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What Make The Top Quark So Special ?What Make The Top Quark So Special ?

• That’s the « youngest » quark of the Standard Model
→ discovered in 1995 during the Run I of Tevatron
→ many of its properties need to be studied in detail

• The top quark physics is a rich, still developing field
→ The top quark is currently only directly produced at Tevatron

• That’s the « youngest » quark of the Standard Model
→ discovered in 1995 during the Run I of Tevatron
→ many of its properties need to be studied in detail

• The top quark physics is a rich, still developing field
→ The top quark is currently only directly produced at Tevatron

• That’s the heaviest elementary particle
→ ~ 40 times heavier than its weak isospin 
partner, the b quark 
→ Yukawa Coupling to the Higgs ~ 1
→ Large contribution in virtual fermionic loops
→ Only quark to decay before hadronizing: 
« nude » quark

→ Does it play a special role ?
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The TevatronThe Tevatron
• pp collider at √s = 1.96 TeV

→ 36x36 bunches, bunch crossing every 396 ns
→ 2 experiments : CDF and D0

• Data taking periods:
→ Run I (1993-1996): ℒdelivered ~ 120 pb-1 / experiment
→ Run IIa (2002 - March 2006): ℒdelivered ~ 1.5 fb-1

→ Run IIb (August 2006 – 2009/2010): ℒdelivered ~ 6 to 8 fb-1

• pp collider at √s = 1.96 TeV
→ 36x36 bunches, bunch crossing every 396 ns
→ 2 experiments : CDF and D0

• Data taking periods:
→ Run I (1993-1996): ℒdelivered ~ 120 pb-1 / experiment
→ Run IIa (2002 - March 2006): ℒdelivered ~ 1.5 fb-1

→ Run IIb (August 2006 – 2009/2010): ℒdelivered ~ 6 to 8 fb-1

Typical data taking efficiency: > 85% Typical data taking efficiency: > 85% 

D0 D0 

CDF CDF 

In this talk: 
results with 0.8 fb-1≤ ℒrecorded ≤ 2.2fb-1

In this talk: 
results with 0.8 fb-1≤ ℒrecorded ≤ 2.2fb-1

June 2008 June 2008 
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The RunII CDF and D0 DetectorsThe RunII CDF and D0 Detectors

→ tracking (vertexing, momemtum measurement, b tagging)
→ calorimetry (jets, electron, missing transverse energy)
→ muon detection

→ tracking (vertexing, momemtum measurement, b tagging)
→ calorimetry (jets, electron, missing transverse energy)
→ muon detection

• Top physics utilizes
every subdetector:
• Top physics utilizes
every subdetector:
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Pair Production

tŧ Cross Section

Pair Production

tŧ Cross Section
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Top Quark Pair ProductionTop Quark Pair Production

Tevatron :      85% 15%
LHC: 13% 87%
Tevatron :      85% 15%
LHC: 13% 87%

• Strong Interaction Production Mode:
Pair (tŧ) production: dominant at hadron collider

→ Theoretical prediction: Mtop = 175 GeV (CTEQ6.5)
Cacciari et al. arXiv/08042800, NLO+NLL

Tevatron: σ = 6.73 pb ± ~ 10 % 
LHC: σ = 908 pb ± ~ 10 % 

→ Typically : 
Tevatron : for 1 fb-1 , σxBrxA = 7600x0.3x0.15 

~ 300 evts (lepton +jets)
LHC : same number of events with 10 pb-1

• Strong Interaction Production Mode:
Pair (tŧ) production: dominant at hadron collider

→ Theoretical prediction: Mtop = 175 GeV (CTEQ6.5)
Cacciari et al. arXiv/08042800, NLO+NLL

Tevatron: σ = 6.73 pb ± ~ 10 % 
LHC: σ = 908 pb ± ~ 10 % 

→ Typically : 
Tevatron : for 1 fb-1 , σxBrxA = 7600x0.3x0.15 

~ 300 evts (lepton +jets)
LHC : same number of events with 10 pb-1
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Why Do We Want to Measure
the tŧ Cross Section ?

Why Do We Want to Measure
the tŧ Cross Section ?

