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the top quark

» dominant production mechanism

proton
g g < { o < {
(_7 _ -

t g t

antiproton

— Oypar = 762 £0.85 pb
— My, = 173.1£0.6 (stat) £1.1 (syst) GeV
— cannot measure electroweak coupling

* B(t=>Wb) =« |V,| >0.89 @ 95% CL, assuming unitarity of
3x3 CKM matrix

« from B decays
— |V,| =0.00393 and |V, = 0.0412 > |V,,| = 0.9991

« T, , << experimental resolution; <12.7 GeV @95% C.L.
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the top quark

 electroweak production of top quarks

s channel (tb) t channel (tgb)
q { q' q
w+ W’
b t
q' b 9> b
NLO o =1.12+0.05pb o =2.34x0.13 pb
N. Kidonakis , PRD 74, 114012 (2006), for m, =170 GeV
— 0 [Vy|?
* N0 assumption on number generations or unitarity of
CKM matrix
— measure I'(t=>WDb)
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the top quark

 electroweak production of top quarks

— sensitive to non-standard physics wH t
« 4t quark generation AN
« anomalous Wtb vertex

* new particles (H*, W’)

T

« FCNC
— Provides an important benchmark ’ §
in understanding the backgrounds  “° f
to Higgs search in WH channel W
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the top quark

6 [ T L L L L L L L L | T T LI B
ss [ ® Standard Model ]
o % Top-Flavor
5 (my =1 TeV)
— O Ztc FCNC
GJ 4.5 (g7m e g7)
c 4 % P4 4th Family
% _ O (V,.=0.5)
c < 35 + H
O ° (M}, =250 GeV)
1 3
e =
2.5 <+
» | ]
1= ; Tait, Yuan PRD63, 014018 (2001) ;
1 C 1 [ | [ | [ 1 1 [
0 0.5 1 1.5 2 2.5 3
o, (pb)
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the top quark

2006
« DO announces evidence for single top production

PRL 98, 181802 (2007) PHYSICAL REVIEW LETTERS S MAY 2007

(e t)
¢

Evidence for Production of Single Top Quarks and First Direct Measurement of |V,;|

V.M. Abazov.” B. Abbot. * M. Abolins.” B.S. Acharya.™ M. Adams.” T. Adams.” “E. Aguilo,” S H. Abe”
M. Ahsan.” G.D. Alexeev,” G. Alkhazov, ™ A. Alton, ™ == - - -

55 . 45 . ) Y
T. Andeen C Anderann R Aadrjey f\]_S. A CDF Combination | ol - +0.7 o
DJ Evidence paper C. Autermann, | 2.2 ™' PRL I -7 P
« "S. B.uu:qc o |
PRL “Editor’'s Suggestion” .«mlc" D.Bay | D@Combination 47113 pb
lla . I
110 SPIRES citations ke Bl |
" R. Beuselinck |
C.Biscarat,” I Blackler,™ G. Blazey,’ F. Blekman,* S. B I N. Kidonakis, PRD 74, 114082 (2006) miop = 175 GeV
T.A. Boltoa,*” E.E. Boos,” G. Borissov,* K. Bos,"’ T. | Z.sulivan, PR 70, 114082 (2004)
D. Brown, ™ N.J. Buchanan.*” D. Buchholz,” M. Buch ! |
T.H. Burnet,”™ E. Busato,'® C.P. Buszello,* J.M. Bu July 2008 0 5 10
W. Carvalho,” B.C.K. Casey,  N.M. Cason,” H. Castill o (pp — tb+X, tgb+X) [pb]

Al Cl‘.andxa.“ E. Charlcs.: *E. Chcu.“ F. Chcvallicr.” DK v, o winm, . \.HUI.LU.I..X} b VEHISUWHER, 32, 13T,
B. Clément.” C. Clément,”" Y. Coadou.” M. Cooke,” W.E. Cooper,” M. Cormn.n 'F. Coudere,”” M.-C. Cousi inow,'
B. Cm"' S. Crépé- chaudin.” D. Cutts,”” M. Cwiok,™ H. da Motta,” A. Das.™ M. D.is. 'B. Davies."” G. Davies,”
K. De,™ B de Jong 'S.J. de Jong." E. De La Cruz- Burelo,”* €. De Oliveira Martins,” 1. D. chcuh.udl."’ F. Délioe,””
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event selection
Run Il Integrated Luminosity

— Delivered
! -1
2 6 ' 6.11 fb
= 3 *
a /. A |
.(7) 5 : ‘
(@)
=
E 4
-l
g o)
3 3 2.3 fb™
o Observation
. Analysis
£ 2
- 0.9 fb™

1 Evidence

Analysis "
0 _/-I/_r

2002 2003 2004 28{05 2006 2007 2008 2009
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event selection

proton

single top ° n
w w+ "

t
g ° b

antiproton =

dominant backgrounds

, b
q g
< ;
g WH+jets
W
VI/\ i
q \
9 g Lt/
top pairs .
g t
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é Total inelastic
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= 10
S LT mb
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2 10 bb
&
“16° L ub
W
10°
- nb 7
10-10 )
tt
10—12 . pb
10—14 o
- b
100
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event selection

