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Abstract

Preliminary results are presented using the Wide Band photon beam at Fermilab
to measure the cross-section of D** and D* photoproduction on a Be target over the
photon energy range from 100 GeV to 350 GeV. Preliminary results are also presented
on the zr and p} distributions and the ratios of D%/ D** and D*~/D**. The energy
dependence of the total open charm cross-section of photoproduction was compared
with the predictions by the photon-giuon fusion model and a higher order QCD ra-
diative correction based on perturbative QCD. The prediction by the QCD radiative
correction with m, =~ 1.5 GeV agrees well with the observed data within the theoretical
uncertainties of the QCD parameters.

Introduction

Even though ete™ colliding beams have proven to be a reliable and clean way of produc-
ing charm particles, photoproduction experiments afford several advantages — the absolute
production rates are orders of magnitude higher in photon beams because of much higher
luminosity, and all portions of the charmed quark invariant mass spectrum can be observed
simultaneously. Charm production has been also observed in hadroproduction but here the
relative level of charm production is an order of magnitude lower than in photoproduction.

Recent advances and improvements in detector technology, especially, silicon strip detec-
tors, enabled photoproduction and hadroproduction experiments to reduce their background
substantially to the point at which final event samples were measured in the thousands and
not tens. Experiment E687 of Fermilab is based on a new spectrometer with good vertex
resolution provided by silicon strip detectors and powerful particle identification, and utilized
the new Wide Band photon beam for a high statistics study of photoproduction and decays
of charmed particles at the highest photon energies currently available. This paper presents
a preliminary measurement of the photoproduction cross-section of D** and D* extended
into this new domain of photon energy. For the rest of this paper it will be assumed that
D** and D% also refer to their charge conjugate states.

For the decay channel D** — D°z*, the available rest mass energy @ = Mpe+ — Mpo —
M.+ 1s merely about 6 MeV. Since the Q is extremely small, in the lab frame the momenta
of D° and the accompanying pion will be proportional to their masses. The low Q makes the
resolution of the mass difference AM between D** and D° much higher than the resolution
of the D*t or D° mass alone because most of the measurement errors cancel during the
subtraction. The resolution of AM is, typically, 1-2MeV. In this analysis, D**’s have been
identified exploiting the narrow AM peak as well as by finite lifetime tagging. Dt and D°
decays have been identified through lifetime tagging.



Detector

Experiment E687 was performed in the Fermilab Wide-Band Spectrometer [1] from June
1987 to February 1988. During this time approximately 60 million v-nucleon triggers were
recorded on tape. This paper presents preliminary results from this set.

The photon beam is created from 800 GeV protons which produce a tertiary 350 GeV
electron beam which produces photons via bremsstrahlung. Due to the wide momentum
acceptance of the beam the photon energies extend up to 400 GeV. The energy of the photon
is measured from a knowledge of the incident energy and a measurement of the recoiling
electron. The E687 photon beam is currently the world’s highest energy accelerator photon
beam.

The principal target used for the data taking was 5 segments of Be comprising about 11%
of a radiation length. Silicon microstrip detectors were placed starting 6 cm downstream of
the target. These were arranged in 4 stations each with three planes of microstrips. The
transverse extrapolation of high momentum tracks found here is about 10 um. In addition
to these tracking planes charged particles were traced with five sets of four view multi-wire
proportional chambers. The wire spacings were either 2mm or 3mm depending of where
the chamber was located. There were two analysis magnets to provide the magnetic bend
for momentum analysis. The bend was arranged in a vertical direction so that e*e~ pairs
were dispersed in a narrow vertical strip. This was used to advantage in the experiment
trigger to avoid electromagnetic pair production. Neglecting multiple scattering which dom-
inates below 20 GeV, the momentum of charged particles was measured with a resolution
of about o/P = 14% x P/100GeV if they went through both analysis magnets and about
3.4% x P/100GeV if they only went through the first magnet. Three multi-cell gas threshold
Cerenkov counters provided particle identification. The different gases used allowed K’s to
separated from 7’s and p’s from, 5 to 60 GeV. Electrons and photons were measured in three
electromagnetic calorimeters. An outer calorimeter measured the wide angle particles while
the inner calorimeter measure those that went through both analysis magnets. Both of these
calorimeters were lead scintillator devices. The very forward angle electromagnetic energy
was measured in a lead lucite shower detector called the BGM. This was used principally to
measure non-interacting photons. This detector was used to correct our knowledge of the
interacting photon energy as well as serve as a luminosity monitor.

