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Abstract. We present a summary of the latest measurements of the top pair ane &ipgeross sections
performed by the CDF and DO collaborations at the Fermilab Tevatron eollid

1 Introduction their energy, and building a discriminant from these vari-
ables using one of the multivariate techniques. The cross
The Fermilab Tevatron collider ended its run on September section is then extracted from a binned maximum likeli-
30, 2011 after delivering more than 10-fof pp collision hood fit to data. The same idea is used to extract single
data per experiment at/s = 1.96 TeV. A large sample  top cross section with the fiigrence that for the latter one
of top quarks collected by the CDF and DO experiments has to include many more discriminating variables due to
allows to perform precision measurements of their produc- a very poor signal over background/ES ratio.
tion which is predicted to occur within the standard model The second approach makes use of the presencb-of a
(SM) either in pairs via strong interactions or as single top quark in top quark decay while the major backgrounds are
events via elgctroweak interactions. Such measurementgjominated by light jets production. Thus the requirement
represent an important test of the theoretical calculation ¢ ot |east one jet per event be identified dsjat improves

which predict thett and single top production cross sec- gjgnjficantly $8 and allows to extradt cross section from
tions with a precision of 6% to 8% [1] and 5% [2], respec- 4 counting experiment.

tively. Precise measurements of top pair cross sectigh ( — . .
in differenttt final states and single top production via dif- DO performediit cross section measurement with 5.3

1 X . . .
ferent production mechanisms are highly desirable as they]fb of dat'a by selecting events W'Eh 2 jets and Sp“t'.

are sensitive to the non-SM particles that may appear inind them into subsamples according to the number of jets
top quark production or decays. andb-tags [3]. In the background dominated subsamples,

i.e., two jet events, three jet events with2 b-tags and
events with at least four jets and hetags, Random For-
est (RF) discriminant is built to separate signal from the
background. In the signal dominated ones, with at least
four jets and three jets with twb-tags, theb-tag count-

ing is used. Cross section is extracted from the simulta-
neous fit to data of the RF discriminant and the number
of b-tags distribution acrossflierent jet multiplicities con-
straining many systematic uncertainties which are inaude
as nuisance parameters in the fit. The measured cross sec-
tion yieldso = 7.78'5 /7(stat+ syst+ lumi) pb, achieving

a relative precision below 10%. The latter is limited by the
systematic uncertainties with the largest contributiamfr
the determination of integrated luminosity (6.1%).

The CDF collaboration significantly reduces the de-
pendence on the luminosity measurement and its associ-
The ¢ + jets channel provides the most precise measure-ated large systematic uncertainty by exploiting the corre-
ments of thet production cross section due to its relatively lation between the luminosity measurementsZdsoson
large branching and manageable background dominatecdtt production [4]. CDF analysis computes the ratio of
by the production ofV bosons in association with heavy thett to Z boson cross section, measured using the same
and light flavor jets\(V+jets). Two approaches are used to 1iggers and dataset, and multiplies this ratio by the pre-
discriminatett signal from the background. The first one CiSely known theoretica cross section, thus replacing the
exploits diferences in kinematic properties of signal and Uminosity uncertainty with the smaller theoretical and ex
W-jets background. It relies on selecting a number of dis- Perimental uncertainties ahcross section. Using this ap-
criminating variables, typically related toftérent features  Proach in the dataset of 4.6 fiCDF collaboration mea-

of the events, such as angular distributions of the objacts o SUres cross section using two methods: by constructing a
neural network (NN) discriminant based on kinematic in-

@ e-mail:Elizaveta.Shabalina@cern.ch formation and by counting-tags. Statistical combination

2 Top quark pair production cross sections

Within the SM, top quark decays to\@ boson and -
quark with almost 100% probability. Thutt, events can
create final states with two leptons (dilepton channel) if
bothW bosons from top quark decay leptonically irg@,

uv, or tv., single lepton { + jets channel) with oné&V
boson decaying leptonically and another one hadronically
into q@’, or no leptons (all hadronic channel) if botN
bosons decay hadronically.

2.1 ¢ + jetschannel
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Fig. 1. RF discriminant output for events with three jets andrtags (left) and jet multiplicity spectrum of events with at leabttags
(middle) from DO analysis, NN output for events with3 jets from CDF analysis (right).

of these two measurements yields the most precise top quark CDF Run Il Preliminary (5.1 fb )
cross section measurement to datergf= 7.70 + 0.52 pb 900 ‘ e 1
with a relative uncertainty of 7%. All cross sections quoted 800 L e = o uvereny 4
above assume top quark mass= 1725 GeV. Figure 1 700 o L2z E
(left) shows the RF discriminant distribution for eventsiwi 600 B Fake

three jets and ndo-tags and Fig. 1 (middle) shows the L500

jet multiplicity distribution for events with at least two Baoot

tags in DO data compared to the background model pre- s00k

diction andtt signal contribution calculated using the mea- 200

sured cross section. Figure 1 (right) shows the NN output 100

used to extract th cross section in the kinematic analysis
by CDF, for simulated signal and background events, and
data.
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Fig. 2. Jet multiplicity spectrum of pretag events.

