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ABSTRACT

Direct photon and neutral pion production, inclusive and accompanying a hadronic jet, has been
measured in pp collisions at the CERN Intersecting Storage Rings (ISR) for Vs = 63 GeV in the range
4.5 < pr < 10 GeV/c for the central pseudorapidity region » = 0. Under the assumption that these
events arise predominantly from the QCD Compton process, the gluon structure function in the
range 0.15 < x < 0.30is calculated.
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1. INTRODUCTION

Since the discovery of direct photon production in pp collisions at the ISR [1-3] there has been
increasing interest in the study of this process. Direct photons are clean probes of the gluon
distribution inside protons via the QCD Compton effect [4-8].

In our previous paper [9] we calculated the gluon distribution on the basis of our photon-jet
correlation data and the direct photon inclusive cross-section measured by the R806 experiment at
CERN [2]. Since our previous publication, we have done a new, careful Monte Carlo study of our
apparatus. The present accuracy of the energy-scale calibration reduces the systematic error of the
direct photon inclusive spectrum measured in our experiment. In this paper we present the direct
photon and neutral pion yield measured at the CERN Intersecting Storage Rings (ISR) for
centre-of-mass energy vs = 63 GeV and transverse momenta between 4.5 and 10 GeV/c. The direct
photon yield has been measured, as well as that of #’s, detected in the same apparatus and under the
same conditions. The results are compared with measurements at the same energy at n = 0 [2, 3].

Based on this study, the photon-jet cross-section, with absolute normalization, is obtained and
the gluon distribution function in the proton is calculated.

2. APPARATLUS

The experiment was performed with the Axial Field Spectrometer (AFS) [10, 11]. Figure 1 shows
the arrangement of the detectors at the ISR. The interaction region was surrounded by an inner
hodoscope, consisting of 44 scintillation counters (not shown), a cylindrical drift chamber (DC), and
a 27 uranium/copper/scintillator calorimeter {UCAL). For the detection of photons, the AFS was
equipped with two high-granularity sodium iodide (Nal) walls, each covering a solid angle of 0.6 sr,
centred at 90° in polar angle. A magnetic field of 5 kG, parallel to the direction of the colliding
beams, allowed a measurement of the charged-particle momenta.

The drift chamber was subdivided azimuthally into 82 sectors of 4°, each containing 42 layers of
sense wires. The DC angular acceptance was 2x (excluding two 16° wedges used for mechanical
support) in azimuth and =+ 1.0 in rapidity. Track coordinates were measured in the transverse x-y
plane by drift time, with a spatial resolution of 230 um, and by charge division in the z (beam)
direction, giving a resolution of 1.5 cm. The resulting momentum error is 2% for a 1 GeV/c particle.
Reconstructed tracks were required to satisfy the criteria listed below:

i) length of track > 25 cm;
ii) first digitizing within 32 ¢m from the intersection region;
iii) x*/number of degrees of freedom < 10;
iv} track to point at the common event vertex;
v} pseudorapidity of track |¢| < 0.9.

The calorimeter, consisting of a 6 radiation lengths (Xo) electromagnetic part and a 3.6 absorp-
tion lengths (A) hadronic part, surrounded the drift chamber, matching its angular acceptance. A
high granularity was provided by subdividing into towers of 20 x 20 cm?. The readout was done
through wavelength shifters on two sides of the towers, for the electromagnetic and hadronic sections
separately. In test measurements an energy resolution of #(E)/E = 16%/VE was obtained for
electromagnetic (e.m.) showers and 37%/vE for hadronic showers.

The photon detectors (Nal 1 and Nal2: one opposite and one in the direction of the ¢.m. motion)
consisted of optically separated Nal crystals arranged in two walls of 20 X 30 elements at a distance
of 107 cm from the interaction region [12]. The front faces of the crystals were 3.5 x
3.5 cm?, and their length (13.8 cm) corresponded to 5.3Xg. The total photon energy was measured by
combining the energy deposition in the Nal and in the two UCAL sections behind it.



