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ELECTROWEAK TOP QUARK PRODUCTION:

� Electroweak topproductionat theTevatronin RunII:

t-channel production (Wg fusion)

s-channel production (W � )

associated production (tW)

� Predictedcrosssectionsat
�

s � 1 � 96TeV:

Process Name σtheory Reference

qg � tbq � t-channel 1 � 98 � 0 � 13 pb Stelzeretal.

qq � � tb s-channel 0 � 88 � 0 � 05 pb Smithetal.

gb � tW tW -production 0 � 09 � 0 � 02 pb Tait etal.

BerndStelzer -2- CDF-Canada,April 14th,2003



MOTIVATION:

	 Crosssectionis proportionalto V 2
tb

	 Sensitive to non-Standard Model topquarkinteractions

	 Allows toppolerization studies(RunIIb)

	 Relatedto light SM Higgssearches(samefinal state)

	 In RunIIa we aresensitive to discover SingleTop! How

muchSingleTop will bedetectedby thissummer?

 Reminderof thetalk will cover this
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EVENT SELECTION:

EventTopology:
	 Lepton, �ET , 2 Jets,b-tag

EventVeto:
	 VetoZs,dileptons,conversions

KinematicCut:
	 Reconstructed topmass140GeV � Mlνb � 210GeV

Tight electron:
- FiducialandCEM
- ET  20 GeV
- PT  10 GeV/c
- E � p � PT � 50 GeV/c
- EHAD � EEM � 0.055+0.00045*E
- Lshr � 0.2
- �∆z ��� 3 cm
- Q � ∆x � -1.5and3.0cm
- χ2

Strip � 10
- �∆z0 ��� 60cm
- # axial,stereosegments 3
- Isolation � 0.1

MissingET :
- Muon corrected �ET � 20 GeV

Tight muon:
- Fiducial CMUP or CMX
- PT  20 GeV/c
- EEM � max(2.2+0.0115*(p-100))
- EHAD � max(6.6+0.0280*(p-100))
- �∆x �CMU � 3.0cm
- �∆x �CMP � 5.0cm
- �∆x �CMX � 6.0cm
- �∆z0 �  60cm
- # axial, stereo segments 3
- Isolation � 0.1

Tight Jets:
- ET  15GeV
- �η ��� 2.8GeV
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EVENT SELECTION I I :

t-channel light quark jet is

quiteforward

 Extending jet-eta (from

2.0) to �η ��� 2.8 will in-

creaseacceptancein W+2jet

bin
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� Increasedt-channelacceptancein W+2jetbin ( ) 29.6%)
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EVENT SELECTION I I I :

� Q: How do singletopbackgroundsbehave?

Measureacceptancechangein W+2jetbin:

η � 2.4 η � 2.8 η � 3.2

t-channel +15.6% +29.7% +29.7%

s-channel +1.6% +1.9% +1.9%

W bb̄ +2.2% +3.2% +3.2%

W c +13.5% +25.7% +25.7%

tt̄ -9.1% -12.9% -12.9%

� t-channelincreasedominates

� Wc increasesbut tt̄ decreases

� Numberssaturateat η � 2.8

� Alwaysgain in termsof S *
�

B
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STATUS OF CDF-I I :

	 SeriousdatatakingsinceMarch2002

	 InstantaneousLuminosity � 2...4 + 1031 cm, 2s, 1

	 Datacollectedup to Januaryshutdown 2003:

– - dtCEM � - dtCMUP � 57.5pb, 1

– - dtCMX � 47.3pb, 1

	 Hopeto add+ 100pb, 1 until summer2003
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EFFICIENCIES AND Y IELD:

CalculatingtheexpectedSingleTopYield:

W . � εCEM
W . - dtCEM / εCMUP

W . - dtCMUP / εCMX
W . - dtCMX

with: εW . � MC
W . + εdata

z0 + εdata
trig + εdata

leptonID

εMC
leptonID

+ εdata
tag

εMC
tag

0 Z Vertex Efficiency:

– εdata
z0 1 0 � 951

0 TriggerEfficiency:

– εCEM data
trig 1 0 � 968

– εCMUP data
trig 1 0 � 904

– εCEM data
trig 1 0 � 901

0 LeptonID andMuon Reconstruction Efficiency:

– εCEM data
leptonID � εCEM MC

leptonID 1 0 � 989

– εCMUP data
leptonID � εCMUP MC

leptonID 1 0 � 937 � 0 � 962

– εCMX data
leptonID � εCMX MC

leptonID 1 1 � 015 � 0 � 978

0 B-taggingEfficiency:

– εdata
tag � εMC

tag 1 0 � 890
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S-CHANNEL YIELD:

s-channelyield for 157.5(147.3)pb2 1

Bin 1 jet 2 jet 3 jet 4 jet total
IsolatedLepton

CEM 1.087 2.748 0.810 0.165 4.914
CMUP 0.546 1.371 0.393 0.087 2.446
CMX 0.291 0.679 0.200 0.038 1.234
∑ 1.925 4.797 1.403 0.290 8.595

