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Outline

• Motivations

• Experimental Environment

• Milestones on diboson searches at CDF

• b-tagging

• Diboson searches as:

✴ benchmarks for Higgs analyses

✴ validation of the SM
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Motivation
• Important test of the EWK sector 

of the SM
➡ deviations from the SM would hint to:
‣ anomalous gauge couplings

‣  new physics

• Important background to Top, Higgs, 
SUSY searches

• “Known” territory to test analysis 
techniques used for the CDF (low 
mass) Higgs analyses )2Dijet mass (GeV/c
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Experimental Environment

✤ proton-antiproton collisions at 

✤ delivered ~12/fb

‣ ~10/fb for analyzers 

Tevatron

✤ Accurate tracking system with silicon

✤ Projective-towers calorimeters to 
measure e,γ, jet energy

✤  Muon detection system

CDF

√
s = 1.96 TeV
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Diboson at CDF: history

• Observation in semileptonic states
• MET+jets, lepton+MET+jets

• Observation in fully leptonic states
• WZ → lνll, ZZ → llll, WW → lνlν

cannot separate WW and WZ due to dijet mass resolution

Phys. Rev. Lett. 103,091803 (2009) Phys. Rev. Lett. 104, 101801 (2010)
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b-tagging

• Goal: separate jets containing 
B hadrons from other jets
- key to separate WZ/ZZ from WW

• Solution: brand new 
multivariate tagger (HOBIT)
‣ continuous output

- operation points can be optimized upon search 
sensitivity

‣ trained on Higgs and W+jets MC

‣ built upon the strength of 
previous CDF taggers
- using the most powerful inputs

1/2

Some HOBIT inputs

• b-jets
•others
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b-tagging

• Higher perfomances than previous 
CDF b-taggers
- For identical u,d,s,g-jet accept rate (mistag rate), b-jet 

efficiency:

‣ Tight: 38.6%     53.6% (mistag rate: 1.4%)

‣ Loose: 47.1     59.3% (mistag rate: 2.8%)

• Calibrated on two orthogonal 
samples

- Results combined to improve the precision

- Corrections for:

‣ b-jet efficiency: 0.95 +/- 0.04 (tight), 0.96 +/- 0.04 (loose)

‣ mistag-rate: 1.52 +/- 0.23 (tight), 1.48 +/- 0.17 (loose)

2/2
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Diboson with heavy flavor jets 
as Higgs benchmark

Process σxBR (fb)

27

5

15

Total 46

WH− > lνbb

ZH− > llbb
ZH− > ννbb

Higgs (MH = 115 GeV)

Process σxBR (fb)

105

24

73

Total 202

WZ− > lνbb

ZZ− > llbb

ZZ− > ννbb

Diboson

l=e,μ

• Diboson searches share the same final states as low mass Higgs analyses
• 4-5 times larger cross-sections
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Diboson with heavy flavor jets
• Replicate low-mass Higgs analyses

★ 3 main final states: 

‣ 2,3 jets (>=1 b-tagged jet) and
‣ 2 identified leptons (“llbb”)or

‣ 1 identified lepton and large MET (“lνbb”) or

‣ large MET (“ννbb”)

• Re-train multivariate discriminants to extract 
VZ=WZ+ZZ signal

• Some signal contribution from W → cs, Z → cc
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llbb
• Cleaner sample, lowest signal rate

• Selection: 
➡ 2 High PT electrons/muons

‣ 75<Mll/GeV<105

➡ 2,3 large ET jets

‣ >= 1 b-tagged jet

‣ Analysis strategy: 

➡ 16 orthogonal channels examined 
simultaneously
‣ channels divided upon lepton flavor, number of 

jets, heavy flavor content

➡ multivariate discriminant for 
extracting the signal
‣ full reconstruction of the final state

‣ improved sensitivity compared to using dijet 
invariant mass
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lνbb
• Ηighest signal yield
• Selection: 
➡ =1 High PT electron/muon
✓ extended lepton acceptance due to a more inclusive triggers

➡ large MET

➡ 2,3 large ET jets

➡ multivariate techniques to reject multi-jet background

‣ Analysis strategy: 

➡ 7 orthogonal channels depending 
on the flavor content, number of 
jets
- sensitivity improved thanks to HOBIT

➡ Bayesian neural network to 
discriminate signal from background
‣ different optimization in 2 and 3 jets channels

WZ BNN output
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ννbb
• Selection: 
➡ lepton veto

➡ large MET

➡ 2,3 large ET jets

➡ NN-based discriminant to reject the large 
instrumental background

➡ NN to parameterize trigger efficiency curve
- allows for more relaxed kinematic cuts

‣ Analysis strategy: 

➡ 3 orthogonal channels depending 
on the flavor content
- still using “pre-HOBIT” CDF taggers