The hadron energy was measured in two hadron calorimeters arranged to catch the main
hadrons going through both analysis magnets and also the very forward hadrons. The large
calorimeter {2,3] consists of proportional tube chambers interspersed between planes of iron.
The chambers are readout via induced signals in pads with a tower geometry. The very
forward calorimeter was composed of sheets of uranium and scintillator. It is segmented
only in two segments longitudinally.

Muons are detected in two areas, immediately behind the return yoke of the second
analysis magnet and in the forward direction. Each detector consists of scintillator planes [4]
and proportional tubes. The scintilators were used in a fast trigger while the tubes provide
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Figure 1: The layout of the E687 spectrometer.
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Figurt-e 2: Acceptance of D™t events. The acceptance curves as functions of the pheton
energy are for 1) after the master gate, 2) after the TRIGGER-1, 3) after the reconstruction,
and 4) after all analysis procedures.

better position resolution.

A problem in locating charm particles is to develop a trigger that is restrictive enough
so as not to be overwhelmed with data and yet not bias the data too much. The first level
trigger used ensured that there was an interaction in the target and at least two particles
further downstream in the apparatus. It also included a veto on charged particles in the
beam and halo muons around the beam. A second level of triggering was more restrictive.
This required that there be at least one set of hits in the first PWC plane outside of the
expected pair region, that the recoil electron have an energy of less than about 200 GeV,
and that there be at least 35 GeV of hadron energy observed in the hadron calorimeters.
Figure 2 shows the effect of the trigger on the acceptance of D™t events. The first curve
shows the mild effect of the trigger counters. Curve 2 shows the effect of the PWC, hadron
energy, and recoil electron requirement. Curve 3 shows the efficiency of the reconstruction
and the final curve with an average efficiency of about 15% shows the effect of all the cuts
and the final analysis.
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Figure 3: My, of D** candidates after the cut {AM ~ 145.6 MeV| < 2.3 MeV. The signal
includes 293 + 32 events.

Analysis

We begin by reporting two independent analyses of the D** photoproduction. The first
approach relied heavily on the kinematics of the D™t and used the clean decay channel
D** — D%+ D° = K-n*[3].

An alternate technique used both the AM cut and finite lifetime cuts. The lifetime
tagging was accomplished with a candidate driven vertex algorithm [6]. In this algorithm
the charm candidate tracks are fit to form a secondary vertex with a fit confidence level
(DCL) and then formed into a track vector for the candidate. This track vector was then
used as a seed for finding the primary vertex. Tracks are added to the primary vertex until a
confidence level cut of 2% failed. A global fit is made to the candidate tracks which required
the candidate to point back to the primary vertex taking correct account of all errors. The
candidate tracks were choosen kinematically with a mild particle identification requirement.

These two D"t analyses are complementary and allow us to check the consistency of
the analysis. The kinematic technique which used a more restrictive set of the input data
will be descibed first. Data was collected with several arrangements of the target. For the
kinematic isolated analysis only data collected with a 5-segment beryllium target were used.
There were 18 million triggers in this set. The D**’s are located by requiring the mass
difference, AM, between the invariant mass of the K#r combination and that of the K= to
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Figure 4: The observed mass less the nominal fitted mass divided by the error in the mass
determination for a) for all D®s from D° — K~wx*#*x~ and D° — K~n* , and the same
for b) for all D®’s from D*+ — DO+ followed by the same D° decays. There are 1135 & 69
DP events in a) and 254 + 18 D° events in b}.

be |AM — 145.6 MeV| < 2.3MeV. The histogram in Figure 3 shows the invariant K7 mass
of all D** candidates after this AM cut.

The curve in Figure 3 represents a Gaussian (1.8646 GeV, 12.19 MeV) with a second
degree polynomial background. The parameters for the peak and the resolution of the D°
mass in the E687 spectrometer were determined by fitting a relatively clean Mg, sample
selected using a candidate driven vertexing technique. The fit from this sample fits the data
of figure 3 very well. The cross section for D** is determined from the data of Figure 3
after it is binned in photon energy ranges. The total number of D** from the histogram in
Figure 3 is 293.0 £ 31.5 over a background of 348.1.

