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Why Top?

Why Look at the Top Quark

» Was discovered at Fermilab in1995

« The heaviest known fundamental Discovered at Fermilab in1995
particle
| ____LEPTONS |
- m=172.4 1.4 GeV (~1% Sl
p recisio n) Flectron Neutrino |  Muon Neutine | Tou Neutrino
Close to a gold atom " 0
e 1=5 10% s <<Agep’ e | W | B
.
Decays before hadronization Q o

Cherm Top

e Mass close to scale of electroweak
symmetry breaking

— Only quark for which coupling to
Higgs Is significant

— May shed light on EWSB
mechanism

 Top quark plays special role in many
of the new physics models




Why Top

Why Being Single i1s Good?

* Study Wtb coupling in top production s-channel('th’)
e Measure |Vy| directly: o oV, [° _—
® Cross sections sensitive to new physics
®* s-channel: resonances (heavy W’boson, charged 7 Tev: o~1pb
Higgs boson, Kaluza-Klein excited W, technipion, SHC o eb
etc.),

®* t-channel: flavor-changing neutral currents (t—2Z/
vyl g — c / u couplings), Fourth generation of quarks
* Top properties
®* Polarized top quarks — spin correlations measurable
In decay products, Measure top quark partial decay

width and lifetime, CP violation (same rate for top
and antitop?)

* Similar search for WH associated Higgs
production
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Evidence for Single Top Production

CDF and D@ tb+tgb Cross Section
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Fermilab Tevatron
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Top quark pair production Within Standard Model t—Wb ~ 100%

oy ~7 pb
Top Pair Branching Fractions

"alljets™ 46%

tHjets 15% |

Single Top quark production . et/
tets 15% Alt-hadronic

. ' > (BR~46%, huge bckg)
t-channel q 2 etjets 156%

o~2pb "dileptons" "lepton+jets”
-

em

\g=
V4
s-channel bjet

=
\ / V. bjet

o ~1pb en
- -~

Dilepton Leptontjets
(BR~5%, low bckg) (BR~30%, moderate bekg)
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Single Top at the Tevatron 9

Event Signatures and Event Selection

e: p; >15GeV, |n[K1.1

M p; >18GeV,|n7[<2.0

Missinng E;  15<MET <200GeV

Jets 2—4,p; >15GeV, |77<3.0
Pr.>25GeV, [7K2.5
Pr, >20GeV

B— jet lor2

proton

antiproton

« Top pairs W+jets, and Multijets are the main
processes that can mimic these signatures

Single top signal is negligible compared to these
backgrounds

Shabnam Jabeen (Boston University) e



Single Background Modeling 10

Background Modeling

® Single top signal
Modeled using SINGLETOP based on COMPHEP

* \W+jets background

— Event kinematics and flavor composition modeled using
Alpgen generator and PYTHIA for parton hadronization

— n(jets), Ad(jetl,jet2), An(jetl,jet2) corrected to match data

— Normalized to data before b tagging and after subtracting
other backgrounds

* Multijet background

— Modeled using data with a non-isolated lepton and jets
— Kept small (~5%) with topological selection cut

®* Top palr backgrounds modeled using ALPGEN
+PYTHIA

+]etS modeled using ALPGEN + PYTHIA

— Z+ heavy flavor corrected to theory, with  20%
uncertainty

 Dibosons modeled using PYTHIA (@R-20% modersi bi)

Shabnam Jabeen (Boston University)




Single Top Backgrounds

Background Normalization

« W+jets and multijet normalized using iterative
template fits to data BEFORE TAGGING on three
sensitive variables: p.(?), I?T , M(W)

p17+p20 e+u channel
pre-tag
2 jets

p17+p20 e+ channel

"";'.‘ag S:B = 1:259
jets

D@ Single Top 2.3 fb™" Signals and Backgrounds
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More Tools 12
B-j@t |dentification (aka b-tagging )

Separate b-jets from light-quark and gluon jets to reject most W+jets
background

DY uses a neural network algorithm with seven input variables based
on impact parameter and reconstructed vertex

/ Displaced
[ Trz S

Secondary
Vertex

b-Jdet Efficiency (%)

A

Ly »
/ Y ,"

Primary @-92. ey ~ efficiency~54%
Vertex \ ] - fake rate ~1%

p,>15and Ally

4 6 8
Fake Rate (%)
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More Tools

B-jet |dentification (aka b-tagging )

o2}
(=
o

L=0.9fb"' -+ D@ Data

B Multijet

Number of events

1 >2
Number of tagged jets




Yields

Before and After .....

