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Physics Motivations 
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• Crucial test of the SM: 
    e.g. on the non-Abelian gauge symmetry    

    part of the SM 

 

• Important backgrounds to Higgs 

and new physics searches 

 

• Sensitive to anomalous Triple 

(Quartic) Gauge Couplings 
    Indirect probe on new physics 



 Overview of CMS results 
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Process 

(l=e,μ) 

  Int. Luminosity(fb-1)    Xsec Measurement    

      Phase space 

aTGC/QGC 

@7TeV @8TeV 

Wγ→ lνγ    5.0       - ET
γ >15/60/90GeV & ΔR(l, 

γ)>0.7 
     WWγ 

   Zγ→ llγ    5.0       - ET
γ >15/60/90GeV & ΔR(l, 

γ)>0.7 & Mll>50GeV 
   ZZγ, Zγγ 

   Zγ→ ννγ    5.0       - ET
γ >145GeV & |ηγ| <1.4    ZZγ, Zγγ 

  WW+WZ→lνjj    5.0       - Full  WWγ, WWZ 

  WW→lνlν    4.9     3.5 Full  WWγ, WWZ 

WZ→ 3l𝝂    4.9    19.6 71GeV<MZ<111GeV      WWZ 

ZZ→4l, 2l2τ    4.9    19.6  60GeV<MZ1,2<120GeV    ZZZ, ZZγ 

WWγ+WZγ 

→lνjjγ 

      -    19.3 ET
γ >15GeV & ΔR(l, γ)>0.7 WWγγ, WZγγ 

 

γγ 

 

    5.0      - ET
γ1,2 >40,25GeV, ΔR(γ,γ)>0.7 

Exclusive γγ → W+W-  not covered here, but will be shown in aQGC comparison  



Wγ→ lνγ (l=e,μ) 
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CMS-PAS-EWK-10-008, Phys. Lett. B 701 (2011) 535, 

arXiv:1105.2758; CMS-PAS-EWK-11-009, arXiv:1308.6832, 

submitted to Phys. Rev. D 

Events selections: 

① Exactly one isolated lepton:          
Single Lepton trigger & PT

l>35GeV & 

(|ηe|<2.5 || |ημ|<2.1 )  

② One isolated photon:                             
ET

γ >15GeV & |ηγ|<2.5 & ΔR(l, γ)>0.7  

③ Veto 2nd same flavor Lepton 

④ Large W transversemass:MT
W>70GeV 

 

Main Backgrounds from Data-Driven: 

 W+Jets: Jet fake photon 

          → dominate systematics                                                                  

 DY, VV:  Electron fake photon 

7TeV 



Zγ→ llγ 
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CMS-PAS-EWK-10-008, Phys. Lett. B 701 (2011) 535, 

arXiv:1105.2758; CMS-PAS-EWK-11-009, arXiv:1308.6832, 

submitted to Phys. Rev. D 

Events selections: 

① Two isolated lepton:                   
Double Lepton trigger & PT

l>20GeV & 

(|ηe|<2.5 || |ημ|<2.4 )  

② One isolated photon:                             
ET

γ >15GeV & |ηγ|<2.5 & ΔR(l, γ)>0.7  

③ Mll>50GeV 

 

 

Main Backgrounds from Data-Driven: 

 Z+Jets: Jet fake photon  
   

Lep ID/ISO Unc. → dominate systematics                                                                  

7TeV 



Zγ→ ννγ 
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CMS-PAS-SMP-12-020, arXiv:1309.1117 

Events selections: 

① One isolated photon:                             

Single γ Trigger & ET
γ >145GeV & |ηγ| <1.4 

② MET>130GeV 

③ Veto additional energetic track  

④ Veto additional energetic Jets near γ 

 

 

Main Backgrounds from Data-Driven: 

 Multi-Jets: Jet fake photon 

 Beam-gas 

 W→ 𝑒ν with e fake photon 

σCMS (pp→ 𝝂𝝂γ) = 21.3 ± 4.2 (stat.)  

                ± 4.3 (syst.) ± 0.5 (lumi.) fb 

σNLO (pp→ 𝝂𝝂γ) = 21.9 ± 1.1fb (from BAUR) 

7TeV 



WW+WZ→lνjj 
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EPJC73 (2013) 2283, arXiv:1210.7544 

Events selections: 

① Exactly one isolated lepton:                       
Single Lepton trigger &                             

(PT
e>35GeV & |ηe|<2.5) ||                          

(PT
μ>25GeV & |ημ|<2.1)  

② Exactly two PF AK5 Jets with b veto:                                        
PT

j >35GeV & |ηj|<2.4 

③ MET>25 (30) GeV for μ (e) channel 

④ Veto additional loose lepton:                              

PT
j >10 (20) GeV for μ (e) channel 

⑤ MT
W>30 (50) GeV for μ (e) channel 

 

Large Branch Ratio 

Large Background 

Due to Jet resolution, can’t distinguish 

WW from WZ 

 

Signal and background yields determined 

with an unbinned likelihood fit to the dijet 

mass spectrum 

σCMS (pp→WW+WZ) = 68.9 ± 8.7 (stat.)  

