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The Top Quark in the Standard Model

Why is the Top Quark so interesting ?

- Completes the quark sector

- Large mass: m__ ~ 178 GeV / c?

~ Short lifetime: T ~ 5-10% s
> No bound states or hadronization
> Spin information conserved

~ Higgs-Boson coupling to fermions:
A,~mo = A ~1

Top-antitop production cross section
» Study of the high-p_ data set
« Test of the SM / perturbative QCD

~ Background to many New Physics
signals

Discovery of the top quark in 1995
by the CDF and D@ collaborations.
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top quark before the LHC era
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The Tevatron at Fgrmilab
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DO Detector at Fermilab

e Improved muon system in=0 n=1,
* Improved Trigger/DAQ ' Muon Scintilators
* New ~2 T Solenoid | s=—: = =
* New Silicon Microstrip Tracker | .. M“°,," ‘?hamws S ]
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&
W >
[ L B
] N
I 2 Sl
LY | v
. y "
| o
| S N
i

1l HII "k

% _. V\ yod 4
S|I|con Microstrip fracker (SMT)
6 barrels, 16 disks

« Tracking out to ~n =3
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Top-Quark Production

Top quarks mainly produced in pairs at Tevatron and LHC

proton - (anti)proton cross sections
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Top Quark Decay

22 %
H+X 44 %

O ptjets

Top quarks decay predominantly 3 e+j ets

(~100%) to a W-Boson and a b-quark
B ete

Top-Antitop Signatures I et

determined by the W decay modes: [ ] U+ 1.4% 1.4% 14.8%
g al-jets 2:8%

“Lepton+jets channel’

~30%: 4 jets, 1 charged lepton, 1 neutrino

- Large statistics compared to dilepton channel ————p
- Clear signature compared to all-jets channel

"Dilepton channel'
~5% : 2 jets, 2 charged leptons, 2 neutrinos

"All-jets channel'
~44%: 6 jets

le

always 2 jets are b-jets !

é neutrino
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Overview of the Three Analyses

Counting Experiments N8 — NUntasse plag
bkg bkg  bkg bkg

Number of observed

events with b-tag
\ tt event probability
for one or more

tag tag
_ Nobserved_ kag jets being identified
- tag - as b-jets (b-tag)
BR-L«c_-P"

/ ‘ SW\A
Branching ratio Preselection efficiency comprises:
> Trigger
> Acceptance
> ID- & selection efficiencies
Luminosity > MC correction factors

using Z->1"I' data and MC

pp—ott+X
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L+)ets Signature - W+Jets Preselection

/lsolated high p_

lepton (e or p)

Hard scatter
primary vertex y

Neutrino reconstructed
as missing
transverse energy

= 3 jets with

p, > 15 GeV BR=30%

and I)’]I < 2.5 / Ejejletszl O%,Esj;l-jem:l 4%
w Tobias Golling Page 8



B-Tagging @ DO

Secondary Vertex Tagger (SVT)

* Tracks, significantly displaced from the primary vertex

* Reconstruction of secondary vertices, significantly
displaced from the primary vertex Secondary vhx

displaced track

Probability to identify a b-jet = Tagging efficiency

> [ %) Az
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e | = L = 500um - several mm
Q.6 Ll xy
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B-Tagging Efficiency in the Data

Challenge: Selection of pure and unbiased sample
of jets of one flavors (b, c, light)

Dijet events (QCD bb production)
> Semileptonic decay of b-quarks = jets with muons

Method 1 (purely from data):

e 2 taggers (lifetime, soft-muon)
» 2 data samples with different b-jet fraction

= Solve system of 8 equations with 8 unknowns

= B-tagging efficiency - ,ri-;ibefore tagging [|ight
ml BTy
e 3 f Y b
wr| o ey data
Method 2 (cross check): 2:3;;{1%? :

« Shape of the P__ distribution different ]
re P [GeV]

for b-jets and light-flavor jets i e
E #ﬁ# after tagging light
- & ++ﬂ++
o ] it b
SRR
P_. = Transverse momentum of muon £ . +

ptjet relative to (p+jet) axis
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Backgrounds

Dominant background:

Electroweak W production in association with jets with leptonic W decay

* Exclusive generation of W+jets MC flavor-subprocesses
(ALPGEN+PYTHIA)