• σ(tŧ) is an inclusive quantity that allows:
→ test the SM : 

compare the experimental measurement with the QCD NLO prediction
→ extract the top quark mass comparing theory with measurement
→ probe new physics : 

- anomalous tŧ production rate
- compare cross-sections in 

different top decay channels

→ background for Higgs and new phenomena searches

• σ(tŧ) is an inclusive quantity that allows:
→ test the SM : 

compare the experimental measurement with the QCD NLO prediction
→ extract the top quark mass comparing theory with measurement
→ probe new physics : 

- anomalous tŧ production rate
- compare cross-sections in 

different top decay channels

→ background for Higgs and new phenomena searches
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How Do We Measure
the (tŧ) Cross Section ?
How Do We Measure

the (tŧ) Cross Section ?

LM
NN

M
ttt

backgroundobserved
ttt )(
)(

ε
σ

−
=

Signal selection efficiency
using tŧ Monte Carlo samples
Pythia or Alpgen

Signal selection efficiency
using tŧ Monte Carlo samples
Pythia or Alpgen

Recorded luminosity
Channel dependent
Recorded luminosity
Channel dependent

Event counting or 
fit of discriminating
variable shape

Event counting or 
fit of discriminating
variable shape

Number of expected
background events
Using Monte Carlo or data

Number of expected
background events
Using Monte Carlo or data
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tŧ Production Final Statestŧ Production Final States

all jets
46% 

all jets
46% 

with τ
20% 

with τ
20% 

e + jets
15 % 

e + jets
15 % 

µ + jets
15 % 
µ + jets
15 % 

eµ 2 % eµ 2 % 
ee 1 % ee 1 % 

µµ 1 % µµ 1 % 

large statistics

large bkg: multijets

large statistics

large bkg: multijets
reasonable statistics

Reasonable bkg: W/Z +jets, 
multijets

reasonable statistics

Reasonable bkg: W/Z +jets, 
multijets

Challenging to identifyChallenging to identify

low statistics

low bkg: 
Z+jets, Diboson +jets, 
Z(ττ)+jets

low statistics

low bkg: 
Z+jets, Diboson +jets, 
Z(ττ)+jets

• Top Decay in the Standard Model:
BR(t → Wb) ~ 100 %

• Final State driven by the W decay modes

• Top Decay in the Standard Model:
BR(t → Wb) ~ 100 %

• Final State driven by the W decay modes
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b Jet Taggingb Jet Tagging
• utilize b-jets special properties to separate them from light/gluon jets:

(reduce multijet and W+jets bkg)
→ long b-hadrons decay length (cτ~0.5mm)
→ high b quark mass compared the light quarks
→ b-hadrons semileptonic decay: b→µνc

• utilize b-jets special properties to separate them from light/gluon jets:
(reduce multijet and W+jets bkg)

→ long b-hadrons decay length (cτ~0.5mm)
→ high b quark mass compared the light quarks
→ b-hadrons semileptonic decay: b→µνc

• 3 main b-tagging algorithms:
1) impact parameter based
2) secondary vertex reconstruction
3) soft lepton tag

• D0: 1 & 2 combined into a neural 
network (NN):

→ ε ≈ 55% for fake rate ~1%
• CDF: 2 & NN jet separator

• 3 main b-tagging algorithms:
1) impact parameter based
2) secondary vertex reconstruction
3) soft lepton tag

• D0: 1 & 2 combined into a neural 
network (NN):

→ ε ≈ 55% for fake rate ~1%
• CDF: 2 & NN jet separator
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Lepton + jets ChannelLepton + jets Channel
• Signature:
High Pt isolated lepton 
High E̸T
4 jets (2 b jets)

• Signature:
High Pt isolated lepton 
High E̸T
4 jets (2 b jets)

• 2 analysis strategy: 
→ topological: likelihood using kinematic variables 

(aplanarity, sphericity, HT, angles, invariant masses, …)
→ b-tagging •Background:

→ W + jets : MC, normalized to data 
(before b-tagging) 
→ non-W (multijets) : fake lepton, 
estimated from data
→ diboson, Z+jets, single top : MC

