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INEAIGISInce the, top quark ®' Test off perturbativel QCD
rl iscovery Irl P Tof e s HIdNER pProduchionrate o> €. g,
Tevatro ] —LubalT FESONANCE
BPSHUELON Cross section e Measurements in different decay
rrigzistreel w]'_; />100 pbl \s = sl ars complinsntEs)

LB Tey v recision ~D5% — oo g ) e

telfisele: cross sections in different
g channels
o — Dilepton to |+jets cross sections
SeS = ] 1.06TeV - 30% higher ratio probes non-W. boson top
- production rate decays
== ": much"higher luminosity e Measure with different methods
"o NLO QCD (12% uncertainty): — b-jet tagging method normally
Z assumes Br(t > Wb) = 1
o = 6.8£0.8 pb (Kidonakis, Vogt) e an implicit use of the SM
G = 6.7+07 , , pb (Cacciari et al) prediction?, [Ve/2,

— Topological method is free of

e Goal— precision measurements S fe e
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Discovered in
Run I

q 4 :
% b ro4q 72 To be
| c=1.98*9%pb {7 observed
g’ b 4 9 & in Run II

c=0.88+0.04 pb W-gluon fusion

Top pair production is one of the main backgrounds to single top

t
b
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— guark final state
Veryssile Iifetime — dgez)Ys Dilepten| (ee) W, M)
ClS L Cete) CILI el i< Bethn\VVSdecaviientonicall

gr(t — Wo) = 100 — BR = 6%

2 e |epton (e or y) + jets
Top Pair Decay Channels — One W decays leptonically,
S , another one hadronically
— BR = 34%
3|z, o All-hadronic
% T |@ — Both W’s decay hadronically
£l8|5 — BR = 46%
D E|S o +X
> Thad
— BR = 14%
tautjets | © Leptonic T decays are included
muon+jets in e and p final states

electron+jets

Experimental challenge — the best
performance of all detector systems

IS crucial
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New tracking and vertex detectors
e Upgraded muon systems

e Upgraded
calorimeters/preshowers
Upgraded DAQ/trigger

'

=

® Electrons - energy clusters in EM
section of the calorimeter and
track in the central tracking
system

® Muons - track segments in muon
chambers and track in the central
tracking system

® Jets - clusters of energy in EM
and hadronic parts of calorimeter

e Jet flavor tagging requires tracks
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2 Selection ‘;/r
WerCharded nigh pr 7
OPIOSIte sign leptons AL
E2rge missing %7 b
{ansverse energy X/

je

=UAt least two high p- Vv
Instrumental backgrounds

= Jjets
==t
=9 PhYSICS packgrounds . ?Et or lepton in jet fakes isolated

— LLeptons from W/Z epton (multijet, W+jets)
decay and missing E;  ® missing E;originates from

resolution effects, misreco jet or
C{R/'\q/q VT/eZUtEn?kS I lepton or noise in calorimeter
_/ [y = gDreII -Yan processes Z/y*—>ee(uy)
— Estimated from MC except ey channel)

e Estimated from data
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~Uu finall states,

Souree

Total backgronnd
tf (o = 6.7 ph)
Tatal 5M expectation

Candidates in 750 ph

S e e, W

e Total relative
uncertainty ~ 22%!

=
&= L = 750 pbt, my,, =

Events per 750 pb=! alver _

0.7+0.15
0. 4140.07
0. 380,10
J.224+1.57
L.00=A0.50
6. 10+ 187
B.25410.38
14.3542.08

e Statistical uncertainty
is comparable with

systematic
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0. 454009
031006
0.39:40.110)
4.31+1.86
2.0640.63
Tﬁfl”l”
B.AOT40.3

16.0942 ..Jﬂ

175 GeV

1. -InJ_ﬂ 23
0. 20=0.04
0.8340.21
000000
3234130
3.7241.38
l'.-'.l.‘E"J_ﬂ.hh

2 jet cut

2.57040.42
0.09340.15
1.60-:0.38
7834315
6.2941.53
19.3444.26

36004124

® Main sources:

— Lepton identification
— Jet energy calibration

— ttbar modeling

a—
=

0Jet
Jet Multiplicity after Z veto, MET > 25 GeV and L-cut

CDF Run Il preliminary (750 pb'1)
—a— Data
W3 Bkgd + 1o uncertainty
[CJttc=83pb)
= wwiwz
ov
[ fake

1 Jet >2jet HT>200+ 08

CDF Run Il preliminary (750 pb™)
—e— Data
[t =83pn)
O wwwz
[Jov
- Fakes




ilEllsive dilepton, B

Perforrr gleszlWZPRiiE TNl alic)r) o
dilepton sernole s NS wrissinle) £
plane

s uuseis==iarge missing| Er, high' N,

= WW - largermissing k-, low N]et

T //v —erolli=lower missing E, low N
olsiVAsEIReENVANarerfitted  in ee and

lJ uc BnElsibecause of hard cut to
suporess DY cepirleltiEfelg)

S=Backgrounds (WZ, ZZ, DY, W+fake

Num of Jets

i.’._ f lepton, Wy) are fixed to expected values Theory:

~— in the fit

- WW  12.5+0.8 pb
L=360pb?, m, = 178 GeV Z —>1tt 253.1+0.5 pb

Cross Section emu ee+emu+mm
ttbar Cross Section 9.2, ;*30 (fit) , ,**6 (shape) pb 6.6_, o*22(fit) , ,*%°>(shape) pb

WW Cross Section 11.4_, ;*32(fit) , ,*O-3(shape) pb 15.4+>1 , (fit) , ,**¥(shape) pb
Z tautau Cross Section 282.1_,, ,*485(fit) * 5.6(shape) pb -
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500 D@ Runll Prel liminary @ DQ Data ®DJ Data D@ Runll Preliminary

B 370 pb™

20-BZ - ee,pp

|+track

o Oww
OMuttijevw+jets 15 [Multijet/W+jets

1
Number of Jets

=2
Number of Jets

r reliminary e DJ Data
(It
Bz - ee,pu
Mz -
Clww
[ IMultijet/W+jets

Combined ep and |+track
L = 370 pb?!, my,, = 175 GeV

100 150 200
Leading Lepton p_[GeV]

o,.=8.6""(stat )£ 1.1(syst )+ 0.6(lumi ) pb

Uncertainty ~25% with half luminosity of dilepton channel

Number of Jets
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— At least three high p; jets

— Large missing transverse
energy

* Features:

— Relatively high branching
fraction

— Manageable background

— Perfect for studies of top
properties
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] ] ‘:1'-— . fd-
SEIiPIEICOMPOSItion. —
r) £ = Multijet background due to

fake isolated leptons

"W-like” + N determined from data
jets

Signature of
a bdecay is:

. b-tagging

- 4 5

_ __; _ o e lepton in jet (semileptonic
=%8/8 = 1:5(1:1.5) Nie>3 (Nye24) decay)
- Due 8 to large mass ttbar events are: e a displaced verte_x _
-~ _e-energetic e Forms long lifetime of B-
e central hadrons (ct ~ 450um, L,,
e spherical 3mm) |
» Combine kinematic event information *5/B = 2:1(3:1) njet>3
into a topological discriminant or Neural (njet>4) _ =
Network and perform fit to the data * ~60% signal efficiency
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~
ng event Kinematics (AN

CDF Preliminary (760 pb )

= 7 variables CDF Preliminary (760 pb™)

multijet: 77.9+ 4.2 events

~mhinad.an. AN

Wijets:1768.4 + 62.0 events

; || signal: 245.6 + 46.8 events
e binned likelihood =

250 -1}
%m __ fit to ANN output 200
Eof Wiets-1696.1 40.7 events e extract ttbar, W
S signal: 324.6 + 31.6 events 0 ]
100 and multijet 310
ot X e b e multijet
S T W 3 background is ,.
- 0 01 0.2 03 04 05 06 07 0.8 09 1 - . - 100 200 300 400
= ANN output fixed in the fit to Hy (GeV)
= expected value

background ttbar

CDF Preliminary (760 pb)
Sample SV Fitted #7 o(#7)

Statistical uncertainty is lower than systematic!

