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CMS Experiment
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Exotic Di-boson Searches

* Historically connected to EWSB models
— Not excluded if SM Higgs m,, ~125 GeV

* Several scenarios
— Kaluza-klein gravitons (WW, Z7)
— Technicolor (WZ)
— W (W2)
— Compositeness
* Experimental aspects
— Clean signature
— Less constraints from precision EW measurements
— Tight connection with VBF processes



Searches for VV resonances




WZ = 3¢ + MET

W /p1c 2 WZ = 3£ + MET

— 5fbtof 7 TeV data (2011)

* Model interpretation

— Sequential Standard
Model W’

— Low Scale Technicolor
O Masses below 700 GeV
Q p;cand a;.can decay to WZ

o,

Phys. Rev. Lett. 109 (2012) 141801
arxiv: 1206.0433

CMS Experiment at LHC, CERN

Data recorded: Fri Jun 17 13:59:20 2011 CEST
Run/Event: 167103 / 73561307

Lumi section 79

M_WZ: 551 GeV
HT: 341 GeV
M_Z: 90 GeV
pt_Z: 257 GeV
MT_W: 21 GeV
pt_W: 262 GeV




WZ - 3¢ + MET — Background

Phys. Rev. Lett. 109 (2012) 141801
e Monte-Carlo based estimation arxiv: 1206.0433

— MadGraph 5 + Pythia 6 for hadronization
— NLO k-factors
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WZ = 3¢ + MET — Limits

Phys. Rev. Lett. 109 (2012) 141801
arxiv: 1206.0433

* 95% CL upper limits on cross section times
branching fraction

— M(W’) > 1143 GeV
— LSTC, (M(m;) = % M(p;c) — 25 GeV) = M(p;c) excluded in 167 — 687 GeV
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¢ Gy DZZDLl]
— 5 fb! of 7 TeV data (2011)

* Likelihood discriminator
— Built from 5 helicity angles
— Spin 2 particles

* Model interpretation
— RS1 gravitons

QO Parameters: m; and k/M,,

— ADPS model (bulk gravitons)

Submitted to Phys. Lett. B

arxiv: 1209.3807
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/7 2>{¥¢jj — Background

Submitted to Phys. Lett. B

Data-driven estimation arxiv: 1209.3807
— Division in b-tag categories
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/7 >4€jj — Limits

Submitted to Phys. Lett. B
* 95% CL upper limits on cross section times arxiv: 1209.3807
branching fraction
M(Gys) > 945 GeV (k/M,, = 0.1)
— M(Gyy,) > 720 GeV (k/M,, = 0.1)

CMS,L=49fb"at Vs=7TeV cms L 4.91b° at\E 7 TeV
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Boosted Topologies

* Traditional techniques ¥

lose sensitivity at higher
masses
— Jet merging /

0 Boosted monojet with
mass of original
decaying particle

— Alternative lepton
isolation

Q Avoids self veto of di-
lepton system from

heavy particle

R



VZ 2 £8/vv +]j

W'/G 2 WZ/ZZ > ¢L/vv +j
— 5fb!of 7 TeV data (2011)
Hadronic products merging

— Single massive jet

V = jet either Wor Z

— Anti-k; with R =0.7

— Selection on the jet mass

Model interpretation
— RS1 gravitons

— SSM W’

G/ W’

Submitted to JHEP
arxiv: 1211.5779
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VZ = vv + j — Background

Submitted to JHEP
e Jet+ MET Channe' arxiv: 1211.5779

— Data-driven estimation
0 ABCD method M§ = /278 B [1— cos Ag(et )]
— M, > 70 GeV
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VZ < £¢ + j— Background

Submitted to JHEP
Di-lepton + jet channel arxiv: 1211.5779

— 65 <M, <120 GeV

— Data-driven estimation
Q M, sideband (30 < M., < 65 GeV)
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o (pp — W') - B (W' — WZ) )(pb)

VZ > £€/vv + j — Limits

Submitted to JHEP
* 95% CL upper limits on cross sections times arxiv:1211.5779

branching fraction
— W’ excluded in 700 — 938 GeV range (NNLO)

— RS1 gravitons excluded in 750 — 879 GeV range for
k/M,, = 0.05 (NLO)
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VV =2 Dijet

EXO-11-095

W /Gy, > WZ/WW/ZZ > j ]

— 5fb?! of 7 TeV data (2011)

* Model interpretation:
— RS1 gravitons

— SSM W’
* VV = Di-jet topology

— Jet substructure for QCD
suppression

— W/Z tag on jets

— Peakin the di-jet invariant

mass on top of falling
distribution

CMS Experiment at LHC, CERN
Data recorded: Sat Sep 24 12:58:42 2011 EDT
Run/Event: 177074 / 1171400298

invariant mass = 1044.56 pt=272.23

eta = 0.536
phi = 0.888
mass = 13.86

pt=226.18
eta = 0.758
phi = -2.450
mass = 13.69

pt=164.72
eta=0.723
phi = 0.598

mass = 7.49

pt = 253.26
eta = 1.085
phi = -2.402
mass = 22.37



VV =2 Di-jet — V-tag

_ . 10’ EXO-11-095
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VV - Di-jet — Background

* Shape parameterization
for di-jet background
* In limit setting
— Background fit
parameters obtained by
best signal + background

fit to the data points for
each signal hypothesis
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VV = Di-jet — Limits

Cross Section x Bx A (pb)

. . , EXO-11-095
95% CL limits on di-jet resonance cross section

No sensitivity to RS gravitons with k/M, = 0.1 or W’ models
with current datasets

Most stringent cross section limits in the channel to date
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RS Gravitons =2 VV — CMS Limits

e Narrow width

approximation e

— Resonance width much ~ °%F —— Seme-z -z seciemenonm
smaller than 0'3; e AR é
experimental resolution  ozsf- -

~ C

* Stringent limits for RS £ oz- E
gravitons in VV 0.15- =
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* Complementarity 0051 E
between results in 0500800 1000 1200 1400 1600 1800 2000
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Summary

Searches for exotic resonances decaying to a pair of
vector bosons have been performed at the CMS
experiment

Stringent upper limits in several models:

— Technicolor
— Randall-Sundrum gravitons
— Sequential Standard Model W’

Advances on jet substructure algorithms allow channels
with boosted hadronic objects have good performance
and sensitivity

More results with 2012 data to come. Stay tuned!



Documentation

e All public CMS exotic searches:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO

* WZ - trileptons

Phys. Rev. Lett. 109 (2012) 141801

arxiv: 1206.0433

o 77 > di-leptons + di-jets

arxiv: 1209.3807

o VZ - di-lepton / MET + jet

arxiv: 1211.5779

e VV - di-jet
http://cdsweb.cern.ch/record/1458050/files/EXO-11-095-pas.pdf
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