•Background:
→ W + jets : MC, normalized to data 
(before b-tagging) 
→ non-W (multijets) : fake lepton, 
estimated from data
→ diboson, Z+jets, single top : MC

Branching ratioBranching ratio Signal/Bkg (4jets)Signal/Bkg (4jets)

4:1
w/ btag

4:1
w/ btag

2:3
w/o btag

2:3
w/o btag

30%30%
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Lepton + jets With b-TaggingLepton + jets With b-Tagging

data: 416, expected bkg: 75 ± 15
σ(tt ̅) = 8.2 ± 0.5 (stat) ± 0.8 (sys) ± 0.5 (lumi) pb
data: 416, expected bkg: 75 ± 15
σ(tt ̅) = 8.2 ± 0.5 (stat) ± 0.8 (sys) ± 0.5 (lumi) pb

data:  596, expected bkg: 208 ± 10
σ(tt ̅) = 8.0 ± 0.5 (stat) ± 0.7 (sys) ± 0.5 (lumi) pb
data:  596, expected bkg: 208 ± 10
σ(tt ̅) = 8.0 ± 0.5 (stat) ± 0.7 (sys) ± 0.5 (lumi) pb

• dominant systematics: (luminosity : 6%)
→ b-tagging : 6 % (b-tag)
→ MC Modeling: (W+jets, PDF, …) : ~4%
→ Jet Energy Scale : ~ 4%

• dominant systematics: (luminosity : 6%)
→ b-tagging : 6 % (b-tag)
→ MC Modeling: (W+jets, PDF, …) : ~4%
→ Jet Energy Scale : ~ 4%

∆σ/σ ~ 12%∆σ/σ ~ 12%

8 channels: 2 lepton flavors
x 3 jets-4jets x 1btag-2btag
8 channels: 2 lepton flavors
x 3 jets-4jets x 1btag-2btag

Wbb from MC corrected for εbtag(data/MC)Wbb from MC corrected for εbtag(data/MC)Wbb normalized in the 2jets-1btag binWbb normalized in the 2jets-1btag bin

PRL 100, 
192004 (2008)
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Lepton + jets With Soft Lepton TaggingLepton + jets With Soft Lepton Tagging

data: 121, expected bkg: 52 ± 3
σ(tt ̅) = 7.8 ± 2.4 (stat) ± 1.5 (sys) ± 0.5 (lumi) pb
data: 121, expected bkg: 52 ± 3
σ(tt ̅) = 7.8 ± 2.4 (stat) ± 1.5 (sys) ± 0.5 (lumi) pb

data:  248, expected bkg: 87 ± 6
σ(tt ̅) = 8.7 ± 1.1 (stat) ± 0.9 (sys) ± 0.6 (lumi) pb
data:  248, expected bkg: 87 ± 6
σ(tt ̅) = 8.7 ± 1.1 (stat) ± 0.9 (sys) ± 0.6 (lumi) pb

• dominant systematics: (luminosity : 6%)
→ ℓ-tag acceptance/ε : 8-15 % 
→ ℓ-tag fake rate: ~ 5%
→ W+HF prediction: ~4%

• dominant systematics: (luminosity : 6%)
→ ℓ-tag acceptance/ε : 8-15 % 
→ ℓ-tag fake rate: ~ 5%
→ W+HF prediction: ~4%

soft µ tagsoft µ tag soft e tagsoft e tag

(Mtop = 175 GeV)(Mtop = 175 GeV)
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Lepton + jets with Kinematic DiscriminantLepton + jets with Kinematic Discriminant

data:  2386, expected bkg: 1912 ± 70
σ(tt ̅) = 6.6 ± 0.8 (stat) ± 0.4 (sys) ± 0.4 (lumi) pb
data:  2386, expected bkg: 1912 ± 70
σ(tt ̅) = 6.6 ± 0.8 (stat) ± 0.4 (sys) ± 0.4 (lumi) pb

• D0: combination with the b-tagging analysis: • D0: combination with the b-tagging analysis: 
∆σ/σ ~ 11%∆σ/σ ~ 11%

Likelihood discriminant Neural Network
Fit the discriminant output in all channel to extract the cross section

Likelihood discriminant Neural Network
Fit the discriminant output in all channel to extract the cross section