3. TRIGGER

The trigger system made use of the high granularity of the photon detectors by demanding (in
coincidence with the event strobe defined by scintillators surrounding the beam pipe) a localized
energy cluster in the Nal and in the electromagnetic part of UCAL behind the Nal. The thresholds
used for the calorimeters away from the ¢.m. motion were 1.7 GeV in Nall and 1.0 GeV in the
corresponding UCAL., wall. The thresholds for the calorimeters towards the c.m. motion were
2.0 GeV (Nal2) and 1.4 GeV (UCAL.m). Since more than one cluster was allowed, high-pr #s and
n’s also triggered the system. The combined trigger threshold corresponds to approximately 4 GeV.
The trigger was an OR between Nall and Nal2. A description of the various on- and off-line
calibration systems can be found in Refs. [11] and [12].

The data were obtained from proton-proton collisions at ¥s = 63 GeV during 25 ISR runs in
1983. The integrated luminosity was

fLdt = 1.6 x 10 cm™2.
The recorded data used in the analysis consist of 918,802 events.

4. PRODUCTION OF HIGH-pr y’s AND z7’s
4.1 Event selection

In the off-line analysis, only events that passed a software energy threshold (Table 1) were
processed through the standard AFS program chain. This includes pattern recognition in the Nal
detectors and in UCAL, and tracking plus vertex reconstruction for charged particles in the drift
chamber. In order to reduce background from cosmic rays and beam-gas interactions, events were
rejected if no vertex from charged particles was found in the beam-crossing region. The timing of the
inner hodoscope and the beam-beam counters was required to be consistent with a single interaction
allowing no second interaction within 30 ns of the nominal event time. Additional filtering was done
by demanding that an event must contain an isolated e.m. shower with no further shower above
130 MeV in the same Nal wall (a direct photon candidate), or a good 7° candidate with the energy of
each individual shower being above 250 MeV.

The data sample for further analysis contained 136,540 events. The full data analysis was done
separately for each of the Nal-UCAL detectors. The #%s were identified as resolved pairs of photon
showers.

For the calculation of the v/=° ratio, the #°’s had to satisfy the following requirements:

1) both showers had to have an energy above 250 MeV;
ii) showers with a track pointing towards them were not combined with others to form =°

candidates; A

iii) no third shower above 180 MeV was tolerated in the event unless it was a charged particle as
indicated by a track;
iv) the two-photon mass had to be within 80 < m.,, < 190 MeV/c%;
v) in order to decrease trigger-threshold uncertainties, a pr cut of 4.5 GeV/c was applied.

The total selected #° statistics are 16,065 events in the Nall and 28,628 events in the Nal2. In
Figs. 2a,b we show a typical vy invariant mass spectrum for events from the 1983 pp run that passed
all selection criteria. The experimental mass resolution varies from 20 to 50 MeV/c? for 4.5 to
10 GeV/c, respectively. The remaining background under the 7° peak (2-4% depending on the pr
bin) was interpolated between the left and right levels of the background and subtracted.

The selection criteria for single photons were as follows:

i) no track was allowed to point at the single photon candidate;



ii) no second shower above 180 MeV was tolerated in the same Nal wall unless it was a charged
particle as indicated by a track;

iii} the shower radius was required to be greater than 8 mm and less than 25 mm; this cut has been
optimized by Monte Carlo methods and by looking at the radius of showers originating from
clean 7%’s;

iv) to decrease trigger-threshold uncertainties, a py cut of 4.5 GeV/¢c had to be made.

After these selection criteria were applied, the total direct-photon candidate sample contained
6,958 events in the Nal 1 and 10,716 events in the Nal2.

The raw /=° ratio as a function of pr is shown in Figs. 3a,b at Vs = 63 GeV. Also shown in
these figures is the 4/#° background from meson decays. There are three contributions to this
background:

i) meson decays where one shower fakes a direct photon candidate as the second shower falls

outside the detector;

ii} asymmetric decays where one shower has a small energy and thus escapes the analysis cuts:

i) merging of the two showers of a #° into one at high pr because of the finite resolution of the
detector.

The method of calculating this background has been described in detail in Ref. [13]. At high
momenta the contribution of merging x*’s dominates the v/#° background.

