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TOP QUARK PHYSICS AT THE TEVATRONRESULTS AND PROSPECTS�Krzysztof SliwaTufts University, Department of Physi
s and AstronomyMedford, Massa
husetts 02155, USAe-mail: krzysztof.sliwa�tufts.edukrzysztof.sliwa�
ern.
h(Re
eived May 19, 2003)Measurements of the top quark mass and the t�t and single top produ
-tion 
ross se
tions, obtained by CDF and D0 Collaboration at the Teva-tron, are presented. The methodology of CDF and D0 top quark analysesand their underlying assumptions are summarized. The CDF and D0 topmass averages, based on about 100 pb�1 of data from 
ollisions of p�p atps = 1.8TeV 
olle
ted by ea
h experiment in Run-I, and obtained frommeasurements in several 
hannels, are Mt = 176:1� 4:0 (stat)� 5:1 (syst)GeV/
2 and Mt = 172:1 � 5:2 (stat) � 4:9 (syst)GeV=
2, respe
tively.The 
ombined Tevatron top quark mass isMt=174:3�3:2 (stat)�4:0 (syst)GeV/
2. The CDF measurement of the t�t 
ross se
tion (assuming Mt =175GeV/
2) is �tt = 6:5�1:71:4 pb, and the D0 value (assuming Mt = 172:1GeV/
2) is �tt = 5:9� 1:7 pb. In anti
ipation of the in
reased amount ofdata in Run-II, prospe
ts are presented. The fa
t that top quark analysesare among the best windows to new physi
s beyond the Standard Model isemphasized.PACS numbers: 14.65.Ha 1. Introdu
tionThe top quark was expe
ted in the Standard Model (SM) of ele
troweakintera
tions as a partner of the b-quark in a SU(2) doublet of the weakisospin, in the third family of quarks. Sear
hing for the top quark was theprimary physi
s obje
tive in Run-I. The �rst published eviden
e appearedin a CDF [1℄ paper in 1994, and its observation (dis
overy) was reported byCDF [2℄ and D0 [3℄ in the same issue of PRL in 1995. Both experiments� Presented at the Cra
ow Epiphany Conferen
e on Heavy Flavors, Cra
ow, Poland,January 3�6, 2003. (4457)



4458 K. Sliwahave �nished their analyses of Run-I data for some time now, and onlya few new results on top quark are presented in this paper. A summaryof the top quark's mass and the t�t and single top produ
tion 
ross se
tionmeasurements is presented. A 
loser look at the analysis te
hniques usedand a perspe
tive view on top quark physi
s after its �rst 7 years (or so) isthe subje
t of this paper.In anti
ipation of Run-II, in whi
h the number of re
onstru
ted t�t eventsis expe
ted to be at least 20 times larger than in Run-I, the question ofwhether all available results are 
onsistent with the simplest hypothesis,adopted by both CDF and D0 experiments in Run-I, that data 
ontains justthe t�t events and the Standard Model ba
kgrounds is re-visited.2. Signatures of t�t pair produ
tion and single top produ
tionAt Fermilab Tevatron energy, ps = 1.8 TeV, the dominant produ
tionme
hanism for top quarks is t�t pair produ
tion by a quark�antiquark orgluon�gluon initial state via the strong intera
tion; for top quark massesabove Mt � 120GeV/
2 the q�q fusion dominates. Assuming the StandardModel de
ays, there are three 
lasses of �nal states, all with two b-quarksjets:(i) di-leptons, when both W de
ays are leptoni
, with 2 jets and missingtransverse energy (6ET), BF� 4=81 for e; � �nal states;(ii) lepton+jets, when oneW de
ays leptoni
ally and the other into quarks,with 4 jets and 6ET, BF� 24=81 for e; �;(iii) all-hadroni
, when bothW 's de
ay into quarks, with 6 jets and no 6ET,BF� 36=81. The ba
kgrounds to the possible t�t signal 
oming fromthe W+jets pro
ess of QCD have been feared to be mu
h larger thanthe top signal and must be addressed. The QCD multijet produ
tionba
kground is even more important for all-hadroni
 �nal states, inwhi
h both W bosons de
ay into quarks.The two dominant ele
troweak pro
esses leading to a single top quarkprodu
tion are: (a) s-
hannel W* produ
tion and its subsequent de
ay intot and b quark/antiquarks, leading to a �nal state with a W and two b-quarkjets; (b) t-
hannel W -gluon fusion pro
ess, leading to a �nal state with a Wand two jets but only one of them being due to the b-quark.
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ross se
tion measurements: methodology3.1. Measurement of 
ross se
tionThe te
hniques used in CDF and D0 are variations of simple event 
ount-ing. Both experiments follow identi
al steps:(i) identify events with the expe
ted top signature;(ii) 
al
ulate the expe
ted SM ba
kgrounds;(iii) 
ount events above the expe
ted ba
kgrounds;(iv) apply 
orre
tions for the a