2.2 Dilepton channel

of 12% resulting inog = 7.367090(stat+ syst+ lumi) pb.
The result is dominated by the systematic uncertainty with
the largest uncertainty from luminosity of 0.57 pb. Figure 3
shows the output of thb-tagging discriminant for events

with at least two jets iy channel in data and simulation.

Low background, characteristic of the dilepton channel and
dominated by the diboson adboson production in asso-
ciation with jets, allows to use simple counting methods to
extracttt cross section. The disadvantage of this channel
is its low branching fraction which mads; measurement
statistically limited until recently. The CDF collaboraui
uses 5.1 fblof data to measure;in the dilepton channel

using 343 candidate events in the pretag sample and 137 2 [ (0 D@, L=5.4fb™"
events afteb-jet identification requirement [5]. Both mea- o150 + ep+2jet
surements are in good agreement with each other and yield o [ Z(+jets): 30
o = 7.40+ 0.58(stat)+ 0.63(syst)+ 0.45(lumi) pb for the 100k Bl WwWwzizz: 9
pretag analysis angz = 7.25 + 0.66(stat)+ 0.47(syst)+ — = Instrumental: 23
0.44(lumi) pb for theb-tagged one. Statistical and system- I B 102

atic uncertainties are comparable for both approaches. The 5ol ¢ DATA:281
b-tagged analysis has a smaller systematic uncertainty due i

to a significantly lower backgrounds which have relatively
large uncertainties and achieves a precision below 13%. 0
. ; R 3 0 5 10
Figure 2 shows jet multiplicity spectrum in the pretag sam- b-tagging NN discriminant
le.
P The DO collaboration uses a more complicated new Fig. 3. Expected and observed distributions for the smaltest
technique to measurgin 5.4 fblof data [6]. In addition ~ t@gging NN discriminant output of the two leading jets far
to events with at least two jets this analysis uses one-jetevents with> 2 jets.
events ineu channel and extracts; from the likelihood
fit to the distriminant based on the DO NiNtagging algo-
rithm. The algorithm combines information about the im- 2.3 Combination of the cross sections
pact parameters of the tracks and variables that character-
ize the properties of the reconstructed secondary verticesUp to nowtt production cross sections were measured at
in a single discriminant. The cross section is measured bythe Tevatron in all channels except for the one with two
simultaneously fitting the distributions of the smallest of hadronic taus in the final state using a variety of meth-
the twob-tagging NN output values of the two leading jets ods. All measurements are in agreement with the theoret-
in the four channels with systematic uncertainties inctlde ical calculations. Figure 4 (5) shows a summary of the re-
in the fit. This approach allows to constrain the uncertain- sults from the DO (CDF) experiment. A recent combina-
ties and achieve the best precision in the dilepton channeltion of dilepton andf + jets cross section measurements
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with 5.4 fo'by DO yieldsog = 7.56*083 pb which corre-  ing SM relative production rates for ands-channels) us-
sponds to a relative uncertainty ofg§.3-7.4)% [6]. Com- ing three diferent multivariate discriminants constructed
bination of the best CDF measurements ifiatent chan-  using Boosted Decision Trees [10], Bayesian Neural Net-
nels achieves relative uncertainty of 6.4% and yietgs= work (BNN) [11] and Neuroevolution of Augmented Topolo-
750+ pg Runll July 2011 gies [12]. The outputs of individual methods have corre-
. - lation of 70% and are combined using second BNN. The
ton+jets + dilept 4019 4057 H H
AR e Tag gE e measured cross section is [8](s + t)) = 3.43'572pb and
1eptonsJets e +egae, P10 He- 76502 075 pp has 21% relative precision. Figure 6 shows the output of
lileptons (topo  bagged, L) the discriminant for a combinesl+ t channel (left) and-
= 4t F&+H 7277543 logs P . . .
54 channel (middle) for the signal region. In these plots, the
lepton+track (b-tagged)* o 50 18 09 03 pb H I i
o ¢ bins are sorted as a function of the expectdsli&tio such
tau+lepton (b-tagged) +1.34 +1.21 . . . .
e | AR that $B increases monotonically within the range of the
fauslets (agsea, o) H1o— 630 13872 0c0pb discriminant. Figure 6 (right) shows the distribution ofeon
allets -ges, 70 Ee—— 69 184 o pb of the most powerful discriminating variables, top quark
(sa) oy (mi mass, for the region of large value for signal discrimina-
o= 15600 e iRl v e e e o tion (B > 0.24). Combineds + t contribution is clearly
[ 5 Moonand fhgr PRD 7S, 034008 (2006) visible in the plots while the signal presensesichannel
peimnay 02 4 6 8 10 12 discriminant is not significant.
red = 2011 result — 7 . . . . .
blus - 2010 resls o (pp ~ tt+ X) [pb] Given that potential contributions from new physics

scenarios canfkect only one of the channels it is impor-
tant to perform single top cross section measuremergs in
andt-channels separately. Using same data set as for the
combineds + t measurement DO collaboration performs
model-independent measurementtafhannel single top
production [13]. In this analysis, two-dimensional poste-

Fig. 4. Summary of therymeasurements by the DO experiment.