D+ and D° have also been located using the candidate driven algorithm. In this case
it is possible to obtain the D° — K~7% and D°® — K~ n*x*x~ decay modes without the
soft 7 trick used for the previous analysis. Figure 4 shows the sample of D® observed with
this algorithm. The data sample used for this analysis is about 1 /3 of the complete data.
The figure shows the mass difference of either the Kz or K3 less 1.863 GeV (the average
observed mass) divided by the error in the mass determination. This sample gives 1135 +
69 events from direct D° decays and 254 % 18 events by the indirect D** to D° decay chain.
This corresponds to 22+ 9% of all D° are from the D*¥ decay chain. This is consistent with
a simple model that predicts that D*’s and D’s are produced in proportion to the number
of spin states available (3:1) which predicts 0.29 % 0.02 (7).

Using almost all of the data sample the D** decays are located with the candidate driven
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Figure 5: The mass difference of K7 and K3 less the nomiral mass over the error in the
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Figure 6: The D** are separated into their respective charges. There are 509+ 26 events in
the D** sample and 539+ 27 events in the D*~ sample.



algorithm and the mass plot is shown in Figure 5. There are 1109 £ 60 events in this sample,
The same data sample can be split according to charge as orginating from D™+ or D"~ decays
and is shown in figure 6. The ratio of antiparticle to particle is split evenly within statistics
(1.06 + 0.08) between the two charge states. This implies a low level of associated production
of meson-baryon states at these energies. E691 [7] in the D** to D° decay found the value
1.15 + 0.07 for D° — K~r*and 1.23 £ 0.07 for D° — K~ n*rtx~ .
To calculate the cross section we need the luminosity which is defined as
N-r ) NA * PBe 'deﬂ

L. Thive = AEe * Thye (1)

where N, is the number of photons hitting the target, N4 is Avogadro’s number, pg, is the
density of the Be target, Ag, is the atomic weight of Be, d.z(= 4.404 x 0.5387cm) is the
effective length of the Be target which is the Be target length multiplied by the targetting
efficiency derived from a Monte Carlo, and 74, is the live time of the data acquisition
system ( approximately 70 % ). The number of photons was measured by an electromagnetic
calorimeter, BGM. The BGM sees the sum of all forward electromagnetic energy (multiple
photons, single photon, and ete™ pairs), and was scaled when the observed energy exceeded
133 GeV. To derive the actual number of photons from this scaled number, a simulation was
done of the bremsstrahlung process in the radiator.

The acceptance of the E687 spectrometer and the efficiencies of the reconstruction and
analysis program were estimated by simulating events with a complete set of Monte Carlo
programs. The Monte Carlo simulated events were then processed by the same reconstruction
and analysis programs as the actual data. The Monte Carlo programs for this study consisted
of 3 parts — beam generation, event generation, and spectrometer simulation. For this
experiment there were actually two independent Monte Carlo programs. This allows us to
check the accuracy of each by comparison. We describe one of these for the D** decays,
based on GEANT.

A photon beam Monte Carlo program generated photons by allowing electron passing
through the lead radiator to radiate photons by the bremsstrahlung process. The electron
beam energy spectrum was measured by the beam calorimeter, BGM, during a special cal-
ibration run for which the radiator and experimental target were removed and the analysis
magnets were off. The photon beam Monte Carlo took account of the momentum spread
in electron beam, the radiator thickness, and e*e~ production within the radiator from a
photon. Then the information on the photon energies and the attendant recoil electron was
passed to the event generator.

The event generator simulates the photoproduction of charmed particles. The program
was based on LUND Monte Carlo programs, LUCIFER 2.2, JETSET 6.3 and PYTHIA
4.8 [8,9,10]. For the LUCIFER Monte Carlo, the photon gluon fusion model (PGF) for
photoproduction was chosen with a charm quark mass 1.6 GeV and a minimum momentum
transfer in the photon-parton scattering of 0.2 GeVZ?. For the gluon and quark structure
functions in the PGF process, the EHLQ Set-1 structure functions with Q% = 5GeV? [11]

9



were used, Then the quark dressing is done by the so-called “independent fragmentation”[9]
with the Peterson function [12} with a coefficient of 0.18.

