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Outline 
�  Introduction 
◦  H→WW→ lv + fat-jet: CMS PAS HIG-13-008  

◦  X→WW→ lv + fat-jet: CMS PAS EXO-12-021 
◦  X→ZZ → ll + fat-jet: CMS PAS EXO-12-022 

v X→VV → Dijet: Petar’s talk 
�  Event Reconstruction and Selection 
◦  Leptonic W/Z; 
◦  Hadronic W/Z, V-Tagging CMS PAS JME-13-006  

�  Analysis Strategy 
�  Systematic Uncertainties 
�  Statistical Interpretations 
�  Summary 
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Introduction(1) 
�  Heavy Higgs(600-1000GeV) 
◦  H→WW→lvqq’ 
◦  BSM: a heavy electroweak singlet  

�  A heavy Higgs and the 125GeV one 
complete unitarization; C'2 + C2 = 1�

�  The heavy Higgs has a non-SM-like 
decay modes;�

�  generic in width and cross-section �
Γ’ = (C’2/(1-BRnew)) x ΓSM�

μ’ = C’2 x (1 - BRnew) �

 
�  Bulk Graviton 
◦  G→WW→lvqq’ (800-2500GeV) 
◦  G→ZZ→llqq’ (600-2500GeV) 
◦  Production process at LHC similar to 

SM Higgs decays preferentially to t, 
then W, Z and H  
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600GeV�

NB: Higgs is a wide resonance, while G is narrow; 



Introduction(2) 
�  W/Z are highly boosted: 
◦  decay productions are very 

collimated in space. 
�  Jet Grooming: 
◦  Significantly improved jet mass 
◦  Remove constituents inside a fat-

jet for reducing soft process 
contaminant; 

�  Jet substructure: 
◦  Provide additional information for 

discriminating QCD-jet and V-jet; 
◦ N-subjettiness, mass drop, Qjet… 
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Event Display: 2μ + jets 
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Leptonic W/Z 

� W: 
◦ One good lepton; No additional loose ID 

lepton; 
◦  large MET; 
◦ Wlep pT > 200 GeV 

� Z: 
◦  Same flavor but opposite charge di-leptons; 
◦ M(ll) in [70,110];  
◦ Zlep pT > 80 GeV 
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Hadronic W/Z: V-Tagging(1) 
�  A high pT CA8 jet. 
◦  In WW analysis, need to be 

back-to-back with leptonic 
objects; 
◦  Vhad pT>200(80)GeV for W(Z) 

�  Jet mass: 
◦  M(QCD-jet) ~ 0;  
◦  M(V-jet) ~ M(VPDG); 
◦  Main observable in analysis; 
◦  Improved by jet pruning: soft 

and large angle radiation 
removed; Especially for QCD-jet 
◦  [65,105]GeV for W; 
◦  [70,110]GeV for Z; 
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More details in James’s talk 



Hadronic W/Z: V-Tagging(2) 

� N-subjettiness 
◦  Jet compatibility with N-

pronged substructure. 
◦  τ2/τ1 is the best 

performing single variable; 

� V-tagging: 
Jet Mass + N-subjettiness 
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More details in James’s talk 



Hadronic W/Z: V-Tagging in TTbar sample  

�  TTbar selection: 
◦  WLep+ W-Tagged jet+ B-Tagged jet 

�  Tag-And-Prob: 
◦  Fit samples passed and failed 

W-Tagging in Data and MC 
◦  Scale factor for W-tagger 

efficiency of real W-jet; 
◦  W-jet mass bias and 

resolution corrections 
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W-jet Peak 

Combinatorial Bkg 

After τ2/τ1 

CMS PAS JME-13-006 
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More details in Petar’s talk 



Analysis Strategy: WW(1)  
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Analysis Strategy: WW(2)  
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W+jets Norm 

W+jets Shape 
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Analysis Strategy: ZZ 
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CMS PAS EXO-12-022 



 
 

 
 

Systematic Uncertainties 
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HWW: Signal + Background 

XZZ: Signal normalization  



SM and BSM Higgs Limits 
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µ = 8 TeV, e+s at -1CMS Preliminary, 19.3 fb

No significant excess is observed:  
•  Exclude at 1.1 (4.1) times the SM Higgs cross-section 

for a mass of 600 (1000) GeV hypothesis.  
•  The typical upper limit on the σ95% × BRWW ranges 

from ∼60 to 400 fb when BRnew=0 and C’2 ranges from 
0.3 to1.0.  
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Graviton to WW and ZZ Limits 
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No significant excess is observed:  
•  WW: upper limits at 95% CL on σ*BR(WW) are set in the range from 

70 fb to 3 fb for masses between 0.8 and 2.5 TeV, respectively; 
•  ZZ:  a lower mass limit M>710GeV for a bulk graviton with coupling k 

= 0.5 
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Semi-leptonic V.S. Dijet  
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CMS PAS EXO-12-024, petar’s talke 
 Dijet search goes to higher masses; 

Semi-leptonic  search gives stronger limits; 



Conclusion 

�  Search for X to VV in semi-leptonic final 
state has been performed with ~20fb-1 data 
of p-p collisions at √s=8TeV from CMS; 

� No Significant excess has been observed; 
� Novel techniques for V-tagging are 

employed; 
� Benchmark for future analysis at high mass 

regime. 
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Backup 
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Effect of W polarization 
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Event Selection for EXOZZ 
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Event Selection for EXOWW 
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Analysis Strategy: G->WW 
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CMS PAS EXO-12-021 