2102 3246316 |6.0+0.6+0.9pb
1660+221 [58+0.8+13pb
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events

w

o
a
o

Igged
Y
(=)

no. of ta
o
no. of tagged events

(]
[=]

jet multiplicity

® - Perform fit in 8 channels: (e, u, =3jet, >4jet, =1 b
tag, >2 H-tags)
Gaussian term for each source of errors

Each source affects the central value of the cross
section

o, =8.17(stat + syst )+ 0.5(lumi ) pb

3 4
jet multiplicity

Systematic and statistical
uncertainties are similar ~ 11%,
total 17%

Main sources:

e JES and jet ID

e p-tagging efficiency in data
o W flavor composition

e Luminosity
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—s—Data

[ 1ti(8.8pb) o
[ INon-W QCD

[ Diboson

[ 1Single Top

B Wce

R Whbb

[ Mistag

—»— Data

[Jtt (8.2pb)
I Non-W QCD
[ |Diboson

— i Additional cut

— in > 1 bAtag

et sample to
reduce
background:
H,>200 GeV

W+1 jet W+2 jet W+3jet W+=4 jet W+H1jet  W+2jet W+3 jet  W+=4 jet
Jet Multiplicity Jet Multiplicity

Number of Events

o
-
c
@
>
L
g
Q
£
@
o]
S
=
=

Results W + >=3 jets in ~ 700 pb-! Total ~ 14%
Cross Section with >1 b-tag with H; >200 GeV 8.2 £ 0.6 (stat.) £ 1.0 (sys.)

Cross Section with >2 b-tag 8.8 *12 (stat.) 20 _ ; (sys.)

The most precise single measurement in the world!
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D@ Run Il Preliminary (360 pb')

* D@ Data Candidates
] D@ Data Untagged Multi-Jet Events

, Il M(3j)
y orders of magnltude Iarger Jets
plzln) Ee)ls

i p055|ble to extract signal without
tagging b-jets

SAllfdecay products should be visible i
_‘ Sinithe detector, no energetic | Mass (GeV)
= neutrnes produced

200

—_
co
o

—_
[9)]
o

B
o

>
©
O
o
@
£
=}
=
o
=
=
E
=)
o
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N

with no

D@ Run Il Preliminary (360 pb")
= Dlrectlv FECONSErUCt top quark 2 T 00 oot crusgoms it Events
= dEcay .
s Gelection: 6 high p; jets, at least HE M(bjj)
two withi p+>45 GeK/ exactl ‘0
two are b—tagged with SVT 30
e Background — from data with 20
random assignment of a jet to 10
be a b-]et OO 50 100 150 200 250 3 350 400 450 500

bjj Mass (GeV)
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D@ Run Il Preliminary (360 pb")

* D@ Data
B pythia tt

150 20

D@ Run Il Preliminary (360 pb")
* D@ Data Candidates

7] D@ Data Untagged Multi-Jet Events

B pythia it

0 250 300
jj Mass (GeV) 0 50 100 150 200 250 300 350 400 450

/

o]

e Production rate

e Properties of ttbar
system

combinations/15 GeV

N o)
o o

N
(@)

D@ Run Il Preliminary (360 pb")

* D@ Data

Il pythia t
bjj Mass (GeV)

Main source of
systematics:

o JES

e ptagging efficiency

it p, (GeV)

L = 360 pb?, m,, = 175 GeV
o,=12.114.9(stat ) £ 4.6(syst ) pb
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: _.-d- .
D@ Run Il Prelimina b =
1207 B Run I v (360 pB) Reconstructed events
100 W pythia it Ccan be Used to eXtraCt

e background model 00 120 140
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[ cacciari et al. JHEP 0404:068 (2004)
Kidonakis,Vogt PRD 68 114014 (2003)

Assume m =175 Gev/c’
CDF Preliminary

*Dilepton
(L= 750 pb™)

8.3+1.5+1.0+0.5

\\\§

For top
quark
mass of
175 GeV

*Lepton+Jets: Kinematic
(L= 760 pb™)

6.0+0.6+0.9+0.3

it

Bl

*Lepton+.] ets: Vertex Tal

8.2+0.6+0.9+0.5

(L= 695 pb™)
Lepton+Jets: Soft Muon
(L= 193 pb™) .