eptan
e, re
onstru
tion ine�
ien
ies andother biases.This paper reports on measurements of the t�t pair produ
tion 
ross se
-tion and the single top produ
tion 
ross se
tion. One should remember twofa
ts: �rst, it is assumed that the sele
ted sample of events 
ontains just thet�t events and the SM ba
kground; this is the simplest and the most naturalhypothesis sin
e the top quark is expe
ted in the SM; se
ond, some of thea

eptan
e 
orre
tions are strongly varying fun
tions of the top quark mass,Mt, and, 
onsequently, the value of the measured 
ross se
tion depends onthe value of Mt, whi
h has to be determined independently.3.2. Dire
t measurement of top massAll mass measurement te
hniques used by CDF and D0 assume thatea
h event in the sele
ted sample 
ontains a pair of massive obje
ts of thesame mass (t�t quarks) whi
h subsequently de
ay as predi
ted in the SM.Information about the kinemati
s of the event is used in a variety of �ttingte
hniques. A one-to-one mapping between the observed leptons and jetsand the �tted partons is assumed.Again, there are two things to remember: (a) it is assumed that thesele
ted sample of events 
ontains just the t�t events and the SM ba
kground;(b) the 
ombinatori
s of the jets�lepton(s) 
ombinations (only one of manypossible 
ombinations is 
orre
t) adds to the 
omplexity of the problem.3.3. Indire
t measurement of top massPre
ision measurements of various ele
tro-weak parameters, whose val-ues depend on Mt indire
tly (via radiative 
orre
tions), are 
ompared withthe 
orresponding values predi
ted by the theoreti
al 
al
ulations in the
onsisten
y 
he
ks of the SM. Data from LEP-I, LEP-II, SLD, CDF, D0,�-s
attering results and other pre
ision experiments, in
luding or ex
ludingthe dire
t measurements of the top quark mass, 
an be used to yield the most



