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We report on the first measurement of the rapidity distributieridy over nearly the entire kinematic
region of rapidity fore* e~ pairs in both thez-boson region of 66 M..<116 GeVkt? and in the high mass
region ofM,.>116 GeVE?. The data sample consists of 108 plof pEcoIIisions at\s=1.8 TeV taken by
the Collider Detector at Fermilab during 1992—-1995. The total cross section #tibeon region is measured
to be 252-11 pb. The measured total cross section daddy are compared with quantum chromodynamics
calculations in leading and higher orders.
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Most measurements at high energy proton-antiproton colplug (1.1<| 7| <2.4), and forward (2.2 | 5|<4.2). Each re-
liders are performed in the central rapidity production regiongion has an electromagnetieM) and hadroni¢HAD) calo-
ly|]<1. A model dependent extrapolation fdy|>1 is  rimeter.
needed to extract the total cross section for hard processes In a previous papef9], we presented thelo/dP; of
such as top quark production W and Z boson production. e"e” pairs in theZ-boson mass region. We have extended
This extrapolation is made using Monte Carlo prograeng.  that analysis by adding very forward end plug-end pleg)
PYTHIA [1]), which incorporate quantum chromodynamicsand end plug-forwardPF) e"e” pairs to its sample of
(QCD) calculations in leading ordét.O) or next to leading central-central(CC), central-end plug(CP), and central-
order(NLO). A previous measurement of the rapidity distri- forward (CF) e”e”™ pairs. The inclusion of these very for-
bution, do/dy, using dimuon pairs in th&-boson mass re- Ward pairs increases the event sample by 20% and extends
gion of 66-116 GeW?, was limited toly|<1 [2]. In this theZ—boson_ rapldlty coverage up g| of 28 For these very
Rapid Communication, we present the first measurement gPrward pairs, an improved VTX track finder that signifi-
do/dy over nearly the entire kinematic region of rapidity for can_tly red_ut;es backgrount_js IS e
e*e~ pairs in both the Z-boson region of 66M., entire rapidity range and is important for the removal of

<116 GeVE? and the high mass region oM., lcnzgrcgground in the highy region which is not covered by the

>116 GeVt2. At the Fermilab Tevatrorpp collider, the The sample ob*™ e~ events was collected by a three-level
kinematic limit at theZ-boson mass igy|=3.0, while we  online trigger that required an electron in either the central or
measurgy| up to 2.8. Thedg/dy distributions are compared the plug calorimeter. The offline analysis selects events with
to the predictions of QCD in LO and NLO. This measure-two or more electron candidates. Since the electrons from the
ment is also relevant for precisio-boson mass measure- Drell-Yan process are typically isolated, both electrons are
ments at hadron colliders, whevé's are reconstructed using required to be isolated from any other activity in the calo-
ev and v pairs from the Drell-Yan process. rimeters. Electrons in the central, end plug, and forward re-
In hadron-hadron collisions at h|gh energies, massiv@ions are required to be within the fiducial area of the calo-
e'e” pairs are produced via the Drell-Y48] process. In fimeters and have a minimuiiay of 22, 20, and 15 GeV,
the standard model, quark-antiquark annihilations form arf€Spectively. To improve the purity of the sample, electron
intermediatey* or Z (y*/Z) vector boson, which then de- identification cuts are applied]. For CC, CP, and CF
cays into ane*e~ pair. Pairs within the 66—116 Get? events, the central electr@or one of them if there are two

mass region are predominantly from the resonant productiol‘?I retquwed tlo pass :trlcttcr:telrla.t The C”tter:'a on g‘_? Cottherk
and decay oZ bosons. In LO, the momentum fraction electron are looser. /A central electron must have a rac

(x,) of the partons in the protofantiproton is related to the that extrapolates to the electron’s shower clusters in the EM

- . " calorimeter. These clusters must have EM-like transverse
rapidity, y [4], of the dlleptonsxl,zz(M/\/E)e—y, whereM shower profiles. The track momentum and the EM shower

is the mass of the dilepton pair an@ is the center of mass  energy must be consistent with one another. The track is also
energy. Therefore, dilepton pairs which are produced at larggsed to determine the position and direction of the central
rapidity originate from events in which one parton is at largeelectron. The fraction of energy in the HAD calorimeter tow-
x and another parton is at very small Since the quark ers behind the EM shower is required to be consistent with
distributions forx up to 0.9 are well constrained by the deep-that expected for an EM showeE(p/Egy). A plug elec-
inelastic lepton scattering experimenits, comparisons of tron must have an EM-like transverse shower profile and
data and theory fodo/dy and the total cross sections pro- pass theEyap/Egy requirement. A forward electron is only
vide a test of the theory, e.g., missing NNLL®,7] or power  required to pass thEap/Egy requirement. For PP and PF
correction[8] terms. events, the plug and forward electrons are additionally re-
The e*e pairs are from 108 pbt of pp collisions at quired to have a track in the VTX which originates from the

