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‣ WW cross section @7 & 8 TeV                  New !
‣ WZ cross section  @7 TeV
‣ First observation of Z→4l in pp collisions   
‣ ZZ cross section   @7 & 8 TeV                  New !

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP
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Diboson production at LHC

      
s-channel WW s-channel WZ t-channel WW (similar 

diagrams for WZ, ZZ)

at Leading Order in αS

✦In SM, the s- and t-channel WW diagrams are divergent but 
their sum is not. Important milestone for LHC physics program. 

✦Allow test of triple-gauge couplings (TGC). 

✦Background to Higgs.
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Significant contribution from NLO (≳50% of LO)

Box diagrams Plus 
vector 
boson 
fusion 
diagrams

A tool for 
Higgs study 
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WW→2l2ν cross section measurement

lepton pT > 20 GeV
projected MET ⊥ 
to the closest 
lepton > 40 (20 
for eµ) GeV

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP12005



 [GeV]min
T

p
20 40 60 80

en
tri

es
 / 

5 
G

eV

0

100

200

300

400
 data
 WW
 VV

 Z+jets
 W+jets
 top

 syst⊕ stat 

CMS preliminary
-1L = 3.540 fb

data-driven normalization

 [GeV]min
T

p
20 40 60 80da

ta
 / 

pr
ed

ic
tio

n
0

0.5
1

1.5
2

 [GeV]max
T

p
0 50 100 150

en
tri

es
 / 

5 
G

eV

0

50

100

150

200
 data
 WW
 VV

 Z+jets
 W+jets
 top

 syst⊕ stat 

CMS preliminary
-1L = 3.540 fb

data-driven normalization

 [GeV]max
T

p
0 50 100 150da

ta
 / 

pr
ed

ic
tio

n

0
0.5

1
1.5

2

Kalanand Mishra, Fermilab  / 185

WW→2l2ν: kinematics 

Leading 
lepton pT

Second 
lepton pT

✦Drell-Yan reduced by MET requirement, and 
•mll > 20 GeV, and veto 76 < mll < 106 GeV
•Δϕ(ll, jet) <165o  to reduce Z+jets

✦W+jets, ttbar reduced by: central jet veto, b-veto
✦Z→ττ reduced using projected MET cut
✦Veto third lepton to reduce WW/WZ 
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WW→2l2ν cross section at 7 TeV (5.0 fb−1)

NLO prediction (MCFM): 47.0 ± 2.0 pb

https://twiki.cern.ch/twiki/
bin/view/CMSPublic/
PhysicsResultsSMP12005

Consistent with the NLO prediction

S/B = 3.2
Signal efficiency averaged 
over all lepton flavors: 3.28 
± 0.02 (stat) ± 0.26 (sys) %

BR(W→lν) from PDG: 
0.1080 ± 0.0009

Cross section

Campbell, Ellis, Williams. JHEP 07 
(2011), 018. arXiv:1105.0020. 

σ . BR =
Nsignal

Acceptance . Efficiency . L

        

       
           

σ = 52.4 ± 2.0 (stat) ± 4.5 (sys) ± 1.2 (lum) pb 
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Expected & observed yields in 3.54 fb−1 data

NLO prediction: Campbell, Ellis, Williams.
JHEP 07 (2011), 018.
arXiv:1105.0020. MCFM.

expect 57.3 pb x 3.54 fb−1 x 3.2% ≈ 680  WW events

efficiency x acceptance x BR 

S/B = 2.3

Back-of-the-envelop calculation: 

•gg→WW (included) 
contributes ~6%
•Higgs (125) can potentially 
contribute ~5%

WW→2l2ν cross section at 8 TeV (3.54 fb−1)

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP12013

https://twiki.cern.ch/twiki/bin/view/
LHCPhysics/CERNYellowReportPageAt8TeV
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WW→2l2ν at 8 TeV: systematics & results

                                                                         

NLO prediction (MCFM): 57.25 (          ) pb

                     5%

Need to 
improve

                                   