4460 K. Sliwalikely top quark mass, 
onsistent with the predi
ted values of the measuredele
troweak observables. Results are model dependent, as one has to assumea parti
ular theory (e.g. SM or Minimal Supersymmetri
 Standard Model)to make su
h 
omparisons possible. An additional un
ertainty 
omes fromthe unknown Higgs boson mass, whi
h also enters into 
al
ulations of the ra-diative 
orre
tions. The results of su
h global �ts are summarized in Se
. 8,where the question of overall 
onsisten
y of all ele
troweak measurements isexamined within the framework of the Standard Model.4. Top mass and 
ross se
tion measurements4.1. Dire
t sear
hesAll CDF and D0 sear
hes impose stringent identi�
ation, sele
tion andtransverse energy (ET) 
uts on leptons and jets to minimize the SM andmisidenti�
ation ba
kgrounds. Ex
ept for di-lepton samples, in whi
h ba
k-grounds are expe
ted to be small, various te
hniques of tagging b-quarksare employed to redu
e ba
kgrounds. �Soft-lepton� tagging is used by bothCDF and D0, and the se
ondary vertex tagging, whi
h uses a Sili
on Vertex(SVX) dete
tor, by CDF. D0, not equipped with a SVX, makes mu
h greateruse of various kinemati
 variables to redu
e ba
kgrounds. The largest SMba
kground is the QCD W+jets produ
tion. Both CDF and D0 use VEC-BOS [4℄ 
al
ulations to estimate shapes of the ba
kground distributions dueto this pro
ess. Presently available samples of the top event 
andidates,summarized in Table I, are small, and the top 
ross se
tion and mass mea-surements are still dominated by the statisti
al errors. This will no longerbe true in Run-II.4.2. Mass measurement in lepton+jets 
hannelIn the lepton+jets and all-jets �nal states there is su�
ient number ofkinemati
al 
onstraints to perform a genuine �t. The measured lepton andjets' four-momenta are treated as the 
orresponding input lepton and quarks'four-momenta in the kinemati
al �ts. Leptons are measured best, jets notas well (in Run-I better in D0 than in CDF), while the missing transverseenergy, 6ET, has the largest error. In the lepton+jets 
hannel one may, ormay not, use 6ET as a starting point for the transverse energy of the missingneutrino. In their published analyses both CDF and D0 use 6ET. However,one should remember that even in a genuine t�t event only one out of a largenumber of possible lepton�jet 
ombinations is the 
orre
t one. Quite oftenthe in
orre
t 
ombination may yield a false solution with a 
omparable oreven a better �2 than the 
orre
t 
ombination. It is very important howthe likelihood is de�ned; it may in
lude just the 
onservation of energy and
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s at the Tevatron Results and . . . 4461TABLE IResults of D0 [5℄ and CDF [6℄ dire
t top sear
hes.Channel D0 sample D0 ba
kground CDF sample CDF ba
kgrounddi-lepton 5 1:4� 0:4 9 2:4� 0:5lepton+jetsSVX tagged � � 34 9:2� 1:5lepton+jetssoft-leptontagged 11 2:4� 0:5 40 22:6� 2:8lepton+jetstopologi
al
uts 19 8:7� 1:7 � �all-jets 41 24:8� 2:4 187 142� 12e� 4 1:2� 0:4 � �e�; �� � � 4 � 2momentum, or some dynami
al fa
tors re�e
ting the expe
ted produ
tionand de
ay 
hara
teristi
s of t�t events. CDF de�nes four independent samplesof lepton+jets events, and measures the top quark mass in ea
h of them. Theresults are summarized in Table II, and presented in Fig. 1. TABLE IICDF top mass measurements in lepton+jets samples.Subsample N Expe
ted ba
kground fra
tion Mt (GeV/
2)SVX doubletagged 5 5� 3 % 170:1� 9:3SVX singletagged 15 13� 3 % 178:1� 7:9SLT tagged(no SVX tag) 14 40� 9 % 142�3314no tag (all jetsET� 15 GeV) 42 56� 15 % 181� 9
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Fig. 1. CDF measurements of the top quark mass in lepton+jets samples.The dominant systemati
 un
ertainties (in GeV/
2) are: jet energy mea-surement (4.4); �nal state radiation (2.2); initial state radiation (1.8); shapeof ba
kground spe
trum (1.3); b-tag biases (0.4); parton distribution fun
-tion (0.3), yielding the total systemati
 error of 5.3 GeV/
2.The 
ombined CDF result from the lepton+jets 
hannel isMt = 175:9 � 4:8 (stat)� 5:3 (syst)GeV=
2 :D0 uses two multivariate dis
riminant analyses, LB �low bias� and NN�neural network�, whi
h use four variables to 
onstru
t the top likelihood dis-
riminant (D) to sele
t the top enri
hed and ba
kground enri
hed samplesof events, whi
h are the basis of D0 top mass and 
ross se
tion analyses.The dominant systemati
 un
ertainties (in GeV/
2) are: jet energy mea-surement (4.0); ba
kground model (2.5); signal model (1.9); �tting te
h-nique (1.5); 
alorimeter noise (1.3), yielding the total systemati
 error of5.5 GeV/
2. A two-dimensional likelihood �t is performed in the M�t vs Dplane. Aparaboli
 �t to the distribution of log (�t likelihood) vs M�t yields



Top Quark Physi
s at the Tevatron Results and . . . 4463the result, Mt, 
orresponding to the minimum. Results of �ts, plotted inthe signal-ri
h (a) and ba
kground-ri
h regions (b), are shown in Fig. 2.

