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Electroweak Physics

❖ Cross section measurements
✔ W → lν (e,µ,τ)
✔ Z0 → l+l- (e,µ)

❖ Forward-Backward asymmetry: AFB

❖ Diboson: W+W- → llνν

❖ Standard Model consistency checks
✔ R= σ(W → lν)/σ(Z0 → l+l-) (e, µ)

➤➤ extract extract ΓΓ(W)(W)

✔ σ(W → τν)/σ(W → eν) 
➤➤ extract gextract gττ//ggee
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σσσσ.BR(W.BR(W.BR(W.BR(W→→→→eeeeννννeeee))))

❖ Event selection
✔ One isolated high pT central e
✔ ET>25 GeV

❖ 38628 candidates in ~72 pb-1

❖ Backgrounds ~ 6%
✔ dominated by QCD

σσσσσσσσ··BR(WBR(W→→→→→→→→eeνννννννν) = 2.64) = 2.64±±±±±±±±0.010.01statstat±±±±±±±±0.090.09syssys±±±±±±±±0.160.16lum lum nbnb

NNLO @ NNLO @ √√s=1.96 s=1.96 TeVTeV‡‡: 2.69 : 2.69 ±± 0.10 0.10 nbnb ‡ Nucl. Phys. B359,343 (1991)

Phys.Rev. Lett. 88,201801 (2002)
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σσσσ.BR(W.BR(W.BR(W.BR(W→µν→µν→µν→µνµµµµ))))

❖ Event selection
✔ Isolated high pT central µ
✔ ET>20 GeV
✔ Z veto
✔ Cosmic veto

❖ 21599 candidates in ~72 pb-1

❖ Backgrounds ~ 11%
✔ dominated by Z→µ+µ-: 

σσσσσσσσ··BR(WBR(W→→→→→→→→µνννννννν) = 2.64) = 2.64±±±±±±±±0.020.02statstat±±±±±±±±0.120.12syssys±±±±±±±±0.160.16lum lum nbnb
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σσσσ.BR(W.BR(W.BR(W.BR(W→τν→τν→τν→τνττττ))))

❖ Event selection
✔ One isolated (calo+track) central τ
✔ ET>25 GeV
✔ e removal

❖ 2345 candidates in ~72 pb-1

❖ Backgrounds ~ 26%
✔ dominated by QCD & W→eν

σσσσσσσσ··BR(WBR(W→→→→→→→→τνννννννν) = 2.62) = 2.62±±±±±±±±0.070.07statstat±±±±±±±±0.210.21syssys±±±±±±±±0.160.16lum lum nbnb
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σσσσ.BR(Z.BR(Z.BR(Z.BR(Z0000→→→→eeee++++eeee----))))

❖ Event selection
✔ Two isolated high pT central e

CDF Run II Preliminary

σσσσσσσσ··BR(ZBR(Z00→→→→→→→→ee++ee--) = 267 ) = 267 ±±±±±±±± 66statstat ±±±±±±±± 1515syssys ±±±±±±±± 1616lum lum pbpb

NNLONNLO @ @ √√√√√√√√s=1.96 s=1.96 TeVTeV‡‡: 252 : 252 ±±±±±±±± 9 9 pbpb ‡ Nucl. Phys. B359,343 (1991)

Phys.Rev. Lett. 88,201801 (2002)

❖ 1830 candidates in ~72 pb-1

❖ Backgrounds ~ 0.5%
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σσσσ.BR(Z.BR(Z.BR(Z.BR(Z0000→µ→µ→µ→µ++++µµµµ----))))

❖ Event selection
✔ One isolated high pT central µ
✔ A second isolated high pT track:

➤ Eem <2 GeV & Ehad<6 GeV
✔ Cosmic veto

❖ 1631 candidates in ~72 pb-1

❖ Backgrounds ~ 0.5%

σσσσσσσσ··BR(ZBR(Z00→µ→µ→µ→µ→µ→µ→µ→µ++µµµµµµµµ--) = 246 ) = 246 ±±±±±±±± 66statstat ±±±±±±±± 1212syssys ±±±±±±±± 1515lum lum pbpb
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AAAAFB FB FB FB with Zwith Zwith Zwith Z0000→→→→eeee++++eeee----

❖ Forward-Backward asymmetry AFB:
✔ Direct probe V,A ➫ Extract sin2θW

✔ Constrains the properties of any hypothetical
heavy neutral gauge boson not in SM (e.g. Z’)

