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Abstract

Using the Collider Detector at Fermilab, the W boson differential cross section,
do/dPr, is measured using W — ey events in proton-antiproton collisions at /s = 1.8
TeV. A next-to-leading order theoretical calculation agrees well with the data. The
cross section (¢) for Pt > 50 GeV/c is measured to be 423 + 58 (stat.) = 108 (sys.) pb.

PACS Number: 14.80.E

Quantum Chromodynamics (QCD) ascribes the transverse momentum of W bosons
(P¥) produced in pp collisions to associated production of one or more gluons or quarks
with the W. Compatisons of the measured PY distribution to recent next-to-leading order
calculations [1] provide a test of these QCD calculations. Deviations from the prediction
at large P¥ could indicate new physics beyond the Standard Model. The center-of-mass
energy (/3 = 1.8 TeV) available to the Collider Detector at Fermilab (CDF) [2] allows
a measurement of the PTW spectrum at larger P%V than previous measurements [3] at the
CERN pp collider (/s = 0.63 TeV).

The W bosons which decay into an electron and a neutrino are used to measure

do /dPr. The electron is restricted to the central region (Jn = —Intan6/2| < 1.1) [4] where



a vertex time projection chamber, a drift chamber (CTC) in a 1.4 Tesla axial magnetic
field, Pb(Fe)-scintillator calorimeters, and proportional wire chambers (CES) at the depth
of electromagnetic shower maximum provide good electron identification. The neutrino
produces an imbalance in the transverse energy (E1 = Esin#) deposition. The missing Et

(B1) is defined by,
Br=- Z El By, i = calorimeter tower number with |n| < 3.6 (1)

where fij is a unit vector perpendicular to the beam axis and pointing at the i** calorimeter
tower. A perfect detector would give Bt = E%. For each event, P¥ is reconstructed from
the electron momentum and the Er.

Events must pass an electron trigger requiring (i) a cluster in the central electro-
magnetic (EM) calorimeter with Er > 12 GeV; (ii) a track in the CTC [5] with Pt > 6
GeV/c pointing toward the cluster; and (iii) the cluster’s ratio of energy in the hadronic
(Had) calorimeter to the energy in the EM calorimeter, Had/EM, less than 12.5%. The
sample is further reduced by requiring (i} the electron transverse energy, E°, be greater
than 20 GeV; (ii) Had/EM < 0.055 4 0.00045 « E¥% (GeV); (iii) the ratio of electron energy
to track momentum be less than 1.5; (iv) the match between the CES shower position and
the track position be within 1.5 cm in the ¢ direction and 3.0 cm in the z direction; (v) the
electron be isolated, (E. — ES®)/ES* < 0.1 where E. is the total transverse energy inside
a cone with radius R = +/A7p? + A¢? = 0.4 centered on the cluster; and (vi) the lateral
profiles of the calorimeter shower and the CES shower be consistent with the profiles of test
beam electrons. Finally, the electron is required to fall in the fiducial volume away from
calorimeter cracks, and the event vertex is required to be within 60 cm (2¢) of the nominal
interaction point. These requirements leave 4442 events {6]. The final inclusive W sample
(2496 events) is selected by requiring |Fr| > 20 GeV and eliminating events consistent with
a Z decay or. photon conversion (y — ete).

The remaining backgrounds are summarized in Table 1. The amount of QCD back-
ground (jets and semi-leptonic decay of b,c quarks) is determined by studying the relative

rate of isolated to nonisolated electrons in both a background sample and the W sample.



The background’s PY spectrum shape is then determined from the data. The size and shape
of the background from W — 7v(r — evv) and remaining Z — ee and Z — rr(r — evy)
events are estimated using the ISAJET [7] Monte Carlo program with detector simulation.
The W — rv background, which has the same shape as the signal, is removed using a scale
factor (Table 2). Finally, the background from heavy top quark decay is assumed to be zero
events with an upper limit of 31 events, corresponding to the expected signal from a top
quark with my,p, = 90 GeV/c? [8].

The cross section is normalized from the efficiencies (Table 2), acceptance, and inte-
grated luminosity. The electron identification efficiency is measured using a sample of W’s
selected solely with strict cuts on the Fr and has negligible dependence on P¥. The elec-
tron trigger efficiency, studied using a Ft trigger, is included in the electron identification
efficiency. A Monte Carlo program predicts 0.1 £19 % of W’s are removed by the Z veto.
The fraction of W events lost by cuts to remove photon conversion electrons is estimated
by cutting on two tracks of the same charge instead of opposite charge. The kinematic and
fiducial acceptance versus PY is determined from a Monte Carlo program (PAPAGENQ)
[9] using MRS2 structure functions [10]. The acceptance is ~ 32 £ 2% for PY <80 GeV/c
and rises to ~ 45 £ 3% at P¥ = 170 GeV/c. The systematic uncertainty on the acceptance
is determined by varying the structure functions and the detector simulation of the ET-
The integrated luminosity is 4.05 £ 0.28 pb~! [g].

Cracks between detector components and nonlinear calorimeter response to low energy
particles make the observed ET an inaccurate measure of the neutrino Ey. The corrected
¥r (E%) is calculated by dividing the observed calorimeter energy into three distinct classes:
the electron cluster, other clustered energy (ES™® > 10 GeV) [11], and non-clustered energy.
The non-clustered energy vector (E2°) is defined to incorporate the small amount of energy

not included in the other classes,

EA¢ = —(Er + SEP™ + Ef). (2)

The corrected ¥t is found by inverting Eq. (2) and substituting the corrected values. Stud-



ies of test beam electrons and inclusive electrons provide small corrections to the electron
energy [12].

