LW,,q) > 1/2
AR(Wpagy Wigp) > 2
AR(W, 4, missing E;) > 2




Analysis Selection

q

* Leptonic W
* one charged Lepton
* Loose lepton veto

* Large Missing transverse energy: 80(40) GeV for Ele(Mu)
channel

* Leptonic W pT >200 GeV

* Hadronic W/Z
* Leading AK8 jet pT >200GeV
* B-tag veto to reduce TTbar and Single Top backgrounds
e Tau21 0.45(0.60) for low(high) mass analysis
* Jet mass windows [65-95] for W, [75-105] for Z

* Angular selections for a back-to-back diboson event
o AR((,Whaq) > 7/2
o Ap(Whad, EXIsS) > 2
o AP(Whad, Wiep) > 2

* Noise Filters from the MET POG



Signhal Modeling

ol 200 (13 TeV)

0
2or CMS
%1 000— H Simulation preliminary
s+

800

600

400

200

0 B DN A, y
0 1000 2000 3000 4000 5000 6000

My (GeV)

The area of each shape is proportional to the total
signal efficiency of the corresponding mass point

* Signal mass from 600 GeV to 4.5 TeV
e Bulk Graviton (k=0.5) for WW analysis
Wprime HVT model A for WZ analysis

Double CB

* Signal shape is modeled with double Crystal-Ball function
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Analysis Strategy

@ “Pruning” http://arxiv.org/abs/0912.0033 (S. Ellis, C. Vermilion, J. Walsh)

» Recombine jet constituents with C/A or kt while vetoing wide angle (Reyt) and softer (Zqyi)
constituents. Does not recreate subjets but prunes at each point in jet reconstruction

Tuned parameters:
Reut and Zey

Pruned jet i and Loyt AIE 05and {]1,

8 TeV

CMS
Simuwiation 7

N-subjettiness (arxiv:1011.2268): 0af- _
how likely is a jet to have “N” subjets 260 <p, < 350 Gov

1 ' 06| Mi<24
N = d—o ZPTJC X mm(ARLk, ARz’k, aeey ARN’k)
k

| 60 <m,, <100 GeV

- —— MLP neural network
0.4}~ -— — Naive Bayes classifier

L mmee Ty
d[] = ZPT,k X RO | — g
k

1T, prunad

1 1 1 l I 1 1 l 1 1 1 l

02k /1, no axes optimization

. . I— ]

WJ et tagger- TZ/TI = 1721 i Mass drop

Jet charge (x = 1.0) W*
ol v 0 0 e e
26 0 0.2 0.4 0.6 0.8 1




W-Tagging
/

TTbar & Single Top

tau21 0.45: 0.81+0.2
0.6:0.8310.1

The Top scale factors are just
derived by DATA/MC in the signal
region.

Cut count method: Sfi,; = Ngara/Npc
(minor background contribution
negligible)

Top SF & W-tagging SF

tau21 0.45: 0.97610.048
0.6: 1.002+0.018

~

WW/Wz/zzZ

High purity

Consider the TTbhar made of ‘real’ W and

‘combinatorial’

Background( s-top/ WW/ W+jets) are

taken from MC

Simultaneous fit data and MC in PASS &
FAIL to get SF

Mass peak shift Peak shape Mass[GeV] a[GeV]
Data 84.91+0.2 7.940.2
MC 83.84+0.2 7.51+0.2

CMS Collaboration, “Identification techniques for highly boostedWbosons that decay into
hadrons”, JHEP 12 (2014) 017, doi:10.1007/JHEP12(2014)017, arXiv:1410.4227.
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/50 GeV Mania

* Diphoton resonance search at CERN 2015 Jamboree
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Systematic Uncertainties

* the general and jet-specific uncertainties, respectively, for this analysis

signal

Source Effect uv+et uncertainty  ev+jet uncertainty

Lepton trigger Yield 5% 5%

Lepton identification Yield 5% 5%

b tag Yield 0.6%

Jet energy scale Yield [1-2]%

Jet energy scale Shape (mean) 1.3%

Jet energy scale Shape (width) [2%—-3%]

Jet mass scale Yield [1-4]%

Jet mass resolution Yield [0.1-2]%

Jet energy resolution Yield <0.1%

Jet energy resolution ~ Shape (mean) 0.1%

Jet energy resolution  Shape (width) 4%

Integrated luminosity Yield 6.2%

W’ PDF Yield [5-30]%

W’ Scale Yield [1-15]%

Bulk graviton PDF Yield [10-100]%

Bulk graviton Scale Yield M/o

V tagging 191 Yield Q"Q

Background

Source uvtjet uncertainty  ev+jet uncertainty
Lepton trigger 5% 5%
Lepton identification 5% 5%
Integrated luminosity 6.2%
Diboson cross section 20%
tt and single top normalization 2%
W+ets normalization, low (high) mass 5%(4%) 5%(3.5%)
Single top b tag 5%
ttb tag 6%
Diboson b tag 06%

V tagging To; 5% )




Comparisons
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* Better sensitivity than EXO-15-002
* Better sensitivity than B2G-16-004 for the 1 TeV mass point (not add BR)
e Larger statistics, low W-tagging uncertainty error, ......



Aiming for 2017 Moriond

« Lumi: 12.9fb-7 — 27.66fb-"

 Promptreco — Rereco

 Higher Pileup: CHS+pruning = PUPPI+softdrop

« Jet Mass Low sideband: 40GeV —  30GeV or lower

« Single Mass Window = W+Z Mass Window combine

« HP+LP combine

« HLT

« Tighten Mu Iso cut to suppress QCD instead of applying MT
« ID: Tihgt ID (Cut based) = HighpT/HEEP ID?



