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Intro duction

Motivation

o Top quak asthe heaviestelementay particle Top Pair Decay Channels
providesa uniquewindaw to precisiontests of .
Quantum Chromalynamics

o The multijet channel hasthe largest
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@ Sincethereis no missingneutrino from the - !
hard scatter process,one can fully reconstruct (
q AN

the tt systemand alsoindividualtop quaks. ). f

antiproton

@ The challengein channelsinvolving hadronsis the huge multijet
backgroundcomingfrom QCD processes
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Intro duction

The Multijet Channel

We presenttwo analyses:Neural Network (to be published)and
Topological (preliminay).

The data samplewas collectedusing dedicatedmultijets triggers
carespndingto the integratedluminosity of about 410pb .

Requireone or more jets marked as originating from a b quark by the
Secondey Vertex Tagger.

We includehadronicdecy modesof leptonsfrom W's.
Preselectedlata can be taken as backgroundsample.
Still, suchBG is Signalcontaminated,and we carrect for the e ect.

We suppessthe backgroundfrom mutijets eventscomingfrom
multiple interactions
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NN Analysis

: Sampleand Preselection

At leastsix jets (Run Il ConeR = 0:5).
Eachjet of pr > 15 GeVand rapidity jyj < 2:5.
At leastonejet marked as originating from a b quark.

Further backgroundremovedby an arti cial NeuralNetwork approach
and a cut on it discriminant.

e Probability to tag a backgroundeventderivedfrom per-jet
probabilitiesmeasuredn the preselectecsamplewith nggs 1,
b-tagging e ciency measuredn -taggeddata dijet events.

@ We userecentlyupdatedD luminosity constantand assumetop
massof 175 GeVfor the crosssectionextraction.
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NN Analysis

TopologicalVariables

@ Six topologicalvariableschosen .
asinput for the arti cial Neural § o °¢m‘j:g",';gj'["u“m"f;§sw=mpb,1
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NN Analysis

NeuralNet Approach

@ The Neuralnet (NN) wastrained on a
subsampleof randomlyselected
untaggeddata.

@ NN output usedto selectevents
enrichedin signalby NN cut NN> 0:81 : T
(0.78) for Single(Double) tagged i
analysis. [

o Dashed:Background,Solid: SignalMC. £ . ‘ ‘
Single tag, Double tag. ' NN

—signal MC, single-tag D@

events

— signal MC, double-tag

----background, single-tag

background, double-tag
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Result
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@ 4 signaleciency, (1 gg): carectionto the BG contaminatedby
signal.

i = 4520 (stat)) "4 1 (syst)  0:3(lumi) pb
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Topo Analysis

. EventsSelection

o Requireat leasttwo jets with pr > 45GeV, other two jets with
pr > 20GeV, the remainingjets with pt > 15GeV.

o All jets are requiredto be within 2.4 in jrapidityj.

@ RecentlyupdatedD luminosity constanthasnot beenpropagatedto
this preliminay analysis.

@ At leasttwo jets with pr > 45GeV requiredto be identi es asb-jets
by the Secondey Vertex Tagger.

o The above criteria de ne the Loose eventsample.

o |n addition, topologicalvariablesAplanaity (A), Centrality (C) and
Sphericiy (S); and the angula carelation betweenthe two b-tagged
jets Ry, havebeenusedto de ne Mediumand Tight samples:

Medium: A > 0:05,C> 0:6,S> 0:2, Ry,> 1.
Tight: A > 0.05C> 07,S> 05, Ry>2
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Topo Analysis

MassDistributions- Loose
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o The light jets invariant mass

LT o Invaiant massof a b-jet and
distribution m;; .

two |Ight jets Mypjj -
o Preselected Data with overlaidexpected Background.
o All bjets assignmentespecting permutationsincluded.
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Topo Analysis

BackgroundSubtractedmy;; Distributions- Loose
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e First compaison of candidateeventsto the SignalMC (tt Pythia).
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Topo Analysis

BG-SubtracteistributionsCompaedto SignalMC

.
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@ The analysisprovidesa uniqguewindow to more complextt system
properties

o First look at di erential distributionsafter the background
subtraction,compaed to SignalMC.

o Combinataial backgroundnot subtracted.
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Result

CrossSectionExtraction

@ The crosssectionwas extractedas

1N candidates N background

L SB tt SVT

where

o gp isthe signalfraction survivingthe backgroundsubtraction

e 4 isthe signalselectione ciency, determinedon Pythia TuneA tt
Monte Calo with m; = 175GeV.

e gyt = 0:62 O0:11isthe btagginge ciency scalefactor between
Data and MC.

o In addition, the Jet EnergyScalein MC was scaledby 1:05"%:9! to
match the W masspeak position in Data.
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Result

SignalEvents,E ciencies and CrossSections

Sample N candidates N background SB [%] tt[%] [pb]
Loose | 173 13 1404 08 80 151 003 121 49

Medium 96 9 607 05 82 1:17 002 119 43
Tight 14 4 56 01 79 0:37 001 129 58

it = 12:1  4:9(stat:) 4:6(syst) pb

Sanity plots (Signal MC, BG, Data):

ElADDé Run Il Preliminary (360 pb ) g Dé Run Il Preliminary (360 pb %) 5 Dé Run Il Preliminary (360 pb )
2 + Dé Data Candidates S 89 - Dé Data Candidates 2 50 . D¢ pata Candidates