D@ Single Top 2.3 fb™ Signals and Backgrounds

2 jets 3 jets 4 jets

- O AP 2B

~100,000 Evts tb

tqgb 1

tt— 11 I

tf — I+jets I

web IR

N 1bt wee Il
5000 Evts ag Wq O

Z+jets

Dibosons
Multijets [l
2 b tags
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Yields

D9

Event Yield [counts{]0GeV]
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Before and After .....

ingle Top 2.3 fb™ Signals and Backgrounds

=

p17+p20 e+u channel
pre-tag
2 jets

50 100 150
M, (W) [GeV]
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2 jets
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2 jets

100 150
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Yields

Event Yields After B-Tagging

Event Yields in 2.3 fb~! of D@ Data

Electron + muon, 1 tag + 2 tags combined

Source

2 jets

3 jets

4 jets

s-channel tb
t-channel tgb

629
77+10

24 + 4
39+6

7+2
14+3

W+bb
W+cc
W+cj
W+ jj
Z+jets
Dibosons
tt — ¢4

ft — £+jets

678 + 104
303 + 48
435 + 27
413 + 26
141 + 33
89 + 11
149 + 23
72 +13

254 + 39
130 + 21
137
140+ 9
54 + 14
32+5
105 + 16
331 + 51

73 + 11
42+7
24+ 2
41+3
17+5
912
32+6
452 + 66

Multijets

196 + 50

73 +17

306

Total prediction
Data

2,615+ 192

2,579

1,294 + 107

1,216

742 + 80
724
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Yields 17

Event Yields After B-Taqgginc

Event Yields > | D@ 2.3 fb" Data ¢
in 2.3 fb~! of D@ Data o 400/ tb”abed-L
e,l, 2,3,4-jets, 1,2-tags combined E 2 :I-It?:%giiels om
b + tqb 223:30 > O o
: 11 @ po—
W+jets 2,047 + 241 ; 200 we
Z+jets, dibosons 340 + 61 g DMb;j: =
ft pairs 1,142 + 168
Multijets 300 + 52
dTofalprediction | 4652:352 3 0 50 100 150
Data 4519 W Boson Transverse Mass [GeV]

S:B=1:21in 1Tag
S:B=1:15in 2Tag

Single top signal is smaller than total
background uncertainty

Counting events is not a sensitive enough
method

Shabnam Jabeen (Boston University)



Yields 18

Cross Check Samples

Validate a background model in side-band regions

a) An enriched W+jets background
b) An enriched top pair background

W+Jets Cross-Check Sample tt-Pairs Cross-Check Sample

D@ 2.3 fb br i

wWbb
Wece
Wjj+Wcj
Non-W
Multijets I

400

oo
o

DG 2.3 fb™ Data ¢

tb+tqgb IR

Hy> 300 GeV | B Non-t I
1,2 b-tags o t-ulm
4 jets tt — f"‘jets [ |

Multijets I

Hy <175 GeV
1 b-tag
2 jets

300

o))
o

200

N
=)
| | | T T ‘ T I | | T T | ‘

Yield [events /| 10 GeV]
Yield [events / 10 GeV]

100

N
o

0
50 100 150 % 50 100 150

0
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Search Strategy

* Maximize the signal acceptance

— Particle ID definitions set as loose as possible

— Transverse momentum thresholds set low,
pseudo-rapidities wide

— As many decay channels used as possible

— All channels analyzed separately since S:B
and background compositions differ

e Use multivariate technigues

« Three techniques used for this analysis
 Boosted Decision Trees
* Matrix Elements
 Bayesian Neural Networks

» Check discriminant Performance using data control samples

« Use ensembles of pseudo-data to test validity of methods
e Cross sections measured using binned likelihood

0 0.10.20.30.4 0.50.6 07 08 09 1
Discriminant Output

calculation of signal + background to data




Separating Signal from Background 20

Multivariate Analyses: BDT & BNN

Use common Object and Event Kinematics, Angular Correlations, Jet Reconstruction
and Top Quark Reconstruction variables

Boosted Decision Trees (BDT)

Recover events that fail criteria in cut-based
analysis

Boosting averages the results over many trees,
improving the performance

Uses highest ranked common 64 variables

Hidden

NN train on signal and background, producing one
output discriminant

 Bayesian NN average over many networks,
Improving the performance
» Uses highest ranked 18-28 variables in each channel

o
52

Shabnam Jabeen (Boston University)