➡ Final neural network to 
discriminate signal from 
background
‣ trained separately in 2 and 3 jet sample
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CDF combination
• Simultaneous fit on the discriminant distributions of all (26) 

sub-channels
• Systematic uncertainties either fully correlated or uncorrelated

• b-tagging efficiency, jet energy scale correlated

• multi-jet rate uncorrelated

• uncertainties on background rates do not contribute much

• heavily constrained across different channels

σ(V Z) = 4.08+1.38
−1.26 pb

• Significance ~ 3.2 σ
• Result compatible with SM 

• σSM(VZ) = 4.42 pb
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• Optimized analysis to isolate WZ/ZZ 
from WW

• Uses the same tools and signature of 
lνbb analysis
➡ multivariate techniques to reject multi-jet background
➡ at least 1 b-tagged jet

• 2-D fit to extract σ(WZ/ZZ), σ(WW)
1. dijet invariant mass
2. NN-based jet flavor separator

Diboson with heavy flavor jets as test of the SM

c-enriched

b-enriched

Consistent with SM

σ(WW ) = 5.10+3.97
−3.63 pb

σ(WZ + ZZ) = 7.25+3.67
−3.40 pb

(σSM = 11.34 pb)

(σSM = 4.42 pb)
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Summary
✓CDF is sensitive to diboson in final states 

with heavy-flavor jets 

‣ paving the way for (low mass) Higgs analyses

‣ but also as a sanity check of the SM / search for 
new physics

✓ 

‣ compatible with SM expectations

✓ 3.2 σ evidence for WZ+ZZ

‣ assuming SM σ(WZ)/σ(ZZ)

σ(V Z) = 4.08+1.38
−1.26 pb

More details at http://www-cdf.fnal.gov/physics/new/hdg/Results.html
15Friday, July 6, 2012
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• backup
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llbb: NN for jet 
corrections
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llbb: Final discriminant

18Friday, July 6, 2012



llbb: modeling of the final discriminant - 
pretag
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llbb: event yields
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llbb
• Cleaner sample, lowest signal rate

• Selection: 
➡ 2 High PT electrons/muons

‣ 75<Mll/GeV<105

➡ 2,3 large ET jets

‣ >= 1 b-tagged jet

‣ Analysis strategy: 

➡ 16 orthogonal channels examined 
simultaneously
‣ channels divided upon lepton flavor, number of 

jets, heavy flavor content

➡ multivariate discriminant for 
extracting the signal
‣ full reconstruction of the final state

‣ improved sensitivity wrt using dijet invariant mass

σ(V Z) = 0.79+1.68
−0.70 pb
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lνbb
• Ηighest signal yield
• Selection: 
➡ =1 High PT electron/muon
✓ extended lepton acceptance due to a more inclusive triggers

➡ large MET

➡ 2,3 large ET jets

➡ multivariate techniques to reject multi-jet background

‣ Analysis strategy: 

➡ 7 orthogonal channels depending 
on the flavor content, number of 
jets
- sensitivity improved thanks to HOBIT

➡ Bayesian neural network to 
discriminate signal from background
‣ different optimization in 2 and 3 jets channels

WZ BNN output
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σ(V Z) = 7.78+2.47
−2.25 pb
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lνbb: even yield
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lνbb: Mj1j2
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lνbb: BNN 3 jets
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ννbb
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ννbb: inputs NN to correct jet ET
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ννbb: inputs final discriminant
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ννbb: event yields
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ννbb
• Selection: 
➡ lepton veto

➡ large MET

➡ 2,3 large ET jets

➡ NN-based discriminat to reject the large 
instrumental background

➡ NN to paramaterize trigger efficiency curve
- allows for more relaxed kinematic cuts

‣ Analysis strategy: 

➡ 3 orthogonal channels depending 
on the flavor content
- still using “pre-HOBIT” CDF taggers

➡ Final neural network to 
discriminate signal from 
background
‣ trained separately in 2 and 3 jet sample

σ(V Z) = 3.09+2.21
−1.77 pb
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Diboson at CDF: history

• Observation in semileptonic states
• MET+jets, lepton+MET+jets

• Observation in fully leptonic states
• 

cannot separate WW and WZ due to dijet mass resolution

WZ → lνll, ZZ → llll, WW → lνlν
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b-tagging

• Goal: separate jets containing 
B hadrons from other jets
- key to separate WZ/ZZ from WW

• Solution: brand new 
multivariate tagger (HOBIT)
‣ continuous output

- operation points can be optimized upon search 
sensitivity

‣ trained on Higgs and W+jets MC

‣ built upon the strength of 
previous CDF taggers
- using the most powerful inputs

1/2

Some HOBIT inputs

• b-jets
•others
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KIT input variables
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KIT input variables

34Friday, July 6, 2012