> [ W-light
> W+c [W+c
> W+ccC [IWacs
> W+b Bw+b )
> before tagging single tags double tags D W+bb

* Relative fractions of flavor-subprocesses from MC simulation
* Absolute normalization of W+jets from the data

Subtract small backgrounds using known NLO cross sections:

e Diboson production: WW - |+jets, WZ - |+jets, WZ - jjll, ZZ - lljj
e Single top production in s- and t-channel

eZ - 11 = l+jets

Instrumental QCD multijet background determined purely from data
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Philosophy of this B-Tagging Analysis

* Measure the jet tagging efficiencies in data (b, c, light)
« Parametrize as a function of jet E_ andn : e (E 1-"7)

jet(flavor)

« Weight the MC according to the data parameterizations ¢
> Determine the event tagging probability: P*¢

Put (n=1tag)=1-]]

(E Trn)

jet(flavor)

event

1 E]et ﬂavor)(ET’n)>

]ets

* Determine the number of expected events with b-tag in the MC: N*#

Ntag: Nuntagxptag

event

singletag __ singletag
PW+]ets 4 % @ Ptt 4 5 %
Pa’oubletag 0 .39 doubletag __ —14 %

W+ jets o tt 0

= B-tagging: Keep ~60% tt, eliminate ~95% background!
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Top Quark Pair Candidate Event

MIP signall \\

N\
in the calorimeter
MTC

o
)

(G
(®
|—
!




__Ni..oNy Single Tags: Double Tags:
BR-L-€, P Each bin is a separate counting experiment
'E : @ Dala ‘g I # Data
@ - d @ i U
E 2““_— =1:|$r1lvl1|":'1t E i [ other bkg
= + g B ,
E .5 L ) Wehf El 2['_ B ttbar — |+jets
m N ) aarmrn l';.d".ﬂ".-i".-i" DDTI’IEF I]I"i.g =
E S ‘WEW B tthar —» |+jets E i
Z z |
____________ 10
“_ ] }
3 >4 1 2 3 >4
jet multiplicity jet multiplicity
Control bins Cross section extraction from events with 3, =4 jets, single & double tags:
_ +1.2 +1.1 :

T iiix=8.6_1(stat)"((syst)=0.6(lumi)pb
submitted to PRL: Llemn+jets =~ 230 pb?' Dominant systqmati_c uncertainties:
hep—ex/0504058 * Jet energy calibration (=0.5pb)

epTex « Background flavor composition (=0.5pb)
FERMILAB-PUB-05-087-E * b-tagging efficiency (=0.6pb)
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Kinematic Characteristics

18— [ oo H S - B cco
- Walight - 41X - 18— W-light
18- s P s+ 118 ‘ - —
- 55 181 s
14 - W tthar = 11 - : B tthar = | .
- v | e 1 v . | Top cross section
o it 120 e | measurement based on
o ﬁ— 107 —_ kinematics
Bt T I submitted to PRL:

hep-ex/0504043
FERMILAB-PUB-05-079-E

0.8 1 400 500

Likelihood H. [GeV]
i B aco = . [ [oED
25 I vi-light 18— W W-light
B Ve r o Wie
Wec = Wee
16
- Whb - Whb
2[]:_ -ﬁar—} I 14 f_ . -E'\:fr_} I
B Ztautau r { B Ttautau
e I Single Top 12— I Single Top
B tthar = ljets C B tthar = ljets H -
15 . b » ixx Single-tagged

events with =4 jets
look very “top-like”

10

0.4 0.5 0.2 0.4 0.6 0.8 1
Aplanarity Sphericity
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Cross Check with CSIP Tagger

CSIP algorithm: counting tracks with significant impact parameter
* Slightly higher b-tagging efficiency

* Factor 2 higher mistagging rate

» Conditional probability P(CSIP | SVT) =85%

Single Tags: Double Tags: &%
[ ach I % ﬁﬁc
= wl i B Wb
= We . =] Wbb
] Wee ow
B wb 20— — Bzt
] Whb B single top
E ;iw i B il
B single top i —_—
H i
| | ‘E—)I+'Et5 i
10~
— ;
()= —
1 2 3 4
Njets Njets

Control bins

~230pb? | Tpporiix=" 6 o(stat)o(syst)=0.6(lumi)pb

lepton+jets

1.80 agreement between SVT and CSIP measurements
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em Channel

Ultra-pure sample

-t
a
T
a
8
T

E 9_ g DG Run Il Prellmlnary s|gna|+background Eu.wémz.}u}l DG Run Il Preliminary |
[ L > 3 ttbar events expected 3 (R
.E ?:_DBackgrounds 'EDIDEE_-QCDIW
= sE- -Eu.us;—
i I <— 5 events observed  °*
= 0.03F
o E
. Total background: _-
i < 0.1 events!