A Monte Carlo program is tuned to reproduce the jet fragmentation and non-clustered
energy observed in the data. The calorimeter’s response to single hadrons is determined
from test beam and E/P studies of low energy particles. Using the Monte Carlo program to
convolute the jet fragmentation with the calorimeter response, an E%l“’ dependent energy
correction is determined for a central cluster (0.15 < jn| < 0.9) [13]. The correction is
extrapolated to the remaining detector using a relative response derived by balancing the
Et in two jet events. This relative response incorporates the low response for clusters
incident on detector cracks. The cluster correction’s systematic uncertainty is estimated by
examining the corrected Ft in events containing jets and an expected |ET| ~ 0. Using the
Monte Carlo program to compare the observed -'%“ with the total momentum of particles not
included in the clusters or the electron yields a scale factor of 2.0+0.2 for the E%" correction.
The systematic uncertainty is determined from balancing the electron and recoil energies
in Z events, as described below.

The E1 corrections are verified with a Z — ee event sample. The component of
P% parallel to the bisector of the electrons (= P,) is well measured by the two electron
momentums. The component is also measured from the other calorimeter energy depositions
(recoil energy). The recoil energy measurement is subject to the same errors as the P¥
measurement, and the same corrections can be applied. Figure 1 shows the mean difference
between the electron measurement, P}¢, and the recoil energy measurement, Py, as a
function of P®. After corrections, the difference is centered around 0.0 GeV/c for all Pgr.
The lower region, P$* < 10 GeV/c, is sensitive to the E‘rf" scale factor while the last two
bins are sensitive to the cluster correction. A projection of the difference, fit to a Gaussian
distribution, gives a mean of 0.1 £+ 0.3 GeV/c.

Detector resolution distorts the falling P¥ distribution towards larger P%V . To cor-
rect for this effect, an empirical parameterization of the P}rv spectrum is smeared using a

resolution function determined from a detector simulation. The spectrum parameters are



varied to find the best fit between the smeared spectrum and the data. The best fit is used
to form a smearing correction which is the ratio between the parameterized spectrum be-
fore and after smearing. The correction is a scale factor between 1.9 and 0.83 for P¥ <10
GeV/c and between 0.87 and 0.97 for PY > 20 GeV/c. The systematic uncertainty of the
correction is determined by varying the resolution function and refitting,.

The systematic uncertainties are propagated into the P¥ spectrum by using a simple
Monte Carlo program which varies each correction factor by its uncertainty. Each factor
(luminosity, background, Fr correction, etc.) is varied in a manner which preserves the
correlations between the bins, thus providing a covariance matrix describing the correlations.
The Monte Carlo program also incorporates the statistical uncertainty on the observed
number of events [13].

The fully corrected differential cross section, do/dPr, is shown in Figure 2 and given
in Table 3. The error bars represent the combined statistical and systematic uncertainties.
The integrated cross section for P& > 50 GeV /¢ is 42358 (stat)+108 (sys) pb (2% of a;01).
The theory predicts a cross section of 428 £ 64 pb {1]. The total integrated cross section is in
agreement with our published value of & - B [6). In conclusion, the theoretical prediction is
in good agreement with the measured W boson transverse momentum spectrum, do/dPr,
and no significant deviations from the Standard Model prediction are seen.
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Table and Figure Captions

Table 1: Event Sample Summary. The W — rv background is removed by the normaliza-

tion factor given in Table 2.

Table 2: Normalization Factors. Each factor enters the normalization as a divisor.

Table 3: The cross section, do/dPr, versus P¥. The P¥ values are corrected for binning

effects.

Figure 1: The effect of the P correction on Z events is shown. The 7 direction is determined
with the electrons but P, can be determined with the electron momentums or the recoil
energy. The difference, Pr® ~ P1*¢, is shown versus P;°. Each error bar represents the

uncertainty on the mean.

Figure 2: The differential cross section, de/dPr, for W boson production. The points are
the measured values with combined systematic and statistical uncertainties. The band is a
next-to-leading order theoretical prediction (Ref. 1) with Agep = 190 MeV, Q2 = P}, and

HMRS(B) structure functions. The horizontal error bar spans the bin.



Table 1:

Number of Events

Candidates 2496
Backgrounds:
QCD 45 =+ 25
Z —ete 34 £15

Z—or1r(Tr—€) 8 +4
W rv(r—e) 85 £10
Heavy Top 0 =3
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Table 2:

Value
Eleciron ID Efficiency 0.84 =+ 0.03
Background: W — v 1.034 £ 0.004
W’s misidentified as:

Conversions 0.965 =+ 0.015
YA 0.999 &+ 3891
Event Vertex Cut at 2o 0.954 £ 0.005
Integrated Luminosity (pb~') 4.05 + 0.28

Assumed Branching Fraction 1/9
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Table 3:

Py do[dPr + (Stat.) £ (Sys.)
(GeV/c) (pb/GeV/c)
1.0 694 =+ 75 £ 431
3.0 1562 + 102 + 677
5.0 1419 =+ 84 L+ 382
7.0 1084 =+ 68 + 219
9.0 963 < 61 £ 196
11.0 762 <+ 54 <+ 173
13.0 684 <+ 51 X 164
15.0 521 &+ 45 =+ 122
17.0 451 =+ 43 = 104
19.0 388 £ 40 =+ 86
22.5 291 + 22 + 65
27.5 154 % 16 =+ 33
32.5 115 =+ 14 =+ 24
37.9 611 4+ 99 X 128
42.5 515 £ 92 £ 106
41.5 404 £+ 81 =< 8.3
54.7 196 &£ 40 = 4.4
68.9 73 £ L7 % 2.1
99.6 118 £+ 041 £ 0.55
151.2 044 £+ 024 £ 0.15
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