Separating Signal from Background 21

Matrix Element (ME)

Method pioneered by D@ for the top quark mass measurement in Run |
« Use the 4-vectors of all reconstructed leptons and jets

Use Feynman diagrams to compute an event probability density for signal
and background hypotheses

transfer function: mapping from
parton-level variables (y) to

differential cross section parton distribution functions reconstruction-level variables (x)

(LO matrix element) 7

R0 = [.f Xd0, (Do, o (@) @R 9

comb

Calculate a discriminant using above probability:
« Uses events with 2 and

APS(x) . S—iborigh BJe_ts only o
P (X) + Py (X) o Split the sample in high

and low H;

Ds(f):

Shabnam Jabeen (Boston University)




Yield [Events/10G
ie [mvens e\g

Separating Signal from Background

Discriminating Variables— BDT/BNN

[=]
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OBJECT KINEMATICS

100 150 200
Missing ET [GeV]

EVENT KINEMATICS

Yield [EventslzoGeVA
N 5 o
o o =]
=] =] =]

[=]
o

0"00

200 300 400 500
H(jets,l,v) [GeV]

ANGULAR CORRELATIONS

DO 2.3 b’
e+ 2-4 jets

1-2 b-tags

- 0.5 0 0.5 1
Cos(lepton,untag1), ...




Multivariate Discriminant Output

Event Yield

Separating

Signal from Background

¢ Data 1
I th+tgb Dﬂ 2.3 fb
I wbb

B wee

B Wjj+Wej 150
B Z+jets

N =Y]

B i (+jets 100
B Multijets

50

86

0.2 0.4 0.6 0.8 1

Boosted Decision Trees Output

Event Yield

¢ Data

I th+tgb
I wWbb

Il wee

B wjj+wej
Bl Z+jets

| =Y/l
Ml (i (+ets
I Multijets

0.2 0.4

D@ 2.3 fb"

150

100

50

86

0.6 0.8 1

Bayesian Neural Networks Output

Event Yield

¢ Data -1
M tb+tgb DQ 2.3 fb
M wbb

M wee

B wjj+Wej

Bl Z+jets

. s U H, <175 GeV
Wl i /(+jets

Bl Multijets

06 08
Matrix Elements Output

Event Yield

0.4

DG 2.3 fb”

H,> 175 GeV

0.6 0.8

Matrix Elements Output

Shabnam Jabeen (Boston University)
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Yields 24

a a )
@, @,
Systematic Uncertainties
Components for normalization Components for normalization and shape
ST To0 RNy 6.1% Jet energy scale for signal (1.1-13.1)%
i a,

L CEe BR oD Ll Jet energy scale for total background (0.1-2.1)%
Z+jets and dib cti 5.8% , .

I VIS SRORIIS SeRseon - b tagging for single-tagged (2.1-7.0)%
Branching fractions 1.5% )

b tagging for double-tagged (9.0-11.4)%
Parton distribution functions (signal only) 3.0%
Component for shape only
Triggers 5.0%
. e ALPGEN reweighting -
Instantaneous luminosity reweighting 1.0%
Primary vertex selection 1.4%
Lepton identification 2.5%
. oMmpone 3 OST alTe S 0
Jet fragmentation (0.7-4.0)%
- . - 3 - - 3 - . - .

Initial-state and final-state radiation (0.6-12.6)%
b-iet fragmentation 2.0% Othe DOIta 0 0 0 are 0
Jet reconstruction and identification 1.0% D
Jet energy resolution 4.0%
W+iets and Z+iets heavv flavor correction 13.7%
Multijets normalization to data (30-54)%
Monte Carlo and multijets statistics (0.5-16)%

Shabnam Jabeen (Boston University)



Final Measurement

Statistical Analysis

Cross Section Measurement

— Calculate cross sections using binned likelinood fits of

(floating) signal + (fixed) background to data

— Compute posterior probability density of tb+tgb using
Bayes’ theorem:

 Flat positive-defined prior for the cross section

« Systematic uncertainties are treated as Gaussian
nuisance parameters

Significance

— Use the ensemble of zero-signal pseudo-
datasets to find what fraction give a cross
section at least as large as the measured
value: the “measured p-value”

Pseudo-datasets / 0.4 pb

— Convert p-value to “measured significance

0

Event Yield

o

Posterior Probability Density [pb™]