0

1

2

3

4

5

6

7

8

9

Fit top quark mass (GeV/c
2
)

data

fit

bkgd

(a)

0

10

0

2

4

6
0

∆ 
ln

 L

80 120 160 200 240 280

(b)

Fit mass100 260

LB
NN

(c)

150 200True mass

Fig. 2. D0 measurements of the top quark mass in the lepton+jets events.The 
ombined D0 result from the LB and NN methods in the lepton+jets
hannel, with the 
orrelations between the methods (88�4 %) taken intoa

ount, is Mt = 173:3 � 5:6 (stat)� 5:5 (syst)GeV=
2 :4.3. Mass measurement in di-lepton 
hannelIn the di-lepton mode the situation is more 
ompli
ated, as the problemis under-
onstrained (two missing neutrinos). Several te
hniques were de-veloped. All obtain a probability density distribution as a fun
tion of Mt,whose shape allows identifying the most likely mass whi
h satis�es a hypo-thesis that a pair of top quarks were produ
ed in an event, and that their de-
ay produ
ts 
orrespond to a given 
ombination of leptons and jets./ET may, or may not, be used. D0 developed two methods, the neutrinophase spa
e weighting te
hnique (�WT) and the average matrix elementte
hnique (MWT), a modi�ed form of Dalitz�Goldstein [7℄ and Kondo [8℄



4464 K. Sliwamethods. The 
ombined result, from the �WT and MWT methods, isMt = 168:4 � 12:3 (stat)� 3:6 (syst)GeV=
2 :Three te
hniques of measurements of the top quark mass have been devel-oped in CDF. Two use 6ET (the �neutrino weighting� and the �minuit �tting�methods), one does not (a modi�
ation of the Dalitz�Goldstein method,whi
h instead in
ludes information about the parton distribution fun
tions,transverse energy of the t�t system and angular 
orrelations among the topde
ay produ
ts in the de�nition of likelihood). The result obtained with the�neutrino weighting� method (essentially the D0 �WT) result isMt = 167:4 �10:79:8 (stat) � 4:8 (syst)GeV=
2 :This result was available already last summer, and it was used in the CDFand CDF/D0 
ombined mass analyses. An analysis using the �minuit �tting�method yields:Mt = 170:7 � 10:6 (stat)� 4:6 (syst)GeV=
2 :The Dalitz�Goldstein te
hnique, whi
h uses a single, �best� 
ombination ofleptons and jets in an event, givesMt = 157:1 � 10:9 (stat)�4:43:7 (syst)GeV=
2 : TABLE IIIDominant systemati
 un
ertainties in top mass measurements in the dilepton modein CDF (�neutrino weighting�) and D0 (all errors in GeV/
2).Sour
e of un
ertainty CDF D0jet energy s
ale 3.8 2.4signal model (ISR,FSR) 2.8 1.8Monte Carlo generators 0.6 0.0ba
kground modeling 0.3 1.1�tting te
hnique 0.7 1.5
alorimeter noise 0.0 1.3total 4.8 3.6