J5=1.8 TeV taken by the Collider Detector at Fermilaf same vertex as the_ other ele<_:tron and po_ints to the posit_ion of
(CDF) during 19921993 (1870.7 pb 1) and 1994—1995 the electromagnetic cluster in the calorimeter. The ratio of
(89.1-3.7 pbl). CDF is a solenoidal magnetic spectrom- found to expected hits in the VTX is required to be greater

' ' ' oo X than 70% and 50% for plug and forward electron tracks,
eter surrounded by projective-tower-geometry calorimeter

?‘espectively. The tracking efficiency is (978.3)% for
aqd outer-muon detectors. O_nly detector components.used ug electrons and (97#00.9)% for forward electrons. The
this measurement are described here. Charged particle m

o ack finder is an improvement over the previous VTX
menta and directions are measured by the spectrometgtacker, as it reduces the background rates from 11% to 2%
which consists of a 1.4 T axial magnetic field, an 84-layersy, pp events and from 22% to 4% for PF events.

cylindrical drift chamber(CTC), an inner vertex tracking After all cuts, the numbers of CC, CP, CF, PP, and PF
chamber(VTX), and a silicon vertex detectd6VX). TfE events in the Z-boson mass region (66Mge
polar coverage of the CTC tracking |s7|<1.2. Thepp <116 GeVkt?) are 2894, 3811, 621, 1236, and 589, respec-
collision point along the beam lineZ(..) is determined tively. The backgrounds are low and are estimated using the
using tracks in the VTX. The energies and directipdsof  data. The backgrounds in the CP, CF, PP, and PF topologies
electrons, photons, and jets are measured by three separai® dominated by jets and are 28, 13+3, 24+2, and
calorimeters covering three regions: centiig|<1.1), end 23+ 3 events, respectively. Because of the CTC tracking re-

011101-3
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quirement, the jet background for the CC sample is negli-
gible. The CC background is mainly froei" e~ pairs from
W*W~, 7777, cc, bb, andtt sources. This background,
estimated using™ u ™ pairs[10], is 3=2 events. The num-
bers of CC, CP, CF, PP, and PF events in the high mass
region Mee>116 GeVt?) are 61, 59, 9, 18, and 5, respec-
tively. Within this region, the mean mass is 153 Ge¥/

The acceptance for Drell-Yag" e~ pairs is obtained us-
ing the Monte Carlo event generaterTHIA [1], as well as
CDF detector simulation progran®yTHIA generates the LO

QCD interactiong+qg— y*/Z, simulates initial state QCD
radiation via its parton shower algorithms, and generates the
decay,y*/Z—e"e”. The LOe"e” pair mass spectrum is
brought into better agreement with the NLO spectrum b
using a multipicativeK-factor for the one-loop virtual gluon
correction to the LO procesd11], K(M?)=1+%(1

+ 2 7%) ag(M?) /27, where as is the two-loop QCD cou-
pling. For M>50 GeVk?, 1.25<K<1.36. The CTEQ3L
[12] parton distribution functionPDF9 are used in the ac-
ceptance calculations. Final state QED radiafi®8] from
the y*/Z—e* e vertex is added by theHoTOS[14] Monte
Carlo program. Generated events are processed by CDF d
tector simulation programs and are reconstructed as daty

-

w
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FIG. 1. The efficiency times acceptance efe” pairs in the
Z-boson mass region for the CC samplasteriskg the CC
YicpP+cF sample(open circley and the CG-CP+CF+PP+PF
sample(solid circles.

rimeter resolution is 0.2% in the loywregion and increases
to 0.7% at|y|>2.5. This error is related to theresolution,
which has an rms of~0.025. The systematic error from
variations in they*/Z Py is 0.5% at|y|=0 and 2.0% at
y/|=2.8. The systematic error from the choice of PDFs is
nder 0.5% foty|<1.9 and increases to 2% |3{ =2.8. The

. g'rrors are uncorrelated. For the total cross section measure-

detector simulations are extracted from the data, as are t

faent, the combined systematic error is 0.68%cluding the

cut efficiencies and corresponding errors. Simulated event§iminosity uncertainty The pp collision luminosity is de-

are accepted if, after the reconstruction, they pas®tres
pair mass, the detector fiducial, and kinematig) cuts.

rived with the CDF's beam-beam cross sectianggc
=51.15+1.60 mb[15,16. The luminosity error of 3.9%

In thedo/dy measurement, the various samples are comecontains therggc error and uncertainties specific to running

bined and binned iiy. Theda/dy is calculated with

conditions.