The event generator uses the photon energy from the beam generator program as input
to the LUCIFER Monte Carlo to photoproduce charmed particles and spectator particles
from the target nucleon fragmentation. In this analysis, only events including a D** from
the charm quark were taken. There was no restriction on particle from the anti-charm quark
as long as it included the anti-charm quark. This was done because we wanted to calculate
the acceptance for inclusive charm production for all possible event topologies.

The spectrometer Monte Carlo program was based on GEANT 3.11 [13]. The geometry,
materials, and efficiency information for all elements of the E687 spectrometer were put into
the Monte Carlo program. The D**’s were always forced to decay via

Dt — DOzt DP - K—nt,

The anti-charm particles decayed according to the branching ratios listed by the Particle
Data Group {14]. Then the spectrometer simulation of these particles was written in the
same format as the real data on so-called “fake data™ tapes. The fake data were analyzed
by the same programs as were used for the real data analysis. The resultant D** mass plots
were very similar to the experimentally observed ones.

The method to calculate a D** cross-section used in this analysis is derived from the
following relation:

N(D** = Krx)= B(D** — Krr)o(y+ Be = D** + X) - €- L« Thpe (2)
where
N is the number of observed D*"* in the decay channel,
L - 14, is the luminosity times the live time (Eq. 1),
e is the overall acceptance of the spectrometer and the reconstruction,
B is the branching ratio for the decay channel,
o is the inclusive cross-section per Be nucleus.
Here
B(D*t = D°x+; D° - K-n*)= B(D"* — D). B(D° — K-n%)

(0.49 + 0.08) x (0.0377 + 0.0037)
= 0.0185 + 0.0035

from the Particle Data Group compilation [14]. Thus, the photon energy dependent cross-
sections are calculated with the relation:

i

N(D"* = K=arn)(E,)
(0.0185 £ 0.0035) x 20.54 x f(E,) x e(E,) "

where the argument E., indicates the parameter is energy dependent.

o(y+ Be — D** + X)(E,) =

b (3

10



Results

For the D** cross-section energy dependence, the D** signals were partitioned in 50 GeV bins
from 100 to 350 GeV and the signals were determined from the invariant mass histograms.
Using Eq. 2 and Eq. 3, the D** inclusive photoproduction cross-sections for the photon
energy range from 100 GeV to 350 GeV were calculated.

Table 1: Inclusive D** photoproduction cross-section.
P

Photon energy® | Average energy’? | Number of D** Cross-section®
(GeV) (GeV) (b)
100-150 140 75.03 £ 14.22 | 5.88 £1.16 £ 1.57
150-200 175 77.46 £ 13.67 | 4.31+£0.78+£1.15
200-250 209 71.32 £16.03 | 4.15£0.95+1.10
250-300 261 42.60 £13.50 | 4.29+138+1.14
300-350 292 2464 £6.772 | 6.72 £ 1.94 + 2.64

®Measured by tagging system.
bCorrected average value explained in the text.
“The first error is statistical and the second is systematic.

The results are listed in Table 1. The cross-section is the sum of D** and D*~ cross-
sections on a Be nucleus and the errors listed include statistical and systematic errors.
The systematic error was estimated from uncertainties in the branching ratios, luminosity
calculations, trigger efficiencies, particle identification, data analysis, and photon energy
calculations to be 26.6% . The acceptance is corrected for the entire zp range. The resultant
energy dependence of the cross-section is shown in Figure 7. When events are reconstructed
the incident photon energy is measured with considerable uncertainty, mostly due to a lack
of knowledge of the incident electron beam momentum(+45 GeV). The relation between the
measured and actual photon energy is modeled with a Monte Carlo. The resultant cross
section represents a weighted average of the “actual” cross section with a gaussian weighting
function. The horizontal bars in Figure 7 represent the ¢ of the gaussian weighting function.

Table 2: Inclusive D*+ photoproduction cross-section with zg > 0.2. The D** are identified
with the candidate driven algorithm for this sample.

Photon energy | Central energy D** Cross-section®
(GeV) (GeV) (sb)
85-165 125 3.07£0.48 £ 0.82

165-250 207.5 4.08 £ 0.60 £ 1.09
250-350 300 3.801+092+1.01

2The first error is statistical and the second is systematic .
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Figure 7: The E, dependence of the cross-section on Be for D**. The inner error is statistical,
and the outer error includes the systematic error in quadrature.

