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We are open to wide cooperation with you,  for which you are welcome 

to contact our leader, Prof. Yajun Mao <maoyj@pku.edu.cn> 
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Our CMS TeV Physics Analyses: 

Focusing on  

 

(1) Multi-boson Measurement  

and 

(2) Exotica VV/VH  Searches 



Outline 
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• Introduction and Physics Motivation 

 

• Boosted Technique at CMS 

 

• Exotica WH resonance Search 

 

• Summary 

EXO-WW:   JHEP08(2014)174 ;      
 
EXO-WH:    CMS PAS-EXO-14-010   public  in end March, 2015 
  



Introduction:  Overview 
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• VV,  VH resonance motivated in many nice models 

           Extra Dimension,  Composite Higgs,  Little Higgs       

 

• Semi-leptonic channels:   High rates,   reconstructable spectrum 

           Huge QCD Wjets bkg,  data-driven estimation 

 

• V/H  highly boosted:   Jet substructure  and/or  Subjet  b-tagging 

           TTbar control Region,  Scale Factor 

https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsEXO14010/WHDiagram-2.pdf


Introduction:  Physics 
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 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         

 

 



Our Signal:   Fat Jet,  H-tagging 
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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 



Fat Jet at CMS:  an incomplete history 
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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 ……. 

Groomed Jet more stable with PU 



W-tagging 
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N-subjettiness (arXiv:1011.2268):  

how likely is a jet to have “N” subjets 

Wjet tagger: tau2/tau1 



Higgs Tagging:   a bit beyond W-tagging 
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Selection 

13 

For TTbar Control:  we reverse 

b-veto and don’t require back to 

back 



Distribution Plots:  ele channel 
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Pruned Jet mass in  Search Region and TTbar Control Region 



Bkg Modelling 
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Bkg Modelling 
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Final MWH distribution 

17 



Systematics 
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Results 
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Results 
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Results 
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Statistical Compatibility with the 

Standard Model within 2σ 



Comparison between CMS and ATLAS 
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Although a bit loose limit at low mass, 

We gain at high mass due to H-tagging:  see  point B 

arXiv:1503.08089 
CMS PAS-EXO-14-010 



Event Display 
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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 



Summary 
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• 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. 

 

 

• Run2 will definitely tell us more 

 

 

 

 

 
 

 



Backup 
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arXiv:1503.08089 
CMS PAS-EXO-14-010 



Distribution Plots:  mu channel 
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Pruned Jet mass in  Search Region and TTbar Control Region 
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TTbar rejection 
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Event display of a nicely balanced leptonic W plus H-tagged jet event with a WH 

invariant mass of 1.88 TeV. The leptonic W is reconstructed from the electron and 

the missing transverse energy in the event and it has a transverse momentum of 

0.91TeV. The transverse momentum of the H-tagged jet is 0.87 TeV while the 

mass of the associated pruned jet is 112.1 GeV. 
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Event display of a nicely balanced leptonic W plus H-tagged jet event with a WH 

invariant mass of 1.80 TeV. The leptonic W is reconstructed from the electron and 

the missing transverse energy in the event and it has a transverse momentum of 

0.39 TeV. The transverse momentum of the H-tagged jet is 0.52 TeV while the 

mass of the associated pruned jet is 122.0 GeV. 
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8TeV EXO-VV 

JHEP08(2014)174 ;      



W-tagging 
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W+jets:   Data vs MC 

Discrepancy Seen  ->   Corrected in TTbar Control Region 

JHEP12 (2014) 017 



W-tagging:   TTbar  Control Region 
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Scale Factors extracted in TTbar Control Region 

JHEP12 (2014) 017 