Mee [GeV/c2]Mee [GeV/c2]

e+

e-

pp

θθθθ∗∗∗∗

CoM frame

BF

BF
FB NN

NN
A

+
−=
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SM Consistency ChecksSM Consistency ChecksSM Consistency ChecksSM Consistency Checks

RRRRRRRR = 10.67 ±±±±0.15 NNLO(1.96 TeV) [Nucl. Phys. B359,343 (1991)] 
[Phys.Rev. Lett. 88,201801 (2002) ]

ΓΓΓΓ(W) : 2.118 ±±±± 0.042 GeV               [Phys. Rev. D66, 2002 (PDG fit)]
ΓΓΓΓ(W) : 2.067 ±±±± 0.021 GeV              [Phys. Rev. D49, 2002]

σσσσσσσσ(pp(pp→→→→→→→→Z)Z) ΓΓΓΓΓΓΓΓ(W)(W) ΓΓΓΓΓΓΓΓ(Z (Z →→→→→→→→ eeee))

σσσσσσσσ(pp(pp→→→→→→→→W)W) ΓΓΓΓΓΓΓΓ(W (W →→→→→→→→ eeνννννννν)) ΓΓΓΓΓΓΓΓ(Z)(Z)
RRRRRRRR =

TheoreticalTheoretical
predictionprediction

PDGPDG
SMSM

PDGPDG
combined Expcombined ExpMeasureMeasure

ExtractExtract

 9.88 9.88 9.88 9.88±±±±0.240.240.240.24statstatstatstat±±±±0.470.470.470.47syssyssyssys

10.6910.6910.6910.69±±±±0.270.270.270.27statstatstatstat±±±±0.330.330.330.33syssyssyssys

2.292.292.292.29±±±±0.060.060.060.06statstatstatstat±±±±0.100.100.100.10syssyssyssys

2.112.112.112.11±±±±0.050.050.050.05statstatstatstat    ±±±±0.070.070.070.07syssyssyssys

RRRRRRRR

ΓΓΓΓ(W) [(W) [(W) [(W) [GeVGeVGeVGeV]]]]

• electron    • muon

0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 ±±±±±±±± 0.040.040.040.040.040.040.040.04stat stat stat stat stat stat stat stat ±±±±±±±± 0.070.070.070.070.070.070.070.07syssyssyssyssyssyssyssys

BR(WBR(WBR(WBR(WBR(WBR(WBR(WBR(W→τν→τν→τν→τν→τν→τν→τν→τν ) ) ) ) ) ) ) ) 

BR(W BR(W BR(W BR(W BR(W BR(W BR(W BR(W →→→→→→→→eeeeeeeeνννννννν))))))))

==

= = = = = = = = 0.990.990.990.990.990.990.990.99±±±±±±±±0.020.020.020.020.020.020.020.02statstatstatstatstatstatstatstat±±±±±±±±0.040.040.040.040.040.040.040.04syssyssyssyssyssyssyssys

ggggggggττττττττ
ggggggggeeeeeeee

➫
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❖ Event selection
✔ Two high pT isolated µ or e 
with opposite charge
✔ ET>25 GeV
✔ ∆φ(ET,l/j)>200

✔ Z veto
✔ Jet veto to reject tt

DibosonDibosonDibosonDiboson: : : : WWWW++++WWWW----→→→→llllllllνννννννν

Cross section to come with more statistics

SourceSourceSourceSource eeeeeeee µµµµµµµµ eeeeµµµµ llllllll

BackgroundBackgroundBackgroundBackground 0.290.290.290.29±±±±0.130.130.130.13 0.460.460.460.46±±±±0.180.180.180.18 0.770.770.770.77±±±±0.600.600.600.60 1.521.521.521.52±±±±0.640.640.640.64

WW→llνν 0.540.540.540.54±±±±0.120.120.120.12 0.650.650.650.65±±±±0.140.140.140.14 1.551.551.551.55±±±±0.340.340.340.34 2.742.742.742.74±±±±0.590.590.590.59

DataDataDataData 1111 0000 1111 2222

• muon
• electron
• photon

e
µµµµ

ET(e)=41.8 GeV
PT(µµµµ)=20.5 GeV/c2

ET=60.2 GeV

!!!! MC WW

•••• Data ee

!!!! Data µµµµµµµµ
✯✯✯✯ Data eµµµµ
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Top Production & DecayTop Production & DecayTop Production & DecayTop Production & Decay

e-e        (1/81)

mu-mu    (1/81)

tau-tau   (1/81)

e -mu     (2/81)

e -tau    (2/81)

mu-tau   (2/81)

e+jets    (12/81)

mu+jets  (12/81)

tau+jets (12/81)

jets      (36/81)

g

g

g

t

 t

1q

2q

g

t

 t(90%) onannihilati qq

(10%) fusion gg

❖ BR(t→Wb)≈ 100 %
✔ Both W’s decay via W→lν (l = e or µ; 5%)

