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Motivation

Top quark as the heaviestelementary particle
providesa uniquewindow to precisiontests of
QuantumChromodynamics.

The multijet channel hasthe largest
branchingration and reducedsensitivity to
Electroweak W=Z +jets and instrumental
backgrounds.
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Sincethere is no missingneutrino from the
hard scatterprocess,onecan fully reconstruct
the t �t systemand alsoindividual top quarks.
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The challengein channelsinvolvinghadronsis the hugemultijet
backgroundcomingfrom QCD processes.
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The Multijet Channel

We presenttwo analyses:NeuralNetwork (to be published)and
Topological(preliminary).

The data samplewas collectedusingdedicatedmultijets triggers
corresponding to the integratedluminosity of about 410 pb� 1.

Requireoneor more jets marked as originating from a b quark by the
Secondary Vertex Tagger.

We includehadronicdecay modesof � leptonsfrom W 's.

Preselecteddata can be taken as backgroundsample.

Still, suchBG is Signalcontaminated,and we correct for the e�ect.

We suppressthe backgroundfrom mutijets eventscomingfrom
multiple interactions.
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Neural Net Analysis: SampleandPreselection

At leastsix jets (Run II ConeR = 0:5).

Eachjet of pT > 15 GeVand rapidity jyj < 2:5.

At leastone jet marked as originating from a b quark.

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

Probability to tag a backgroundeventderivedfrom per-jet
probabilitiesmeasuredin the preselectedsamplewith n tags � 1,
b-tagging e�ciency measuredin � -taggeddata dijet events.

We userecentlyupdated D� luminosity constantand assumetop
massof 175 GeVfor the crosssectionextraction.
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TopologicalVariables

Six topologicalvariableschosen
as input for the arti�cial Neural
Network:

HT �
P

4jets
ET , Aplanarity A

Geometricalmeanof ET 's of
the 5th and 6th jet.

Jets' h� 2i .
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NeuralNet Approach

The Neuralnet (NN) was trained on a
subsampleof randomlyselected
untaggeddata.

NN output usedto selectevents
enrichedin signalby NN cut NN> 0:81
(0.78) for Single(Double) tagged
analysis.
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Neural Network Analysis: Result
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� t �t �

Nobs � NBG

� t �t � L � (1 � � BG)

� t �t : signale�ciency, (1 � � BG): correction to the BG contaminatedby
signal.

� t �t = 4:5+2 :0
� 1:9 (stat:) +1 :1

� 1:1 (syst:) � 0:3(lumi) pb
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Topological Analysis: EventsSelection

Requireat least two jets with pT > 45GeV, other two jets with
pT > 20GeV, the remainingjets with pT > 15GeV.

All jets are requiredto be within 2.4 in jrapidityj.

RecentlyupdatedD� luminosity constanthasnot beenpropagatedto
this preliminary analysis.

At least two jets with pT > 45GeV requiredto be identi�es as b-jets
by the Secondary Vertex Tagger.

The abovecriteria de�ne the Loose eventsample.

In addition, topologicalvariablesAplanarity (A ), Centrality (C) and
Sphericity (S); and the angular correlation betweenthe two b-tagged
jets � R b�b havebeenusedto de�ne Medium and Tight samples:

Medium: A > 0:05, C > 0:6, S > 0:2, � R b�b > 1.
Tight: A > 0:05, C> 0:7, S > 0:5, � R b�b > 2.
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MassDistributions- Loose
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The light jets invariant mass
distribution m j j .
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Invariant massof a b-jet and
two light jets mbj j .

Preselected Data with overlaidexpectedBackground.
All b-jets assignmentrespecting permutationsincluded.
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BackgroundSubtractedmbj j Distributions- Loose
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mbj j

First comparison of candidateeventsto the SignalMC (t �t Pythia).
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BG-SubtractedDistributionsCompared to SignalMC
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The analysisprovidesa uniquewindow to more complext �t system
properties.

First look at di�erential distributionsafter the background
subtraction,compared to SignalMC.