PRL 100, 192004 (2008)

4 channels: 2 lepton flavors x 3 jets-4jets4 channels: 2 lepton flavors x 3 jets-4jets

σ(tt̅) = 7.4 ± 0.5 (stat) ± 0.5 (sys) ± 0.5 (lumi) pbσ(tt̅) = 7.4 ± 0.5 (stat) ± 0.5 (sys) ± 0.5 (lumi) pb

(Mtop = 175 GeV)(Mtop = 175 GeV)

Correlation: 31%Correlation: 31%

Additionnal selection: 
Ht = Σ Pt(jet) > 120 GeV
Additionnal selection: 
Ht = Σ Pt(jet) > 120 GeV

σ(tt ̅) = 6.0 ± 0.6 (stat) ± 0.9 (sys) ± 0.3 (lumi) pbσ(tt ̅) = 6.0 ± 0.6 (stat) ± 0.9 (sys) ± 0.3 (lumi) pb
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• interest
→ top mass in a well defined renormalization scheme

• compare cross-section measurement with theory computation
→ for each Mtop, construct a joint likelihood = 

theory likelihood (scale and PDF uncertainty)
x  experimental likelihood (total uncertainty)
→ integrate over the cross-section

• interest
→ top mass in a well defined renormalization scheme

• compare cross-section measurement with theory computation
→ for each Mtop, construct a joint likelihood = 

theory likelihood (scale and PDF uncertainty)
x  experimental likelihood (total uncertainty)
→ integrate over the cross-section

Top Mass Extraction From the Cross SectionTop Mass Extraction From the Cross Section

PRL 100, 192004 (2008)

Mtop = 170 ± 7 GeVMtop = 170 ± 7 GeV

in agreement with the world average value:

Mtop = 172.6 ± 1.4 GeV
in agreement with the world average value:

Mtop = 172.6 ± 1.4 GeV
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• Previous measurement assumed Br(t→Wb)=1
→ fit simultaneously and R and σ(tŧ) w/o this assumption

• channels: 0, 1, 2 b-tag, ≥ 4 jets

• Previous measurement assumed Br(t→Wb)=1
→ fit simultaneously and R and σ(tŧ) w/o this assumption

• channels: 0, 1, 2 b-tag, ≥ 4 jets

Simultaneous R and Cross Section MeasurementSimultaneous R and Cross Section Measurement

222

2

)(
)(

tdtstb

tb

VVV
V

WqtBr
WbtBrR

++
=

→
→

=

R ≈ 1 in the SM

PRL 100, 192003 (2008)

σ(tt̅) = 8.2+0.9
-0.8 (stat+sys) ± 0.5 (lumi) pb

R = 0.97+0.09
-0.08 (stat+sys) 

σ(tt̅) = 8.2+0.9
-0.8 (stat+sys) ± 0.5 (lumi) pb

R = 0.97+0.09
-0.08 (stat+sys) 

q = (d,s,b)

• dominant uncertainty:
→ R: statistics + b-tagging
→ σ(tŧ): statistics, lepton ID,

jet energy scale

• dominant uncertainty:
→ R: statistics + b-tagging
→ σ(tŧ): statistics, lepton ID,

jet energy scale

Correlation: -58%Correlation: -58%

(unitarity + 3 families)(unitarity + 3 families)
|Vtb|> 0.89 @ 95% CL|Vtb|> 0.89 @ 95% CL
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Dilepton ChannelDilepton Channel
• Signature:
2 high Pt isolated leptons
High E̸T

2 b jets

• Signature:
2 high Pt isolated leptons
High E̸T

2 b jets

• complementary strategy: 
→ lepton + isolated track : need b-tagging to enhance purity

• Background:
→ Z + jets : Z → ℓℓ +fake E̸T : MC or data
→ fake lepton (multijets) : estimated on data
→ diboson (WW,WZ) +jets : MC

• Background:
→ Z + jets : Z → ℓℓ +fake E̸T : MC or data
→ fake lepton (multijets) : estimated on data
→ diboson (WW,WZ) +jets : MC

Branching ratioBranching ratio Signal/BkgSignal/Bkg

3:1
w/o btag

3:1
w/o btag

8% 
(with ℓ+τ)