•Already 4% statistical precision
•About 1.8σ higher than the NLO prediction

includes jet veto 
uncertainty

                  Drell Yan

σ = 69.9 ± 2.8 (stat) ± 5.6 (sys) ± 3.1 (lum) pb 

  4.4%

+2.35
−1.60
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WZ→3lν cross section at 7 TeV (1.1 fb−1)

NLO: 17.5 ± 0.6 pb (MCFM, using real width bosons, PDF 
is CTEQ6L, error is PDF uncertainty)

✦Two isolated leptons: pT > 20/10 
GeV (e) or > 15 GeV (µ) 
✦3rd lepton pT > 20, MET>30 GeV  
✦60 < mll < 120 GeV; veto 2nd Z
✦Acceptance x efficiency = 
19−25% for the four channels 

Tiny background:
•ttbar & Z+jets from data 
•Zγ and ZZ from MC

x BR

Main systematics: bkg 
estimation, efficiency, 
acceptance/theory.

http://cdsweb.cern.ch/record/1370067
(CMS PAS EWK-11-010)

σ = 17.0 ± 2.4 (stat) ± 1.1 (sys) ± 1.0 (lum) pb 
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First observation of Z→4l in pp collisions

Signal

Background

calcHEP
LO

https://twiki.cern.ch/twiki/
bin/view/CMSPublic/
PhysicsResultsSMP12009

        

Backgrounds:
•irreducible Zγ* → 4l - 
estimated using MC, 
about 1% of the signal 
•reducible backgrounds 
- data-driven, about 
0.3% of signal
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•production cross section x branching fraction                  
•                                
•    
•branching fraction BR(Z→4l)

Z→4l: the branching fraction measurement

observe 26 
events, 
expected 24.6

Analyze 4l invariant mass peak 

Mass peak arising from Z→4l	 decays 
is a standard candle for the Higgs 
boson search in the H→ZZ→4l decay

2.1

Efficiency x acceptance in the range 2.5−7.5%
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ZZ→4l cross section at 7 TeV (5.0 fb−1)

8 final states: eeee, 
eeµµ, µµµµ, eeeτ, 
eeµτ, eeττ, eeeµ, 
µµeτ, µµµτ, µµττ, µµeµ

4l 2l2τhad

✦objects: Isolated leptons: e pT>7, |η|<2.5; µ 
pT>5, |η|<2.4; τhad pT>10, |η|<2.3
✦Kinematics: 

•60 GeV < mZ1, mZ2 < 120 GeV (30 GeV < 
mvis Z2 < 80 GeV for lτhad)
•Z1 lepton pT > 20/10 GeV; Z2 lepton pT>5 
(µ), >7 (e) in ll;  >10 in eµ, >20 GeV on τhad

Event reconstruction

https://twiki.cern.ch/twiki/
bin/view/CMSPublic/
PhysicsResultsSMP12007

(Z1 has daughters with higher average pT)

 (GeV) ll→Z1 m
60 70 80 90 100 110 120

 (G
eV

)
 ll

→
Z2

 
m

60

70

80

90

100

110

120
DATA
eeee

µµµµ

µµee

 llll→ ZZ →pp 

-1 = 7 TeV, L = 5.0 fbsCMS Preliminary    

mZ1 vs 
mZ2



Kalanand Mishra, Fermilab  / 1813

NLO prediction:

expect 6 pb x 5 fb−1 x 0.2% ≈ 
60  ZZ→4l events

MCFM 6.0

6.3 ± 0.4 pb
Back-of-the-envelop calculation: 

4l Total:
54 observed, 
54.6 expected

(53.2+1.4)

2l2τ Total:
11 observed, 
11.5 expected

(7.1+4.4)

Expected and observed signal yields

•Very little background for ZZ→4l (2−4%)
•Even for ZZ→2l2τ, S/B ≧ 1 
•Background: QCD, W/Z+jets, WZ+jets
•Estimated from data: by reconstructing 
control samples where one or two lepton(s) 
fail the isolation/identification criteria

