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Single Top Production at TevatronSingle Top Production at Tevatron

s-channel production (W*) t-channel production (Wg fusion)

Vtb CKM matrix element
top polarisation and  V-A structure 
of EWK top interaction
Probe b-quark PDF (t-channel)
Look for physics beyond SM

4th generation
anomalous Wtb couplings
FCNC (t→Z/γ c)

Irreducible background to 
associated Higgs production

ss1/21/2

=1.96TeV=1.96TeV
NLO CrossNLO Cross--

sectionssections

tt--channelchannel 1.981.98±±0.25 pb0.25 pb

ss--channelchannel 0.880.88±±0.11 pb0.11 pb
tt--tbartbar 6.776.77±±0.42 pb0.42 pb

B.W. Harris et al.: Phys. Rev. D 66, 054024B.W. Harris et al.: Phys. Rev. D 66, 054024
Z. Sullivan: Phys. Rev. D 70 114012Z. Sullivan: Phys. Rev. D 70 114012
Kidonakis 2003: Phys. Rev. D 68 114014Kidonakis 2003: Phys. Rev. D 68 114014
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Event SignatureEvent Signature

HighHigh--PPTT electron or muonelectron or muon
Missing transverse energyMissing transverse energy
2 jets2 jets

ss--channel: 2 bchannel: 2 b--jetsjets
tt--channel:                           channel:                           
1 b1 b--jet + 1 lightjet + 1 light--quarkquark--jet jet 
+ 1 soft b+ 1 soft b--jet (from gluon jet (from gluon 
splitting) which is rarely splitting) which is rarely 
seenseen

s-channel
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CDF Run II Analysis: Event SelectionCDF Run II Analysis: Event Selection

Electron

Jet 2

Jet 1

A typical W+2jet eventPhys.Rev.D71:012005,2005Phys.Rev.D71:012005,2005

Look in the Look in the W+2 jetsW+2 jets channel:channel:
1 lepton with E1 lepton with ETT>20 GeV, |>20 GeV, |ηη|<1.0|<1.0
missing transverse energy: missing transverse energy: MEMETT>20 GeV>20 GeV
2 jets : E2 jets : ETT> 15 GeV, |> 15 GeV, |ηη| < 2.8| < 2.8
at least one bat least one b--tag  (displaced sec. tag  (displaced sec. 
vertex)vertex)
Veto dilepton from Z and Veto dilepton from Z and ttbarttbar, , 
conversion eventsconversion events

Topological cuts:Topological cuts:
140 < M140 < Mllννbb <210 GeV/c<210 GeV/c22

(combined and separate searches)(combined and separate searches)
leading jet Eleading jet ETT > 30 GeV > 30 GeV 

(separate search for t(separate search for t--channel only)channel only)
Backgrounds: nonBackgrounds: non--top and tt 

Run: 153389 · Event: 361345
•CEM Electron ET=50.9 GeV, η =0.24
•MET=25.7 GeV, Phi=5.6
•Jet1 ET=173.8 GeV, η =0.45
•Jet2 ET=149.8 GeV, η =-0.13
•HT = 475 GeV, Mlνb=173 GeV/c2

top and tt 
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BackgroundsBackgrounds
W+jets (Wbb, mistagged Wcc, Wc…)

Challenging background both in term of quantification & shape 
variables

Estimated from data & MC
Heavy Flavor fractions (b,c) from ALPGEN + Herwig
Normalization from data before b-tagging

Multijet events 
Jet misidentified as lepton & semi-leptonic decay of HF 
jets (bb)
Estimated from data

WW, WZ, Z→ττ, Top pair production
Estimated from Pythia and theoretical cross section
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Event yield with 162 pbEvent yield with 162 pb--11