➤ final state lν lν bb : dilepton
✔ One W decays via W→lν (l = e or µ; 30%)

➤ final state lν qq bb : lepton+jets
✔ Both W decays via W→qq (44%)

➤ final state: qq qq bb: all hadronic
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Top PhysicsTop PhysicsTop PhysicsTop Physics

❖ σtt measurement
✔ Precision test of QCD
✔ Probe for physics 

beyond SM:
➤ Non-SM production:

✦ X→tt
✦ X→ll+jets+ET

➤ Non-SM decay: t→Xb

Top mass ?

❖ Channels:
✔ dilepton channel (lν lν bb)

➤ Good S/B≈7:1
➤ Low statistics
➤ More difficult to measure 
Mtop accurately

✔ l+jets channel (lν qq bb)
➤ Lower S/B≈1:6 for W+≥ 3 jets

✦ b-tagging improve S/B≈3:1
➤ Higher statistics
➤ Essential for Mtop(2 b-tags jets)
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Dilepton Dilepton Dilepton Dilepton ChannelChannelChannelChannel

❖ Backgrounds
✔ WW/WZ, 
✔ Z→ττ, Drell-Yan
✔ fake lepton

b

b

l-

l+

νννν

νννν

p p

❖ Event selection (similar to Run I)
✔ Two high pT isolated µ or e 
with opposite charge
✔ ∆φ(ET,l/j)>200

✔ Z veto
✔ ET>25 GeV
✔ Jets ET>10 GeV & |η|<2.0
use ≥2 jets for σtt

✔ HT>200 GeV (Σ ET,ET
l,ET

j)

72 pb-1 : 5 candidates in ≥ 2 jets bin (1 ee, 1 µµ , 3 eµ)



14XVIIXVIIXVIIXVII RRRRencontreencontreencontreencontre de Physique de la de Physique de la de Physique de la de Physique de la ValleeValleeValleeVallee dddd′′′′AosteAosteAosteAoste UNIVERSITY of LIVERPOOLAnyes TaffardAnyes TaffardAnyes TaffardAnyes TaffardAnyes TaffardAnyes TaffardAnyes TaffardAnyes Taffard
Jet1

µ2

µ1 Primary 
vertex

Vertex view

tt Dileptontt Dileptontt Dileptontt Dilepton CandidateCandidateCandidateCandidate

Secondary 
vertex

Lxy/σσσσxy= 14.6

• muon
• electron
• hadron

µ1 µ2Jet1

Jet2

• muon
• electron
• photon

Lego view

pT(µµµµ1) = 57 GeV/c2

pT(µµµµ2) = 53 GeV/c2

Mµµµµµµµµ = 69 GeV/c
ET

j = 32,15 GeV
ET=54 GeV
HT=212 GeV

tt dilepton candidate: 
Nov 26 2002 run: 154654 event: 7344016
µ+µ- (CMUP-CMX) + 2 jets

3 meters

Jet1

µ1

µ2

Tracking view

Jet2
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SourceSourceSourceSource    eeeeeeee    µµµµµµµµ    eeeeµµµµ    llllllll    

BackgroundBackgroundBackgroundBackground    0.1030.1030.1030.103±±±±0.0560.0560.0560.056    0.0930.0930.0930.093±±±±0.0540.0540.0540.054    0.1000.1000.1000.100±±±±0.0370.0370.0370.037    0.300.300.300.30±±±±0.120.120.120.12    

tttttttt→→→→llllννννllllννννbbbbbbbb    0.470.470.470.47±±±±0.050.050.050.05    0.590.590.590.59±±±±0.070.070.070.07    1.441.441.441.44±±±±0.160.160.160.16    2.52.52.52.5±±±±0.30.30.30.3    

SM expectationSM expectationSM expectationSM expectation    0.570.570.570.57±±±±0.080.080.080.08    0.680.680.680.68±±±±0.090.090.090.09    1.51.51.51.5±±±±0.20.20.20.2    2.82.82.82.8±±±±0.30.30.30.3    

DataDataDataData    1111    1111    3333    5555    
 

 

σσσσtttttttt in in in in DileptonDileptonDileptonDilepton ChannelChannelChannelChannel