Figures Za) and 2b) compare the measurati/dy dis-

do

dy

AN

CAYD, L, €A,
r

tributions to theoretical predictions in thboson and high
= mass regions, respectively. The predictions are LO calcula-
tions with CTEQ5L[17] PDFs and NLQ[18] calculations
with 1999 Martin-Roberts-Stirling-Thorn@MRST99 [19]

and CTEQ5M-117] PDFs. The predictions in Fig(® have

The AN is the background-subtracted event count inkan,
C is a bin centering correctiody is the bin width, the sum
r is over the 1992-1993 and 1994-1995 ruds,is the

TABLE I. do/dy distribution ofe* e events in the mass range
66<M,<116 GeVE?. The first and second errors are statistical

integrated luminosity, andA, is the run’s combined event and systematic, respectively. The 3.9% luminosity error is not in-
selection efficiency and acceptance. The backgrounds sultuded. Herey is the bin center value.

tracted from the event count are predicted using the data and

background samples. The factorcorrects the average value vy do/dy [phb] y do/dy [pb]
of the cross section in the bin to its bin center value. Accep=
tances are calculated separately for CC, CP, CF, PP, and P 70.78:3.2720.37 1.45 51.56:2.82+0.45
pairs. They are combined with the corresponding event s 15 70.19-3.26+0.37 1.55 43.512.56+0.39
lection efficiencies to giveA, . Figure 1 shows theA, for 25 72.033.30£0.41 1.65 41.62.2.54+0.45
events in theZ-boson mass region as a functionyofor the ~ 0-35 72.183.30£0.45 175 41.242.53+0.46
CC sample, the CECP+CF sample, and the CECP+CF  0.45 69.9G-3.20+0.50 1.85 35.152.35£0.40
+PP+PF sample, respectively. The PPF events extend 0.55 72.86-3.25+0.59 1.95 29.722.23+0.36
the acceptance ity| from 1.2 to 2.8, and significantly in- 0.65 73.68-3.27+0.64 2.05 23.88:1.98+0.33
crease our statistics. Thbo/dy of thee®e™ events in the 0.75 64.64-3.09+0.58 2.15 18.041.68+0.29
Z-boson mass region is shown in Table I. 0.85 66.5%-3.13+0.63 2.25 18.471.70-0.33
The systematic errors considered are from variations i®.95 64.5% 3.10+0.67 2.35 9.3%1.17+0.19
the background estimates using different methods, the back-05 64.04-3.09-0.70 2.45 8.26:1.17+0.19
ground in the efficiency sample, the uncertainty in energyi.15 63.11%+3.10+0.67 2.55 3.240.80+0.08
resolution of the calorimeter, the choice of PDFs, and the 25 56.26-2.92+0.55 2.65 2.1% 0.85+ 0.06
distribution of y*/Z Py used in the Monte Carlo event gen- 1.35 51.5% 2.82+0.45 2.75 2.141.02+0.06

erator. The systematic error on the acceptance from the cale
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FIG. 2. do/dy distribution ofe*e™ pairs in: (a) the Z-boson

mass (66:M..<116 GeVt?) region, and(b) the high mass

on the figures are the corresponding valueg,0éndx, as a func-
tion of y. The M used to obtairx; andx, in (b) is the mean mass

over the bin.

cross section to the predictiofr €1.51, 1.14, and 1.13 for

The predictions in Fig. @) are normalized with the factdr . .
from the Z-boson mass region. We compare the data to théhe Z-boson and high mass regions have been measured for
the first time over nearly the entire kinematic region. This

Fig. 2a) indicate, the LO calculation for th&-boson mass Measurement uses an improved track finder in the high ra-
region does not fit the shape as well as the NLO calculationg?idity region to reduce the background and the uncertainties
The LO calculation with CTEQ3L PDFs, the basis of the @ssociated with it. In addition, unlike the previous measure-

well: it has ay?/ndof=21.2/27 F=1.55).

Model independent measurements of the total production The vital contributions of the Fermilab staff and the tech-
cross sections fag" e~ pairs are extracted by integrating the nical staffs of the participating institutions are gratefully ac-
measured values afo/dy. Because there are no data for knowledged. This work is supported by the U.S. Department
ly|>2.8, we use a NLO calculation with the CTEQS5M-1 of Energy and National Science Foundation, the Natural Sci-
PDFs to estimate*/Z production in that region. The cross ences and Engineering Research Council of Canada, the Isti-
section in the region ofy|>2.8 is about 0.02% of the pre- tuto Nazionale di Fisica Nucleare of Italy, the Ministry of
dicted total cross section. The extracted cross section for theducation, Science and Culture of Japan, the National Sci-
ence Council of the Republic of China, the A.P. Sloan Foun-
dation, and the Swiss National Science Foundation.
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