Top Quark Physi
s at the Tevatron Results and . . . 44654.4. Mass measurement in all-jets 
hannelKinemati
al �ts were performed in CDF to a sample of events sele
tedusing SVX tagging. The dominant errors are (in GeV/
2): jet energy s
ale(5.0); �nal state radiation (1.8); ba
kground model (1.7); Monte Carlo gener-ators (0.8); Monte Carlo statisti
s (0.6); initial state radiation (0.1); yieldingthe total systemati
 error of 5.7GeV/
2. A paraboli
 �t to the likelihooddistribution obtained from �tting the data to a 
ombination of signal andSM ba
kground templates yieldsMt = 186:0 � 10:0 (stat)� 5:7 (syst)GeV=
2 :5. Combined top mass measurementsThe CDF (D0) mass measurements in three (two) 
hannels are 
ombinedin ea
h of the experiments, taking statisti
al un
ertainties as un
orrelated.The systemati
 errors due to the energy s
ale, signal model (ISR and FSR)and MC generator are taken as 100% 
orrelated, and all other systemati
errors are taken as un
orrelated.The Tevatron (CDF+D0) average for Run-I was obtained from the �veCDF and D0 results in a similar manner to the way it was done to obtain theCDF and D0 averages. Systemati
 errors whi
h do not depend dire
tly onthe Monte Carlo simulations (jet energy s
ale, ba
kgrounds . . . ) are taken asun
orrelated between the experiments, while those systemati
 errors whi
hdepend on the Monte Carlo model (ISR, FSR, PDF dependen
e . . . ) aretreated as 100% 
orrelated between the experiments, sin
e both CDF andD0 rely on identi
al MC models. The result isMt = 174:3 � 3:2 (stat)� 4:0 (syst)GeV=
2 : TABLE IVSummary of the results used in the 
ombined CDF, D0, and the joint CDF+D0measurements of the top quark mass (all results in GeV/
2).Channel CDF D0di-leptons 167.4�10.3�4.8 168.4�12.3�3.6lepton+jets 176.1�4.8�5.3 173.3�5.6�5.5all-jets 186.0�10.0�5.7 �
ombined 176:1� 4:0� 5:1 172:1� 5:2� 4:9
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TABLEV

CDFmeasure
mentsofthe
t� tpairprodu

tion
rossse

tioninindivid
ual
hannels,
togetherwith
therelevantv
aluesof

a

eptan
es,t
riggerandtag
ginge�
ien
ie
s,andthenum
berofobserve
dandexpe
te
dba
kgrounds
events.

l+jets
l+jets
di-leptons
all-jets
all-jets

TAGtype
SVX
SLT
SVXd
oubleSVX

" tagging
0.505�0.051
0.157�0.016
0.544�0.057
0.17�0.05

geometri
alan
d

kinemati
al
u
ts

a

eptan
e
0.078�0.01
0.078�0.01
0.0074�0.0008
0.099�0.016
0.263�0.045

trigger a

eptan
e
0.90�0.07
0.90�0.07
0.98�0.01
0.998�0:002 0:0090.99
8�0:002 0:009

a

eptan
e
0.035�0.005
0.011�0.002
0.0074�0.0008
0.054�0.01
0.045�0.015

numberofeve
nts 2
9
25
9
187
157

ba
kground
6.7�1.0
13.22�1.22
2.4�0.5
144�12
120�18

� tt(inpb)
5.1�1:6 1:49.
2�4:8 3:98
.2�4:4 3:47
.4�3:8 3:17.
8�5:2 4:6
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Fig. 3. CDF and D0 measurements of the top quark mass using Tevatron Run-Idata. 6. t�t pair produ
tion 
ross se
tionCDF 
ombines the above 
ross se
tion using a likelihood te
hnique whi
htakes into a

ount 
orrelations in the un
ertainties. Assuming the top quarkmass of 175 GeV/
2 (in 
al
ulating all the 
orre
tions) the CDF value of thet�t pair produ
tion 
ross se
tion is�tt = 6:5 �1:71:4 pb :D0 measures the t�t 
ross se
tion in 4 di�erent samples.Channel events 
ross se
tion (pb)di-lepton + e� 9 6:4� 3:3lepton+jets (topologi
al) 19 4:1� 2:1lepton+jets (�-tagged) 11 8:3� 3:5all+jets 41 7:1� 3:2The D0 
ombined value (at Mt=172.1 GeV/
2) is�tt = 5:9� 1:7 pb :