IsolatedLepton+ Met
CEM 0.976 2.448 0.717 0.144 4.383
CMUP 0.481 1.213 0.343 0.076 2.157
CMX 0.252 0.596 0.172 0.031 1.073
∑ 1.710 4.257 1.232 0.251 7.613

IsolatedLepton+ Met + b-tag
CEM 0.250 1.006 0.312 0.061 1.640
CMUP 0.127 0.502 0.141 0.032 0.808
CMX 0.062 0.253 0.074 0.013 0.403
∑ 0.438 1.760 0.527 0.106 2.851

... + Vetos(Z, dilepton,conversions)
CEM 0.248 0.995 0.306 0.059 1.621
CMUP 0.127 0.500 0.141 0.032 0.805
CMX 0.062 0.251 0.073 0.013 0.401
∑ 0.436 1.746 0.521 0.104 2.826

...+ masswindow cut
CEM 0.164 0.658 0.186 0.037 1.052
CMUP 0.084 0.321 0.087 0.020 0.516
CMX 0.040 0.171 0.049 0.008 0.270
∑ 0.288 1.151 0.322 0.066 1.838
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T-CHANNEL YIELD:

t-channelyield for 157.5(147.3)pb2 1

Bin 1 jet 2 jet 3 jet 4 jet total
IsolatedLepton

CEM 3.229 6.893 1.290 0.162 11.849
CMUP 1.614 3.628 0.629 0.092 6.094
CMX 0.789 1.664 0.297 0.032 2.855
∑ 5.632 12.185 2.216 0.287 20.797

IsolatedLepton+ Met
CEM 2.871 6.130 1.129 0.145 10.526
CMUP 1.443 3.181 0.558 0.080 5.379
CMX 0.690 1.451 0.265 0.025 2.496
∑ 5.003 10.762 1.952 0.250 18.401

IsolatedLepton+ Met + b-tag
CEM 0.563 1.603 0.345 0.045 2.561
CMUP 0.274 0.859 0.161 0.022 1.318
CMX 0.138 0.369 0.074 0.010 0.592
∑ 0.975 2.831 0.581 0.076 4.471

... + Vetos(Z, dilepton,conversions)
CEM 0.558 1.580 0.339 0.044 2.525
CMUP 0.274 0.854 0.159 0.021 1.311
CMX 0.137 0.367 0.074 0.010 0.589
∑ 0.969 2.801 0.573 0.075 4.424

...+ masswindow cut
CEM 0.453 1.329 0.247 0.037 2.068
CMUP 0.226 0.702 0.117 0.015 1.061
CMX 0.111 0.313 0.054 0.008 0.488
∑ 0.790 2.344 0.418 0.060 3.617

BerndStelzer -10- CDF-Canada,April 14th,2003



Mlνb - RECONSTRUCTED TOP MASS:

 t-channelbν3lM
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 s-channelbν8lM

Entries  12837

Mean    178.7
RMS     37.56

bν9lM
window:

cut

 and b-jetν; - Invariant mass of lepton,bν3lM

� ConstrainMlν to mW � 80.22GeV to get pνz
� In doubletaggedsample,we take b-jet with highest/ η

( < η) for t (t̄)-decay
� All genericjet correctionsareapplied
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INTRODUCTION TO H = :

� H = afterall analysiscuts:

 t-channelT
>H
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 s-channelT
>H

Entries  8438
Mean    261.7
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 cut)bν?l and jets (after MT of lepton, missing E
T
>E∑Scalar 

@

� H = includesall jetswith ET A 8 GeV and �η �B� 2.8
� Shapesof bothsignalchannelsarealmostidentical


 Motivationfor combinedsearchfor sandt-channel
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SIGNAL AND BACKGROUND MODELING:

s-channel:
- 512K PythiaMC events

- All W decaychannels

- Realisticsiliconandbeam-offset

q

q’