                ± 9.7 (syst.) ± 1.5 (lumi.) pb 

σNLO (pp→WW+WZ) = 65.6 ± 2.2pb (from MCFM) 

7TeV 



qqb, gg(3%) → WW→lνlν 
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CMS-PAS-SMP-12-013, Phys. Lett. B 721 (2013) 190, 

arXiv:1301.4698; CMS-PAS-SMP-12-005, arXiv:1306.1126, 

submitted to EPJC; CMS-PAS-EWK-10-009, Phys. Lett. B 

699 (2011) 25, arXiv:1102.5429; CMS-PAS-EWK-11-010  

Events selections: 

① Two oppositely Charged isolated lepton:                       
Single/Double Lepton trigger &                             

PT
l>20GeV & (|ηe|<2.5 || |ημ|<2.4)  

② Veto any Jets with:                                         
PT

j >30GeV & |ηj|<4.7 

③ Projected MET>45 (20) GeV for OF (SF) 

channel 

④ Veto additional loose lepton:                              

PT
j >10 GeV 

⑤ Reject el consistent with a photon 

conversion 

⑥ Φ(ll,J1)<165degree, with J1 as the hardest 

Jet with PT
j >15GeV 

⑦ Veto |Mll-MZ|<15GeV or Mll<12GeV 

⑧ Veto top bkg with b-veto (arXiv:1211.4462)  

Main Backgrounds : 

 V+Jets: ③ ⑥⑦ 

 Top: ② ⑧ 

 Di-Boson: ④⑤ 

 Driven/Corrected  

       by DATA   

Sys. 

dominated 

by Jet veto 

eff 

~4.6% 

Contributions 

from Higgs 

~4% 

Not included 

7 & 8TeV 



WZ→ 3lν 
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Events selections: 

① Two SF & OC leptons:                           

Double Lepton trigger                                       

PTl1 >20 GeV & PTl2 >10 GeV & |Mll-MZ|<20GeV 

In case of multi-Z, choose the one closest to MZ 

② A 3rd lepton  PTl3>20GeV 

③ MET>30 GeV 

• Main Backgrounds from Data-Driven: 

     Z+Jets: fake or non-isolated lepton from Jets 

     ZZ → 4l with one lepton lost 

•  ZZ/ Zγ /VVV from MC 

CMS-PAS-SMP-12-006 

7 &8 TeV  NEW 



WZ→ 3lν 
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Statistical Uncertainty dominates                                      MCFM NLO 

71GeV<MZ<111GeV 

7 &8 TeV  NEW 



ZZ→4l, 2l2τ 
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CMS-PAS-SMP-13-005; CMS-PAS-SMP-12-014, Phys. Lett. 

B 721 (2013) 190, arXiv:1301.4698; JHEP 01(2013)063, 

arXiv:1211.4890; CMS-PAS-EWK-11-010  

4l   2l2τ 

                                    Double lepton or Triple-electron triggers 

60GeV<MZ1,2<120GeV 

 

Mll>4GeV 

 60GeV<Mll<120GeV 

 

 20(30)GeV<Mvisττ<120GeV for τeτμ (all others) 

PT
l1>20GeV, PT

l2>10GeV,  
 

PT
l1>20GeV, PT

l2>10GeV,  
PT(τe,  τμ )>10GeV, PT(τh )>20GeV 

FSR Photon Recovered with 

Mllγ<100GeV 

   No FRS photon recovery 

       

Main Backgrounds from Data-Driven: 

 Z/WZ+Jets:  

         Jet fake l or  τ 
 Ttbar and  Zbb:  

         Heavy Flavor Jets 

   

Main systematic uncertainty: 

    tau reconstruction 

Meeee Mllττ 

7 &8 TeV  NEW 



ZZ→4l, 2l2τ 
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                                                                                                MCFM NLO qq + LO gg 

7 TeV 6.24+0.86
−0.80(stat.)+0.41

−0.32(sys.) ± 0.14(lumi.)                    6.3 ± 0.4          pb 

8 TeV 7.7 ± 0.5(stat.) ± 0.6(syst.) ±0.4(theo.) ±0.3(lumi.)       7.7 ± 0.6          pb 

PT
l1 PT

ZZ 

MZZ 

7 &8 TeV  NEW 



WWγ+WZγ →lνjjγ 
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CMS-PAS-SMP-12-006 