[ muon p; > 15 GeV, |n| < 2.0 [ electron pr > 15 GeV, In| < 1.1

proton

[ 20 < missing p; < 200 GeV

O v 2
q' . w — vV
proton
v @ w A @ o

q
t W b

g y b 4

s"‘ q
antiproton P antiproton b

2-4 jets

leading jet pr > 25 GeV, |n| < 3.4 >1 b-tagged jet
other jets p;>15GeV, |n| <3.4 leading b-jet p; > 25 GeV, |n| < 3.4

24 channels:

2 running periods x 2 lepton flavors x 3 jet multiplicities x 2 b-tag

multiplicities
3/34/2009 Meenakshi Narain 10



event counts — first selection
 All object level selection cuts

Event Yields
in 2.3 fb~1 of D@ Data

e,d, 2,3,4-jets, pretag

* No btagging.

« expected signal

« backgrounds

 oObserved

3/31/2009

tb + tgb 444
W+jets 98,444
Z+jets, dibosons 8,631
tt pairs 1,895
Multijets 5,798
Total background 114,777

Data

114,777

Meenakshi Narain
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modeling of backgrounds:
o WH+jets:

* modeled using ALPGEN
— PYTHIA for parton hadronization

— MLM parton-jet matching avoids double-counting final
states

* n(jets), Ap(jet1,jet2), An(jet1,jet2) corrected to
match data

3/31/2009 Meenakshi Narain 12



1. bkg normalization pre b-tagging
* dominant background: W+jets

Yield [events / 3 GeV]

b

5000

| pretagged
- all channels

50

10000~ D@ 2.3 fb™

ot

Dib

100

Wjj+Wcj

Multijets 1N

Data ¢
Wbb IR
Wecc IR

Ztjets
osons
tt

150

D@ Single Top 2.3 fb™' Signals and Backgrounds

(All channels combined, before b-tagging)

tb
tqb 1N
tt— 1l
tt - +jets [l
wob Il
wee IR
wej I

Wjj

Z+jets

Dibosons
Multijets [l

1:259

W Boson Transverse Mass [GeV]

* Overall normalization for Wjets/mis-id determined
by using iterative template fits to data using three
sensitive variables: p.(l), M{(W) and missing E-

N MC + S N data

Wjets™ 7 w et multijet” " multijet
Meenakshi Narain 13

Ndata

MC
pretag N bkgd — \
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b-Jet |ldentification

* separate b-jets from light-quark
and gluon jets to reject most W

+jets background Displaced
Tracks

use neural network algorithm Secondary

— based on impact parameter Vertex

and reconstructed vertex 14 A

variables y
\ A
7/ K
/ dO H

uncertainties dominated by
variation in data samples used
to measure the efficiencies.

— smaller contribution from MC Jet
sample dependence

3/31/2009 Meenakshi Narain 14



event counts — final selection:

* expected signal

« backgrounds

 oObserved

3/31/2009

Event Yields
in 2.3 fb~! of D@ Data

e, 2,3,4-jets, 1,2-tags combined

tb + tgb 223 = 30
W+jets 2,647 + 241
Z+jets, dibosons 340 = 61
tt pairs 1,142 + 168
Multijets 300 £ 52
Total prediction 4,652 + 352
Data 4,519

Meenakshi Narain
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2. bkg norm. post b-tagging

« W+HF (Wbb, Wcc, Wcj), top pair backgrounds are
dominant

;‘ i -1 Data ¢ D@ Single Top 2.3 fb™' Signals and Backgrounds
8 L DQ 2.3 fb th + tqb ] (All channels combined, after b-tagging) S . B
v 400+ Wbb R -
; | b-tagged Wcec B tb
T all channels Wijj+Wcj B ) tqZ |
« i Z+jets i . .
i . Dibosons tt— I+jets Il 1 21 IN 1Tag
B tt—u¢ M wob Il
S 200 - . wee IH
) tt > (+jets W -
= i Multijets B e :
j] [
z+jets 1 L} 1 5 In 2Tag
- Dibosons
0 Multijets [l
0 50 100 150

W Boson Transverse Mass [GeV]

W+heavy flavor correction factors

— normalized to theory (use MCFM @ NLO)
* 1.47 (Wbb,Wcc), 1.38 (Wcj)
— additional empirical correction derived from two-jet data and
simulation: includes zero-tag events
« 0.95 + 0.13 (Wbb, Wcc)

3/31/2009 Meenakshi Narain 16



modeling of backgrounds:
* multijet instrumental background

(1P}

q o e
9 jet
jet
— misidentified leptons, events with semileptonic b-

decays
— Estimates are data driven
— Kept small (~5%) with topological selection cuts

Event Yields in 2.3 fb~1 of D@ Data

Electron + muon, 1 tag + 2 tags combined

Source 2 jets 3 jets 4 jets

Multijets 196 + 50 73+17 306

3/31/2009 Meenakshi Narain



reducing multijet background

* employ cut on H+. Exploit correlations between missing E;

g N w
o o S)

A¢ (Lepton,Missing Et)

A¢ (Jet1,Missing Ey)

D@ 2.3 fb™

Run Ilb
Electron

- 100 120 140
Missing Transverse Energy [GeV]

A®(Jet1, Missing E;)