"MET+Jets: Vertex Tag

(L= 311 pb™) 0.
“All-hadronic: Vertex Ta 8 0 1.7 .

(L= 311 pb™)

6.1+1.2 +1%+0.4

\\\\&

“Combined
(L= 760 pb™)

7.3+0.5+0.6+0.4

: (stat) = (syst) = (lumi),

-

o(pp - tt) (pb)

Combined cross section from 6 channels, up to 760 pb-1

CDF: 7.3%0.5(stat)£0.6(syst)£0.4(lumi) pb

-
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DY Run Il Prelimina

dilepton (topological) g 32+
Toaar -
L=230pb” i

|+jets (topological) 6.7 +:; +::1; b
L=230pb’ H—— '
combined (topological) 71 12 +::11 pb
L=230 pb™ H=—— '
dilepton (topological) g 123 +12
4 ——eo—H 20 1.0
L=370pb
[track/emu combined NEW gg 19411
1 S A R
L=370pb" H=—e—-H
[+jets (Vertex tag) gp +0940.9
i 0.9 -0.8
L-363pb’ H—o—H
all hadronic 5o 426415
—=e—-H 25 10
1 =350 pb’

Cacciari et al. JHEP 0404:068(2004), m, = 175 Gevic’
0 25 5 7.5 10 125 15 175
o(pp — tt) (pb)

12% relative uncertainty!

15% better than the best
single measurement
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SEEUON MEASUIEMENLS:
e 1_' Uracy of the theoretical prediction has

achieved

1 |st|cal tincertainties are not dominant any

= nere

_‘ _—— reductllon of systematic uncertainties becomes
-~~~ Crucia

o A new tool for sensitive probing of the
Standard Model

Jcce
il

i
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Ip! o the future - —

-

Total projected error. / exp on
_I-|_-jets/ btag channel

_-"'".-l-\_
—

*: — Heavy flavor fractions (6%)

=% Soutions:
—~Luminosity from W’s (2-3%)

— Measure ratio of ttbar to W cross
section

— Use large data sets to constrain
model assumptions (W fractions, ' 1
gluon radiation, ...)

— Combine channels
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ANN =N

0 eed SOV ard-perceptron: 20 varlam__gstudled /. have...

Desr crloser
\\ e I Atermediate
with one intermedizte o RS AT,

lziver znel e OIiE OULPLE _  Aplanarity
nocle e —  Minimum dijet mass
= —  Maximum jet rapidity:
= rr'“””U —  Minimum dijet separation
= o000 "V hla tthar —  Sum of transverse energy

for all jets beyond the third
= 500 “ ATpgen Wjets —  Ratio between jet

= -Glher'sources not longitudinal momenta and

= - the jet transverse energy
"?;h'--‘-:‘_a—':-mns'der ediin training e W-like shape include:
o Pefault JETNET back- W+I3|p, Wbb+1p
- - )~ = Z >
pPrepadation training  Westvi2p, WWp
® 7 hidden nodes - Wz
— Single top
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Al] Jet
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INVONELS With p:>45 GE

NalysIS

anad
L))
O"rhgr = Mo tagl

ZO GeV

RElal Ve data MC scale from W
ass peak
F’: ckg round

= Two. jets are chosen at
‘iandom and defined to be b-
_ jets (p;>45 Gev)
— Two weights:
® p; dependent from NTRF
® AR(jj) dependent

alization
Sealervackgrotnd ™My
distribution to M(bjj) so that
the area with M(jj)<65 GeV is

equal

Adjust downwards to minimize
large negative deviations in
the background-subtracted
sample