8% 
(with ℓ+τ)
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Dilepton Channel ResultsDilepton Channel Results

2 fb-1: ℓℓ (w/o btag):
σ(tt ̅) = 6.8 ± 1.0 (stat) ± 0.4 (sys) ± 0.4 (lumi) pb
2 fb-1: ℓℓ (w/ btag):
σ(tt ̅) = 9.0 ± 1.1 (stat) ± 0.7 (sys) ± 0.5 (lumi) pb

2 fb-1: ℓℓ (w/o btag):
σ(tt ̅) = 6.8 ± 1.0 (stat) ± 0.4 (sys) ± 0.4 (lumi) pb
2 fb-1: ℓℓ (w/ btag):
σ(tt ̅) = 9.0 ± 1.1 (stat) ± 0.7 (sys) ± 0.5 (lumi) pb• dominant systematics:

→ Jet energy scale : ~ 3%
→ MC normalization : ~ 3%
→ others of the order of 2-3% 

• dominant systematics:
→ Jet energy scale : ~ 3%
→ MC normalization : ~ 3%
→ others of the order of 2-3% 

1.05 fb-1: ℓℓ + ℓ-isolated track (w/ btag): 
σ(tt ̅) = 6.2  ± 0.9 (stat) ± 0.8 (syst) ± 0.4 (lumi) pb
1.05 fb-1: ℓℓ + ℓ-isolated track (w/ btag): 
σ(tt ̅) = 6.2  ± 0.9 (stat) ± 0.8 (syst) ± 0.4 (lumi) pb

∆σ/σ ~ 17%∆σ/σ ~ 17%

(Mtop = 175 GeV)(Mtop = 175 GeV)

1.1 fb-1: ℓ+track (w/o btag):
σ(tt ̅) = 8.3 ± 1.3 (stat) ± 0.7 (sys) ± 0.5 (lumi) pb
1 fb-1: ℓ+track (w/ btag):
σ(tt ̅) = 10.1 ± 1.8 (stat) ± 1.1 (sys) ± 0.6 (lumi) pb
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ℓ+jets/ℓℓ Cross Section Ratioℓ+jets/ℓℓ Cross Section Ratio
• using the measured ℓ+jets/ℓℓ cross sections:

→ in the SM: Rσ = 1
→ deviation from 1 sensitive to the W disappearance : B(t → Xb)

ex: t → Hb with H+ → cs⇒ R>1

• using the  Feldman Cousins method:

Rσ = 1.21 + 0.27
-0.26 (stat+sys)

→ assuming mH±=80 GeV and Br(H±→ cs)=1

Br(t→Hb) < 0.35 @ 95% CL

• using the measured ℓ+jets/ℓℓ cross sections:

→ in the SM: Rσ = 1
→ deviation from 1 sensitive to the W disappearance : B(t → Xb)

ex: t → Hb with H+ → cs⇒ R>1

• using the  Feldman Cousins method:

Rσ = 1.21 + 0.27
-0.26 (stat+sys)

→ assuming mH±=80 GeV and Br(H±→ cs)=1

Br(t→Hb) < 0.35 @ 95% CL

)(
)(

ll

l

tt

tt jets
R

σ
σ

σ

+
=



F. Déliot, PIC 26-June-2008 21

Lepton + τ ChannelLepton + τ Channel

• tau identification: 
→ hadronic tau decays :

→ hadronic tau reconstruction :
3 neural networks 
to identify
separately

• tau identification: 
→ hadronic tau decays :

→ hadronic tau reconstruction :
3 neural networks 
to identify
separately

• final state with taus:
→ challenging to identify
→ but most sensitive channel to new physics

ex: MSSM: if mH+ < mt : t→H+b, H+→ τν

• final state with taus:
→ challenging to identify
→ but most sensitive channel to new physics

ex: MSSM: if mH+ < mt : t→H+b, H+→ τν

H+H+

1 track1 track 1 track1 track > 1 track> 1 track
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• background estimation:
→ W+jets: normalized to data
→ multijet: from same sign events
→ other from MC