1

0.2 04 06 08 1
Boosted Decision Trees Output

Position of peak
= g(tb+tqh)

§
\ 68.27% of area
=% Ac

Single Top Cross Section [pb]

SM= Probakility to rule out
2.9 pb  packground-only hypothesis

Zero-signal ensembile

R (o tb+tqb)

2 3 4 5 6 7T 8 9
tb+tgb Cross Section [pb]




Seprating Signal from Background 26

Cross Check Samples and Linearity

400 DORun Il Prelim. 23|  § | DO Run Il Prelim. 2.3 fb 19 Boosted
> p17+p20 e+u channel ‘>-_. p17+p20 e+n channel ' Decision Trees
1 b-tags £100- 1-2 b-tags 8
2 jets > 4 jets [
L + w

BDT

50

Slope = 0.994 £ 0.003
Intercept = -0.016 £ 0.016

Measured th+tqb Cross Section [pb]
o
1

04 06 038 1 02 04 06 08 1 ' |

tb+tqb DT Output tb+tgb DT Output oz a4 s 3w
Input th+tgb Cross Section [pb]

E D@ Runll Preliminary 2.3fb’ % a0 DG Runll Preliminary 2.3fb' g | i
= e+u channel = e+ channel < 10 Bayesian
- 1 b-tag £ 1-2 b-tags s |
2 i 2 jets g 4 |egls £ | Neural Networks
w o ‘S o
60 s |
| : BNN
S &
40 g |
g
20 E 2 Slope = 0.993 £ 0.003
2 5 Intercept = 0.032 £ 0.018
0.8 1 0 Y 0.8 1 9 2 4 s 8 10
BNN output BNN output Input tb+tgb Cross Section [pb]
=}
E | DO Runli 2.3 fb™ 3 g0 DO Runll 2.3 fb™ [ _
> '+ p17+p20 e+p channel > p17+p20 e+p channel 10 Matrix Elements
*5400— 1 b-tag ‘dz'; [ | 1-2 b-tags ?
L - S 60 3jets y
Iﬂ I 2 jets & i .

ME

40

20 Slope = 0.986 + 0.003

Intercept =-0.126 £ 0.018

Measured tb+tgb Cross Section [pb]
-]

04 06 08 1 1.2 14 16 138 2 % 2 4 s 8 H0
Bins ordered by s/b Bins ordered by s/b Input th+tqb Cross Section [pb]
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Final Measurement 27

D@ 2.3 fb-!' Single Top Results

Single Top Significance
e S u S Analysis Method Cross Section Expected | Measured

- 0.95
Boosted Decision Trees 3.74 559 pb 430 460

Bayesian Neural Networks 4.70 f;;;% pb 410 520

Matrix Elements 4.30 i?:gg pb 410 490

Bayesian
Neural Networks

Boosted

. Matrix Elements
Decision Trees

Observed
cross section

=4.30 773 pb

QObserved

cross section

=4.70 15 pb

Observed

cross section

=3.74 07 pb

D@ 2.3 fb”

5
2
2
wn
c
]
o
| .
8
| .
Q
J;
o

Posterior Density [pb™]

DG 2.3 fb™ DG 2.3fb"

Posterior Density [pb™']

. I N P .
8 10 12 10 12

: ; 2 4 & é 10 12
tb+tgb Cross Section [pb tb+tgb Cross Section [pb
d fon [pb] u lon [pb] tb+tgb Cross Section [pb]

Boosted Decision Trees Bayesian Neural Networks Matrix Elements
22.8M pseudo-datasets (background-only)

54 above measured cross section

23.9M pseudo-datasets (background-only)

0 above measured cross section 24.6M pseudo-datasets (background-only)

10 above measured cross section

p-value = 2.4 x 107° p-value = 0.0 x 107

p-value = 4.1 x 1077
Observed significance

=460

Observed significance Observed significance

=490

2 3 4 5 6 2 3 4 5 6 2 3 4 5 6
tb+tgb Cross Section [pb] tb+tqb Cross Section [pb] tb+tgb Cross Section [pb]

No. of 2.3 fb™ pseudo-datasets
No. of 2.3 fb™' pseudo-datasets
No. of 2.3 fb™" pseudo-datasets
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Final Measurement

Combination of Results

e All MVA analyses use the same data, but they are not 100% correlated

 We use a BNN to combine the three methods. The BNN takes as input
variables the output discriminants of the individual methods