D9 2 3 fb™

Run llb
P Electron
2 jets

o«
o

- - IN) N
o (6] o (9]

o
o

Ad (Lepton,Missing Et)

«
o

N
)

1.5

A¢ (Jet1,Missing E7)

60 80 100 120 140

3/ %‘3@@% Transverse Energy [GeV]

DG 2.3 fb™
L | I U

Run llb
Electron

60 80 100 120 10
Missing Transverse Energy [GeV]

D@ 2.3 fb™

|}
T,
T '!..I Multijets
L}

LA Run lIb
Electron
2 jets

20
Mlssh@@%hé@@mrgy [GeV]

A¢ (Lepton,Missing Et)

40 60 80 100 120 140
Missing Transverse Energy [GeV]

A¢ (Jet1,Missing E7)

n L} i |
80 1 00 120 140

and the directions of leptons, jets in the event.
A®(Lepton, Missing E;)

DG 2.3 fb'1

Run llb
Electron

D@ 2.3 fb™

Electron
- . 2 jets

n il e I T BN |
80 100 120 140

Missing Transverse Energy [Gew




modeling of backgrounds:
* top pair production:

proton t g ZL
q g < > < o) <
g
q - \ —
antiproton t g t
- —_

Event Yields in 2.3 fb-! of D@ Data

Electron + muon, 1 tag + 2 tags combined

Source

2 jets J jets 4 jets

tt - 4

3/31/2009

149 + 23 105 16 3216

tt - (+jets 72413 331451 452 £ 66

Meenakshi Narain
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modeling of backgrounds:

o Z+jets:
— modeled using ALPGEN + PYTHIA hadronization

— Z+ heavy flavor corrected to theory, with £14%

uncertainty

* Dibosons
— modeled using PYTHIA
— Normalized to theory cross sections

3/31/2009

Event Yields in 2.3 fb~'! of D@ Data

Electron + muon, 1 tag + 2 tags combined

Source 2 jets 3 jets 4 jets
Z+jets 141 £ 33 54 £+ 14 175
Dibosons 89+ 11 325 9+2

Meenakshi Narain
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modeling of signal

* Single top production:
— Use SINGLETOP MC, based on COMPHEP
— Reproduces NLO kinematic distributions
— Use PYTHIA for parton hadronization

/\ -

q t q q
() (L

Q'\/b g 5

s-channel

Ogy = 1.12 + 0.05 pb

t-channel

Ogy = 2.34 +0.13 pb

cross sections from N. Kidonakis , PRD 74, 114012 (2006), for m, =170 GeV

3/31/2009
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modeling of signal

* Single top production:
- 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 62+9 24 +4 7x2
t-channel tgb 77 £ 10 39+6 14+ 3
C £ q q
2O =
b t
q' b g 5
m \t-cgnnel
ogy=1.12 £ 0.05 pb Ogy = 2.34 £ 0.13 pb

cross sections from N. Kidonakis , PRD 74, 114012 (2006), for m, =170 GeV
3/31/2009 Meenakshi Narain



%‘ p17+p20 e+u channel %‘ i p17+p20 e+u channel %‘ i p17+p20 e+u channel
g 1-2 b-tags g i ¢ 1-2 b-tags g i 1-2 b-tags Data/M C
3 400 2-4jets| B [ 24 jets| @ 4007 2-4 jets
5 § % 5 |
> > >
g g i agreement (for
i dam e Il channel
dll channeis
100 150 100 150 100 150 COI l Iblned)
pT(Ieplon) [GeV] E [GeVl M (W) [GeV]
§3000- p17+p20 e+u channel s N p17+p20 e+u channel s p17+p20 e+u channel
= 1-2 b-tags § 400~ + 1-2 b-tags § 1-2 b-tags
s 24jets| 3 ¢ 24jets| B 2-4 jets
m - '_ -
5 2000 g 300 g
2 ) C )
> I 200
3 r k=]
1000~ - g f $
i 100

772 3 4 5 & % 50 100 150 % 50 100 150
Jet multiplicity pT(jet1) [GeV] pT(jetZ) [GeV]
g i p17+p20 e+u channel g 500_ p17+p20 ety channel] © p17+p20 e+u channel
L 1-2 b-tags 1-2 b-tags > 1-2 b-tags
§ 600 * 2-4jets| 2 400 24 jets .E: 2-4 jets tb
- L - Q
5,k 5 & Bl b
@, 400; & = -
R ) 2 Bl whbb
e _ I ° _
> 200~ > - Wcc
T, |  wjj
G 200 400 600 %100 200 300 400 5 _
H (leptonE ,alljets) [GeV1 Ma@lljets) [GeV] AR(et1,jet2) | Zbb
%' - p17+p20 e+ channel] & 3 p17+p20 e+ channel]| & p17+p20 e+u channel Zce
g r 1-2 b-tags % L + 1-2 b-tags g + 1-2 b-tags
E 400 2-4 jets § 200- 2-4 jets g 200- 2-4 jets ij
5 L ) " Dibosons
@ 3 T
2 200 > J00- S 100- U
> ﬁh_—-——__l- b .
: Bl tf - l+jets
0"j00 200 300 4 2 0 2 2 005 0 05 1 B Multijets
M(W,jet1) [GeV] Q(lepton)xn(light1) cos(lepton opyotaggedtop )
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background model validation