W C
t

b

t-channel:
- 512K PythiaMC events

- All W decaychannels

- Realisticsiliconandbeam-offset

q

q’

g

W
t

b

b

tt̄ (top background):
- 240K Herwig MC events

- All W decaychannels

- Realisticsiliconandbeam-offset

q

q’

t

t

W bb̄ (nontopbackground):
- 230K Alpgen/Herwig MC events

- W D eν decayonly

- Realisticsiliconandbeam-offset

q

q’

W

b

b
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Mlνb FOR SIGNAL AND BACKGROUND:

 single top bν?lM
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 for Signal and Background bνHlM

� Mlνb window cut improvessignalstrength

Process: s-channel t-channel t t̄ W bb̄

Cutefficiency: εMlνb
65.7% 83.6% 44.2% 45.3%
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H = FOR SIGNAL AND BACKGROUND:

� H = afterall analysiscuts:

b WbT
>H

Entries  2539
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 window cut)bνIl for Signal and Background (after MTH

� H = for signalandbackgroundis well separated

 Fit for signalandbackgroundcontentto includeshape

information
� Needto estimaterelative contributionsto setanapriori

limit oncross-section
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EXPECTED Y IELD IN 157.5(147.3) PB J 1 OF DATA:

SingleTop Yield in W+2jetbin:

s-channel(σs=0.884pbK 1)

Produced - 138
Lepton 4.05% 4.80
Lepton+�ET 3.59% 4.26
Lepton+�ET +b-tag 1.67% 1.76
...+Vetos(Z, dilepton) 1.66% 1.75

...+ masswindow cut 1.09% 1.15

t-channel(σt =1.980pbK 1)

Produced - 311
Lepton 4.60% 12.19
Lepton+�ET 4.06% 10.76
Lepton+�ET +b-tag 1.20% 2.83
...+Vetos(Z, dilepton) 1.19% 2.80

...+ masswindow cut 0.99% 2.34

TopBackgroundYield in W+2jetbin:

tt̄ (σtt̄ =6.7pbK 1)

Produced - 1055
Lepton 3.46% 31.03
Lepton+�ET 3.16% 28.30
Lepton+�ET +b-tag 1.43% 11.42
...+Vetos(Z, dilepton) 0.85% 6.75

...+ masswindow cut 0.37% 2.98
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EXPECTED Y IELD IN 157.5(147.3) PB J 1 OF DATA:

Non-Top BackgroundYield in W+2jetbin:

Source

Mistags 7.94
Wbb̄ 11.02
Wcc̄ 4.24
Wc 11.71
WW � W Z L Z � ττ 2.19
non-W 6.57
extraZ+bb̄ 0.22

Total taggedevents 43.89
After masswindow cut (εWbb̄

Mlνb
) 19.90

Summaryof S/B in W+2jetbin:

s-channel 1.15

t-channel 2.34

tt̄ 2.98

non-top 19.90

Total 26.37

S/
�

B 0.73
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SETTING AN UPPER CROSS-SECTION LIMIT:

	 PerformpseudoCDF experiments

 Pick randomH = valuesfrom smoothedtemplates

b WbT
>H

Entries  1000
Mean    211.1
RMS     50.46

GeV
100 200 300 400 500 600

0

0.002

0.004

0.006

0.008

0.01

b WbT
>H

Entries  1000
Mean    211.1
RMS     50.46

 single-topTH

Entries  1000
Mean    253.6
RMS     60.18

t
E

 tT
>H

Entries  1000
Mean      289
RMS     72.42

 TemplatesTSmoothed H

	 UsePierre’s fitter to fit for relative signal,topandnon-top

backgroundcontent

 Allows to setupperlimit oncross-section
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SETTING A CROSS-SECTION LIMIT I I :

	 Frequentistupperlimit at 95%C.L.

 Needto find a valueN95 suchthatrepeated
pseudo-experimentsresultin afittedsignalcontent
N Ms N Nexpected 95%of thetime
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Y Plotshows10 000performedpseud-experimentswhere
thisconditionis met

Y Scaleis in termsof relative signalcontentβ
Y β95 Z σst [ 3 \ 67 Z σst ] 10.5pbapriori limit at 95%C.L
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OUTLOOK :

^ Extendingjet-etadefinitionto _η _a` 2.8 lookspromising

^ Needto perform aMethodII backgroundcalculationfor

new selectioncriteria

^ Still roomfor optimization

^ Big improvementsalsopossiblein leptonacceptance

(CMU muons,Plugelectrons)

^ Higherb-taggingefficiencieswill boostanalysis

^ An improved cross-section limit comparedto Run-I

seemsfeasibleby this summer
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