• background estimation:
→ W+jets: normalized to data
→ multijet: from same sign events
→ other from MC

Lepton + τ Channel ResultsLepton + τ Channel Results

• dominant systematics: (luminosity : ~ 6%)
→ bkg/MC statistics : ~ 20%
→ b-tagging : ~ 6%
→ tau fake rate : ~ 4%

• dominant systematics: (luminosity : ~ 6%)
→ bkg/MC statistics : ~ 20%
→ b-tagging : ~ 6%
→ tau fake rate : ~ 4%

1 fb-1: (Mtop=175GeV)
σ(tt ̅) = 8.3+2.0

-1.8 (stat) +1.4
-1.2 (syst) ± 0.5 (lumi) pb

1 fb-1: (Mtop=175GeV)
σ(tt ̅) = 8.3+2.0

-1.8 (stat) +1.4
-1.2 (syst) ± 0.5 (lumi) pb

∆σ/σ ~ 28%∆σ/σ ~ 28%

before btagbefore btag

after btagafter btag
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Full Hadronic ChannelFull Hadronic Channel

• Signature:
6 jets (2 b jets)
• Signature:
6 jets (2 b jets)

b-tagging necessary
Important combinatoric background 

• Background:
→ multijets : estimated on data 

(tag rate in the Njet=4 bin)

• Background:
→ multijets : estimated on data 

(tag rate in the Njet=4 bin)

44%44%

Branching ratioBranching ratio Signal/BkgSignal/Bkg
1:2

w/o btag
1:2

w/o btag

• Selection:
→ 6 ≤ Njet ≤ 8

→ signal/bkg separation: using a neural 
network (jet invariant masses, 
sphericity, aplanarity, …)

• Selection:
→ 6 ≤ Njet ≤ 8

→ signal/bkg separation: using a neural 
network (jet invariant masses, 
sphericity, aplanarity, …)
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Full Hadronic Channel ResultsFull Hadronic Channel Results

data:  1233, expected bkg: 856 ± 23
σ(tt̅) = 8.3 ± 1.0 (stat) +2.0

-1.5 (sys) ± 0.5 (lumi) pb
data:  1233, expected bkg: 856 ± 23
σ(tt̅) = 8.3 ± 1.0 (stat) +2.0

-1.5 (sys) ± 0.5 (lumi) pb

• dominant systematics: (luminosity : ~ 6%)
→ Jet energy scale : ~ 16%
→ b-tagging : ~ 7%

• dominant systematics: (luminosity : ~ 6%)
→ Jet energy scale : ~ 16%
→ b-tagging : ~ 7%

∆σ/σ ~ 25%∆σ/σ ~ 25%

(Mtop = 175 GeV)(Mtop = 175 GeV)

Phys. Rev. D76, 072009 (2007) 
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Summary of tŧ Cross Section MeasurementsSummary of tŧ Cross Section Measurements
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PerspectivesPerspectives

→ better current result: ∆σ(tŧ)/σ ~ 11 % (~ theory uncertainty) 
→ systematic dominated (ℓ +jets, full hadronique)
→ perspective: end of runII

a 6 % uncertainty could be achieved (need to improve systematics)
→ LHC: 5-10% with 10 fb-1 (luminosity uncertainty 5%-10%)

→ better current result: ∆σ(tŧ)/σ ~ 11 % (~ theory uncertainty) 
→ systematic dominated (ℓ +jets, full hadronique)
→ perspective: end of runII

a 6 % uncertainty could be achieved (need to improve systematics)
→ LHC: 5-10% with 10 fb-1 (luminosity uncertainty 5%-10%)
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Single Top Quark Cross SectionsSingle Top Quark Cross Sections
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Single Top Quark ProductionSingle Top Quark Production
• Electroweak Production Mode 

single top production

s-channel t-channel

• Electroweak Production Mode 
single top production

s-channel t-channel
Tevatron :      30% 65% 5%
(LHC: 3% 77% 20%)
NLO σ :    0.88 ± 8% pb 1.98 ± 12% pb 0.09 ± 26% pb

Final state:    ℓνbb ̅ ℓνbb̅q 

Tevatron :      30% 65% 5%
(LHC: 3% 77% 20%)
NLO σ :    0.88 ± 8% pb 1.98 ± 12% pb 0.09 ± 26% pb