« Selected to test background model in regions dominated
by one type of background: W+jets or Top Pairs

W+ JETS Top Pairs
s 2 jets, 1 b-tagged jet e 4 jets, 1or 2 b-tagged jets
o Hy(l, g, allJets) <175 GeV « H(l,Ef allJets) > 300 GeV
W+Jets Cross-Check Sample tt-Pairs Cross-Check Sample
> i 1 Data ¢ > 80+ 1
3 400: DG 2.3 fb th+tgh W 3 : DG 2.3 fb th?JZ‘
e [ Hy<175GeV V/ob - e - Hr>300GeV | B Non-t Il
— 300 1 b-tag _Ween ~ 60 45 b-tags tt—>« M
] L 2jets Wij+Wej mm 2] I 4’jets tf — (+jets Il
o - I s Multijets BN
3, 200¢ e 3 40-
CH s
< 100 g 20
% 50 100 150 % 50 100 150

W Boson Transverse Mass [GeV] W Boson Transverse Mass [GeV]



matrix elements

* method pioneered by DY for top quark mass measurement

« use 4-vectors of all reconstructed leptons and jets

« use matrix elements of main signal and background processes
« compute a discriminant

PSignal()?) g Y"-'*.f‘ OO OO0 g

Ds(X) = P(S|X) = - - ‘
S( ) ( | ) PSignaI(X) + PBackground(X) Nt KTU 0L

* define P, as a normalized differential /;~«;_
cross section: S

o1 . .
Psigna (X) = ~dos(X) o5 = [ dos(X)

« performed in 2-jets and 3-jets channels only
 split the sample in high and low H;
(W+jets and top quark pair dominated regions) improves the performance

» response verified with ensembles
— linearity, unit slope, near-zero intercept

3/31/2009 Meenakshi Narain 25



matrix elements

Matrix Elements used to Separate 2-jet channels
Single Top Signal from Background
DG 2.3 fb1 ] ‘\i?v > d
2 Jets 3 Jets W f we R
tb ud — tb tbg ud > tbg [N,
tq utz - tci tag utz - tcig
db — tu db — tug
@ o
Wbb ud — Wbb Whbbg ud — Whbbg
Weg sg —» Weg
Wgg ud — Wgg Wugg ug — Wugg
ww qq > WW
wz qq —> WZ
ggg 99 — 999
tt qq — tt — £*vblvb
tt qq — tt — ¢+vbudb tt qq — tt — ¢*vbudb
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matrix elements

2-jet channels

3 DO Runlib 1.2 fb* 3 DO Runlib 1.2 fb" L

> P20 e-+jets < 15 p20 e+jets|  fb discriminant

£ 1 b-_tag r 2 b-tags

u>J100 2 jets o 2 jets

q t

06 08 1 . 4 06 08 1 ! \/b
Discriminant S Discriminant S

K’ -1

3150 DO Runilo 1.2 fb” 3 DO Runllb 1.2 fb" L

- e > 20 p20e+jets)  tq discriminant

g 2-_ é:g *dc-; 2 b-tags

@100 Jets Z 15 2 jets

0.6 0.8 1
Discriminant T

/_\
q q
w
b t
g b
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Discriminant T
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Event Yield

matrix elements

 starting from 2dim S vs T discriminant,
— rebin to ensure enough background evts in each bin

— re-order bins according to highest-to-lowest signal:background to obtain
the 1dim tb+tqb discriminant; split according to H.

Event Yield

D0 Runllb Prelim. 1.2_fb' % DO Runllb Prelim. 1.2 fb™
60 p20 e+jets & 30- p20 e+jets
L 1 b-.tag "g 1b-tag| © P
I 2 jets 2 2jets| @ DQ 2.3 fb
40 20 > 100 -
1 H, <175Gev | H,>175GeV =
1 2 H,> 175 GeV
10 Ll
12 1.4 16 18 2 50
Bins ordered by s/b
DO Runllb Prelim. 1.2 fb™ % L DO Runllb Prelim. 1.2 fb™
p20 e+jets s 8§ p20 e+jets
10- 2 b2-t.aeg:: § 2 b-tags 0
] m 1 1.2 14 1.6 1.8 2
Matrix Elements Output
5._
% 02 04 06 08 1 012 14 1.6 18 2

Bins ordered by s/b

Bins ordered by s/b 28



boosted decision trees

 decision trees

idea: recover events that fail a cut

successively find cuts with best separation between
signal and background

repeat recursively on each branch F P

stop when no further improvement or when too few
events are left

terminal node is called a “leaf”
decision tree output = leaf purity

« adaptive boosting

3/31/2009

technique to improve any weak classifier

used with decision trees by GLAST and MiniBooNE

train a tree

increase weight of misclassified events

train again

average over 50 boosting cycles

dilutes the discrete nature of the output and improves the performance

Meenakshi Narain 29



discriminating variable categories

OBJECT KINEMATICS
DG 2.3 fb™

%000_ all channels

3

2

!3500

% 50

100 150 200
Missing ET [GeV]

JET

RECONSTRUCTION

DG 2.3 fb™

E L all channels
>800-

600"
400"

200"

0.3
Jet2 n Width

0.4

EVENT KINEMATICS

DG 2.3 fb™

Yield [Events/20GeV]
Ly » o

[=} (=] o

T ° T T T o T T T ?