* Expected sensitivity for the BNN Combination:4.5¢

Re-binned in order of S:B

DG 2.3 fb™ Data ¢
DO 2.1 fb™ Data ¢

tb+tqgb
tb+tgb M
W+jets 1
tt
Multijets 1o

e
o

Multijets 1

75
50
25

\ %.6 0.7 08 09 1

Event Yield
Event Yield

02 04 06 038 1 . 0.85 0.9 0.95 1
Combination Output Combination Output




Final Measurement 29

Combination of Results

Distributions for BNN Comb > 0.9
DO 2.3 fb'

e+l
1-2 b-tags

2-4 jets

DO 2.3 b’
e+l

1-2 b-tags
2-4 jets

Y

o
W
=)

Yield [Events/20GeV]
N
T o T
N
o

Yield [Events/10GeV]
o

fo

&

200 250 50 100 _ 150 _ 200
mis [GeV] Missing E_[GeV]

(a) D@ Runll, 2.3 fb™

Hy <175 GeV Data ¢
1 b-tag tb+tqgb 1N

2 jets Wbb
e+p Wec
Wjj+Wc =

Non-/ Il

Multijets 1IN

(b) Data ¢ BNN Combination
tb+tqgb Il

Hy> 300 GeV Non-t Il
1-2 b-tags tt—4 m
4jets ti—l+jets I

etp Multijets 1

Event Yield
N
b4
Event Yield

Slope = 1.017 £ 0.006
Intercept =—-0.009 + 0.032

Measured th+tgb Cross Section [pb]

0.2 0.4 0.6 0.8 1 . 04 0.6 0.8 1
Combination Output Combination Output

Input tb+tgb Cross Section [pb]
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Yes we can!

Combined Results

tb+tgbh M
Wtjets
tt |
Multijets 1

Hy

DO 2.1 fb™’ Data ¢

Event Yield

8 0.85 0.9 0.95 1
Combination Output

o(pp —th+ X, tgb+ X) = 3.94+0.88 pb PEACERILRLE

Measured Significance = 5.030

Discovery of single
top production!!




Vtb

CKM Matrix Element Vitb

Additional
Systematic Uncertainties

o for the |V,,| Measurement
d d Vud Vus Vub

V DG 2.3 fb"

L4 (- — th

S’ = VCKM S VCKM i VCd VCS VCb t For the tb+tgb theory cross section
b | b Vid Vts vtb Top quark mass 4.2%

O'(tb tqb) e |V |2 b Parton distribution functions 3.0%
’ th
Factorization scale 2.4%

Strong coupling o 0.5%

e (General form of the Wtb vertex

« Measurement assumes SM production mechanisms

* Pure V-A and CP-conserving interaction (f,R = f,- = f,R = 0)

« f,L: strength of the left-handed Wtb coupling, is allowed to be anomalous
o |Vil? T+ [Vil? << |Vgl? (supported by CDF & D@ “ratio” measurements)
 Does not assume 3 generations or unitarity of the CKM matrix




Vitb 32

Measurement of |V,

DG 2.3 fb™
Assuming f,t =1

DG 2.3 fb™

—

(3, ]
T T
F-S

oIII\|I\\I|\\II‘\II\‘\I\\

|Vipf!| =1.07 £ 0.12

w

V| > 0.78

-—
T T T T

2
7]
c
[
o
1
o)
=
Q
s o
0
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Cross Section Summary

DG 2.3fb" March 2009 MVA ExpectedSi Observed
+0.05 gnif. Signif.

I
Decision Trees 3.74 579 pb

. 118
Bayesian NI\I«IS 4.70 Zyg3 pb 4.30 460

Matrix Elemt:-:'nts 4.30 1330 pb 4.1c 5.20

BLUE Combination 4.16 £0.84 pb 4.1 49 ¢

BNN Combirlwation 3.94 10.88 pb 4.5

| 500

mmmm N. Kidonakis, PRD 74, 14012 (2006) my,, = 170 GeV

0 5 — 10
o (pp — tb+X, tgb+X) [pb]

D@ Combination

67.8M pseudo-datasets (background-only)
17 above measured cross section

Single Top Signal Significance
Cross Section Expected Observed

March 2009 D@ (2.3 fb~1)  arxiv:0903.0850 (m,, =170 GeV)
Vift| = 1.07£0.12
‘V,b| >0.78 at95% CL
March 2009 CDF (3.2 fb~")  arxiv:0903.0885 (m,,, = 175 GeV)
Vpft| = 0.91£0.13

V| > 0.71 ates% oL

— -7
CKM Matrix Element V,, p-value =2.5x10

Observed significance

=5.03¢0

3.94 + 0.88 pb 450 500

2 3 4 5 6
tb+tgb Cross Section [pb]

No. of 2.3 fb™' pseudo-datasets

2.3 38 pb >590 500
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Conclusions

 Both D@ and CDF collaborations at Tevatron have observes
single top quark production in Run Il data (I have presented
only DG analysis)

o(pp >th+ X,tgb+ X)=3.94+0.88 pb

Measured Significance 5.03c D@ 2.3fb™ March 2009

|
Decision Trees 3.74 ig:?g pb

e Direct measurement of |V, | JE L 4.70 1535 pb

Matrix Elemc:ents 4.30 i?;gg pb

BLUE Combination 4.16 +0.84 pb

Ll = + :
|th fl | 1.07+0.12 BNN Combination 3.94 +0.88 pb

flat prior =2 0 |

0.78 <|V,| <1 @ 95% CL

0 <flat prior<1

N Kic:icma}f..is, PRD 74, 14012 (2006) my,, = 170 GeV

0 5 | | 10 |
6 (pp — tb+X, tqb+X) [pb]
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%‘ L p17+p20 e+u channel %‘ I p17+p20 e+u channel %‘ p17+p20 e+u channel
% L 1-2 b-tags g i ¢ 1-2 b-tags % i 1-2 b-tags
400 $ 2-4jets| B i 2-4 jets 400~ 2-4 jets
5 | g 0 5
4 L > 4
=2 | w w
S 200- 3 200 S 200
o " ” Data/MC
G 50 100 150 50 100 150 % 100 150
P Spton) (GeV] ¢ cev (W0 (GeV] agreement (for
§3000— p17+p20 e+u channel 3 r p17+p20 e+n channel Y 800_ p17+p20 e+u channel
- 1-2 b-tags 400 1-2 b-tags g n 1-2 b-tags I I h I
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2 r 2-4jets| B C # 2-4 jets C 2-4 jets a C an n e S
= 2000 § 300 § oo -
o > C 4 L
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> 0 T 200 Tz 4000
1000~ . £ I &
— 100 200
12 3 4 5 & ) 50 100 150 % 50 100 150
Jet multiplicity pT(leﬂ) [GeV] pT(lelZ) [GeV]
s i p17+p20 e+u channel] 5 500_ p17+p20 e+u channel] © 400 p17+p20 e+u channel
8 L ’ 1-2 b-tags § 400- 1-2 b-tags g H 1-2 b-tags
§ 600 2-4jets| T 2-4 jets 2 200 2-4 jets
T 0 T 200 £t I
'E 200_— & -
L 100 100 ¢
. e i
G 200 400 600 " 100 200 300 400 1 2 3 4 5
H (lepton/E ,alljets) [GeV] Malljets) [GeV] AR(jet1,jet2)
%' I p17+p20 e+u channel & 300 p17+p20 e+p channel 'g' p17+p20 e+u channel
g 1-2 b-tags % L + 1-2 b-tags g r + 1-2 b-tags
T a00- 2-4 jets E 200 + 2-4 jets E 200 2-4 jets Dibosons
= 3 w > -
2 . | 2 1 tto> U
i | 3 -
2 200t > J00- £ 100- tt — l+jets
2 L .
‘ | E— e
0""Joo 200 300 400 L 0 2 ! 9 "5 0 05 1
M(W,jet1) [GeV] Q(eptonhm(lightt) ~ cosllepton  btaggedtop . )
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proton

D@ Experiment Event Display
Single Top Quark Candidate Event, 2.3 fb™" Analysis

Run 223473 Evt 27278544 Sun Jul 23 19:21:41 2006
ET scale: 28 GeV

antiproton

D@ Experiment Event Display
Single Top Quark Candidate Event, 2.3 fb™' Analysis

Run 229388 Evt 13339887 Wed Jan 3 21:05:14 2007

ET scale: 39 GeV

Neutrino

Neutrino

proton

Electron ‘

antiproton
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Feynman Diagrams Matrix Elements

2-jet channels

Added additional Matrix Elements since 2006

2jets: top pair, WW, WZ, ggg; 3jets:top pair, Wugg
Shabnam Jabeen (Boston University)
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