4468 K. SliwaFor 
omparison, the theoreti
al predi
tions [9℄ for t�t pair produ
tion 
rossse
tion fall in the range of 4.7�5.5 pb, for Mt=175 GeV/
2.7. Single top produ
tionAnalysis of single top produ
tion o�ers a dire
t a

ess to the Wtb ver-tex and should allow the measurement of the jVtbj element of Cabibbo�Kobayashi�Maskawa matrix. Anomalous 
ouplings would lead to largerprodu
tion rates, while the Standard Model 
ross se
tion predi
tions are:0.72�0.04 pb [10℄ and 1.70�0.20 pb [11℄, for s-
hannel and t-
hannel pro-
esses, respe
tively. Both D0 and CDF experiments 
ondu
ted sear
hes,although their sensitivity with the Run-I statisti
s is insu�
ient to dete
tsignals of predi
ted magnitude. The CDF sear
h for single top produ
tionwas based on a �t to the HT distribution for W+1,2,3 jet events, and as-sumed the Monte Carlo simulated shapes of HT distributions for QCD andt�t ba
kgrounds. CDF �nds a limit for the single top produ
tion 
ross se
tion� = 13:5pb at 95% CL. D0 employed an array of neural nets to derive limitsof � = 17 pb at 95% CL (s-
hannel) and � = 22 pb at 95% CL (t-
hannel).

Fig. 4. CDF and D0 measurements of the top pair produ
tion 
ross se
tion. For
omparison, the range of theoreti
al predi
tions [9℄ for t�t pair produ
tion 
rossse
tion is also shown.
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onsisten
y 
he
ks: Higgs boson mass vs MtThe pre
ision measurements of ele
troweak parameters at LEP, SLC,FNAL and other pre
ision experiments 
an be used to verify the 
onsis-ten
y of the Standard Model and to infer bounds and 
onstraints on itsbasi
 parameters. The leading-order top quark 
orre
tions are quadrati
in top quark mass, Mt, whi
h allows quite pre
ise �determination� of Mtindire
tly from other ele
troweak measurements. The dependen
e of theleading order 
orre
tions to the Higgs boson mass, MH , is logarithmi
, andthe bounds on Higgs mass are weaker with the 
urrent measurement errors.It is worthwhile to note that the value of Mtop � 175 GeV/
2 
ould be ob-tained indire
tly from global �ts to the ele
troweak parameters measured atLEP, LEP-II, SLC and � experiments but only if one assumes MH � 300GeV/
2. The fa
t that this parti
ular value of MH=300 GeV/
2 was used inthe ele
troweak �ts � 
onsisten
y 
he
ks of the Standard Model from 1993�1996 was not emphasized when 
laims were made that LEP �predi
ted� thetop quark mass of about 175 GeV/
2 in advan
e of CDF and D0 dire
t mea-surements. It is also interesting to note that a set of �ts to the ele
troweakparameters in whi
h both Mt and MH are treated as free parameters were
onsistently pointing to a low Higgs mass (60�150 GeV/
2) and a lowertop quark mass (157�169 GeV/
2). With all the ex
itement surroundingsear
hes for a light Higgs at LEP-II the fa
t that the low mass Higgs wouldalso point to the lower value of Mt was not always remembered. With thepre
ise measurements of MW , Mt and �nal results from LEP and LEP-IIavailable, the most re
ent 
onsisten
y 
he
ks of the Standard Model per-formed with global �ts to all ele
troweak measurements give poor �ts. This
ould be an indi
ation of the �new physi
s� beyond the Standard Model.9. Prospe
ts for Run-II. Is it only top?In Run-IIa, whi
h started at the end of 2001, CDF and D0 are ea
hexpe
ted to 
olle
t 2 fb�1 of integrated luminosity. With the new MainInje
tor, the p�p 
ollisions take pla
e at ps = 1.96 TeV, and the t�t 
ross se
-tion is � 35% larger than at Run-I. Be
ause of di�erent beam 
rossing time(396 ns and 132 ns later, instead of 3.5 �s in Run-I) the number of mul-tiple intera
tions per event will be less than in Run-I. CDF has a new
alorimeter with a mu
h better energy resolution in the pseudorapidity range1.1< j�j <3.5, and a new SVX with double the Run-I tagging e�
ien
y. CDFalso added a time-of-�ight system and its muon 
overage has been doubledto 
over the range j�j < 2. D0 has a new SVX to allow better b-tagging,and has added a solenoid to allow momentum re
onstru
tion for 
hargedparti
les. D0 has ex
ellent lepton (j�j < 2 for muons, j�j < 2:5 for ele
trons)and tra
king 
overage (j�j < 3). With the in
reased integrated luminosity