X
S
o T T

Q T T

100

all channels

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

TOP QUARK

RECONSTRUCTION

Y
=]
S
S

Yield [Events/20Ge

a
=)
o T

DG 2.3 fb™

all channels

200
M3 [GeV]

250

Yield

0" " 05 0 0.5
Cos(LightQuark Jet, Lepton)

DG 2.3 fb™

all channels

1
btaggedtop

ANGULAR

CORRELATIONS

[Events/0.4]
(2]
(=]
o

Yield
S
o
o

200"

DG 2.3 fb™

| all channels

¢

-2 0 2 4
Q(lepton) x n(light-quark jet)



boosted decision trees

* 64 input variables

— reducing the number of variables reduces the sensitivity of
the analysis

— start from a list of a few hundred well modeled variables

» Use ranking to select the at most top 50 variables for each channel
and eliminate duplicates to form the final list.

« use 1/3 of all signal and background events as training
sample

 Train 24 trees
— tb+tgb; e,u
— 2,3,4 jets; 1,2 b-tags
— pre/post Silicon layerQ det configuration

« search for combined tb+tgb

3/31/2009 Meenakshi Narain 31



boosted decision trees

Best Variables to Separate
Single Top from W+Jets

DG 2.3 fb~' Analysis

Best Variables to Separate
Single Top from Top Pairs

DG 2.3 fb-! Analysis

Object kinematics

Event kinematics

Jet reconstruction

Top quark reconstruction

Angular correlations

Er
pr{jet2)
p;e(jet1,tag-)
E(light1)
M(jet1,jet2)
MAW)
H(lepton, & jet1 jet2)
H(jet1 jet2)
H(lepton, #;)
Width,(jet2)
Width, (jet2)
M,,,(W.tag1)
AMtopmin
M,,,(Wtag1,S2)
cos(light1,lepton)y.qgedtop
Ad(lepton, &)
Q(lepton) x n(light1)

Object kinematics

Event kinematics

Jet reconstruction

Angular correlations

pT(notbest2)
pT(jet4)
pT(light2)
M(alljets—tagl)
Centrality(alljets)
M(alljets—best1)
H(alljets—tag1)
H,(lepton,£,,alljets)
M(alljets)
Width, (jet4)
Width,,(jet4)
Width(jet2)

COS(IEptonbtaggedtOp'
btaggedto pCMframe)

Q(lepton) x n(light1)
AR(jetl,jet2)




boosted decision trees

* Apply a transformation to the raw discriminant in order to
ensure sufficient number of background events in each bin.
— provides stability in the final cross section measurement calculation.

DG 2.3 fb™”

before transformation

3/31/2009

Signal

Run lla
electron
2 jets

1 tag

01 02 03 04 05 06 07 08 09 1

Boosted Decision Trees Output

BDT Output, Transformed Binnin

/

0.8

06—

0.4

0.2

DG 2.3 fb"

Transformation
function

Minimum of 40 background

50 bins in each
output distribution

0.08
|

T B

T R R RN
0.6 0.8

|
0.2 1 0.4 -
BDT Output, Native Binning 5[

0.04

0.02
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events in each bin 0.1

00-

DG 2.3 fb after transformation

Run lla
electron
2 jets

Background 1tag

Signal

v b b b b b b gy R
01 02 03 04 05 06 07 08 09 1
Boosted Decision Trees Output



bayesian neural networks

Neural networks are nonlinear functions
— defined by weights associated with each node

— weights are determined by training on signal and
background samples

Bayesian neural networks improve on this technique

— avera%e over many networks weighted by the
probability of each network given the training samples

— Less prone to over-training

— Network structure is less important — can use larger
numbers of variables and hidden nodes

For this analysis:
— Uses highest ranked 18-28 variables in each channel

» Selected from 600 variables based on KS values and importance

ranking

— 20 hidden nodes

— 100 training iterations

— each iteration is the average of 20 training cycles

— Backgrounds are combined for training
response verified with ensembles

— linearity, unit slope, near-zero intercept

3/31/2009 Meenakshi Narain
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bayesian neural networks
* list of variables

- 500
Rank Variable o ¢ Data A
1 M (jetl,jet2) ;—: B = f/?/;t:qb Dg 2-3 fb
2 M (W) « 400 B wce
3 Mo, (W tagl) S i B Wjj+Wej 150
4 A ‘.\I::”' > ] Z_+jets
- Lo W 300 L Y
5 Hr(lepton Fr.jetl,jet2) B (i (+jets 100
6 Mo, (W tagl,S2) - Bl Multijets
7 o 200 - %0
8 Q(lepton)xn(lightl)
9 COS(lept‘onbtagg(!(ltop 5l)t aggedt‘op(.'-.\lfr"\mu) 86
10 COS(tﬂgl ,lept-on)btaggu(ltop 1 00
11 pr(jetl)
12 Width,,(jet2) 0
13 Ad(lepton for) 0 0.2 0.4 0.6 0.8 1
14 Width, (jet2 .
o(jet2) Bayesian Neural Networks Output
15 pr(jet2)
16 Q(lepton) xn(bestl) . . L.
17 B(jet2) » final discriminant
18 pr(bestl) « after binning transformation
19 pr (jet1,p) similar to BDT
20 cos(light1,lepton)uiagsedtop
21 cos(lepton,Q(lepton) X z ) pesttop
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Measured tb+tgb Cross Section [pb]

response validation

* measure response using ensembles of
pseudo data experiments

10—

Boosted
Decision Trees

4
2" Slope = 0.994 + 0.003
L Intercept =-0.016 £ 0.016
«"‘;’1lw1111111111J1
% 2 4 6 8 10
Input tb+tgb Cross Section [pb]
3/31/2009