LD e s vop. o s o) Resume m=172.5 Gevic rior probability density is constructed as a functiontef

7 e ten ey ands-channel cross sections without constraint on the rel-

Dilepton . . . . . . -
(=511 7:40£058+0.63+045 ative rate of these contributions. Posterior distributisn

integrated overs-channel axis to obtain one dimentional
posterior probability density used to extr&éathannel cross
7.32£0.36+£0.50+0.14 section. The latter is measured todg) = 2.90+ 0.59 pb.
The observed (expected) significance of the result is 5.5
(4.6) standard deviations. Cross sectios-ithannel is ob-
7.99+0.55£0.76 + 0.46 tained in a similar way by integrating oveichannel axis:

Lepton+jets (topological) ]
=461 7.82+0.38+0.37£0.15

Lepton+ijets (b-tagged)
(L=4.3fb

All-hadronic _

padrore 7.21+0.50 + 1.10 £ 0.42

MET+>3jets

(L=2.21b")
MET+2/3jets . . . O—(S) = 098i 063 pb
(=57 t) s 0&33)151;231’(3;3)3 The most precise measurement in thehannel is ob-
\ \ \ \ \ \ \ tained by the CDF collaboratiom(s) = 1.8'%/ pb in the
4 5 6 7 8 9 10 11 12 . . . g 0.5
o(pp ~ ) (pb) single top observation analysis using 3.2%bf data [14]
with the significance of the signal exceeding 3 standard

Fig. 5. Summary of theoy measurements by the CDF experi-

ment. deviations.

4 Measurements of [V

Single top production allows to probEtbinteraction since
its production rate is proportional to théy|> mixing ma-

At the Tevatron single top quarks are produced either by alrix element. _The latter can be measured dlre_c_:tly without
t-channel exchange of a virtudl boson which produces a ~@ny assumption on the number of quark families and the
top quark via interaction with -quark, or by ars-channel unitarity of the CKM matrix. DO collaboration uses com-
exchange of anfé-shell W boson which decays into a top Din€ds+t cross section measurement to extfs(g| assum-
and ab quark. The third process, associated production of a INd that top quarks decay exclusively inééband thattb
W boson and a top quark, has a negligible production rate intéraction isCP-conserving and o¥ — Atype. These as-
at the Tevatron. Approximate NNLO calculation [2] pre- sumptions aIIova an anomalous strength of the left-handed
dictst-channel é-channel) cross section to be28 + 0.12 Wibcoupling (f;). Assuming the measured single top cross
pb (104=0.04 pb). Observation of the single top [8] is dif-  Section [9] Vi f1| = 1.02512. Uncertainties include con-
ficult because of the relatively small cross section and very tributions from the theoretical uncertainties on theand
|arge background, and requires to use powerfu| multivari- t-channel productlon Cross Sectlonsflﬁls assumed to be
ate techniques. unity and|Vy| in [0,1] region, a limit|Vy| > 0.79 at 95%

C.L. is extracted.

A measurement of¢ can be used to study| indi-

3.1 Cross section measurements rectly by measuring the ratio of branching fractions

3 Production of single top quarks

Recent analysis of the DO collaboration uses 5-4dbdata B(t — Wb | Vib |2
and measures combinedt channel cross section (assum- = B(t > W0 = [ Vip 2 + | Vis |2 + | Vig 12
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Fig. 6. Distributions of thes + t discriminant (left) ands discriminant (middle) in the signal region [0.8, 1] and distribution of the
reconstructed top quark mass in a data sample 8/t > 0.24 (right).

with g being ad, s, or b quark. In the SMR = 1, con-
strained by the unitarity of the CKM matribR < 1 can

indicate a presence of new physics, for example, existence

of additional quark families. DO experiment measuURes-
multaneously with thét cross section using dilepton and
¢ + jets events in 5.4 foof data [15]. In thef + jets chan-
nel, counting ofo-tagged events in data and simulation is
used to distunguish betweenfiégrent decay modes af
pair. In the dilepton channel, the shape of the output of
the NN b-tagging algorithm serves the same purpose. Fig-

ure 7 demonstrates a change of the predicted number of

events with diferentb-tag multiplicity in ¢ + jets channel
while Fig. 8 shows a change of the shape of NN output
in the dilepton channel for various values Rfcompared

to data. Simultaneous measurementogf and R yields

o = 7.7473%’pb andR = 0.90 + 0.04, the latter being
the most precise measuremenfib date. Assuming uni-
tarity of 3 x 3 CKM matrix [Vyp| > 0.88 at 99.7% C.L.
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Fig. 7. Number ofb-tagged jets iif + jets events withe 4 jets.

5 Conclusions
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Fig. 8. Distribution of the minimurrb-tag NN output of the jets
of highestpr in dilepton channel.
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