ProcessProcess CombinedCombined 11--tagtag 22--tagtag

3.8 3.8 ±± 0.90.9

30.0 30.0 ±± 5.85.8

33.8 33.8 ±± 5.95.9

2.8 2.8 ±± 0.50.5

1.5 1.5 ±± 0.20.2

4.3 4.3 ±± 0.50.5

38.1 38.1 ±± 5.95.9

4242

3.2 3.2 ±± 0.70.7

23.3 23.3 ±± 4.64.6

26.5 26.5 ±± 4.74.7

2.7 2.7 ±± 0.40.4

1.1 1.1 ±± 0.20.2

3.8 3.8 ±± 0.40.4

30.3 30.3 ±± 4.74.7

3333

tttt 0.60 0.60 ±± 0.140.14

NonNon--toptop

Sum BackgroundSum Background

tt--channelchannel

ss--channelchannel

Sum SingleSum Single--TopTop

Sum ExpectedSum Expected

ObservedObserved

2.59 2.59 ±± 0.710.71

3.19 3.19 ±± 0.720.72

0.02 0.02 ±± 0.010.01

0.32 0.32 ±± 0.050.05

0.34 0.34 ±± 0.050.05

3.53 3.53 ±± 0.720.72

66

Background dominated
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Results of combined searchResults of combined search
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Results of separate searchResults of separate search

s-channel and            
t-channel differ

t-channel:

Expected limit: 11.2 pb

Observed limit: 10.1 pb 

s-channel:

Expected limit: 12.1 pb 

Observed limit : 13.6 pb

Most probable value:

5.2 5.2 

0.00.0 0.00.0tt--channelchannel

4.64.6ss--channelchannel

ββ units           pbunits           pbChannelChannel
+2.4
-0.0

+4.7
-0.0

+4.3
-4.3

+3.8
-3.8
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D0 analysis (230 pbD0 analysis (230 pb--11))
hephep--ex/0505063, submitted to PLB ex/0505063, submitted to PLB 
Lepton (e/Lepton (e/µµ): P): PTT>15  GeV, |>15  GeV, |ηηe(e(µµ))|<1.1 (2.0)|<1.1 (2.0)
Jets: 2Jets: 2≤≤NNjetsjets≤≤44, E, ETT>15 GeV, |>15 GeV, |ηη|<3.4, |<3.4, 
Missing EMissing ETT: E: ETT>15 GeV>15 GeV
Combined several discriminating     Combined several discriminating     
kinematic variables in neural          kinematic variables in neural          
networks (networks (WbbWbb & tt& tt→→l+jets)l+jets)
Use 2D output in a likelihood

Data
Sum bkgd
t-channel

Use 2D output in a likelihood

Expected/Observed limit
σs < 4.5 / 6.4 pb

σt < 5.8 / 5.0 pb
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CDF: Improvements 
planned for the 

2005/2006 analysis:
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Electrons in forward regionElectrons in forward region

Up to now: Only electrons in central region Up to now: Only electrons in central region 
of the CDF detector (|of the CDF detector (|ηη|<1.1)|<1.1)
~30% of signal events have electrons in ~30% of signal events have electrons in 
forward regionforward region
To better discriminate against QCD To better discriminate against QCD multijetmultijet--
BG: use Neural Network techniquesBG: use Neural Network techniques

First studies: 20% less BG using NN techniquesFirst studies: 20% less BG using NN techniques
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Extended bExtended b--taggingtagging

First studies using Neural Network Techniques:First studies using Neural Network Techniques:
Efficiency on single top signal: Efficiency on single top signal: ~90%~90%
Remove Remove ~60% ~60% of vertex tagged of vertex tagged W+nonW+non--bb jets eventsjets events

Improve purity by includingImprove purity by including
Long lifetimeLong lifetime

Decay length of secondary vertexDecay length of secondary vertex
DD00 of tracksof tracks

Large massLarge mass
Mass at secondary vertexMass at secondary vertex
ppTT of tracks w.r.t jet axisof tracks w.r.t jet axis

Decay multiplicityDecay multiplicity
# of tracks# of tracks

Decay probability into leptonsDecay probability into leptons
#of leptons#of leptons

Secondary vertex mainly
exploits long lifetime
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Advanced analysis methodsAdvanced analysis methods
First studies (162pbFirst studies (162pb--11))

Maximum S/Maximum S/√√B : 0.98B : 0.98
Improvement by +32%Improvement by +32%

Projections (combined search):Projections (combined search):
With 1fbWith 1fb--11 expect expect S/S/√√B = 2.4B = 2.4
Reach Reach S/S/√√B =3.0 for 1.5 fbB =3.0 for 1.5 fb--11 with with 
NNsigsig = 27.3 events 