Measured tb+tgb Cross Section [pb]

10—

Bayesian
Neural Networks

Slope =0.993 + 0.003
Intercept = 0.032 £ 0.018

| TR B

1 1 1 1 1 L |
2 4 6 8 10
Input tb+tgb Cross Section [pb]

BNN

Meenakshi Narain

Measured tb+tgb Cross Section [pb]

Matrix Elements

Slope = 0.986 + 0.003
Intercept = -0.126 + 0.018

1 1 1 1 1 l 1
10
Input tb+tgb Cross Section [pb]

ME

36



discriminant validation

« Cross check performance in background dominated regions.

— soft W+jets: 2 jets, 1 b-tag, H; < 175 GeV

— ttbar samples/hard W+ijets: 4 jets, 1-2 b-tags, H; > 300 GeV

S400 DO Run Il Prelim. 2.3 fb™| 3 D@ Runll Preliminary 2.3f5'
> L p17+p20 e+u channel| % e+ ﬁhg_rtggl
g300t— 1b-tags| £ 2 jets
T 2 jets| 200

DO %)

100
100

02 04 06 08 L 0.2 0.4 0.6 0.8 1
- BNN outout
° | DO Run Il Prelim. 2.3 fb™| o[ D@ Runll Preliminary 2.3fb'
> p17+p20 e+u channel i 9*#{;’;)"}{‘3’;8'
§1 00— 1-2 b-tags 4 jets
T 4 jets| eof

%)

40

20

04 06 08 1 o : o —
3/3 10&009 tb+tqb DT Output Meenakshi Narain BNN output

Event Yield

o

® DO Runll 2.3 b
> i 4 p17+p20 e+ channel
§400- 1 b-tag
lﬂ 2 jets

200

%)

% 02 04 06 08 1
Bins ordered by s/b

8o DO Runll 2.3 fb™
i p17+p20 e+l channel
L 1-2 b-tags

60 3 jets

a0 DO

20F

01

14 16 18 237
Bins ordered by s/b



f

nal discriminant for the 3 methods

E 500 ¢ Data -1
Q@ = M tb+tgb DQ 2.3 fb
> B wbb
w 400 M wce
. i B Wjj+Wej 150
S M Z+jets
11} L [ /]
300 [ | tt'——)>l+jets 100
Il Multijets
200
100
0
0 0.2 0.4 0.6 0.8 1
Boosted Decision Trees Output
- 300 ]
2 D@ 2.3fb Data ¢
> 7 th+tqb Il
% wbb I
> 200 Wcec IR
<
1T H, <175 GeV wjj+we Il
-4 Z+jets I
tt— ¢ Il
100 tt—{+jets Il
Multijets Il

0 02 04 06 0.8 1

Matrix Elements Output

Event Yield

Event Yield

500

400

300

200

100

0
0

S D@ 2.3 fb

I wbb

B Wce

M wWjj+We 150
B Z+jets
[ ]
Bl ti—>(+jets 100
Il Multijets

50

0.2 0.4 0.6 0.8 1

Bayesian Neural Networks Output

100 -

50

D@ 2.3 fb”

H,> 175 GeV

1.2 14 16 1.8 2
Matrix Elements Output

Signal
normalized to
measured x-sec




Systematic uncertainties

Systematic Uncertainties
Ranked from Largest to Smallest Effect Systematic Uncertainties
on Single Top Cross Section Ranked from Largest to Smallest Effect
1 on Single Top Cross Section
D@ 23fb DG 2.3 fbt
Larger terms
) Smaller terms
b-ID tag-rate functions (2.1-7.0)% (1-tag) o
(includes shape variations) (9.0-11.4)% (2-tags) Monte Carlo statistics (0.5-16.0)%
Jet energy scale (1.1-13.1)% (signal) Jet fragmentation (0.7-4.0)%
(includes shape variations) (0.1-2.1)% (bkgd) Branching fractions 1.5%
W+jets heavy-flavor correction 13.7% Z+jets heavy-flavor correction 13.7%
Integrated luminosity 6.1% Jet reconstruction and identification 1.0%
Jet energy resolution 4.0% Instantaneous luminosity correction 1.0%

. o Parton distribution functions (signal) 3.0%
Initial- and final-state radiation (0.6-12.6)% . _

- _ Z+jets theory cross sections 5.8%
i g W-ets and multijets (1.8-3.9)% (Wjets)
tf pairs theory cross section 12.7% normalization to data (30-54)% (multijets)
Lepton identification 2.5% Diboson theory cross sections 5.8%
Y sy e ) 59 Alpgen W+jets shape corrections shape only