4,2 Correction for the reconstruction efficiencies and selection criteria

The effects of the trigger threshold, of the shower reconstruction algorithm, and of the cuts
applied in the data analysis, have been studied by Monte Carlo methods. With the electromagnetic
gamma-shower (EGS) code [14], which describes the development of e.m. showers, 21,803 events
(7,803 +’s and 14,000 7”s) have been generated at suitably chosen discrete momenta between 0.5 and
12 GeV/c. A careful study was carried out to ensure that the showers generated by EGS reproduce
the characteristics of real showers measured at the ISR.

As an improvement to the method described in our previous paper [9], the calibration of EGS
events was adjusted in such a way that the front-to-back ratio E(Nal)/E(UCAL.y) and the
reconstructed 7° mass in the EGS events gave the same average value as the real data. The effects of
the finite detector resolution, of the detection efficiencies, and of the steepness of the #° spectrum
were taken into account by the Monte Carlo program. Figures 4a,b compare the reconstructed 7°
mass for the experimental data and for the EGS events after calibration.

We have found that the transverse distributions of the EGS showers are narrower than those of
the ISR data. Since the 7° detection efficiency at high pr was affected by the lateral shape, a
correction was made to the reconstruction threshold of the EGS showers [13]. The generated #%s and
v’s were then used as imput to the standard pattern-recognition program. Figure 5 shows the
combined geometrical acceptance and reconstruction efficiency for »%'s and +’s in each wall. The
bands indicate the statistical and systematic errors from the Monte Carlo calculation. The method of
calculating this efficiency has been described in detail elsewhere [13]. In a similar way, by using the
EGS events, the quality of the energy reconstruction was studied. The uncertainty in the absolute
energy scale introduced by this method was estimated to be less than 3%. Possible differences in the
energy scale between +’s and 7%s turned out to be less than 1%.

4.3 Results on the v/7° ratio and inclusive cross-section

for single-y and #° production

After subtraction of the background and correction for the relative efficiency and acceptance of
single 4’s and 7”’s, we obtained the corrected /#° ratio for each wall (Fig. 6a). The average v/z°



ratio for both walls compared with data from Ref. [2] is shown in Fig. 6b. The errors plotted in
Fig. 6 include the quadratic combination of the following factors: ‘
1) an error of 7-20% in the v/ #° ratio due to the uncertainty in the background subtraction;
ii) a 7% error in the relative x°-to-y reconstruction efficiency, as a result of statistical and systematic
uncertainties in the EGS Monte Carlo;
iii) an error of 7% in the raw /=" ratio due to possible differences in the energy scale between s

and 7%s.

For the single-photon cross-section calculation, the background was subtracted and the photon
yield was corrected for the total efficiency (Fig. 5). It was assumed that the photon cross-section is
independent of » within the pseudorapidity bin used for the Monte Carlo generation: [n| < 0.7,

It is clear that our isolation cut rejects a fraction of events where a soft particle — from processes
that are not due to the hard scattering— fell into our acceptance. In order to calculate the inclusive
cross-section, this effect was corrected in the same way as in Ref. [2]. The ratio of the x°
cross-section, with and without the isolation cut, gave a correction factor of 1.15 for Nall and 1.25
for Nal2. It has been argued [15] that a difference in the event structure (the - is alone, whereas the

~#° appears as a particle inside a jet) might lead to a distortion when using this procedure. A
- difference in the same-side multiplicity can be demonstrated by selecting only high pr (¢.g. above
800 MeV/c) for the associated tracks (Fig. 7). The effect of the different event structure on the
correction factors was found to be less than 5%.

The inclusive photon cross-section at 90° c.m. for each Nal wall is shown in Fig. 8a. The
measured inclusive cross-section for both walls (Fig. 8b) is compared with experimental data from
Refs. [2] and [3] and with calculations by Owens [16], with Set 1 of Ref. [17] for gluon distribution
and Q? = (1/2)p%. Numerical values for the resulting cross-section are given in Table 2. The total
errors given in the table are the combined statistical and systematic errors. The effects of the
systematic errors on the final cross-section are listed in Table 3.