4470 K. Sliwa TABLE VIResults of the 
onsisten
y 
he
ks of the Standard Model performed by LEP Ele
-troweak Working Group [12℄. Indire
t measurements of Mt obtained using theglobal �ts to ele
troweak parameters in years 1993�1996 assumeMH = 300GeV/
2,and the se
ond errors 
orrespond to varying MH in the range 60�1000GeV/
2.With more pre
ise measurements available, starting in 1997 the global �ts allowindire
t determination of both Mt and MH (all masses in GeV/
2).Year LEP All data MH (GeV/
2)1993 Mt�2/NDF 166�1719�19223.5/8 164�1617�17214.1/11 3001994 Mt�2/NDF 173�1213�18207.6/9 171�1112�18194.4/11 3001995 Mt�2/NDF 170�10�172918/9 178�8�172028/14 3001996 Mt�2/NDF 171�8�171910/9 177�7�161924/14 300Year LEP All data Ex
lude Mt, MW1997 MtMH�2/NDF 158�141183�168498/9 173.1�5:4115�1166617/15 157�10941�642114/121998 MtMH�2/NDF 160�13960�127354/9 171.1�4:976�854715/15 158�9832�411513/121999 MtMH�2/NDF 172�1111134�2688111/9 173.2�4:577�693923/15 167�11855�842721/122000 MtMH�2/NDF 179�1310135�2628313/9 174.3�4:44:160�522921/15 169�10856�752719/122001 MtMH�2/NDF 186�1311260�40415515.5/8 175.8�4:44:388�533522.9/15 169�12981�1094018.9/12Year LEP All data Ex
lude Mt2002 MtMH�2/NDF 184�1311228�36713613.3/9 174.3�4:54:381�523329.7/15 180�119117�1616317.9/12(20 times), 
ombined with improvements to CDF and D0 dete
tors andlarger t�t 
ross se
tion, the number of re
onstru
ted top events will in
reaseby a fa
tor of � 20�70, depending on the �nal state and tagging require-
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s at the Tevatron Results and . . . 4471ments. Both experiments estimate that they will measure the top quarkmass with an error of �Mtop = 2�3GeV/
2 (
ompared with 7 GeV/
2 inRun-I) and the t�t 
ross se
tion with an un
ertainty of about 8% (about15% in Run-I). The biggest 
hallenge for both experiments will be redu
ingthe systemati
 errors to take full advantage of expe
ted large statisti
s. Asmentioned before, analysis of single top produ
tion based on Run-II datashould allow a study of the Wtb vertex and the measurement of the jVtbjelement of Cabibbo�Kobayashi�Maskawa matrix. Should the 
ouplings weredi�erent than those predi
ted in the Standard Model, angular distributionswill exhibit anomalies, and the produ
tion 
ross se
tions will be larger thanthe expe
ted 1�2 pb. TABLE VIIProspe
ts for CDF and D0 experiments in Tevatron Run-II, 
ompared with the
orresponding values of sele
ted 
hara
teristi
s from Run-I.Run-I Run-IIa CDF Run-IIa D0�typi
al� luminosity (
m�2s�1) 1.6�1030 8.6�1031 8.6�1031integrated luminosity 110 pb�1 2 fb�1 2 fb�1dilepton events 10/exp 140 200lepton+�4 jets 20/exp 1500 1800lepton+�3 jets+� 1b jet tag 30/exp 1400 1400lepton+�4 jets+� 2b jet tag 5/exp 610 450�Mt 7 GeV/
2 2�3 GeV/
2 2�3 GeV/
2��(t�t) 30% 8% 8%Perhaps even more importantly, the t�t and single top events 
onstituteba
kground to any new physi
s. As a 
onsequen
e of the large top mass,the event sele
tion 
uts in top analyses are virtually identi
al to those ap-plied in many analyses looking for physi
s beyond the SM (Supersymmetry,Te
hni
olor, et
.). The measured t�t 
ross se
tion values depend on the topquark mass, whose value has been determined in CDF and D0 using variouskinemati
al �tting te
hniques and the assumption that events are just thet�t events and the SM ba
kground. If the sample is not ex
lusively due tothe t�t events and the SM ba
kground, the mass measurements may be in
or-re
t. If an additional pro
ess were present, the number of observed eventswould not agree then with the MC predi
tions obtained with the measuredvalue of Mt. It is thus imperative to 
ompare various distributions of there
onstru
ted top quarks, and espe
ially those of the t�t-system, with the SM