. . Trigger 5%
Primary vertex selection 1.4%
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cross section measurement

» Cross Sections are measured
by building a Bayesian posterior
probability density

o
»

Position of peak
= o(tb+tqb)

o
w

68.27% of area
=*x Ao

o
N

o llllll]llllll] TTTTTT ]lll]ll

* For each analysis, the single
top cross section is given by the
position of the posterior density
peak, with 68% asymmetric
interval as uncertainty

4
-—

Posterior Probability Density [pb™"]

o

1 2 1 4 1 6 4 1 8
Single Top Cross Section [pb]

¢ Gaussian prior for systematic uncertainties
— Correlations of uncertainties properly taken into account

e Flat prior in signal cross sections
¢ Significance derived from background-only pseudo-datasets

3/31/2009 Meenakshi Narain
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Posterior Density [pb™']

No. of 2.3 fb™" pseudo-datasets

cross section results

D@ 2.3 fb"

Analysis Method

Single Top Results

Single Top
Cross Section

Expected

Significance

Measured

Boosted Decision Trees
Bayesian Neural Networks

Matrix Elements

+0.95
-0.79

+1.18
_0.93 PP

3.74 pb
4.70

4.30 _

4.3
4.1
4.1

o 460
o 520
o 490

Bayesian
Neural Networks

+1.18

Observed
cross section

=4.70 g3 pb

DG 2.3 fb™

4 6 8 10

1
12

tb+tgb Cross Section [pb]

05— .
r ‘a L
F Boosted S
0.4 Decision Trees > f
r g 03 r
0.3 Observed 8 ¢
F cross section 5 0.2 r
[ 0.95 — L
0.2 F =3.74 io_7g pb GL> L
2 r
L 2 F
0.1 » o o1
r DG 2.3fb F
0k | e N . ! | 06
0 2 4 6 8 10 12
tb+tgb Cross Section [pb]
107 107

108

102
10

Boosted Decision Trees

22.8M pseudo-datasets (background-only)

108

54 above measured cross section 105

_ —6
p-value =2.4x 10 104
Observed significance 3
=460 10

102

No. of 2.3 fb™' pseudo-datasets

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

Bayesian Neural Networks

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

23.9M pseudo-datasets (background-only)
0 above measured cross section

p-value = 0.0 x 10~

Observed significance

6

Posterior Density [pb™

F Matrix Elements
0.4

F Observed
0.3 cross section

F 0.99

L =4.30 175 pb
0.2

: D@ 2.3 fb™
01

0 : 1 1 1 L 1
0 2 4 6 8 10 12

tb+tgb Cross Section [pb]

Matrix Elements

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

p-value =4.1 x 1077

Observed significance
=49¢

1

2 3 4 5

No. of 2.3 fb™" pseudo-datasets

6

tb+tgb Cross Section [pb]



correlations between methods

 Even though all MVA analyses use the same data, they
are not 100% correlated

1 DG 2.3 fb™
D@ 2.3 fb 10,
oy 10 2 gf 57% correlation
2 gF 74% correlation Z of
C - C
c = - (@) 70 =
o r = E
© 7F " 0 DQ 2 § 6F -+
g 6 . 0 . x 5F =
X gb 60% correlation a . F
Q 5 E 4 E_ =
C + r [
-E' 4 8 | ok
- 2 ® Pseudo-dataset
S 3 7 : L B w?t?]ub:ckgrisuenz
C = 1 i and SM signal
- 2 Pseudo-datasets | O 0 T P T
Z . with background 01 2 3 4 5 6 7 8 9 10
(a1 1 o and SM signal 5 .
O5_|5||\l|h||||1||||||||||\||||||||||||||||| P/W{ tb+tqb Xsectlon [pb]

012345678'9””104
BDT tb+tgb Xsection [pb] 3

e

2 Pseudo-datasets
Ll 1 with background
= and SM signal

IIIIII[lllllllllIIIIIIIIIIIllllllllllllllllllllll

-I lHlJlIIlllllllllllllllllll[lllllllll
0O 1 2 3 4 5 6 7 8 9 10

BDT tb+tgb Xsection [pb]
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Event Yield

combination of results

* 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 o

« BLUE combination (used in 2006) now presented as a cross check

80

60

40

0 0.2

20:

CROSS CHECK SAMPLES AND LINEARITY

tt-Pairs Cross-Check Sample

-1
D3 2.3 fb Data ¢
B tb+tgb IR
Hr> 300 GeV Non-t I
1,2 b-tags tt—>4 1
L 4 jets tt—{+jets IR
Multijets Il

04
Combination Output

06 038 1

Event Yield
N
3

100

0 0.2

W+Jets Cross-Check Sample

-1 Data ¢
D@ 2.3fb" | 7002
- Hy <175 GeV ‘l’/VV‘c"cj =
1 b-tag .
2jets Wj+Wc m
Non-W
Multijets Il

0.4
Combination Output

0.6 0.8 1

Measured tb+tgb Cross Section [pb]