S0 [ Dé Data Untagged Mult-Jet Events 5 70l I Dé Data Untagged Muti-Jet Events 2 [ Dé Data Untagged Muli-Jet Events
5 B pythiatT g B pythia 1T £ B pythiatT

g s £ 40T

E 100

£100| E 8

2 8

8

2
5
w
8
T

60—

20
40

10
20

o

0.3 8.0 0.1 02 03 04 05 06 07 0.8 09 1.0

04 05
Aplanarity Sphericity

Jir Kvita (Charles University, Prague) Measurementof the tt production crosssecti DPF2006 13/ 24



Conclusions

Conclusions

o The tt production cross section in the multijet channel has
been measured by the D  Collaboration using two di erent
approaches as:

o Neural Net: = 4:5729 (stat:) "11 (syst)  0:3 (lumi) pb
e Topological: ; = 12:1 4:9(stat:) 4:6(syst) pb

D@ Run Il Preliminary Fall 2006
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Heschi - Mo del.
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Backup Slides

NN: TopologicalVariablesl

Six optimisedtopologicalvariableshavebeenchosenas input for the
arti cial_Neural Network:
Hr Er.
djets
Aplanaity A derivedfrom normalisedmomentumtensa.
Et.., the geometricaimeanof E+'s of the 5" and 6" jet.
h 2i, the weighted RMS of 6 leadingjets.

M 2, the secondsmallestdijet massin the event.
2-like variable
M (MW12MW)2+ (MWZZMW)2+ (Mtz 2Mt1)2

w % t
computedfor everypossible(b-tag consistent)permutation, the
lowestM usedonly.
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NN: TopologicalVariablesll
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Backup Slides

Backgroundviodelling

@ The probability to tag a backgroundjet (Tag Rate Function, TRF)
hasbeenmeasuredn preselectedlata astheseare dominatedby BG.

o Probability to tag an eventis derivedfrom per-jet probabilities
parametrisedin pr, y, , andPrimary Vertex z position (along the
beamaxis), measuredn preselecteddata with nigs 1, b-tagging
e cency obtainedfrom -taggeddata dijet events.

o As theFavour content changes,TRF's are derivedin four
Ht Er bins.

jets
o Multijet BG originating from g! bb splitting removedby a
R > 1.5 betweentwo taggedjets in space.
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Backup Slides

NN: NeuralNet Approach

@ The Neuralnet (NN) was trained on a small sampleof randomly
selecteduntaggeddata ( 2%), in addition a randomnumber
2 (0;1) wasrequiredto be below the eventtagging probability.

e Similarly, SignalMC eventswere randomlyselected(but no tagging
veto applied).

o JETNETprogram usedfor training.

@ NN output was usedto selecteventsenrichedin signalby NN cut
NN> 0:81 (0.78) for Single(Double) taggedanalysiswhich was
optimisedto minimisethe fractional erra

p-——

Sexp + Bexp
frac — <o
Sexp

derivedusing expected number of eventsobtainedfrom MC and
TRF's.
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Backup Slides

NN: Result

@ The mastercrosssectionformula:

Nobs NTRE
tt L 1 TRE

tt

@  Isthe signale ciency
(including hadronic decas).

o 1 %’; is the carection to the biasintroducedby usingthe entire

sample(\contaminated by signal") to predict the number of BG
events.

® ptag ISthe e ciency to tag the tt event.
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Backup Slides

NN: Result

@ The crosssectionwas extractedby minimisingthe Poissonnegative
log likelihood function

2InQ = 2(NopsIN(Nexp) Nexp)

where
TRF

Nexp= t b 1 + Ntrr

btag

e The combinedcrosssectionin singleand doubletaggedeventshas
beenmeasuredas
i = 45 5(stat)™ T 0:3(lumi) pb
assumingtop massof 17SGeV.
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Backup Slides

Topo: BackgroundNormalisation

@ Backgroundhasbeennormalisedusingmj; distribution to match the
integral belov mj; < 65GeV in all candidateeventsdistribution.

o Signaleventsalsocontribute to this integral.

o Therefae, normalisationfactor was further reducedin 1% stepsuntil
sumof negativebinsin the my;; distribution was smallerthan a
signi canceasfollows:

1 Heins h S|gna|(|)J N s_ignal(i)I 1— N sjllgnal

2. Npj bij 2 N candidates
i= bj j
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Backup Slides

Topo: my;; Distributions

80— . - R [ . Lo R
E | Dé Run Il Preliminary (360 pb ) E 18- Dé Run Il Preliminary (360 pb %
w 70 * Dé Data Candidates 0 16; * Dé Data Candidates
g I [ Dé Data Untagged Multi-Jet Events %’ | [ Dé Data Yntagged Multi-Jet Events
B ® 14
£ £ F
] 3
£ € 12~
S s L
o o
10—
8
0,

0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500
bjj Mass (GeV) bjj Mass (GeV)

Medium Tight

Jir Kvita (Charles University, Prague) Measurementof the tt production crosssecti DPF2006 22/ 24



Backup Slides

Topo: BackgroundSubtractedmy,; Distributions
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Backup Slides

Topo: DistributionsCompaedto SignalMC and Multijet
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