Final state:    ℓνbb ̅ ℓνbb̅q 

W associated productionW associated production

→ Theoretical prediction: Mtop = 175 GeV (CTEQ5M1)
Sullivan, Phys. Rev. D70:114012,2004, NLO

Tevatron: σ = 2.9 pb ± ~ 14 % (typically: for 1 fb-1 , ~ 50 evts)
LHC: σ = 315 pb ± ~ 20 %

Leptonic decay of the W
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Why Do We Want to Measure
the Single Top Cross Section ?
Why Do We Want to Measure
the Single Top Cross Section ?

• Single top cross section:
→ predicted by the standard model: 

need to measure it
→ direct measurement of Vtb (σ ∝ |Vtb|2)

test the unitarity of the CKM matrix
→ sensitive to non standard process:

W’ or charged Higgs, FCNC: tug, …
anomalous Wtb coupling: V+A

→ background for Higgs searches:
same final state as WH→Wbb

• Difficult measurement:
→ low cross-section, high background (Wbb ̅, tt̅, multijets)

S/B ~ 1/15 
need multivariate techniques

• Single top cross section:
→ predicted by the standard model: 

need to measure it
→ direct measurement of Vtb (σ ∝ |Vtb|2)

test the unitarity of the CKM matrix
→ sensitive to non standard process:

W’ or charged Higgs, FCNC: tug, …
anomalous Wtb coupling: V+A

→ background for Higgs searches:
same final state as WH→Wbb

• Difficult measurement:
→ low cross-section, high background (Wbb ̅, tt̅, multijets)

S/B ~ 1/15 
need multivariate techniques
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Event Selection and Background EstimationEvent Selection and Background Estimation

• Event Selection:
→ one isolated electron or muon (Pt>15-20GeV)
→ E̸T > 15-25 GeV
→ 2, 3 or 4 jets with 1 or 2 b-tag (Pt>15-25GeV)

• Background estimation:
→ from MC: diboson, Z+jets and tŧ (+ single top)
→ from MC and Data: 

kinematics and flavor composition from MC 
(+ additional scale factor for Wbb and Wcc)

W+jets normalized from data before b-tagging
→ from data: multijets

using sideband or non isolated lepton sample

• Event Selection:
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→ from MC and Data: 

kinematics and flavor composition from MC 
(+ additional scale factor for Wbb and Wcc)

W+jets normalized from data before b-tagging
→ from data: multijets

using sideband or non isolated lepton sample
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Event YieldsEvent Yields

multivariate discriminant 
needed

multivariate discriminant 
needed

After b-taggingAfter b-tagging
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Systematic UncertaintiesSystematic Uncertainties
• systematics affect the normalization and/or the shapes
→ correlation between channels taken into account
• systematics affect the normalization and/or the shapes
→ correlation between channels taken into account

• the cross section uncertainty is dominated by the statistical uncertainty• the cross section uncertainty is dominated by the statistical uncertainty
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Multivariate TechniquesMultivariate Techniques
multivariate
discriminant
multivariate
discriminant

Statistical
analysis

Statistical
analysisDiscriminating

variables
Discriminating

variables

→ Boosted Decision Tree
→ Bayesian Neural Network
→ Matrix Elements

→ Boosted Decision Tree
→ Bayesian Neural Network
→ Matrix Elements

→ Boosted Decision Tree
→ Neural Network
→ Matrix Elements
→ Likelihood Functions

→ Boosted Decision Tree
→ Neural Network
→ Matrix Elements
→ Likelihood Functions

Event kinematics
Object properties

Reconstructed top mass
Angular correlations

…

Event kinematics
Object properties

Reconstructed top mass
Angular correlations

…
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D0 ResultsD0 Results
• First evidence for single top production in December 2006:

PRL 98, 181802 (2007)

• 3 analyses: Boosted decision tree, Bayesian Neural Network, Matrix Elements (0.9 fb-1)
combined s and t channel searches (assume SM ratio between them)

• First evidence for single top production in December 2006:
PRL 98, 181802 (2007)

