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T hree mechanisms of the single top production:
t-channel (Q3 < 0)
s-channel (Q7, > 0)

associated tW (Q3;, = M3,) Q% - W-boson virtuality

q

g
t-channel s-channel
g {
b W

Wt associated production



The main goals to search for single top:

Independent electroweak channel of the top quark production

Direct CKM matrix element measurement

Vi

Significant background to Higgs and many “new physics” (MSSM) pro-
cesses

Unique spin correlations properties

Process of interest for "New physics”

— W}, anomalous couplings

— FCNC

— Searches for W’ (Kaluza-Klein excitation of W-boson)

— Searches for new strong dynamics ( 71, p1)

New delicate analysis techniques to extract small signals
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The Tevatron

The highest energy | — Chicago
particle accelerator in =
the world!

Proton-antiproton
collider

Run | 1992-1995
Top quark discovered!

Run Il 2001-09(?)
Vs = 1.96 TeV

At = 396ns

>1fb! delivered
Peak Lumi: 10%2cm=s

Main Injector
& Recycler
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DA for Run Il
2T solenoid magnet
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Muon Scintillators |
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UcTopunuyeckoe BBeneHue

s-channel t-channel

Theory NLO cross section: 0.88pb  1.98 pb

Run I (100 pb™)

DO (Phys.Rev.D63:031101,2001; Phys.Lett.B517:282-294,2001) 17 22
CDF (Phys.Rev.D65:091102,2002) 18 13
Run II
CDF (160 pb™'; Phys.Rev.D71:012005,2005) 13.6 10
DO (230 pb-1; Phys.Lett.B622:265-276,2005) 6.4 5
D0 230 pb™', Comparison of the analysis methods:
Cut based analysis 10.6 11.3
Decision Tree 8.3 8.1

Neural Net 6.4 5



AHHoTauus

MopaenupoBaHue U OTOOP JAHHBIX

Kpurepun npeaBapuTeIbHOrO BBIOOpPa COOBITHH
OnTtumaJjibHble HAOJII0 1aeMBbIE
CucreMaTHYeCKHe OIMHOKH

M@TO,HI)I OIITUMAJIBHOTI'O BbIACJICHHUS CUT'HAJIbHBIX COOBITUH
~— Metop banecoBCKHMX HEHPOHHBIX CETEH
~— MeTog MaTpUUHBIX 3JIEMEHTOB
~— MeTop IepeBbEB pELICHUH

CraTucTHUecKasi 3HAUUMOCTD H IIPOBCPKA I'HIIOTEC3

PesyibTaThl



lpenBaputenbHbIN OTOOP COOLITUMN

proton

antiproton

g* protan

b antiproton

@ Isolated lepton

o £y

@ 2-4 jets

@ at least 1 b-jet

>

@ Only one tight and no other loose lepton

o electron: pr > 15 GeV and |nge| < 1.1
o muon: p1 > 18 GeV and |nger| < 2

o 15 < F1 < 200 GeV
@ 2-4 jets with pr > 15 GeV and |nget| < 3.4

o Leading jet with p7 > 25 GeV and
Ndet| < 2.5
e Second leading jet pr > 20 GeV




Mo.genupoBaHune u LlaHHble

* Curnan: NLO reneparop SingleTop

* ®OoH:

— ttbar (I+jets, l1+jets), ALPGEN, MLM matching, NLO
HOPMHPOBKA

— WHets (Wj3, Wbb, Wce, ...), ALPGEN, MLM matching,
HOPMHPOBKA HA JAHHbIC

— Multyjets Fake (jbb, jjbb, ...) omHa u3 cTtpy# ()
HUIEHTU(PUIIUPYETCS KAK JIENTOH, (POH OLICHUBAECTCS U3
HAHHBIX

* JlaHHbIe (npenBapuTebHBIE 0TOOD, Oe3 b-tagging)
— e-channel 913 pb™, 39762 cobbiTHS
— mu-channel 871 pb™', 27738 cobbITHi



