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§  Diboson processes at the LHC 
§ Standard Model measurements as physics benchmarks 

§ Cross sections 
§ Direct measurement of Triple Gauge Couplings (TGCs)  

§ Higgs 
§ SM ZZ and WW serve as irreducible background to Higgs 

searches 
§ BSM physics 

§ New particle decays (e.g. W’ ➝WZ) 
§ Anomalous triple gauge couplings (aTGCs) 

Introduction 
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§  Triple gauge couplings: 
§ Charged triple gauge couplings (WWZ, WWγ) allowed 
§ Neutral triple gauge couplings (ZZZ, ZZγ) forbidden in Standard 

Model 
§  Anomalous couplings lead to enhanced cross section, larger V pT 

Diboson Production (Leading order) 
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WW➝2l2ν, Analysis Overview 
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§  Key features:  
§ Non-resonant 
§  Important in Higgs search 

§  Signature: two high pT leptons +  
high MET  

§  Background treatment: 
§ W+jets reduced using central-  

and b-jet vetoes, estimated from  
data via lepton fake rate  
extrapolation 

§ Top background estimated from 
data via top veto fake rate 

§ DY contribution (outside Z window) estimated by normalizing the 
simulation to the yield within the Z window 



WW, 7 TeV (4.92 fb-1) 
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Theory: 47.0 ± 2.0 pb  
(MCFM) 



WW, 8 TeV (3.54 fb-1) 
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Theory: 57.3+2.4
-1.6 pb 

(MCFM) 



WW/WZ in dijets 
§  Key features: 

§  Large branching ratio 
§  Full handle on boson pT 

§  Signature: Leptonically decaying 
W with exactly two non-b jets 
§  Background treatment: 

§  Yields extracted via unbinned 
maximum likelihood fit to dijet 
invariant mass 

§  σ(WW+WZ) = 68.89 ± 8.71 
(stat) ± 9.70 (syst) ± 1.52 (lumi) pb  

§  Theory: 65.6 ± 2.2 pb 

Ian Ross - University of Wisconsin 8 4.October.2012 



WW/WZ aTGC Limits 
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§  Anomalous couplings 
parameterized via Δg1

Z, λZ, and Δκγ 
§  Assume the SM value Δg1

Z = 0, 
set limits on λZ and Δκγ 
§  Dijet pT chosen as observable 
§  Require:  

§ 75 < mjj < 90 GeV 
§  Set 95% upper limit in (λZ, Δκγ) 
space using CLs methodology 

-0.038 < λZ < 0.030 
-0.111 < Δκγ < 0.142 



WZ➝3lν (1.09 fb-1 @ 7 TeV) 

§  Signature: 
§ Two leptons consistent with 

60 ≤ Mll ≤ 120, third lepton
+MET 

§  Backgrounds: 
§ Data-driven: Z+Jets, ttbar 
§ From MC: 

§ ZZ➝4l, Zγ, WZ to τ 
decays 

§  Key systematics: Efficiency, 
theory, background estimations 
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Z➝4l 

§  First observation of Z➝4l 
peak at a hadron collider 
§  Key backgrounds: 

§ pp➝Zγ*➝4l (from MC) 
§ Z+X (from Data) 

§  Define signal region as  
80 < M4L < 100 GeV 
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Z➝4l 

§  26 events observed, 24.6 
expected signal, 0.4 expected 
background 
§  σ x BR(Z➝4l) = 125 -23

+26 
(stat.) -6+9 (syst.) -5+7 (lumi) fb 
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§ Measured BR(Z➝4l) = 4.4 -0.8
+1.0 (stat.) ±0.2 (syst.) x 10-6 

§  Theory: 4.45 x 10-6 (CalcHEP) 



§ Key features: 
§  ZZ➝4l (l=e, µ) provides clean signature 

§  Low background, high resolution ideal for 
Higgs physics 

§  Beyond the Standard Model (ZZ decays of 
new particles, aTGCs) 

§  2l2τ states included in cross-section 
measurements (~10-15% additional yield) 