Events selections: 

① Exactly one isolated lepton:                       

Single Lepton trigger &                             

(PT
e>35GeV & |ηe|<2.5) ||                          

(PT
μ>25GeV & |ημ|<2.1)  

② Two PF AK5 Jets with b veto:                                        

PT
j >30GeV & |ηj|<2.4 

③ MET>35 GeV  

④ Δφ(MET,J1)>0.4,  Rjγ>0.5, Rlγ>0.5 

⑤ MT
W>30 GeV 

⑥ |Mγe-Mz|>10GeV 

⑦ |Δηjj|<1.4,  70GeV<Mjj<110GeV 

Main Backgrounds from Data-Driven: 

 Wγ+Jets :  sideband 

 Fake Photon: ratio method 

σ(WV γ)< 241fb, 3.4 times SM (70.3fb) 

ET
γ >15GeV 

8 TeV  NEW 



γγ  
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CMS-PAS-SMP-13-001 

PT,γγ
 

Дφγγ
 

7 TeV  NEW 



 Summary of the Xsec Measurement 

15 https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP 



Triple and Quartic Anomalous Gauge Couplings 
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• ATGC and AQGC are less well measured in EWK  

• They are signature of New Physics 

• At hard tail of phase space, they increase Xsec significantly 

Charged aTGCs  WWγ/WWZ 

HISZ (LEP) parametrization 

    λγ= λz = λ 

   ΔΚZ= ΔgZ
1- ΔΚγ.tan2θW 

 

NPB282 (1987) 253;  PRD41 (1990) 2113
 

Neutral aTGCs 

 

Zγ channel: Zγγ/ZZγ 

    h3
Z,γ ,  h4

Z,γ 

PRD47 (1993) 4889 

 

ZZ channel: ZZγ/ZZZ 

    f4
Z,γ ,  f5

Z,γ 

NPB282 (1987) 253 

aQGCs  WWγγ/WWZγ     EPJC 13 (2000) 283 

 

Now under Dim8 Framework, where operators 

can be recombined to get the same Lorentz 

structure Dim6 operators as in LEP 

                      a0
w, aw

c   as well as other pure Dim8 ones: 

 

 



Triple and Quartic Anomalous Gauge Couplings 
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Process 

(l=e,μ) 

         aTGC/QGC   Parameters   Limit Setting    

    variable 

   Wγ→ l𝝂γ      WWγ     λγ,  ΔΚγ        ET
γ 

   Zγ→ llγ    ZZγ, Zγγ     h3
Z,γ ,  h4

Z,γ 

 

       ET
γ  

   Zγ→ 𝝂𝝂γ    ZZγ, Zγγ     h3
Z,γ ,  h4

Z,γ 

 

       ET
γ  

  WW+WZ→l𝝂jj   WWγ, WWZ     λz, ΔΚγ        PT
jj  

  WW→l𝝂l𝝂   WWγ, WWZ     λz, ΔΚγ,ΔgZ
1 

 

     Max PT
l 

  ZZ→4l, 2l2τ     ZZZ, ZZγ     f4
Z,γ ,  f5

Z,γ        M4l 

  WWγ+WZγ 

→l𝝂jjγ 

  WWγγ, WZγγ 

 

a0
w, aw

c ,f
0

T, Κ0
w, Κc

w        ET
γ  

 

  γγ → W+W-        WWγγ       a0
w, aw

c  

 

       PT
ll  



Charged aTGCs 
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Neutral aTGCs 
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Neutral aTGCs 
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aQGCs 

21 

WWγ+WZγ →l𝝂jjγ 



Summary 
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• Various Multi (2 or 3) boson processes have been measured 

by CMS with 2011 or 2012 dataset. 

 

          WZ/ZZ updated with 8TeV full dataset 

           γγ 7TeV measurement  public now         

          Xsec in agreement with NLO/NNLO theoretical results 

          First measurement on triple gauge boson productions: WVγ 

 
• Stringent limits set on charged and neutral aTGC  

 
• First  measurement on aQGC at the LHC from two channels 

 

        First  ever limits on f0
T, Κ0

w, Κc
w 

 

 



Backup 
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Wγ→ lνγ (l=e,μ) 
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CMS-PAS-EWK-10-008, Phys. Lett. B 701 (2011) 535, 

arXiv:1105.2758; CMS-PAS-EWK-11-009, arXiv:1308.6832, 

submitted to Phys. Rev. D 

RAZ (Radiation-amplitude Zero) Measurement: 

 

     Veto Jets with PT>30GeV,    

      MT(l γ MET)>110GeV 



WW+WZ→lνjj 
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EPJC73 (2013) 2283, arXiv:1210.7544 
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