OnpeneneHne copakunn W+jets n
QCD Multijets Fake cobbitTun B [l aHHbIX

* Matrix Method onpeneinsieT ppakiu COObITHM C
peaJIbHbIM M JIOKHBIM JIEIITOHOM 110 b-tagginga,
BEPOSITHOCTH JIOKHOHW UICHTH(PUKALIMH OIIPEIEIISIOTCSI

M3 aHaJM3a COOBITHH Z->11 [V i N;ﬂise N Nfﬂﬂf;e
aKe rea

N- final — N final + N final tight loose loose
WQCD W +'F“ fake—l N _Efake Nfake +Ereaf'N

real

Normalization of W4-Jets and Multyjets to Data
LOOSG, tlght - Electran Channel Muon Channel
2 jets Jjets  djets 54 jets G 2iete Jpets 4 jets
15,213 s 2101 fisd 18,714 7002 3,054 878

U )IeHTI/ICI)I/IKaHI/II/I Nug 17,470 B2 30TE BN 223 17816 6432
Niece 1601 1433 860 236 &6 08 30 2 6
JICHITOHA vl asero erer 2215 618 13T | 17310 6105 2360 669

(0.573 .57 .87 [.875 [.875 0,991

KPUTEPHUH

0.061

0177 0.193 188 0173 0173 0,408 [.358 04300 0.253




W+jets (3enennir), Multijet fake (KopuuHeBbIn), ttbar (KpacHbin), IlaHHbIE

Yield [gounts/10GeV]

Yield [counta/1 0GeV]

III-I'IIII-IIIII-[IIII-[II

II-IIII-I'III-I'III

D Run Il Preliminary 0.9 i’
H.,_‘ e+ets
% pre tag

==2 jets

50
My(W) [GeV]

D@ Run Il Preliminary 0.9 i’
e+ets

. pre tag
% ==3 jels
"-..._\_\_H

Yield [counts/10GeV]

Yield [counts/1 0GeV]

D%un Il Preliminary 0.9 fbs'
n+jets

pre tag
==2 jets

100 150
(W) [GeV]

DQ&JH Il Preliminary 0.9 fb'
n+jets

% pre tag
==3 jets




Hopmanusauns W+heavy flavour (b,c) jets

a(Wbb + Wee) + Wjj + tf + QCD = Data

* He KoppekTHO Hcnosib3oBaTh NLO ceuenne us MCEM s
HOpManu3anuu cMoaeanpoBaHHbix B ALPGEN coObiTum

Heavy flavour scale factor @ measured in the zero tag bins

* xX onpenesisgeTcs Ha
OTJIE€JIbHOH BBIOOPKE o =151+ 0.04
coObITHH O€3 b-tag
CTPYH, TaKHe COOBITHSI|R!
HE MCHOJIb3YIOTCSI B

naJibHEHIIEM aHaJIU3E.




CornacoBaHue LlaHHbIx U Mogenun gpoHa .o b-tagginga

D@ Run Il Preliminary  KS=0.761 L =913 pb™ 5pp D@ Run Il Preliminary  KS=0.581 L =913 pb™
7] &l N
5 Touol- dan e 1l a2 e
2 - B W+ NiGht |8ts 5428.3 2 [ W+ It 8t 5436.2
"ot o o 33 HestE s o 357
B + g B + 5
BOO— =E¥ —bep + jets 249 - =g —s lep + jets 26,8
N Cignal- 1B a0y T65.8 2000 — Fignal- 1B [x10) 166.9
B — signal: tgb (x10) 315, B — signal: tgl (x10) 316,
E00— N
- 1500/
400— N
oor 1000
2001~ 500
038 a0 60 80 100 120 140 4160 1BO 200 Ao
piet1 [GeV] Py *[GeV]
" D& Run Il Preliminary KS=0.517 L =913 pb” m D& Run Il Preliminary KS=0.1T1 L =913 pb™
‘E"u"l__ * DATA 22200 t * DATA 8219.0
Qi BN oco 14330 41000 B ocD 14328
5 W + light |=ts 5437.0 = W + light |=1s 5436.5
i S e
+ +
i riep - e B sor i riep - e 2
Eignal: 18 (£ 10) 166.9 signal: b (x10) 166.9

— slgnal: tgb (10} 216, — slgnal: tgb (¥10) 216,

600

400

200

60 B0 100 120 140 B a 0 40 &0 B0 100 120 140 16 2
Missing Er [GeV] Lepion Fr [GeV]



Neural Network b-jet Tagger

@ NN trained on 7 input
variables from SVT, JLIP and
CSIP taggers.

