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CDF Standard Model Dibosons
Diboson Final State

Wγ

Zγ

WW

WZ

ZZ

SM Tests:
1) Test SM production predictions 
2) Look for “anomalous couplings”
Cross sections similar to Higgs

Triple Gauge Couplings

Standard Model

Anomalous
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CDF

Diboson Final State
Wγ

SM Tests:
Test SM production predictions

•  Cross sections (ΔRlγ> 0.7)
• σ(ETγ>7 GeV) = 18.0 ± 2.8 pb

(CDF)
• SM: 19.3 ± 1.4 pb

• σ(ETγ>8 GeV) = 14.8 ± 2.1 pb (D0)
• SM: 16.0 ± 0.4 pb

• Radiation Amplitude Zero

Wγ Production

SM Tests:
Look for “anomalous couplings”

• CP-conserving effective Lagrangian
non-SM parameters: Κγ and Λγ

• ΔΚγ= 1 − Κγ = 0 &  Λγ = 0 in SM
• 0.49 < Κγ < 1.51  (D0)
• -0.12 < Λγ < 0.13 (D0)
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CDF Wγ Production
Radiation amplitude 0

predicted in 1979
observed by D0 in 2008

PRL 43, 746(1979)

PRD 50, 1917(1994)

Dashed:pT(γ) > 10 GeV
Dash-dotted: no pT(l) or MEt cuts
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CDF

Diboson Final State
WZ SM Tests:

1) Test SM production predictions
•  Cross sections

• σ = 4.3 ± 1.4 ± 1.1 pb (CDF)
• SM: 3.65 ± 0.25 pb

• σ = 2.7 + 1.7 - 1.3 pb (D0)
• SM: 3.68 ± 0.25 pb

WZ Production

SM Tests:
Look for “anomalous couplings”

• effective Lagrangian non-SM
parameters: Δg, ΔΚγ,Z and λγ,Z

• ΔΚγ,Z = Κγ,Z-1  = 0 & Δg = λγ,Z  = 0 in SM
• at scale Λ = 2 TeV

• -0.12 < ΔΚZ(=Δg1Z) < 0.29  (D0)
• -0.17 < λZ < 0.21 (D0)

• -0.13 < λ < 0.14  (CDF)
• -0.76 < ΔΚ < 1.18 (CDF)
• -0.13 < Δg < 0.23 (CDF)
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CDF WZ Couplings
CDF uses Z PT of WZ events to test WWZ coupling

 Parameterize WWZ coupling L = LSM +LaTGC

 Δg = Δκ = λ = 0 in the Standard Model
 Would see LSM=0 in cross section
 Anomalous coupling limits from Z PT distribution

-
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CDF

Diboson Final State
WW

SM Tests:
Test SM production predictions

•  Cross sections
• σ = 13.6 ± 2.3 ± 1.6 ± 1.2 pb (CDF)

• SM: 12.4 ± 0.8 pb
• σ = 11.8 -3.2

+3.7 
-0.8 

+1.0 ± 0.7 pb (D0)
• SM: 12.0 to 13.5 pb

WW Production

SM Tests:
Look for “anomalous couplings”

• CP-conserving effective Lagrangian
non-SM parameters: Κγ,Z and Λγ,Z

• ΔΚγ,Z = Κγ,Z − 1  = 0 &  Λγ,Z  = 0 in SM
• -0.32 < ΔΚγ,Z < 0.45  (D0)
• -0.12 < Λγ,Z < 0.13 (D0)
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CDF WW & WZ -> lν + jets
Search for lν + 2 or more jets

ET > 20 GeV   MET > 25 GeV   MT > 30 GeV/c2 (CDF)
ET > 20 GeV   MET > 20 GeV   MT > 35 GeV/c2 (D0)

Use neural net or Random Forrest to enhance W/Z->2 jets
Fit for signal & background

CDF:
NSignal = 410 ± 212(stat) ± 107(sys)
σ × Br = 1.47 ± 0.77(stat) ± 0.38(sys) pb
σ × Br < 2.88 pb  (95% C.L.)