4472 K. Sliwapredi
tions. Dis
repan
ies 
ould indi
ate new physi
s. Both CDF and D0made numerous 
omparisons. No signi�
ant disagreements were found, asperhaps should be expe
ted given the still limited statisti
s. However, thereexist a few hints that the simplest hypothesis (that the top 
andidate eventsare just the t�t events and SM ba
kground) may not be entirely 
orre
t. Withthe luminosity of 2 fb�1 per experiment they should be monitored 
arefully,as they may be o�ering us glimpses of new physi
s.(i) CDF t�t 
ross se
tion seems a little high 
ompared to the theoreti
alpredi
tions; it would be more 
onsistent with the lower value of Mt;the indire
t measurements of Mt, based on the global 
he
ks of the SMex
luding the dire
tMt measurements, also prefer lowerMt (� 157�169GeV/
2)(ii) There is an ex
ess ofW+2jet andW+3jet events (13 where 4:4�0:6 areexpe
ted) with double tagged jets (tagged both with SVX and SLT)in the tagged jet multipli
ity distribution in the CDF. In addition, thekinemati
al properties of those events don't agree well with the SMpredi
tions [13℄.
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ess in W+2jet events is more pronoun
ed if jets are tagged bothwith SVX and SLT.
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s at the Tevatron Results and . . . 4473(iii) There is a hint of an in
rease of the re
onstru
ted top quark mass withthe number of jets in an event.(iv) Two (out of 9) CDF di-lepton events poorly �t the t�t hypothesis andhave unexpe
tedly large 6ET +�Eleptont . One su
h event exists in theD0 sample.(v) The distributions of the t�t mass, in both CDF and D0, seem to havea few more events than expe
ted in the high mass region.(vi) The transverse momentum distribution of the t�t system for the sam-ple of 32 CDF tagged lepton+jets events, seems a little harder thanexpe
ted, based on the Monte Carlo 
al
ulations. D0 data does notshow any deviations from SM expe
tations.(vii) The rapidity distribution (Fig. 6) of the t�t system for the sample of 32CDF tagged lepton+jets events has a strikingly di�erent shape thanthat based on MC simulations. The rapidity variable probes dire
tlythe �tted longitudinal 
omponent of the neutrino momenta and, assu
h, is perhaps more sensitive than other variables to the 
orre
tnessof the original hypothesis that the �tted events are the t�t events.
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4474 K. SliwaHowever, the D0 pseudorapidity plot (Fig. 7) is in good agreement withexpe
tations [14℄.
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