@ Much improved performance!

e fake rate reduced by 1/3
for same b-efficiency
relative to previous tagger

e smaller systematic
uncertainties

e Tag Rate Functions (TRFs)
inn, Pr, z-PV applied to MC
@ Our operating point:
o b-jet efficiency ~ 50%
o c-jet efficiency ~ 10%
o Light jet efficiency ~ 0.5%

NN Tagger Efficiency

NN Tagger Efficiency

b Jets
0.7
0.4 |- i ® Tagger applied to MC
—— TRF applied to MC
0.3 TRF after scaling to match tagger on data
' __ 1 I 11 I 1 1 I I 1 L1 1 | 1

20 30 40 50 60 70 8O0 90 100
Transverse Momentum [GeV]

b Jets

03—~ ® Tagger applied to MC
[ —— TRF applied to MC
TRF after scaling to match tagger on data

[ | P M| | P |- |

0 02 04 06 08 1 1.2 1.4 16 1.8 2 22 24
Detector Pseudorapidity Inl




PacnpeneneHne curHasna v COOTHoLLeHne S/B B Kkax.OoM
KaHane aHanin3a, nocrie ripenBapuTesibHoro orbopa

Percentage of single top tb+tgb selected events
and S:B ratio

Electron

+ Muon 1 jet 2 jets




Pe3ynbratbl nepBu4YHOro otbopa

Source

Event Yields in 0.9 fb-! Data

Electron+muon, 1tag+2tags combined

2 jets

3 jets

4 jets

tb
tgb
tt — Il

{tt — I+jets
W+bb

W+cc
W+ jj
Multijets

16+ 3
20+ 4
39+9
205
261 + 55
151 £ 31
119+ 25
956 + 19

8+2
12+ 3
327
103 £ 25
120 £ 24
85+ 17
43+ 9
77 £15

2+1
4+ 1
11+3
143 + 33
357
23 %5
12+ 2
29+ 6

Total background
Data

686 + 131
697

460 £ 75
455

253 + 42
246




CucremarmyeckKue oLnbku

* CucremaThyeCcKHe OMMOKH CBSI3aHHBIE TOJBKO C HOPMAJIM3ALUEH
— Luminosity, cross section, ...

* CuctemMaTHYEeCKHE ONTMOKH MEHSIONIME pacnpeac/IeHU s
— Jet Energy Scale, Tag Rate Function, ...
(CoBUr MEpEMEHHBIX HA = 1 0" ¥ TIepecueT pe3yabTaToB)

Relative Systematic Uncertainties
tt cross section Primary vertex
Luminosity Electron reco * |D
Electron trigger 3% Electron trackmatch & likelthood
Muon trigger 0% Muon reco * ID

Jet energy scale wide range || Muon trackmatch & isolation
Jet efficiency 2% Creal—e
Jet fragmentation 5—1% £ real—
Heavy flavor ratio 30% Efake— e
Tag-rate functions 2-16% £ ake— 1




Cucremarumdyeckume oLLnbkum

= DO Run Il Preliminary 0.9 &' | > f DG Run Il Preliminary 0.9 ' | Key for Plots
o B e+ channel < 300— e+ channel
% i 1-2 tags % - 1-2 tags
‘g‘ 200/~ 2-4 jets -E i 2-4 jets ® Data
g8 g |
T = 200/ tb
2o s B tqb
100 M it
- 100
i 0 W +jets
I - B Multijets
150 200 150 | .
siaic wonioel]”| S euncorany

= | D@ Run Il Preliminary 0.9 ft'| =400 D@ Run Il Preliminary 0.9 fb'|
4 e+ channel =4 L e+ channel

300 1-2 tags L 1-2 tags
g 2-4 jets g - 2-4 jets
e 5 300
g 8 I
3 200 :
- - 200

100 Jo0-

120 140 160

140 160 180 200
Lepton p_[GeV]