10

BNN Combination

D@

Slope =1.017 + 0.006
Intercept = —0.009 + 0.032

e e e by

2

Ll
4 6 8 10
Input tb+tgb Cross Section [pb]




distributions for comb > 0.9

OBJECT EVENT ANGULAR
KINEMATICS KINEMATICS CORRELATIONS
= DG 2.3 fb' 5405 Do 231" F20- Do 231
(gD 30r 1-2 b-tggi 8 ] + 1-2 b-tagi g - ‘13+2“ b-tags
g 2-4jets| & 300 2-4 jets 1B 2gjets
% 2°_’ * DO "g. 2o;r + DO 1o§—
$ 10 E : 5—
>0 1Rnoissing}5EoT[Ge\z;?o ° L 30|2T(ie?:, (I),v) [Eé?v] ) G-E))'ss(leptorguntag‘(l)jfmg gedto:
JET TOP QUARK SINGLE TOP FINAL
RECONSTRUCTION RECONSTRUCTION STATE
E 30:_ DO 2'3et5: = DO 2316 § Dg 2.3 fb"
[ 1-2 b-tags (89 i * 1-2 b-é;i e
i 2-4 jets g 40_ 2-4 jets I
20, DG i DO 20
[ 3 20 + _
10: = 10

02 03 04 fho 150 200 250 Oy
Jet2n Width Mg, [GeV]




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

b Jet

b Jet

antiproton

Muon

Neutrino




w Combined results

o(pp —=th+ X,tgb+ X)=3.94+0.88 pb
(m=170GeV)

500
E ¢ Data -1
2 - M tb+tqb D@ 2.3 fb A . .
> o0l - wbbq Eg 107 D@ Combination
c i+ Wej ©
2 i = ;V#et:” 190 ""“' 106 67.8M pseudo-datasets (background-only)
w 300} g’ o) 17 above measured cross section
Y] 100
+jets 1 5
i B Multijets o 10 p-value 2 5% 10—7
50 © - = <.
20 3 10° -
pr Observed significance
100 & 10° =5.03¢0
N [
L2 102
00 0.2 0.4 0.6 0.8 1 ™ 10
Combination Output s
° 1 1 1 I 1 1 1 1
— 05 ;0 1 2 3 4 5 6
a | D@ 23fb" 2 .
2 04l tb+tqgb Cross Section [pb]
3, E omeasured
g 0.3 =3.94 +0.83 pb
o i =7
o ozp gompected p —value =2.5x10
2 C = 3.50_y77pb
S 0df
2 C
o L 1 L] [ ] [ ] —_—
g A N Measured Significance = 5.030

tb+tqgb Cross Section [pb] - -
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Cross section summary

_ Significance
D@ 2.3 fb March 2009 | Expected | Measured
Decision Trees 3.74 339 pb 430 4.6 0
Bayesian Nl\:ls —e— 4.70 *33% pb 410 520
Matrix Elem:ents 4.30 1350 pb 410 490
BLUE Comblination 4.16 £0.84 pb
.
BNN Combirhation 3.94 +0.88 pb 450 5.0 0

mmmm N. Kidonakis, PRD 74, 114012 (2006) my,, = 170 GeV

10

o (pp — th+X, tgb+X) [pb]




CKM matrix element Vitb

( d/\ ( d \ (Vud VUS Vub \ v W
S [=Vexu| S Vekm = Voa Vs Vb f tb
\b ) Kb ) Kvtd Vts vtb ) b

« Weak interaction eigenstates and mass eigenstates are not the
same: there is mixing between quarks, described by CKM matrix

« general form of Witb vertex:
T = — \@V%b {VM[flLPL"’flRPR}_

* assume

— sm top quark decay : [Vy|? + |Vil? << |Vy|?
— pure V-A: fR=0

— CP conservation : f,t.=f,R =0

do not assume

— three quark families

— CKM matrix unitarity

— (unlike for measurements usmg tt decays)
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measurement of |V, |

 Use the measurement of the single Additional
top cross section to make a direct Systematic Uncertainties
measurement of |V |: for the |V,;| Measurement
L|? D@ 2.3 fb-"
G(tb, tqb) * thfi ‘ For the tb+tgb theory cross section
. ) L2 Top quark mass 4.2%
— CaICUIate a pOSterlor In |thf1 | Parton distribution functions 3.0%
— I\/IeaS_ure the.Strength of the V-A Factorization scale 2.4%
COUp“ng, which can be > 1 Strong coupling a 0.5%
> z 0
D D@ 2.3 fb™ ® - D@ 2.3 fb™
& " & 4
(] I (] C
s | 1) = g F
% h |Vipf)' | =1.07 £ 0.12 % 3:— V| > 0.78
o _ o -
o flat prior >0 . .-
i ] at 95% CL
0.5 . 0 < flat prior < 1
: ds
i - 95% 68%
00 - 0_5I T 1 e ‘1_5| o I2 215 3 00 I 0i2 0.4 o 0!6 o 0f8 o 1
2
|V f1[2 : L — Vi |
L assuming f,-=1



w conclusions w

 The D@ collaboration observes single top
quark production in 2.3 fb-! of Run Il data

o(pp —=th+ X,tqgb+ X)=3.94+0.88 pb

Measured Significance 5.030

¢ Direct measurement of |V,|

IV, f15 = 1.07 £ 0.12 0.78 < |V | <1 @ 95% CL
flat prior 2 0 O < flat prior < 1

submitted to PRL
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