The results for the candidate driven algorithm search for D** are listed in Table 2 and are
shown in Figure 8 . This sample is based on 927 £ 39 events and includes D® — K~ x¥x+x~
decays in addition to the D° — K~ #* which the previous sample was based on. The branch-
ing ratio of D° — K~x*x¥x~ is taken as 0.0790. In this alternative analysis, an attempt
is made to correct for the large uncertainty in the incident photon energy (& +45 GeV)
by de-convoluting the cross section in measured z7 and E, bins with the expected energy
resolution as determined by Monte Carlo simulation. The basic approach [15] is to use the
Monte Carlo to construct a matrix R;. which relates the number of observed events within
the i’th bin of measured zy and E, (n;) to the partial cross sections (Ao,) used to generate
the events where the a index refers to a bin of true z; and E,.

n; =z Ria Ao'a (4)

By using sufficiently small bins, the dependence of Ri, on the production model used in the
Monte Carlo can be minimized.

12



~_ C
m -
2 8
S -
9 [
< N
o) 6 —
32 X
:x 4 :— + —
o N | %
T B
K C
+ 2
K> i
5 C
O [ 1 [ | L | i i 1 1 | [] 1 L ] i 1 1 1 1
0 100 200 300 400
Ey (GeV)

Figure 8: The E., dependence of the cross-section on Be for D*t — DPz+; D® — K~ x* and
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Eq. 4 is solved using a weighting technique. Each charm candidate is assigned a weight
based on its measured g and E., value and the Monte Carlo generated R;, matrix. The area
under the signal peak in the weighted mass histogram serves to measure the cross section,
the error in the signal area reflects the statistical, de-convolution, as well as background
subtraction errors. The horizontal error bars in figure 8 represent the width of the energy
bin. The data are restricted to the region zp > 0.2 .

Table 3: Inclusive D* photoproduction cross-section with zz > 0.

Photon energy | Central energy D= Cross-section®
(GeV) (GeV) (sb)
100-181 141.5 3.07 £ 0.43 £ 0.82
181-264 2225 466 £093+1.24
264-347 305.5 5.58 + 1.59 - 1.48

%The first error is statistical and the second is systematic .

The results for the search for the Dt —+ K~»*r* decay via the candidate driven algo-
rithm requiring a detachment of the primary and secondary vertices in excess of five standard

13
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deviations are shown as a mass plot in Figure 9. The cross section obtained with the de-
convolution are listed in Table 3 and are shown in Figure 10 [15]. This cross section is based
on the branching ratio of D¥ — K~ n*xt of 0.078. The horizontal error bars in Figure 10
represent the width of the energy bin as in previous figure.

The p? dependence of the cross-section with the acceptance correction was calculated
and the resultant differential cross-section do/dpé for D*t and D% is shown in Figure 11
and is fitted by the empirical form

do/dp} o exp(—bpt + cp7), (5)

with = 1.14 £ 0.23 (0.92 £ 0.05) and ¢ = 0.098 + 0.045 (0.036 & 0.007) for the D**(D*) .
The average p} for D**(D*) derived from the differential cross-section data is

(p3) = 1.33 £ 0.68(1.26 + 0.19) GeV?/c?

which is consistent with the value 1.27 £0.13GeV?*/c? for D** and 1.21 % 0.06 GeV?/¢? for
D+ observed by E691 [7].

The z7 distribution via the de-convolution method for the D** events is shown in Fig-
ure 12 along with the same distribution for D*. The curve superimposed is not a fit but
rather a representative curve with the parametrization as given by E691 [7].

14
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Total Open Charm Photoproduction Cross-section

The photon-gluon fusion model (PGF) [16] is the interpretation of photoproduction based on
the lowest order process of perturbative QCD. In this process, the photon couples to a heavy
quark anti-quark pair and then one of the quarks is scattered by a gluon from the target. The
process is closely related to the calculable Bethe-Heitler quantum electrodynamics (QED)
process.