D0:
σ(WV) = 20.2 ± 4.5 pb
σ = 16.1 ± 0.9 pb (SM)
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CDFSearch for Diboson Resonances
Combine e + Et to W, and, jet+jet to W or Z, then,

combine WW or WZ for new particles.

WW

WZ

G* (R/S graviton, k/mp=0.1)

Z’ (sq)

W’ (sq)

Cross section 
limit ratio

σ95%CL/σtheory
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CDF

Diboson Final State
Zγ SM Tests:

Test SM production predictions
•  Cross sections (ΔRlγ> 0.7)

• σ(ETγ>7 GeV) = 4.6 ± 0.5 pb (CDF)
• SM: 4.5 ± 0.4 pb

• σ(ETγ>90 GeV) = 32 ± 9 ± 2 fb (D0)
• SM: 39 ± 4 fb

Zγ Production

SM Tests:
Look for “anomalous couplings”

• effective Lagrangian non-SM parameters: hγ,
Z

30 and  hγ,Z40
• 0 in SM

• | hγ,Z30 | < 0.033  (D0, Λ=1.5 TeV)
• | hγ,Z40 | < 0.0017 (D0 , Λ=1.5 TeV)

• | hZ
30| < 0.083  (CDF,  Λ=1.2 TeV)

• | hγ30| < 0.084  (CDF, Λ=1.2 TeV)
• | hγ,Z40| < 0.0047 (CDF, Λ=1.2 TeV)
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CDF Zγ Production

ISR

FSR 

388 µµγ in 2.0 fb-1 
390 eeγ in 1.1 fb-1

ISR
(Mll~MZ)

Anomalous
Coupling
(Mll~MZ)
like ISR

FSR (Mllγ
~MZ)

Anomalous couplings look like ISR events, but have more events at higher photon Et.
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CDF

Diboson Final State
ZZ SM Tests:

Test SM production predictions
•  Cross sections)

• σ = 1.4 + 0.7 - 0.6 pb (CDF)
• SM: 1.4 ± 0.1 pb

• σ = 1.6 ± 0.7 pb (D0)
• SM: 1.4 ± 0.1 pb

ZZ Production

SM Tests:
Look for “anomalous couplings”

• effective Lagrangian non-SM
parameters: hγ,Z5 and  hγ,Z4

• 0 in SM
• - 0.26 < fγ4 < 0.26  (D0)
• - 0.28 < fZ4 < 0.28 (D0)
• - 0.30 < fγ5 < 0.28  (D0)
• - 0.31 < fZ5 < 0.29  (D0)

• - 0.10 < fγ4 < 0.10  (CDF)
• - 0.12 < fZ4< 0.12  (CDF)
• - 0.11 < fγ5 < 0.11  (CDF)
• - 0.13 < fZ5< 0.12  (CDF)
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CDF ZZ Production
CDF Results
Search for 4 leptons or

2 leptons + 2 ν
4 leptons (eeee, eeµµ,     

µµµµ)
• clean, but small branching

fraction
• increase acceptance

wherever possible
llνν

• many backgrounds
– WW->llνν

• use as much kinematic
information as possible

– use matrix elements

3 events in
signal box:
• two 4-µ
• one 4-e
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CDF ZZ Production

D0 Results
4 leptons

(eeee, eeµµ, 
    µµµµ)
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CDF Search for ZZ Resonances
4 leptons or ll+2jet for ZZ
significantly expanded lepton acceptance
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CDF Summary

Diboson production is well
described by the
Standard Model!

 All modes have been seen
 Cross sections match SM
 Couplings look like SM

 Limits on Anomalous Couplings
 No resonant diboson

production is observed

Now seeing processes
with cross sections
similar to Higgs!