OnTtuMunsaumnsi peruncTpaunmn curHana
Optimized Event Analysis

Input: Method: Qutput:
discriminating variables multivariate analysis  signal probability

Event energy
(Quark jet angle |
Reconstructed top mass © P(signal)
Angular Correlations

Cut-Based Likelihoods Decision Trees Neural Networks Matrix Elements

N




Method of Optimal Observables

Provides general receipt how to choose most effective
variables to separate Signal/Background
Based on the analysis of Feynman diagrams which
contribute to signal and Background
Described in different examples:
Higgs search hep-ph/0406152 p.69-71
(E.Boos and L.Dudko)
Single Top search AIHENP'99 (E.B. and L.D.),
hep-ph/9903215 and DO publications on
Single Top Search
Proceedings of TEV4LHC workshop



Three Classes of Variables

“Singular” Sensitive Variables
(denominator of Feynman diagrams)

Most of the rates of signal and background processes come from the
integration over the phase space region close to the singularities. If
some of the singular variables are different or the positions of the

singularities are different the corresponding distributions will differ
most strongly




Three Classes of Variables

“Angular” variables, Spin effects
(numerator of Feynman diagrams)

“Threshold” variables
s_hat and Ht variables relate to the fact that various signal and
background processes may have very different energy thresholds



Decision Trees - 49 variables

Object Kinematics
pr(jetl)
pr(jet2)
pr(jet3)
pr(jetd)

p1 (bestl)
pr (notbestl)

pT (notbest2)
pr(tagl)
pr(untagl)
pr (untag2)

Angular Correlations
AR(jetl jet2)
cos(bestl,lepton)esttop
cos(bestl,notbestl ), eqttop
cos(tagl,alljets),1jets

cos(tagl,lepton)ptaggedtop
cos(jetl,alliets) a11jets

(

(

(

(

cos(jetl lepton)ytaggedtop

cos(jet2,alljets) a11jets

cos(jet2,lepton )btaggedtop

cos(lepton,Q(lepton) X z)pesttop

cos(lepton,besttopframe ) pesttop C Mframe
(
(
(
(
(

cos(lepton,btaggedtopframe )¢, aggedtopCMframe
cos(notbest,alljets ) 115ets

cos(notbest,lepton)pesttop
cos(untagl,alljets)a1jets

cos(untagl,lepton)ptaggedtop

Event Kinematics
Aplanarity(alljets, W)
M(W bestl) ( “best” top mass)
M(W tagl) (“b-tagged” top mass)
Hy(alljets)
Hr(alljets—best1)
Hy(alljets—tagl)
Hy(alljets, W)
Hy(jetl,jet2)
H(jetl, jet2, W)
M(alljets)
M(alljets —bestl)
M(alljets —tagl)
M(jetl, jet2)
M(jetl jet2, W)

M (jet1,jet2) @ [ested shorter

@ Adding
variables does
not degrade
performance

M (W) :

Missing Et lists, lose some
pr(alljets —bestl) L.

pr(alljets —tagl) SenS|t|V|ty
pr(jetl jet2)

Q(lepton) x n(untag1) @ Same list used

V3

Sphericity(alljets, W) fOi' a|| channe|S




DO Multivariate Techniques

Neural Networks

Matrix Element

PSr'gnaa’ ("?)

D ¥ — P 5.;.: — — X
E{X} { | } PS;'gnaf':x] + PBackgmund{x}

Bayesian Neural Networks

(E >

Decision Trees




Decision Trees

Train

o Start with all events (first
node)

@ For each variable, find the
splitting value with best
separation between children
(best cut).

@ select best variable and cut
and produce Failed and
Passed branches

@ Repeat recursively on each
node

@ Stop when improvement stops )
or when too few events left.
Terminal node = leaf.