§  Signature: four leptons with  
60 ≤ MZ1, MZ2 ≤ 120 (30 ≤ Mvis ≤ 80 for ττ 
legs) 
§  Background treatment: 

§  Z+jets/WZ/ttbar, extracted from data via 
applying lepton fake rates to regions where 
one or both leptons fail selection criteria 

ZZ➝4l Analysis Overview 
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ZZ➝4l 7 TeV Results 
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4l Total: 
54 observed,  
54.6 expected 

(53.2+1.4) 

2l2τ Total: 
11 observed,  
11.5 expected 

(7.1+4.4) 

Theory: 6.3 ± 0.4 pb (MCFM) 



ZZ➝4l 8 TeV Results 
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§  σ(pp➝ZZ) = 8.4 ± 1.0(stat.) ± 0.7(sys.) ± 0.4(lumi.) pb 
Theory: 7.7 ± 0.4 pb (MCFM) 



ZZZ/ZZγ aTGCs 

Ian Ross - University of Wisconsin 16 4.October.2012 

-0.012 < f4
Z < 0.013 

-0.012 < f5
Z < 0.013 

-0.014 < f4
γ < 0.014 

-0.015 < f5
γ < 0.015 

§  ZZZ/ZZγ vertex described with f4
Z/γ and f5

Z/γ couplings 
§  4l invariant mass used as discriminating variable 
§  Limits set using CLs methodology 



2010 Results, γγ and Vγ 
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§  σ(pp → Wγ + X) × B(W→lν) = 56.3 ± 7.4 pb 
Theory: 49.4 ± 3.8 pb 

§  σ(pp → Zγ + X) × B(Z →ll) = 9.4 ± 1.2 pb 
§  Theory: 9.6 ± 0.4 pb 

§  Discrepancy observed in 
Δφγγ < 2.8 



Conclusions 

§  Diboson production measurements at CMS indicate good 
agreement with Standard Model predictions 

§  aTGC limits have been produced in a handful of couplings, with 
sensitivity comparable to (or better than) current LEP and Tevatron 
limits 

§  New measurements and updates coming soon! 
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CMS Boson Measurement outlook 



Backup 
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WW, 7 TeV Systematics 
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WW 7 TeV 
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WW, 8 TeV Systematics 
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WW, 8 TeV 
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WW/WZ dijet, Systematics 

§  Systematic uncertainties: 
§ Trigger Efficiency - 1%  
§ Lepton Reconstruction and selection efficiency - 2% 
§  Jet Energy scale - 0.6% 
§ Missing Transverse Energy Resolution - 0.5% 
§ Fit uncertainty - 0.2% 
§ Luminosity Determination - 2.2% 
§ Theory uncertainty on acceptance - 4% 
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WW/WZ to Dijets, µ channel 
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WW/WZ to Dijets, e channel 
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Manifestation of an aTGC signal, WW/WZ dijets 
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§  aTGCs motivation :  
§ Neutral TGC (ZZZ/ZZγ) forbidden 

 in SM (no s-channel at tree level) 
§ A way to prospect new physics 
§ ZZZ/ZZγ vertex described with f4

Z/γ and f5
Z/γ couplings 

§   Previous results: 

ZZZ/ZZγ aTGCs 
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Invariant Mass Spectra, 7 TeV 
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Invariant Mass Spectra, 8 TeV 
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Manifestation of an aTGC signal, ZZ➝4l  
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§  Sensitivity to aTGCs is driven by long m4l tails 



2010 Results, Vγ  
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§  Wγ: 
§  σ(pp → Wγ + X) ×  

B(W →lν) =  
56.3 ± 5.0(stat.) ± 
 5.0(syst.) ± 
 2.3(lumi.) 

§  Theory: 49.4 ± 3.8 pb 
 
§  Zγ: 
§  σ(pp → Zγ + X) ×  

B(Z →ll) =  
9.4 ± 1.0 (stat.) ±  
 0.6(syst.) ±  
 0.4 (lumi.) pb 

§  Theory: 9.6 ± 0.4 pb 