Combinatorial backgroundnot subtracted.
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CrossSectionExtraction

The crosssectionwas extractedas

� =
1
L

N candidates � N background

� SB � t �t � SVT

where
� SB is the signalfraction survivingthe backgroundsubtraction.
� t �t is the signalselectione�ciency , determinedon Pythia TuneA t �t
Monte Carlo with mt = 175GeV.
� SVT = 0:62� 0:11 is the b-tagging e�ciency scalefactor between
Data and MC.
In addition, the Jet EnergyScalein MC wasscaledby 1:05+0 :07

� 0:05 to
match the W masspeakposition in Data.
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SignalEvents,E�ciencies andCrossSections

Sample N candidates N background � SB [%] � t �t [%] � [pb]
Loose 173� 13 140:4 � 0:8 80 1:51 � 0:03 12:1 � 4:9

Medium 96� 9 60:7 � 0:5 82 1:17 � 0:02 11:9 � 4:3
Tight 14� 4 5:6 � 0:1 79 0:37 � 0:01 12:9 � 5:8

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

Sanity plots (Signal MC, BG, Data ):
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Conclusions

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

Neural Net : � t �t = 4:5+ 2:0
� 1:9 (stat:) + 1:1

� 1:1 (syst:) � 0:3 (lumi) pb
Topological: � t �t = 12:1 � 4:9 (stat:) � 4:6 (syst:) pb

This is in consistency with the Standard
Mo del.

More advanced analysis is ongoing on
the 1fb� 1 sample at the D�!
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NN: TopologicalVariablesI

Six optimisedtopologicalvariableshavebeenchosenas input for the
arti�cial NeuralNetwork:

HT �
P

4jets
ET .

Aplanarity A derivedfrom normalisedmomentumtensor.

ET5;6, the geometricalmeanof ET 's of the 5th and 6th jet.

h� 2i , the weightedRMS of 6 leadingjets.

M 3;4
min, the secondsmallestdijet massin the event.

� 2-like variable

M � (M W 1� M W )2

� 2
W

+ (M W 2� M W )2

� 2
W

+ (M t 2 � M t 1)2

� 2
t

computedfor everypossible(b-tag consistent)permutation, the
lowest M usedonly.
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NN: TopologicalVariablesII
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BackgroundModelling

The probability to tag a backgroundjet (Tag Rate Function, TRF)
hasbeenmeasuredon preselecteddata as theseare dominatedby BG.

Probability to tag an event is derivedfrom per-jet probabilities
parametrisedin pT , y, � , and Primary Vertex z position (along the
beamaxis), measuredin preselecteddata with n tags � 1, b-tagging
e�cency obtainedfrom � -taggeddata dijet events.

As the 
avour content changes,TRF's are derivedin four
HT �

P

jets
ET bins.

Multijet BG originating from g ! b�b splitting removedby a
� R > 1:5 betweentwo taggedjets in � � � space.
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NN: NeuralNet Approach

The Neuralnet (NN) was trained on a small sampleof randomly
selecteduntaggeddata (� 2%), in addition a randomnumber
2 (0; 1) was requiredto be below the event tagging probability.

Similarly, SignalMC eventswererandomlyselected(but no tagging
veto applied).

JETNETprogramusedfor training.

NN output was usedto selecteventsenrichedin signalby NN cut
NN> 0:81 (0.78) for Single(Double) taggedanalysis,which was
optimisedto minimisethe fractional error

� frac �

p
Sexp + Bexp

Sexp

derivedusingexpectednumber of eventsobtainedfrom MC and
TRF's.
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NN: Result

The mastercrosssectionformula:

� t �t �
Nobs � NTRF

� t �t � L �
�

1 � � TRF
� btag

�

� t �t is the signale�ciency
(including hadronic� decays).
�

1 � � TRF
� btag

�
is the correction to the bias introducedby usingthe entire

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

� btag is the e�ciency to tag the t �t event.
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NN: Result

The crosssectionwas extractedby minimisingthe Poissonnegative
log likelihood function

� 2 ln Q = � 2(Nobs ln(Nexp) � Nexp)

where

Nexp = � t �t � t �t L
�

1 �
� TRF

� btag

�
+ NTRF

The combinedcrosssectionin singleand doubletaggedeventshas
beenmeasuredas

� t �t = 4:5+2 :0
� 1:9(stat)+1 :1

� 1:1 � 0:3(lumi) pb
assumingtop massof 175GeV.
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Topo: BackgroundNormalisation

Backgroundhasbeennormalisedusingm j j distribution to match the
integral below m j j < 65GeV in all candidateeventsdistribution.

Signaleventsalsocontribute to this integral.

Therefore, normalisationfactor was further reducedin 1% stepsuntil
sumof negativebins in the mbj j distribution was smallerthan a
signi�canceas follows:

1
2

nbinsX

i =1

h
jN signal

bj j (i )j � N signal
bj j (i )

i
�

1
2

N signal
bj jq

N candidates
bj j
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Topo: mbj j Distributions
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Topo: BackgroundSubtractedmbj j Distributions
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Topo: DistributionsCompared to SignalMC andMultijet
BG
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