Decision Trees - Boosting

AdaBoot g

@ Recent technique to improve @ Adaptive boosting
performance of a weak @ Check which events are
classifier misclassified by Ty

@ Recently used on DTs by o Derive tree weight oy

GLAST and MiniBooNE

. @ Increase weight of
@ Basic principal on DT

misclassified events
o train a tree T,

B g—_ @ Train again to build T4
@ Boosted result of event i:

T(i) = X pt5 o Tu()

@ Averaging dilutes piecewise nature of DT

@ Usually improves performance

Ref: Freund and Schapire, “Experiments with a new boosting algorithm”, in Machine

Learning: Proceedings of the Thirteenth International Conference, pp 148-156 (1996)




Decision Trees - Application to this Analysis

DT Choices

o 1/3 of MC for training

e Adaboost 3 = 0.2 Analysis Strategy

@ Boosting cycles = 20 @ T[rain 36 separate trees:
@ Signal leaf if purity > 0.5 (s,t,s+t) x (e,n) x (2,3,4
@ Minimum leaf size = 100 jets) x (1,2 tags)
events @ For each signal train against
@ Same total weight to signal the sum of backgrounds J

and background to start 96h

L o 2
@ Goodness of split - Gini factor Gni=1-> pi= T

i=s.b

>




Decision Trees on Data

Of course, we have 36 different Decision Trees, let's look at electron,
2 jet, 1 tag:

80l -®- Data D@ Run Il Preliminary 910pb’

== s+i-channel e+jets
Bl s+t-channel ==1 tag

B 43 ==2 jels
uhjels

B fake-lepton +

=
2
>
il

o

-
w

0.2 0.4 0.6
tbtgb-combined DT output (fulltree




Decision Trees - Event Characteristics M(W, b)

DT < 0.3 DT > 0.55

) i D& Fun I le'-nlhnrii.}.ﬂ-"’rh:' T | D& Fun | anlnu?,:_q_}.gufh:'
i i 12 I:|!;.~.: .E. m- 12 I:|!;.~.: Ke![ for Plots
E 24 jels E - 24 el
= 80 N = o4 88 nb
| g Sel=s |:F!|!!| & Sel=% |:F|!!| . Data
o | th
i Il tgb
2 2 . . it
1 - | W +jets
S TR T 200 300 400 500 B 00 200 300 M0 500 N
b-Tagged Top Mass [Gel] b-Tagged Top Mass [GeV] Bl Multijets

W

DT > 0.65 = oy

7 2 DO Run Il Preliminary 0.9 ib'
=] I e+l channel
2 1-21ags
o B 2-4 jets
@ 15 DT=>0.65
- s+t=4.95 pb
10l @ Excess in high DT

output region.

% 100 200 300 400 500 w

b-Tagged Top Mass [GeV]




Cross-check samples

o "“Wjets": =2jets, Hr(lepton,£ 7,alljets) < 175 GeV
o “ttbar’: =djets, Hr(lepton,E +,alljets) > 300 GeV
@ Shown: tb+tgb DT output for e+jets

8

. 4 Data Run Il Preliminary 910pb’
80— s+l-channel e+jets
M s +t-channel ==1 tag ==1 tag

- Mg . ==2 i-EtE ==4 iEtE

HT<175.0 300.0<HT

DO Run Il Preliminary 910pb’
a+jets

Event Yield
Event Yield

0.6 0.8 1 0.2 0.4 0.6 0.8 1
tbigb-combined DT output (fulliree) tbigb-combined DT output (fulliree)

@ Good agreement of model with data




Bayesian Neural Network - Introduction

@ A different sort of neural network:

o Instead of choosing one set of weights, find posterior probability
density over all possible weights

e Averaging over many networks weighted by the probability of
each network given the training data

o Less prone to overtraining

o For details see:
http://www.cs.toronto.edu/radford /fbm.software.html

@ Use 24 variables (subset of DT variables)



BNN output for tgb (left) and Wbb (right) events

Network Output (tqb-p) Network Output (Wbb-p)

04 0.8

(11, 30, 1) network B Hybrid MCMC
Average over last 100 networks 0.7 500 iterations
20 steps/iteration
y(x) = 700 i y(x,w,) : E: 2000 (tgb+Wbb) events
s : 10,000 steps (1000/hour)

0.5

0.4

| _L '
ﬂ.3:- = THE 5 i

i

: IF

'Tb'

"E..

=
"y :
| = |
T
!l.
|.|

0.2:LF

I
.__ b E
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-
—
]
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Matrix Elements Method - Introduction

A matrix elements analysis takes a very different approach:
@ Use the 4-vectors of all reconstructed leptons and jets

@ Use matrix elements of main signal and background diagrams to
compute an event probability density for signal and background
hypotheses.

