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Introduction

Many Extensions of the SM predict heavy resonances decaying to 
vector boson pair

● WH, W decaying leptonically, H hadronically
       W'  → WH →lep + MET + jet          

● VV, VH resonance motivated in many nice 
models

Extra Dimension, Composite Higgs, Little Higgs, 
Bulk graviton model

● V/H highly boosted: Jet substructure and/or 
subjet b-tagging

TTbar control Region, Scale Factor
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Exo-WW Resonance
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Introduction

● Search for new resonsances decaying to 

WW semi-leptonic final state

● Look for “bumps” in the mWW spectrum in a large mass range 

                                      M_WW in [800, 2500] GeV

● Bulk Graviton Model : G-> WLWL is used as a benchmark

● The WW final state represents a benchmark for future di-boson 
scattering measurements at high mass

   is meaningful: TGC, unitarization ....

   jet sub-structure will be fundamental in high boosted regime
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Fat Jet at CMS: an incomplete history

7TeV Z’->ttbar:    Proposed   Jet Pruning,  C-A 0.8 Jet,  TTbar 
control 
JHEP 1209 (2012) 029, Erratum-ibid. 1403 (2014) 132

7TeV  WZ/ZZ resonance:   
Jet mass,  mass drop: JHEP 1302 (2013) 036

Dijets and V+jets, 
jet mass and substructure at 7 TeV:
Comprehensive overview of various 
jet grooming techniques: JHEP 1305 (2013) 090

8TeV WW/WZ/ZZ resonance:   
W-tagging, Pruning, CA8,  Nsubjettiness
JHEP 1408 (2014) 173 ;  JHEP 1408 (2014) 174 

W-tagging Summary:  JHEP 1412 (2014) 017
Top tagging …….
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W-tagging

N-subjettiness (arXiv:1011.2268): 
how likely is a jet to have “N” subjets

Wjet tagger: tau2/tau1
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Higgs Tagging: a little beyond W-tagging
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Object

Data: Full 2012 8TeV data by CMS, 19.7fb-1

Signal: Bulk graviton from JHUGEN

Main Background: Wjets, TTbar, single Top, Di-boson 
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1) PT_wlep >200 GeV

2) PT_AK8 >200GeV

3) PFMET > 40 (80) GeV for muon (electron) channel

4) Lepton PT > 50 (90) GeV for muon (electron) channel

5) b-tagging veto: no btagged AK4 jets (CSVM)

6) back to back topology: dR(lep, jet)>π/2, dφ(jet, W)>2.0, dφ(jet, MET)>2.0

● Event Selections :

● Control Plots at Pre-Selection Level:

  all the above selection are applied

  Cut on the jet mass(Pruned) : [40,130] GeV  SB+SR

                                                                                 [65, 105] 

  

Pre-Selection
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Distribution Plots: ele channel
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W-jet tagging
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Extrapolation Function Alpha 

Fit Wjets MC in signal region and sideband region f(x) = exp ( p1*x + p2/x )
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W-jet tagging
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Result
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Exo-WH Resonance



17

Introduction: Physics V'->VH

● Many well motivated  New Physics Model predict extra gauge 
boson

      (1) Heavy Vector Triplet    D.Pappadopulo et.al., JHEP 1409 (2014) 060 

      (2) Little Higgs                   see e.g. JHEP 0601 (2006) 099 

● V’  can have enhanced coupling to boson

              Model B case of (1),  gV >3 

               ->  Composite Higgs Model

● One of the first resonance searches looking for boosted Higgs 

       CMS    PAS EXO-14-009            V’->VH->fully hadronic

       CMS    arXiv:1502.04994            Z’->ZH->jjττ

       ATLAS  arXiv:1503.08089           V’->VH->ll/lv/vv+bbar       
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Our Signal: Fat Jet, H-tagging

Search for MW’ >0.8TeV

     H(→bb) can look more and more like a single fat-jet  (ΔRbb ~    
     2Mh/PTh).  

     Needs dedicated jet substructure and b-tagging techniques
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Selection

For TTbar Control:  we 
reverse b-veto and don’t 
require back to back
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Distribution Plots: mu channel

Pruned Jet mass in  Search Region and TTbar Control 
Region

Low  
SB SR      High

          SB
           



21

Distribution Plots: el channel

Pruned Jet mass in  Search Region and TTbar Control 
Region
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Background Modelling

Alpha-method:
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W-jet tagging
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Final M_WH  Distribution
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Result
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Result

Statistical Compatibility with 
the Standard Model within 2σ
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Event Display

The leptonic W has a transverse momentum of 0.61TeV. The transverse momentum of 
the H-tagged jet is 1.08TeV while the mass of the associated pruned jet is 123.8GeV.
 WH invariant mass of 1.81TeV
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Combination of VV Searches

Combination in bulk

graviton model

Highest sensitivity 
from lν+jet channel

Sensitivity of Jet+Jet 
channel comparable 
at high mass

ll+jet channel reaches 
lower mass

Combination improves 
sensitivity by 15-20%
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Combination of VV Searches

Combination in bulk
graviton model

No significant 
deviations from 
expected
Sensitivity not high 
enough to exclude 
graviton in this model 
(with k/MPl = 0.5)
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Comparison to ATLAS
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Summary

• We presented the search for a new massive resonance decaying 
into WH in the lvbb final state. 

• H-tagger exploited: Jet substructure and Sub-Jet b tagging 
• In the context of the Little Higgs model, we set a lower limit on the W' 

mass of 1.4TeV. In a model of a Heavy Vector Triplet that mimics the 
properties of the Composite Higgs model, we set a lower limit on the 
W' mass of 1.5TeV.

• The search for new resonances decaying into the WW semi-leptonic 
final state at 8TeV, no significant excess is observe.

• Deviations from excepted limit at 1.8-2.0 TeV for both CMS and 
ATLAS

• Run2 will definitely tell us more
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