‡ MLM

σσσσσσσσtttt = 13.2 = 13.2 ±±±±±±±± 5.95.9statstat ±±±±±±±± 1.51.5syssys ±±±±±±±± 0.80.8lum lum pbpb
NLONLO @ @ √√√√√√√√s=1.96 s=1.96 TeVTeV for for MMtoptop = 175 = 175 GeVGeV‡‡: 6.70: 6.70+0.71+0.71

--0.880.88 pbpb
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Lepton+Jets ChannelLepton+Jets ChannelLepton+Jets ChannelLepton+Jets Channel

b

b

l-

νννν

p p

q

q

q

 q’

g

g

q

 q
W

❖ Reduce background with b-tagging
✔ Secondary Vertex Tagging (SECVTX)

➤ Only 2% W+jets expected to have b quarks

❖ Backgrounds
✔ W+jets (g→bb, cc) 
✔ Mistags from light quarks and gluon jets
✔ W+charm
✔ Non W background (fake lepton), 
diboson, Drell-Yan, single top (small)

❖ Event selection (same as Run I)
✔ One isolated high pT central e or µ
✔ ET>20 GeV
✔ Jets ET>15 GeV & |η|<2.0
✔ Z veto
✔ use W+≥ 3 jets for σtt
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Lepton+Jets: bLepton+Jets: bLepton+Jets: bLepton+Jets: b----taggingtaggingtaggingtagging

True SecondaryTrue Secondary
VertexVertexFake SecondaryFake Secondary

VertexVertex

-Lxy
++LLxyxy

d0

Jet axis
Primary
Vertex

Prompt

Tracks

❖ b-quarks have a long lifetime: cτ ~ 450 µm
✔ B hadrons travel Lxy~3mm before decay

❖ Jet is tagged as b-jet if Lxy/σxy >3 (typical  σxy~150µm)

❖ Mistags (g→dd, uu):
✔ Due to pattern recognition errors,
resolution etc...
✔ Assume mistag equal in +Lxy & -Lxy
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bbbb----tagging Efficiencytagging Efficiencytagging Efficiencytagging Efficiency

❖ Jet b-tagging efficiency
✔ εB=r/FB

➤➤ Tagging rate: r = (NTagging rate: r = (N++--NN--)/)/NNtottot

➤ FB: Fraction of e-jets containing heavy flavour

✔ Done with few different methods:
➤ results all consistent with each other

✔ Measured in data & bb MC
➤ Determine Scale Factor

Semi-leptonic 
b decay

Require b-tag to 
enhance b-flavour

εεεεεεεε(event tag) = 45 (event tag) = 45 ±±±±±±±± 1 1 ±±±±±±±± 5 %5 %

Away jet

e-jet

e

❖ Efficiency of b-tagging a tt event
✔ measure in tt MC, apply SF
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l+jets: Main Backgroundsl+jets: Main Backgroundsl+jets: Main Backgroundsl+jets: Main Backgrounds

❖ Mistags measured from data

❖ Wbb & Wcc measured from MC
✔ Relies on simulation of heavy flavour content
✔ For now take bb & cc fraction in Wbb & Wcc from Run I

➤ RunI & Run II fractions agree within uncertainties
✔ b-tagging efficiency from Run II corrected with SF
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tttttttt l+jets Candidatel+jets Candidatel+jets Candidatel+jets Candidate

pT(µµµµ) = 54.4 GeV/c2

ET
j = 96.7, 65,8, 54.8, 33.8 GeV

ET= 40.8 GeV

tt l+jet candidate: 
Nov 02 2002 run: 153693 event: 799494
µ (CMUP) + 4 jets

• muon
• electron
• hadron

µJet1

Jet3 Jet2

Jet4

Vertex view

Primary 
vertex

Secondary 
vertex

Lxy/σσσσxy= 10.8

Lxy/σσσσxy= 21.9

µ

Jet1

Jet2

Lego view

Jet3

Jet4

• muon
• electron
• photon

3 meters

µJet1

Jet3
Jet2

Jet4

Tracking view
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σσσσtttttttt Measurement: l+jets channelMeasurement: l+jets channelMeasurement: l+jets channelMeasurement: l+jets channel

σσσσσσσσtttt = 5.3 = 5.3 ±±±±±±±± 1.91.9statstat ±±±±±±±± 0.80.8syssys ±±±±±±±± 0.30.3lum lum pbpb

NLONLO @ @ √√√√√√√√s=1.96 s=1.96 TeVTeV for for MMtoptop = 175 = 175 GeVGeV‡‡: 6.70: 6.70+0.71+0.71
--0.880.88 pbpb