Goal: calculate a discriminant:

Pngnaf(_*)
'DSJgnaf( ) =+ PB?ckgmund( )

Ds(X) = P(SIX) =

Define Psjona as properly normalized differential cross section
-, 1 x_ |
P(X)==] f(qa,;Q)da, f(a,; Q)da,xM(¥) $(¥)dy x W(X, ¥)
“*m“t‘a' " Madgraph)
functions CTEQ6 (LO ME from Madgraph) reconstructed variables (x)

Shared technology with mass measurement in tt(eg. transfer

functions) w




Matrix Element Discriminant

0.18- 0O Run| 0.245 00 Runl
0.16- 0.22:
- — g-channel MC Events 0.2: == {-channel MC Events
D.14" 0.18
012 Wbb MC Events 0.16 Wbb MC Events

- i i | i | I | | | |
D D2 04 06 08 1 [’o D2 04 06 038 1
tb+tqb ME Discriminant tb+tqb ME Discriminant




PacnpeneneHne cobbitun B CyMMapHbIX

ANCKPUMUHaQHTaxX B € U MU KaHaliaX aHaJ/I1n3a

BNN

Network Output Data
200 e 1 =ibb
180 D0 Run Il Priliminary 910 pb :% _
=t r:H
160 KS=0.97 =FE¢’£ lepton

% 01 02 03 04 05 06 07 08 09 1
BNN_output
40 Network Output Effa
DO Run Ii Priliminary 910 pb™ b
15
3o
25
20

0.95 1
BNN_output

ME

DO Run Il Preliminary, L=0.9 f5'
—8— Data
[ tbatgb
B

B w + Jets
[ Multijet

120
100
80
60
40
20

0.4 0.6 0.8 1
) tb+t_q_b_ ME Discrimina_nl

D@ Run Il Preliminary, L=0.9 15’

8s

0.85
tb+tgb ME Discriminant

0.9 0.95

300

Event Yield

100

Event Yield

1 10

-
Qo

-
(=]

DT

D@ Run Il preliminary

- 09fb =
. tb+tgb ™
| ti |
Wijets 0
Multijets =

*1¢ uncertainty ..
on background =~

0.2 0.4 0.6 0.8 1
tb+tqb Decision Tree Output

D@ Run ll preliminary

L5 ]

0.9 fb™' =
tb+tgbh ™
ttm
W+jets [0
Multijets

+1o uncertainty -
on background ~

_1

0.6

0.9 1

0.7
tb+tqb Decision Tree Output

0.8



Measuring the Cross Section

Probability to observe data distribution D,
expecting y:

N N
y = alog + Z b, = ao + Z b, 035
s=1 DEE

s=1 S

S 025

nbins ﬁ 0.2
2 015-

P(D|y) = P(D|c. a. b) = H P(Dily;) -ﬂjy
0.05
|

o 4 s 8 10
Eingle tﬂp cross section

Post(c|D) = P(o|D) /HAP(DM.Q. b)Prior(o)Prior(a, b)

ensity

Posterior

The cross section is obtained

@ Bayesian posterior probability density
@ Shape and normalization systematics treated as nuisance
parameters
@ Correlations between uncertainties properly accounted for
@ Flat prior in signal cross section w




Ensemble Testing

@ T[o verify that all of this machinery is working properly we test
with many sets of pseudo-data.

@ Wonderful tool to test analysis methods! Run D@ experiment
1000s of times!

@ Generated ensembles include:

@ O-signal ensemble (s + t 0 = Opb)

@ SM ensemble (s + t o0 = 2.9pb)

© “Mystery” ensembles to test analyzers (s + t o =77pb)
©Q Ensembles at measured cross section (s + t & =measured)

@ A high luminosity ensemble

@ Each analysis tests linearity of “response” to single top.