Reduce by 1% increments
until the sum of the negative
bins in the bjj background-
subtracted sample is less than
half of significance

E. Shabalina 41st Recontres de Moriond QCD 22



— >2 tracks with p;>1GeV, >1
SMT hit, impact parameter
significance >3.5

e Remove tracks associated
with K%, A® and photon

displaced track

77 mpact parameter conversions (y — e*e’)
e Positive tag:
§ M, window — Secondary vertex within a jet

with a decay length
significance L,,/c,,>7
e Negative tag:

— Secondary vertex within a jet
with a decay length
significance L,,/c),,<-7 (due
to resolution effects)
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Tzic mg ialES

O
®

® Db-jet efficiency
— c-jet efficiency
A mis-tagging rate (x10)

Efficiency

o
o

J ff'ragc fle) iflefple
aEdsired N dijet data
del} Eifor jets\with muon

].”er C
eompalie two samples with
alifierent heavy: flavor content

=wliagljets with two tagging
= algorithms SVT and SLT (SLT L
= —5oft muon with p<> 0.7

|ght tagging rate
Measure negative tagging rate

—
-

:":ér-—a,

~  GeVinside a jet) in dijet events (low missing E;)
= Solve system of 8 eqgs in bins — Correct for long-lived particles
of jet pr and y to extract in light jets
semileptonic /-tagging — Heavy flavor contribution in
o dijet events
=WISIEITey * c-tagging rate
- Ufsf_e .MC to Co_rrelct _measured — From MC corrected with the SF
efficiency to Inclusive one derived for 4-tagging
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. s (Calculate QCD (non-
W) contribLtion from
Matrx Metnoa :
ig ; S e Subtract small
backgrounds (single
top, diboson, Z—77)

using known cross
sections

® Predict number of
background events
after tagging

® [Interpret excess in
observed tagged

&
g
2

Ea

Matrix | events with >3 jets

method over predicted
background as ttbar
signal

= Nir+ Nw + Ngcp+ Ns

Aag +td Fel Aag
= N —+ f\'ﬂ_..vg -+ f\-r;,gﬂ —+ 4 s
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MERIBLIES, of |4-lets tagged sample™ s

DO Runll Preliminary, 363pb-!

r I QcD - W QcD + I QcD
20— W W+light r W W+light C Il W+light

C Wi

s m Wwe L m Wwe 251 m Wwe
18F Wee 25— Wee - Wee

r Wbb - Wbb - Wbb
16 . I tbar -> I r ° I tbar -> I r I tbar -> I

F w = w 20— w
1 4; I Ztautau 20— I Ztautau r I Ztautau

r 1 Single Top : ° 1 Single Top : 1 Single Top

- M ttbar -> liets L M ttbar -> liets [ M ttbar -> ljets
12~

. @ data 15 r @ data 15+ @ data

E —— — T— L T —
10 - C [ [

B 10~ 10;1 I

F 5

1T

|

!

50 100 150 200 -2 -1 0 1 2 W 200
Leading jet E ; [GeV] Leading jet n M; [GeV]

SuUr— - 35— - 22 -~

F B W+light = W W+light r W W+light

L [ m We C 1 [ m We 20 | We

r Wcce r Wecee C Wece
25— Wbb 30 Whbb 18 Whbb

L I ttbar -> I r L4 I ttbar -> 11 F ® I ttbar -> I

r W r A% 16 [ A%

[ | Ztautau 25~ B Ztautau £ B Ztautau
20 L 1 Single Top o 1 Single Top 14 [ 1 Single Top

r M ttbar -> ljets M ttbar -> ljets £ M ttbar -> liets

L @ data @ data 12F @ data
15—

[ 10
10—

0 100 200 300 400 500 0.4 0.5 0.8

. . . . . . 1
H; [GeV] Aplanarity Sphericity
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