] 0.5 1 1.5 2 2.5 3 ] 0.5 1 1.5 2 2.5 3
Jet multiplicity Jet multiplicity

- Top-like kinematics

This analysis is:
* “too pure” for a precision cross section measurement

af ‘ » excellent for the study of top properties in a pure sample

Number of avents
w

> Work in progress: recover efficiency

50 100 150 200 250 300 350 400 450 300

hT (jets+leading lepton) Leu = 158 pbl
O rix=11 A7 (stat)x1 . 4(syst)=0.7(lumi)pb
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All-Jets Channel

QCD multijet background-swamped sample

Transverse Hadronic Energy H, - p; (leading 2 jets) Aplanarity
£ D@ Runll preliminary B0 D9 Runll preliminary Hsoo- D@ Runll preliminary
55007 re-normalized untagged data % re-normalized untagged data 5500, re-normalized untagged data
= 1T (scaled; = f 1T {scaled; 1a00L = f1AC (scaled; Chain of 3 NN's to
2000 3 - G-jet data (vertex Tagged. 2000 ) - G-jet data (ertex Tagged; ool - b-jet data (ertex Tagged; exploit the ttbar
+ .
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Neural Network 2 output

0 Untagged and tagged sample dominated by background
S’k D?F:"“_”tpzel"mf""“?;__ oo > Use to determine average background jet tagging

% E —_ :'e-r?tr)rmalized baclkzrourﬁ‘ndp prObabiIity P(pT'r" I-IT)

2 : ¥ verex tagged data

]

expected 1 contribution

1. Cut on NNO * Nbackground = 186
10 2. NN1 as input for NN2 * N pected ttbar — 31
- 3. NN2 > 0.75 . =220
L observed
I all—jets __ +3.4 +4 .7 .
ol ooriax—=1-1535(stat) 5 ((syst)=0.5(lumi)pb
F | |

l l
o2 o4 05 0% ! L = 162 Pb” Dominant systematics: Jet energy calibration

~
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* Entering the precision era of Tevatron's top measurements
* The measured cross sections:

gleriontie =8 6" {(stat) | (syst)=0.6(lumi)pb

pp—ottt+X

ot =111 (stat)%1 .4(syst)=0.7(lumi)pb

pp—otit+X

gt =7 .7 (stat) (syst)£0.5(lumi)pb

pp—ott+X

are in good agreement with NLO theoretical predictions of 6.8pb

* Work in progress:
> Improve all measurements using more luminosity
> Better control the dominant systematic uncertainties
> Better exploit the statistics available
> Combine results

Stay tuned for DG's summer results !
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Backup Slides
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Determination of QCD Background

> Determine instrumental QCD multijet background purely from data

e: electromagnetic jets

p: fake isolation of muons in jets

MET: Calorimeter resolution,
muon momentum resolution

loose lepton:

tag tag tag . : QCD
Nloose_ Nloose,QCD_I_ Nloose,non—QCD the efﬂoenges
are determined
on reference €
data sets
€ €ocp=8% €ron_ocn=82%
 / Y  / tight lepton:
tag tag tag (final selection)
NtightZEQCD Nloose,QCD_l_enon—QCD Nloose,non—QCD
QCD
: H tag tag
> Solve linear system of equations for Nloose' oco and Nloose,non_ -

Tobias Golling
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Misidentification Rate of b-Jets

Misidentification = Tagging of light-flavor jets

e Dominant reason: Finite
impact parameter resolution / decay length resolution

Measure negative tagging rate in data

Measure of the misidentification rate
0.005

QDU3};df§; -

0.005| 0,002 N

Q001:"__£“ _ "__é_"_§ T__f
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Light jets
b-jets

oo e by by b by b by b
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impact parameter significance

Positive tag Negative tag

Jet
Tracks

Secondary vertex

Secondary vertex:
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