Ensemble Testing - Details

@ Use a pool of weighted signal + background events (about 850k
in each of electron and muon)

@ Fluctuate relative and total yields in proportion to systematic
errors

@ Randomly sample from a Poisson distribution about the total
yield

o Generate a set of pseudo-data (a member of the ensemble)

@ Pass the pseudo-data through the full analysis chain (including
systematic uncertainties)




Significance /Sensitivity Determination

We use our 0-signal ensemble to determine a significance for each
measurement.

Expected p-value

The fraction of 0-signal pseudo-datasets in which we measure at least
2.9pb.

Observed p-value

The fraction of 0-signal pseudo-datasets in which we measure at least
the measured cross section.

We also can use the SM ensemble to see how compatible our
measured value is with the SM.
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s+t-channels, tbtgb D@ Run Il Preliminary, 910 pb’
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Cross Section For Zero Signal Ensembles
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Decision Trees - Observed

1btqb

D@ Run Il Preliminary 910, pb™’
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Combination of DT, ME, BNN analysis

» Combine the three measurements with BLUE method

: _ L
» Method requires to measure the correlations /Q&’ é‘f" > \
» Used SM pseudo-datasets with systematics p=| 1 057 051 DT
057 1 045 ME
\0.51 045 1 BNN )

Combined result: 4.8 = 1.3 pb = Significance of 3.5 std. dev.
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Measuring |V,

s+t-channels D@ Run Il Preliminary, 910 pb’
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MNMouck W' 6o30Ha

Vo,

L = ,7 g frgi 'A,i ( rlr "f; (l + ) + ”

0, (L =7"))W'q; + He.

’1’ d;j

=1 and uq g; =0

wm SM+ I'Igh twW
= SM+eft W
= S W only

=11
10 100 200 300 400 500 600 700 800 900 1000
Mass t b, GeV

Orpannuenust Ha maccy W' nmosyueHHsle D0 kosmabopanuen
Ha ctatuctuke 230 n6™': M(W")> 610 (670) I'sB R(L)
Phys.Lett.B641:423-431,2006; hep-ph/0610080



lNMouck HentpasnibHbix TokoB (FCNC)

e Couplings: tqq, tqvy, tqZ, where g = u,c

1 i
ALelff = —
A

<+ D@ 230pb!
— FCNC (<10)
B SM th+tgb
B
ElW+jets

B multijet

NN output

Orpannuenns Ha FCNC cBs3u nosyueHHble Kojutadopanuen DO Ha
cratuctuke 230 6" (hep-ex/0702005):

kS /A < 0.15 TeV™! ki /A < 0.037 TeV™




First evidence for single top quark production

and direct measurement of |V, |

(hep-ex/0612052 submitted to PRL)
o(s+t) =4.8 £ 1.3 pb
3.50 significance!
V..|>0.68 @ 95%C.L.

@ Challenging analysis: small signal hidden in huge
complex background

* Expand to searches of new phenomena
@ \We now have double the data to analyze!
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Many thanks to the Accelerator Division




Event Selection

Good data quality

Pass trigger @ isolated lepton

Good primary vertex o 2-4 jets
15 < F1 < 200 GeV o Er
2-4 jets with pr > 15 GeV and |nge:| < 3.4 o at least 1 b-jet

il

Leading jet with p1 > 25 GeV and
|'f?det| < 2.5

Second leading jet pr > 20 GeV
Triangle cuts in A¢(jetl,Ev1) vs £ and
AL ET) vs ET planes

Only one tight and no other loose lepton

o electron: pr > 15 GeV and |nger| < 1.1
e muon: pr > 18 GeV and |nger| < 2




MoHTte-Kaprno cobbitusi

Event Type

The Monte Carle Event Set=s

Cross Section

[ph]

Branching
Fraction

Mumber
of Events

Int. Lum.
[

S1gnals
th — et jet=
th— pudjets
th — T4 jet=
tgh — edjets
fgh — 4 jet=
tgh — T4 jets

Backgrounds=
tt — £ jets
it — 28
Wb — fibb
Weos — frec
Wi — &ej3

088 =0.14
088 = 0.14
0.88 =0.14
1.08 = 0.30
1.08 £ 0.30
1.08 = 0.30

6.8 +1.2
6.8 +1.2

0.1111 & D022
01111 & Duofz2
01111 &+ 00022
01111 & Doz
01111 4 Doz
01111 & Duooz22

04444 &+ 00054
01111 & D 00ED
03333 £ D.006E
0.3333 £ 00066
03383 £ 00066

02,620
122,348
76,433
130,065
137,824
117,075

474,405
465,126
1,335,146
1,522,767
5,201 446

GlIE
Al
1.066
a2
FRE!
453

205
IR
42, 385
11.746
1.313

TAELE 3: The cross sections, branching fractions, initial mimbers of events, and

mtegrated lnmimosities of the Monte Carlo event samples.




