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Dibosons @ CMS�
•  Leptonic decay channels only�

36/pb (2010 stat.): �
cross section + aTGC limits�

WW, Wγ, Zγ�

1.1/fb: �
cross section �
WW, WZ, ZZ �

2010 �
CMS PAS EWK-11-010 �CMS PAS EWK-10-008 �

�CMS PAS EWK-10-009 �
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Physics Motivation �
•  Important test of the Standard Model, sensitivity to self-interactions between bosons�

•  Diboson production as indirect probe of New Physics�

•  enhancement of production cross section �

•  anomalous TGC�
o  hint of new physics, if not high enough energy for direct production �

•  Improve background modeling for�

•  Exotic channels (WZ, ZZ) �

•  Higgs searches (WW, ZZ)�

•  Interest here in measuring: �

•  production cross section, TGCs �

•  leptonic mode:                                                                                                                                       
clean signature, low QCD background                                                                                                                                
(reduced BR)�
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TGC measurements�
•  Considering CP conserving effective Lagrangian + SU(2)xU(1) gauge invariance�

•  WWZ/WWγ  �
o  ffff �

•  ZZγ�
o  ffff �

•  Zγγ�
o  by replacing �

•  SM expectation:        gV1 = 1, kV1 = 1, λV = 0       hV3, hV4 = 0  (tree level SM)�

•  Measure here, deviation from SM expectation:         ∆g1, ∆kγ, ∆kZ, λγ, λZ �



•  Profit from precise measurements �

•  high eff. reco & ID on a wide range�

•  Taus: �

•  reconstructed in e,µ hadron decays�

•  τhad: |η| < 2.3�

•  τhad: pT > 20GeV/c�

•  τhad: efficiency ~ 50% �

�

�
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Objects used (CMS)�
•  Muons: �

•  |η| < 2.4 �

•  pT > 10GeV/c �

•  (down to 5GeV/c for ZZ)�

•  Electrons:             �
•  |η| < 2.5 �

•  pT > 10GeV/c �

•  (down to 7GeV/c for ZZ)�

Algorithms safe-against pileup 
(2011 analysis)�

•  Photons: �

•  |η| < 1.44 || 1.57 < |η| < 2.5 �

•  ET > 10GeV �

•  energy scale within 2%               
(FSR Z->µµγ to cross check) �
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2010 36/pb       Zγ -> ll γ (l=e,µ)�
•  Signature: �

•  2 Iso-Id lepton + Iso-Id γ�

•  pT(l) > 20GeV/c�

•  M(ll) > 50GeV/c2 �

•  ET(γ) > 10 GeV �

•  ∆R(l,γ) > 0.7 �
against soft γ 
divergence�

•  Main backgrounds �

•  QCD / tt / Diboson �
•  ZJets �

•  Background estimate: �

•  Jets faking photons: Z+Jets �

o  fake rate (ratio method) �

o  cross checked with template 
method (cluster shape) �
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2010 36/pb       Zγ cross section �

•  CMS 36/pb: �

•  NLO prediction (Bauer):                                 9.6±0.4pb    �

•  Main uncertainties �

Event summary�
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2010 36/pb       Wγ -> lν γ (l=e,µ)�
•  Signal selection: �

•  Iso-Id lepton + Iso-Id γ + MET > 25GeV �

•  pT(l) > 20GeV/c |η(µ)| < 2.1 �

•  2nd lepton veto �

•  ET(γ) > 10 GeV �

•  ∆R(l,γ) > 0.7 �

•  Background estimate: �

•  Jets faking photons: W+Jets�

o  fake rate (ratio method) �

o  cross checked with template method (cluster shape)�

•  Wγ->τ as background (fτ O(3%) from MC)�

•  Main Backgrounds: �

•  WJets/ttJets/ZJets �

•  QCD/PhotonJet �

•  ZZ/WW/WZ �

•  Zγ�against soft γ 
divergence�



9 �

2010 36/pb       Wγ cross section �

•  CMS 1.1/fb: �

•  NLO prediction (Bauer):                           49.4±3.8 pb   �

•  Main uncertainties �

Event summary�
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2010 36/pb       WWγ - ZZγ/γZγ�
•  36/pb (2010 data)       �

•  ET photon spectrum as reference�

•  profile likelihood fit �

•  Sherpa + Bauer�

limits at √s = 7TeV �

Phys.Lett. B701 535(2011)�

Good sensitivity to h4 �
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2011 1/fb       ZZ -> llll (4e, 4µ, 2e2µ, 2l2τ)�
•  Signature: �

•  4 Iso-Id leptons  (l+a l-a , l+b l-b)�

•  Z1:  ee, µµ �
o  pT(l) > 20,10 GeV/c�

o  60 < M < 120 GeV/c2 �

•  SIP3D cut �
+ �

•  Main Backgrounds: �

•  heavy flavor jets: tt/Zbb�

o  control region on SIP3D reverted�

•  Jets faking leptons: Z+Jets �

o  fake rate�

•  Jets faking τ: Z+Jets/WZ �

o  fake rate�

•  Z2: ee, µµ                    ττ (->e,µ,hadronic) �

o  pT(e,µ) > 7,5 GeV/c,         pT(τ->e,µ) > 10 GeV/c,    pT(τ->had) > 20 GeV/c �

o  60 < M < 120 GeV/c2            30 < M(ττ visible) < 80 GeV/c2 �
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2011 1/fb       ZZ cross section �
•  Acceptance: �

•  order 60% for 4e, 4µ, 2e2µ�

•  order 20% for 2l2τ�

•  Simultaneous constrained fit on all channels, �

•  CMS 1.1/fb: �

•  NLO prediction (MCFMv6):                        6.4±0.6 pb �

•  Main uncertainties �

Event summary� B data-driven � S�
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2011 1/fb       WZ -> lν, ll  (l = e, µ)�
•  Signature: �

•  3 Iso-Id leptons + MET    (l+a l-a lb)�

•  Z candidate: �

o  pT(e)>20,10 GeV/c  pT(µ)>15,15 GeV/c�

o  60 < M < 120 GeV/c2  �

•  W candidate: �

o  pT(l) > 20GeV/c �

o  MET > 30GeV �

•  Main Backgrounds: �

•  jets faking leptons: Z+Jets/tt �

o  Matrix Method�

•  mis-reconstructed objects: ZZ/Zγ�

•  WZ->τ as background (fτ O(6%) from MC)�

o  (1-fτ) subtracted�

•  second Z veto�+ �
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2011 1/fb       WZ cross section �
•  Acceptance�

•  kinematic A order 50% �

•  Cross section * BR for each channel �

•  2011 1.1/fb  CMS: �

•  NLO prediction (MCFMv6):  18.75+1.05-0.80 pb �

�

•  Main uncertainties�

 

Event summary�

B data-driven �

S�
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2011 1/fb       WW -> lν, lν  (l = e, µ)�
•  Signature: �

•  2 Iso-Id leptons (l+a l-b ) + MET             �

•  pT(l) > 20, 10 GeV/c (leading, trailing)�

•  jet veto (pT > 30GeV)�

•  b-tagging veto �

•  Zmass veto (within ±15GeV) �

•  ∆φ(ll,jet) < 165°    (pT(jet) > 15GeV)�

•  3rd lepton veto �

•  proj. MET>40GeV(ee,µµ) MET>20GeV(eµ) �

o  transverse component to closest lepton 
if ∆φ(MET,l) < π/2�

•  Main Backgrounds: �

•  Jets faking leptons: QCD/W+Jets�

o  fake rate �

•  hard-flavor jets: tt/tW�

o  b-tagging mis-tag rate�

•  mis-reconstructed lepton: DY�

o  control region in Zmass window �

+ �
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2011 1/fb       WW cross section �
•  Acceptance: �

•  kinematic A order 70% �

•  CMS  1.1/fb:  �

•  CMS 36/pb:                          41.1 ± 15.3 (stat.) ± 5.8 (syst.) ± 4.5 (lumi.) pb �

•  NLO prediction (MCFM v5.8):         44.5pb = [43.0±2.0(qq->WW) + 1.5(gg->WW)] pb �

•  Main uncertainties�

 

Event summary�

B data-driven �

S�
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2010 36/pb       γWW / ZWW�
•  36/pb (2010 data)               �

•  leading lepton pT spectrum as reference�

•  Sherpa + MCFM�

limits at √s = 7TeV �

Phys.Lett. B699 25(2011)�
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Summary�
•  Diboson cross section measured�

•  WW,WZ,ZZ  1/fb data  (2011) �

•  Wγ,Zγ        36/pb data (2010) �

•  TGC measured for�

•  WW, Wγ,Zγ        36/pb data (2010) �

 

All results in agreement with SM expectation...�

...crucial results to come (> 5/fb available now + combination from all channels)�


