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w Fermilab Tevatron

pp collider at Vs =1.96TeV

Upgraded from Run I (1.8TeV):
36 bunches (396 ns spacing)

* Improved Linac s ,
* Main injector (150 GeV proton storage ring) o 2

Main Injector .\

» Antiproton “recycler” (began June 2004) : \ isw)

ST R

 Peak luminosity >10x higher than Run I

Currently the world’s only sourc for top qars!

wo| — Delivered 7 @
e L= Integrated Luminosity
‘%1x'1 Data set used for analyses i .Run I: J‘ Ldt~ 125 pb_l
zw [~360pb" ] /// *Run II so far > 1 fb’!
g 700 / i/
te yantd *Run II expected: 4 - 8 fb’!
1/__, . . .
- Z *This analysis: 360-370 pb™! corresponding
R~ AN to April 2002-August 2004
B e
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w DO Detector

D@ detector 1s comprised of:

+ Central Tracking Detectors
a Silicon Microstrip Tracker
— Allows b-tagging of jets!
a Scintillating Fiber Tracker

A Surrounded by 2T solenoid
magnet

+Liquid Argon Calorimeter
aUranium/Copper/stainless steel absorber plates
a Surrounded by liquid Argon

eMuon Spectrometer
a 3 Layers of wire chambers
a 3 Layers of scintillation counters

A 1.8T toroid magnet outside innermost layer
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w Object Identification

Muons Electrons
sTracks in central tracking o Tracks in central
det )
¢ .ectf)rs tracking detectors
+Hits in muon spectrometer / B lusters i
¢ Energy clusters in
electromagnetic
_ /’"\\{ calorimeter
e e | Primary Vertex
L + Reconstructed from
[ \& K at least 3 quality
7 tracks
ME
¢ Reconstructed from Jets
vector addition of
calorimeter E, corrected + Energy clusters in
for muon and track P calorimeter
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w Top Quark Decay

Top quark decays to W + b quark (~100%) 1in Standard Model

Final decay states determined by W decay mode:
- 2 b-quark jets

- up to 2 leptons + neutrino pairs

- up to 4 additional jets

tt decay modes

all hadronic All hadI'OIllC ~ 44 %
Lepton + Jets ~ 46%
Dilepton ~ 10%

7z
.-
o
e
=
3]
e

tau + jets

& | jet . . 5 5
- e L eeteutuu ~ 6%, including €’s and u’s
et pwt tt  ud s originating from t’s (W— tv decay)
w+
Branching Ratios (%):
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m tt — [ Signature

> hiohop. (t - neutrino 1
. 1gh- ransverse
mon%ent&n(l) leptons el Y /o lepton 1
¢ Isolated from each other and the wr
jets
* 2 high-P; jets
* Significant missing transverse
energy (ME;) from neutrinos
e .
neutrino 2 g Jet 2
lepton 2

Few background processes share this signature!
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m Type of Backgrounds

* Physics Backgrounds

o With itrinsic ME

o ZIY*—> 1t — [, WW/WZ — [

+ Small backgrounds

¢ Estimated from Monte Carlo (MC)

* Instrumental Backgrounds

proton

antiproton

o Z/Y*— ee (un)

A No intrinsic ME, fake ME due to calorimeter energy resolution and noise
a Estimated from data (MC, normalized to data)
A

¢ Instrumental leptons : multijet production & W + jets

Susan Burke

A ce: at least one fake electron, relatively small background

A uu : at least one muon fakes isolation from jets, relatively small background
A cu: at least one fake electron or one fake i1solated muon,

A Estimated from data for all 3 channels
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Event Selection

Leptons
¢ >2 isolated, opposite charged
leptons from primary vertex =
o Trigger

e P> 15GeV

. 3
12

A(I)( uleadingﬂMET)

Jets
o >2jets, Pr> 20 GeV
Orthogonality vetoes

Background rejection cuts:

cC

oME > 35 GeV
(tightened at low M,)

eRemove events with
80=M, =100

+Cut on event shape
variable

ep

oH > 122 GeV
(HT — pTIeptonl + p_l_jetl
+ p_l_jetZ)
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=Optimal Contour: |
«" 35 GeV MET cut|}

80 %0 120 %0 150 180 200

ME;

pu
oME| > 35 GeV (tightened
at high & low values of

Aq)(uleading’ MET))

e x> >2 (2 is an event
variable which tests
consistency with Z
hypothesis)




w Signal & Background Estimates

Estimated yields in all channels after full selection:

Category ee UL el 44
Integrated luminosity (pb—1) 384 363 368 E
Z/y" 07T | T0IE | 12205 || 2987
WW/W 2 020701 | 020708 | L1370% | Lo
Instrumental leptons 0.09 £ 0.03[0.13 £ 0.04f 2.13+%00 || 2.35+722
Total background 1.0753 | 1355y | 45578 || 6.8%%%
Signal efliciency 0.082 0.064 0.139 —
Expected signal 3.56+0.4(25+0.3] 11.3+1% || 17.3113
SM expectation l.:",»f::::’.l' I:i..,\'f::: :_.l. 1.”.,.\'+:f _’ll+:h1'
Selected events ) 2 21 28

Yields scaled to integrated luminosity used for each channel. Expected signal yields assume ft
cross section of 7 pb.

The errors on yields represent statistical and systematic errors added in quadrature.
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Kinematic Distributions

%Zi DO Preliminary
516 * Data (570 pb") e After full selection

B

14
o [ Fake leptons .
£ = wwws * All channels combined

Lz -
* Signal estimated with tt

Monte Carlo
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Missing E; (GeV)

> [
Dok Sast DO Preliminar
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v [ AN, AF -1
C 30
?,50_— ® Data (370 pb’) o ® Daia {370 pb
o I I i Sy5F B
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30 [ ww/wz d>.>20:_ [ ww/wz
E E + |:|Z/'Y* 3155_ I:IZ/’Y
0 20F a f
2 B10F
£10F =:
g - c 51
- D) o
(9] 0 ~ s
0 50 100 150 = 200 05

50 100 150 20
Jet P, (GeV)
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w Cross Section Measurement

Data from April 2002-August 2004

Channel # observed Background: Signal Branching Ratio | £ (pb™)
events: Ny Nicke Efficiency

ce 5 1.0 0.082 0.01584 384

ey 21 4.5 0.139 0.03155 368

o 2 1.3 0.064 0.01571 363

Cross section = (N, - Ny, ) / (Signal Efficiency x Branching Ratio x Integrated Luminosity)

ee 1 o =T. 952 ( tat) 110 (syst) =4 0.5 (lumi) pb
ep = o = 10. 2134 (stat) 115 (syst) £ 0.7 (lumi) pb
ppe s oy = 1. 8135 (stat) T1:5 (syst) £ 0.1 (lumi) pb

Electron likelihood |

KOLM. PROB: 0.76
e DATA
[ FAKE E BCKG
10 1 SIM Z->1t
B SIM WW
SIM tt

Note: The instrumental background yield in the eu
channel is actually extracted from fitting an electron
likelihood distribution, rather than by the simple
counting method defined above.

T IIIIIII

NUMBER OF ELECTRONS /0.02
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w Cross Section Measurement

The combined top production cross section in the dielectron,
dimuon, and electron muon final states:

05 = 8.6757 (stat) T12 (syst) £ 0.6 (lumi) pb.

D@ Run Il Preliminary Fall 2006
dlleptonll+]ets combined 71 ::: ::: pb
230 po”’
< dllepton (topological) 8.6 :i: ::; pb >
et
Itrack/emu combines 8.6 ::; t:: pb
37opo”
T+]Et$ (b-tagged) NEW 5.1 :;de :g:gpb
s s Our result 1s consistent with the
aII-]ets (b-tagged) NEW 4.5 2203 pb
410pb~ . . |
I4jets (11ug0e0) NEW 7.3 72004 Standard Model prediction!
4z0pb™’
I+jets (b-tagges) NEW 6.6 ‘52 oaPd
4z0po”’
I+jets (topologicay NEW 6.3 ::1, :g: pb
910pb '
M= 175Gev gf;:::';ax ke Primary sources of systematic error are jet
1 energy scale calibration and lepton reconstruction.

0 25 5 7.5 10 125 15 17.5
G (pp —tt) [pb]
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w Lepton + Track Analysis

Dilepton Channels Lepton + Track Selection
from few P.>15 GeV
backgrounds Electron or Muon
+ Suffer from low P.>15GeV
branching ratio (~6%) P.>20 GeV
+ Suffer from low signal
efficiency *For e +track >15-20 GeV
a largest hit in signal *For u+ track > 25-35 GeV
efficiency is from (Tighter cuts are for events in Z mass

requiring 2 fully

window
reconstructed leptons! )

*Veto on eu events to ensure channel

Signal Efficiency . U
orthogonality for combination
ee 8.2%
ep 13.9%
U 6.4% Still a lot of background 1n sample!
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DD b-Tagging

Signal: 2 high P; jets are from Backgrounds (Z + jets): most
b-quark jets are from light quarks or
+ Require at least one jet tp be b-tagged! gthIlS T———
Jet 60370 pb™! k-
=Z—>ee, Hp
50 Wz
} Clww
Secondary vix / 40j [ IMultijet/W-+jets
displaced track

b-Tagging i«
Leading Lepton P, [GeV]

b quark hadronizes into B-meson which
travels a few mm before decaying

12/"D@ Runll Preliminary, 370 pb™ o Dy Data

[IFake Iitrack

+ Secondary vertex algorithm uses : B
tracks with high impact parameter W :Z —ee,un
. . - Z->1t
significance o ‘ Bww

o Decay length significance of
secondary vertex L, /0, >7

+ Any jet with reconstructed secondary
vertex 1s b-tagged!

150 200
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m Signal & Background Estimation

Signal Estimation
* tt Monte Carlo Mulitjet/W+jets

+ Jet b-tagging efficiency estimated using semi-leptonic b decays in data

+ Probability to tag a light quark jet (mistag rate) is measured in multijet
events in data

Background Estimation
* Physics Backgrounds: Z/y*— tt, WW— [[

¢ Estimated with MC _

+ Db-tagging efficiency from Z/y*— ee (uu) , W+ jets @ Preselection
* Instrumental Backgrounds
o Z/IY*— ee (upn)
A Estimated from MC, normalized to data
A b-tagging efficiency from Z/y*— ee (un) data with low ME

Z+jets/WWets

o Instrumental leptons : multijet production & W + jets
a Fake electrons, fake isolated tracks, or fake isolated muons _

a Estimated in Data @ b-tagging
a Tagging probability for multijet (W+jets) is estimated in data

sample with isolated lepton and low (high) ME; ﬁ
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D>

Results

Estimated yields in both channels after full selection:

e + track

Njets=1  Njets > 2

Expected number

of tagged events

WW 0.037 = 0.002 0.010 = 0.002]0.016 £ 0.001 0.009 £ 0.002
iy =TT 0.09 £0.02 0.13 =002 | 0.03+£001 0.09 £0.02
Z/y* — ee,pp 149 £004 235006 [ 144 £004 186 £ 0.06 |
Multijet/W +jets 0.36 =0.06 035 =007 | 0.08 £002 0.05 £ 0.03
Total background 197 £0.08 283 £0.09 | 157 £ 005 2.00 £ 007
Tot. uncertainty (stat+syst) on bk +0.91 -0.85 +0.87 —0.64 | +0.77 -0.77  +0.51 —0.49
tt 155 £0.03 659 =007 | 092 £ 002 474 £ 0.06
Total 353 008 94 =01 | 249005 6.74 £ 0.09
Tot. uncertainty (stat+syst) on tf + bkg| +0.99 —0.86 +0.99 —0.85 | +0.83 —0.77 +0.67 —0.64
Observed number of tagged events
Data 7 9 1 6 II

Yields scaled to integrated luminosity used for each channel. Expected signal yields assume ft cross

section of 7 pb.

The errors on yields represent statistical uncertainties unless explicitly stated otherwise.
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w Cross Section Measurement

25, DO Dat DO Runll Preliminary, 370 pb™ .
in : Primary sources of systematic error:
oo BZ - ee, i * jet energy scale calibration
Bz e 7 background
-[ww

* track and lepton reconstruction

151-[IMultijet/W+jets . .
! * tagging rate for signal

10

[ lepton+track : o,y = 7.1 133 (stat) 115 (syst) £0.4 (lumi) pb}

1 2
Number of Jets N,,s = # of observed events
N p.—Npi Ny = egtlmated background yield
O = ovS g ¢ = efficiency
€ f Ldt L = luminosity
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w Cross Section Measurement

The combined top production cross section using the lepton + track
and electron muon final states:

O = 8.6717 (stat) T11 (syst) = 0.6 (lumi) pb.

D@ Run Il Preliminary Fall 2006
dllepton/l-i-]ets combined 71 ::; ::: pb
230 pb~"
dllepton (topological) 8.6 :i: ::: pb
370 pb”’
< Itrack/emu combinea 8.6 ::3 ::: pb >
[TEreee
T+jets (b-tagges) NEW | 5 e :3:;‘ pb . . .
o™ Our result 1s consistent with the
all-jets (b-tagges) NEW 4.5 232 pb < e
om” ; Standard Model prediction!
I+jets (1agoee) NEW 73T
420 ppo”
I+jets (b-tagges) NEW 6.6 _'gg g: pb
420 po”
I+jets (topologicay NEW 6.3 ::1 :g: pb
910pb '
m,, = 175 GeV B Kidonakis and MOgh PRD 68, 114014 (2003)

B cacclarietal,, }’;’_f,.'_} 0404, 068 (2004)

| | W
0 25 5 75 10 125 15 175

o (pp —tt) [pb]
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m Conclusion and Updates

We have measured the top pair production cross section in dilepton and lepton
+ track events using ~370pb!

*The combined result for dielectron, dimuon, and electron muon final states, using a
total of 28 events, is:

[ 04 = 8.6757 (stat) T1°¢ (syst) + 0.6 (lumi) pb. }

*The combined result for e+track, u+ track, and electron muon final states, using a total
of 44 events, i1s:

[ Oy = 8.6717 (stat) T11 (syst) =+ 0.6 (lumi) pb. }

*We are working on a combination with all five selections, which accounts for
correlations between the channels —=Combination includes new selection criteria for
the uu channel!

*Results are still statistically limited! All channels are currently being analyzed with a
higher data set: ~1{b"!
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Kinematic Distributions

* After full selection
*¢ + track and u + track channels combined

Un

D@ Runll Preliminary, 370 pb™'

* D@ Data
L

BZ - ee,uu
Bz
Clww

[ IFake l/track

ol

101~

250

50

E, [GeV]

=1 jet
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