Analysis Flow (left) and sample composition estimation procedure (right)
to determine contributions from W+jets and fake-lepton backgrounds in analyses

looking for events with a W in the final state and at least one tagged jet.
Analysis Cut Flow Sample Composition Estimate

E j?_/_[\gfm-f
Matrix Method

fina
Wtjets f foke-1

_ lom e
i Yield Estimate

Final Selection, b-tagging QMNGTIHHHE&HM
f mna




© 2001 Search for electroweak production of single top quarks in
ppbar collisions” Phys. Rev. D 63, 031101 (2001)

@ 2001 “Search for Single Top Quark Production at D@ Using
Neural Networks,” Phys. Lett. B 517, 282 (2001).

© 2004 “Search for Single Top Quark Production at D@ in
Run I1,” D@ Note 4398 (2004).

© 2005 “Improved Search for Single Top Quark Production,” D®
Note 4670 (2005).

@ 2005 "Search for Single Top Quark Production in pp Collisions
at /s = 1.96 TeV,” Phys. Lett. B 622, 265 (2005).

© 2006 "Multivariate Searches for Single Top Quark Production
with the D® Detector,” submitted to Phys. Rev. D,

hep-ex,/0604020.
plus 7 PhDs. (CDF has a similar list)



Decision Trees - Event Characteristics M+,

DT < 0.3 DT > 0.55

B
T

D& Run || Preliminary 0.9 18°] D& Run || Preliminary 0.9 18°]
-3 Hrmne -3 Hrmne

5 5

g 24 chanmel g 24 chanmel
- 1-2 lags - | 1-2 lags
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B DT=0.3 B 40— DT=0.55
B, anb s+1=4.95 ph g, s+1=4.95 ph
; ;

ML) [GeV]

DT > 0.65

D@ Run Il Preliminary 0.9 i’
e+l channel
1-2tags

2-4 jets
DT=0.65
s+1=4.95 pb

Yield [counts/10GeV]

@ Excess in high DT

output region.




Matrix Elements Method - Observed

Discriminant output with and without signal component (all channels

combined in 1D to “visualize” excess)

40 D@ Run Il
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tb+tgb ME Discriminant

40 D@ Run Il
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Decision Trees - Ensembles

@ SM input is returned by DTs
@ 'Mystery” ensembles are unraveled by the DTs

@ Linear response is achieved

DT analysis

5M Ensemble _thigh
Entries 1000
Mean 2922

RMS 1513

rindof = 4.88/4

Slope = 1.07 =0.03
e+ |1-channal Intarcept = -0,12 + 0.10

Full systematics
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Matrix Elements Method - Ensembles

ME analysis
= 10
2 w2Indof = 10.15/4
9
S Slope = 1.04 +0.02
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w7
O
O B
.
s 5
in
e
g 4
in
£ 3
L
T 2
&
c 1
L
nIIIIIIIII|IIIIIIIIIIIIIIlIIIIIIIIIIIIIIlIIIIIIIII

0 1 2 3 4 5 6 7 8 9 10
Input s+t cross section [pb]




Bayesian Neural Network - Ensembles

BNN analysis
= -
o - ﬁ“ndﬂf = 3.60/2
6 °F slope=099 +0.05
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Correlations - All methods

Choose the 50 highest events in each discriminant and look for

overlap
Technique | Electron | Muon
DT vs ME 52% 58%
DT vs BNN 56% 48%
ME vs BNN | 46% 52%

Also measured the cross section in 400 members of the SM ensemble
with all three techniques and calculated the linear correlation between

each pair:
DT ME | BNN
DT | 100% | 39% | 57%
ME 100% | 29%
BNN 100%