The total open charm photoproduction cross-section can be derived from the D** cross-
section obtained in this analysis. The fraction of D** among all open charm particles pro-
duced in the photoproduction process is only dependent on the charm quark fragmentation
after the ¢Z pair is created. The LUND Monte Carlo program [8,9] was used to calculate the
ratio of D** to all open charm particles from ¢g. The “string fragmentation” was chosen
since it properly took account of the kinematic correlations of the pair of charmed particles.
The resultant ratios of charmed particles are listed in Table 4. The rate in the table is the
probability that a charmed particle or its charge conjugate is produced from a ¢¢ event.
The rate for the D*t is derived to be 0.604. For the A dependence of the cross-section, we
assumed that A” with a = 0.93 following E691’s choice [7]. We assume that the uncertainty
of the rate simulation of the rate and the choice of A dependence contribute an additional
systematic error of 5%, e.g. replacing the string fragmentation model with the independent

15
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error is statistical, and the outer error also includes the systematic error in quadrature. The
fitted curve is described in the text.

fragmentation model lowers the D** fraction by 3%. This calculation leads to the total open
charm photoproduction cross-section per nucleon of:

O'D¢+/Be
0.604 x 9.019-93

o.z/nucleon =

The data of Table 2 can also be used to calculate the total open charm cross-section but
it must be further corrected for the limited zr range. The E691 parameterization [7] predicts
that 55% of all zz will have z; > 0.2. When the data of Table 3 is used, it is corrected by
assuming that z7 > 0 is 89% of all the zg acceptance. The D* is corrected by the string
fragmentation of Table 4 by 0.203 + 0.604 x 0.51 = 51%. The 0.51 is the branching fraction
of D*t into D*. The energy dependence of the total open charm cross-section calculated
from these three tables is shown in Figure 13. Figure 13 also shows the published data from
other experiments on open charm photoproduction. These data are from the compilation
given in Ref. [23] and from the NA14’ [24] and E691 [7] papers. For E691 data, the data of
the photon energy dependence of the cross-section in the article [7] were multiplied by the
factor 1/A%% = 0.129 to convert the cross-section from per Be nucleus to per nucleon.

Several parameters must be chosen to compare these results with the photon gluon fusion
model prediction. The charm quark mass m,, the QCD scale parameter A, the momentum
transfer Q?, and the gluon distribution G(z) are required. A prediction from the PGF model
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Figure 12: The zr dependence of the cross-section on Be for a) D* and b) D**. The error
is statistical only. The curve is described in the text.

with the naive gluon distribution using the QCD parameters Q% = 10 GeV? and A = 260 MeV
did not give a good comparison with data.

The higher order QCD radiative correction model was thought to give more realistic pre-
dictions. Figure 14 shows the estimation of the cross-section using QUCD radiative correction
[17]. The QCD parameters selected were Q% = 10 GeV? and A = 260 4 100 MeV. The gluon
distribution used is a naive one, The m.’s used are 1.2GeV, 1.5GeV, and 1.8GeV. In each
plot, the solid curve is for the choice in A = 260 MeV and @Q? = 10 GeV?, and the dotted
curves are corresponding to the uncertainties of A of £100 MeV, and @ of a factor of two.
In the QCD radiative correction model, smaller value of m, (= 1.2GeV) are not consistent

Table 4: The ratio of charm particles to ¢ events by LUND.

Charmed particle and its c.c. | Rate per c¢ by String Fragmentation
D° 0.212
Dt . 0.203
D} 0.057
D° 0.620
D+ 0.604
Dt 0.165
Charmed baryons J = 1/2 0.102
Charmed baryons J = 3/2 0.038
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Figure 13: The photon energy dependence of the total cross-section per nucleon for photo-
production of open charm events. The data points with A are derived from the D** with
the kinematic analysis, 37 are derived from the D** with the lifetime analysis, and e are
derived from the D* from this analysis. For these the inner error is statistical, and the outer
error includes the systematic error in quadrature. The data points for other experiments

come from CIF [18], BFP [19], WA4 [20], SLAC [21], EMC [22], PEC (23], E691 [7], and
NA14 [24].
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with the data. The total cross-section of open charm photoproduction presented here are in
reasonable agreement with the other data and the prediction with m,. = 1.5GeV.

Conclusions

We have extended the range of photoproduction of D** and D* to the world’s highest energy.
The energy dependence of the D** and D¥ inclusive photoproduction cross-section is given
up to 350 GeV. The total charm cross-sections derived from the D** and D* cross-sections
are consistent with the data from other experiments within the errors. The prediction of
the charm photoproduction cross-section by the QCD radiative correction by Ellis et al. [17]
's consistent with the observed data when using reasonable QCD parameters. Within the
available statistics, the observed p% and zr distributions and (p}) are consistent with other
experiments.
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