Neural Network:
Output for
Signal (35%)
Background (65%)
17 variables used

= 27.3 events 
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Summary & OutlookSummary & Outlook

First pass completed for CDF and D0First pass completed for CDF and D0
CDF planning several improvementsCDF planning several improvements

Forward electronsForward electrons
BB--taggingtagging
Use of advanced analysis methodsUse of advanced analysis methods
More dataMore data……

Challenging analysis, observation Challenging analysis, observation 
feasible in Run IIfeasible in Run II

ChannelChannel CDF [pb]CDF [pb]
(162 pb(162 pb--11))

D0 [pb]D0 [pb]
(230 pb(230 pb--11))

s+ts+t <17.8 (13.6)<17.8 (13.6)

ss <13.6 (12.1)<13.6 (12.1) <6.4 (4.5)<6.4 (4.5)

tt <10.1 (11.2)<10.1 (11.2) <5.8 (5.0)<5.8 (5.0)
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Backup Slides
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CDF Likelihood MethodCDF Likelihood Method

Inclusion of systematic uncertainties in Inclusion of systematic uncertainties in 
upper limitsupper limits
Consistent Bayesian treatmentConsistent Bayesian treatment
All nuisance parameters representing syst. All nuisance parameters representing syst. 
shifts in acceptance and template shape shifts in acceptance and template shape 
are included in the likelihoodare included in the likelihood
All correlations between the parameters All correlations between the parameters 
are includedare included
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tt--channel matchingchannel matching

LO process: bLO process: b--quark structure functionquark structure function
PPTT too soft, too soft, ηη too forwardtoo forward

Matching:Matching:
Generate 2Generate 2 2 and 22 and 2 3 events with 3 events with 
MadEventMadEvent
Match distributionsMatch distributions
Compare with ZTOP (NLO calculation)Compare with ZTOP (NLO calculation)

Good agreementGood agreement
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CDF Search strategiesCDF Search strategies
Combined Search:

Signal: s-channel and t-channel single-top events
Both cross-sections proportional to |Vtb|2

Exploits distributions similar for s- and t-channels:
HT = the total transverse energy in the event (ET lep + MET + ΣET jet )

Separate Search:
1. Signal = t-channel (s-channel is a background)

FCNC couplings, anomalous V+A contributions to the W-t-b vertex, etc.
Q•η variable (Q = lepton charge, η = pseudorapidity of non b-tagged jet)
Q•η asymmetric in t-channel events: N(Q•η>0) = 2* N(Q•η<0) 

2. Signal = s-channel (t-channel is a background)
Heavy charged vector bosons W’, CP-violation effects within MSSM, Kaluza-
Klein excited W-boson within MSSM 
Double b-tags – simple counting
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CDF Acceptance uncertaintiesCDF Acceptance uncertainties

Separate SearchSeparate Search Combined Combined 
SearchSearch

No.No. SourceSource tt--channelchannel ss--channelchannel

11 Jet en. scale (+1Jet en. scale (+1σσ//--11σσ)) +2.4 / +2.4 / --6.7% 6.7% +0.4 / +0.4 / --3.1%3.1% +0.1 / +0.1 / --4.3%4.3%

22 ISRISR ±±1.0%1.0% ±±0.6%0.6% ±±1.0%1.0%

33 FSRFSR ±±2.2%2.2% ±±5.3%5.3% ±±2.6%2.6%

44 PDFPDF ±±4.4%4.4% ±±2.5%2.5% ±±3.8%3.8%

55 MC GeneratorMC Generator ±±5.0%5.0% ±±2.0%2.0% ±±3.0%3.0%

66 Top mass (Top mass (--5 /+5 GeV)5 /+5 GeV) --6.9 / +0.7%6.9 / +0.7% --2.3%2.3% --4.4 / 4.4 / --0.7 %0.7 %

77 εεtrigtrig, , εεIDID, luminosity, luminosity ±±9.8%9.8% ±±9.8%9.8% ±±9.8%9.8%
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