SourceSourceSourceSource W+1jetW+1jetW+1jetW+1jet W+2jetsW+2jetsW+2jetsW+2jets W+3jetsW+3jetsW+3jetsW+3jets W+W+W+W+≥≥≥≥4jets4jets4jets4jets

BackgroundBackgroundBackgroundBackground 33.833.833.833.8±±±±5.05.05.05.0 16.416.416.416.4±±±±2.42.42.42.4 2.882.882.882.88±±±±0.050.050.050.05 0.870.870.870.87±±±±0.20.20.20.2

SM SM SM SM Bkgnd + Bkgnd + Bkgnd + Bkgnd + tttttttt 34.034.034.034.0±±±±5.05.05.05.0 18.6518.6518.6518.65±±±±2.42.42.42.4 7.357.357.357.35±±±±1.41.41.41.4 7.627.627.627.62±±±±2.02.02.02.0

Events before taggingEvents before taggingEvents before taggingEvents before tagging 4913491349134913 768768768768 99999999 26262626

Events after taggingEvents after taggingEvents after taggingEvents after tagging 31313131 26262626 7777 8888
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Top massTop massTop massTop mass

❖ Sample: l+jets
✔ 24 combinatorics

➤ 12 correspond to the jet-parton match
➤ every combination has two solutions for pz

ν

✔ with 1 b-tagged jet goes down to 12
✔ with 2 b-tagged jets to 4

✔ Impose Mt=Mt , M(j,j)=M(l,ν)=MW,
➤ PDG: MW, ΓW, Γt

✔ 2-C fit applied, lower χ2 is chosen for top mass

❖ Model the shape of reconstructed mass 
distribution for tt & background events

❖ Extract top quark mass using maximum 
Likelihood

5 vertices:
20 constraints

b-jet

jet

jet

X

W-

W+

t

t

b-jet

l

ν
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Run II Top Mass uncertaintiesRun II Top Mass uncertaintiesRun II Top Mass uncertaintiesRun II Top Mass uncertainties

Run I uncertainty was 4.4
Need to understand CDF

calorimeter better.

We know how to do it !

Run II Systematic uncertainties on Mtop
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How does it look ?How does it look ?How does it look ?How does it look ?

MMtoptop= 171.2= 171.2+14.4+14.4
--12.512.5 stat stat ±±±±±±±± 9.99.9syssys GeVGeV/c/c22

❖ No b-tag requirement
on the jets ...

✔ ≥4 jets with ET>15 GeV

Event with at 
least 1 b-tagged jet
Not used in the fit!
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What about using bWhat about using bWhat about using bWhat about using b----tagging ?tagging ?tagging ?tagging ?

❖ 4 jets with |η| < 2.0, 
✔ 3 with ET > 15 GeV
✔ Require at least 
1 b-tagged jet

MMtoptop= ??? = ??? soooonnnnsoooonnnn
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EWK summaryEWK summaryEWK summaryEWK summary

Many new results already competitiveMany new results already competitiveMany new results already competitiveMany new results already competitive

 (nb)σ
2.4 2.6 2.8 3 3.2 3.4 3.6

)ν e → W→p(pσ

)ν µ → W→p(pσ

)ν τ → W→p(pσ

Standard Model

CDF Run II Preliminary
-1

 L dt = 72.0 pb∫

 (nb)σ
0.22 0.24 0.26 0.28 0.3 0.32 0.34

 e e)→ Z→p(pσ

)µ µ → Z→p(pσ

Standard Model

CDF Run II Preliminary
-1

 L dt = 72.0 pb∫

(W)Γ
1.8 1.9 2 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8

Ye
ar

1988

1990

1992

1994

1996

1998

2000

2002

2004

2006

2008

)µUA1(e+
UA2(e)

CDF 1A(e)

)µD0 1B(e+

World
Average

CDF 2A(e)
)µCDF 2A(

Standard Model

CDF Run II Preliminary
-1

 L dt = 72.0 pb∫
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Top summaryTop summaryTop summaryTop summary

Run I like cross section analyses in good shapeRun I like cross section analyses in good shapeRun I like cross section analyses in good shapeRun I like cross section analyses in good shapeRun I like cross section analyses in good shapeRun I like cross section analyses in good shapeRun I like cross section analyses in good shapeRun I like cross section analyses in good shape

Stay tuned for exciting results from CDF ...

Top mass measurement on its way...Top mass measurement on its way...Top mass measurement on its way...Top mass measurement on its way...