(NLO for qq→ZZ and LO for gg→ZZ, 
MSTW 2008 PDF)
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Cross section result and anomalous couplings

Anomalous triple gauge couplings

NLO (MCFM): 6.3 ± 0.4 pb The measurement is consistent 
with the NLO prediction

•Neutral triple gauge coupling (ZZZ /ZZγ) 
forbidden in SM (no s-channel at tree level)

-A way to look for prospective new physics
-Can enhance ZZ cross section

•ZZZ/ZZγ vertex described with f4Z/γ and f5Z/γ 
couplings in the TGC Lagrangian assuming 
gauge invariance and CP symmetry

   

   

   

•SHERPA is currently the only generator that models ZZZ/ZZγ couplings
-LO only, but SM at tree level + 1 parton agree well with NLO (POWHEG) 

•m4l chosen as discriminating variable, more sensitive than leading Z pT

•Independent approach (reweighing POWHEG) give consistent results

Methodology
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Comment

-0.012 < f4
Z < 0.013

-0.012 < f5
Z < 0.013

-0.014 < f4
γ < 0.014

-0.015 < f5
γ < 0.015

CMS & ATLAS limits are much more constraining than LEP & Tevatron

Use no form factors, 
i.e., Λ = ∞

Limits on anomalous triple gauge couplings

at 95% CL, the 
strongest limit to-date
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NLO (MCFM 6.0): 7.7 ± 0.4 pb

ZZ→4l cross section at 8 TeV (5.3 fb−1)

4l 2l2τ
NLO prediction:

expect 7.8 pb x 5.3 fb−1 
x 0.2% ≈ 83  ZZ events

Back-of-the-envelop 
calculation: 

MCFM

σ = 8.4 ± 1.0 (stat) ± 0.7 (sys) ± 0.4 (lum) pb 

The measurement is consistent 
with the NLO prediction

https://twiki.cern.ch/twiki/bin/
view/CMSPublic/
PhysicsResultsSMP12014
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Summary of electroweak physics: July 2012 
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Summary

The precision of diboson (WW, WZ, ZZ) inclusive 
measurements in pp collisions is now approaching a few 
percent accuracy level (dominated by PDF & luminosity)
•All results show good agreement with the SM predictions
•Becoming feasible to study diboson differential 
distributions and diboson+jets production 

First observation & BR measurement of Z→4l @ pp collider
•Important standard candle for H→ZZ→4l

More golden opportunities and new exciting results with 
increasing integrated luminosity
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BACKUP SLIDES



~76k scintillating PbWO4 crystals

Silicon strips
  ~16m2   ~137k channels

~13000 tonnes

MUON CHAMBERS 
Barrel:   2250 Drift Tube & 480 Resistive Plate Chambers
Endcaps: 473 Cathode Strip & 432 Resistive Plate Chambers

STEEL RETURN YOKE 

HADRON CALORIMETER (HCAL)
Brass + plastic scintillator
~7k channels

SILICON TRACKER

FORWARD
CALORIMETER 

PRESHOWER

SUPERCONDUCTING
SOLENOID 

CRYSTAL ELECTROMAGNETIC
CALORIMETER (ECAL)

Total weight 
Overall diameter 
Overall length
Magnetic field

: 14000 tonnes
: 15.0 m
: 28.7 m
: 3.8 T

Niobium-titanium coil
carrying ~18000 A

Pixels (100 x 150 +m2)
  ~1m2      ~66M channels
Microstrips (80-180+m)
  ~200m2   ~9.6M channels

Steel + quartz fibres
~2k channels

CMS Detector
Pixels
Tracker
ECAL
HCAL
Solenoid
Steel Yoke
Muons
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 Understanding CMS detector
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ZZ: anomalous TGC references (I)
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ZZ: anomalous TGC references (II)
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Limits on anomalous TGC from 36 pb−1 data

Limit set using pT of the γ or leading 
lepton (MCFM/Sherpa/ Bour for aTGC)

ZγWγ

WW WW

WW

Leading lepton
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Z→4l: signal background interference