• 3 analyses: Boosted decision tree, Bayesian Neural Network, Matrix Elements (0.9 fb-1)
combined s and t channel searches (assume SM ratio between them)

(Mtop = 175 GeV)(Mtop = 175 GeV)
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CDF ResultsCDF Results
• Large dataset analyzed : 2.2 fb-1

• 4 analyses: Likelihood function, Neural Network, Matrix Elements 
Boosted Decision Tree (new)

• Large dataset analyzed : 2.2 fb-1

• 4 analyses: Likelihood function, Neural Network, Matrix Elements 
Boosted Decision Tree (new)

4.6 σ

1.9+ 0.8
-0.7 pb

2.8 σ

BDT

(Mtop = 175 GeV)(Mtop = 175 GeV)
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Combining the ResultsCombining the Results
• CDF: Neural network optimized using neuro-
evolution of augmentation topologies (NEAT)

• D0: Best Linear Unbiased Estimate (BLUE) 
method

• CDF: Neural network optimized using neuro-
evolution of augmentation topologies (NEAT)

• D0: Best Linear Unbiased Estimate (BLUE) 
method

D0 correlation
matrix

D0 correlation
matrix
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Separate Measurements of s and t ChannelsSeparate Measurements of s and t Channels
• D0: s+t channel decision tree where the s 
and t channel cross sections are allowed to 
float 

• CDF: Neural network output templates for 
s and t channels separately
2jet 1btag: 2D NN discriminant

• D0: s+t channel decision tree where the s 
and t channel cross sections are allowed to 
float 

• CDF: Neural network output templates for 
s and t channels separately
2jet 1btag: 2D NN discriminant
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Measurement of the CKM Matrix Element VtbMeasurement of the CKM Matrix Element Vtb
• Wtb vertex:

• Extraction of Vtb from the cross section measurement: σ ∝ |Vtb|2

• Assumptions:
→ single top production with W interaction (no FCNC, …)
→ SM top decay: |Vtd|2 + |Vts|2 << |Vtb|2

→ pure V-A: f1
R=0

• No assumption on the number of quark families or CKM unitarity

• Wtb vertex:

• Extraction of Vtb from the cross section measurement: σ ∝ |Vtb|2

• Assumptions:
→ single top production with W interaction (no FCNC, …)
→ SM top decay: |Vtd|2 + |Vts|2 << |Vtb|2

→ pure V-A: f1
R=0

• No assumption on the number of quark families or CKM unitarity
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Summary of Single Top Cross Section MeasurementsSummary of Single Top Cross Section Measurements

• Challenging measurements
• Both D0 and CDF report evidence for single top production:

D0 (0.9 fb-1): σ(s+t channel) = 4.7 ± 1.3 pb (3.6 σ significance)
CDF (2.2 fb-1): σ(s+t channel) = 2.2 ± 0.7 pb (3.7 σ significance)

• Perspectives:

LHC experiments will need ~ 10 fb-1 to see the t-channel and to discover the 
Wt channel. The s-channel will be more difficult.

• Challenging measurements
• Both D0 and CDF report evidence for single top production:

D0 (0.9 fb-1): σ(s+t channel) = 4.7 ± 1.3 pb (3.6 σ significance)
CDF (2.2 fb-1): σ(s+t channel) = 2.2 ± 0.7 pb (3.7 σ significance)

• Perspectives:

LHC experiments will need ~ 10 fb-1 to see the t-channel and to discover the 
Wt channel. The s-channel will be more difficult.

(Mtop = 175 GeV)(Mtop = 175 GeV)
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ConclusionConclusion
• At Tevatron Run II, top physics has entered the 
precision area.

→ statistics is not the limiting factor anymore for the tŧ cross-section 
measurements (ℓ +jets, full hadronique) : ∆σ(tŧ)/σ ~ 11 % 

• Test of the Standard Model:
→ tŧ cross section in all the possible channels
→ evidence for single top (>3σ)

• The Tevatron will deliver 6-8 fb-1 by 2009/2010
→ dilepton tŧ cross section limited by systematics
→ work on reducing systematics
→ single top discovery (s and t channels)
→ surprises in the top sector?

see next talk for top properties results