Figure 9a shows the results for the #° inclusive cross-section for each Nal wall. The resulting
inclusive cross-section for both walls is shown in Fig. 9b, compared with experimental results of
Ref. [2] and the calculation of Owens [16]. Numerical values are given in Table 4 and systematic
errors in Table 5.

5. PHOTON-JET CROSS-SECTION
5.1 Recoil-jet selection ‘
The recoil jets from single-photon and pion triggers were identified using UCAL information
processed through a pattern-recognition program that grouped neighbouring towers into clusters,
with Nal energy added to UCAL energy. The definition of a hadronic jet in our pr range is somewhat
ambiguous particularly in the lower end of the pr range. We made tests using different jet-finding
algorithms. The procedure finally selected is the following:
i) The jet momentum vector was formed as the vector sum of all clusters satisfying the following
cuts:
- Only individual clusters with A¢ > 120 with respect to the trigger were summed up. The cut in
A¢ was motivated by the energy flow (Fig. 10}.
- To reduce uncertainties due to energy leaks at the edges of the UCAL walls, we used only
clusters with the z coordinate (along the beam), |z| < 1000 mm.
- Only high-energy clusters (with pr > 800 MeV/c) were used. This cut reduces the systematic
error in the Monte Carlo calculation of jet detection efficiency.
ii) To reject events where the recoil jet missed UCAL, a threshold on pr(jet) is introduced. The
transverse momentum of the jet was required to be



pf' > 0.3p¥F*

where p¥e is the trigger energy. The linear dependence of this threshold on P8 makes the jet
selection efficiency less dependent on trigger energy than the constant cut used in our previous
analysis,

iii} All jets were restricted to the central region

Mjeti <03 .

This cut was motivated by acceptance losses in the jet rapidity distribution (Fig. 11). This figure

and Fig. 12 (the azimuthal jet distribution) also show how the acceptance losses are reproduced in

our Monte Carlo calculation. The difference between the two walls is due to the c.m. motion.

After the above cuts, we found 4592 direct-photon candidates with a central recoil jet. Figure 13
presents the raw ratio of the found y-jet events N(y-jet} to the number of photon candidates N(y) in
the same p¥Fe bin.

5.2 Monte Carlo simulation of jet detectiont

A total of 15,000 v-jet events with high-pr photons falling into the Nal acceptance, generated by
the Lund Monte Carlo PYTHIA [18], were used to calculate the efficiency of our jet detection
algorithm. PYTHIA simulates the hard scattering of free point-like partons within colliding hadrons
and produces final-state jets according to the Lund string model for fragmentation. For our purpose,
only events of the gluon Compton process were generated. We used the Monte Carlo program with
parameters Q° = (4/3)pt, A = 0.3 GeV, (kb Y2 = 1.0 GeV/ ¢, and structure functions taken from
Ref. [19]. The minimum transverse momentum required on the parton level (QTMIN), was chosen to
be 2 GeV in order to account properly for the effects of the intrinsic parton motion. These events
were passed through a simulation of UCAL [11], taking into account the energy and coordinate
resolution of UCAL and the Nal.

The comparison of the azimuthal distribution of jets with respect to the trigger in experimental
data and in the MC simulation (Fig. 12) seems to indicate an adequate choice of simulation
parameters, particularly (kr).

After applying the same set of cuts as in the data analysis, the jet detection correction factor Rjer
was calculated as the ratio of N(y-jet) found by algorithm to N(y-quark) generated in the quark
pseudorapidity interval 5] < 0.3. The jet detection correction factor was found to be independent of
the photon pr (within 10% accuracy), and equals

Rjet = 0.87 + 0.09

for both walls.

To estimate the systematic error in Rj. we made tests using different jet-finding algorithms and
different PYTHIA parameters (¢<k%), QTMIN, Q?%). We found that these uncertainties lead to the
error in Rje, which is about 10%.

5.3 The results on the double inclusive photon-jet cross-section
To calculate the double inclusive photon-jet cross-section, we used the formula
d*a/dny dnjee dpr = [NCy-jet)/N(1)]/(Anse Rie) X d0/dy, dpr,

where N(vy-jet)/N(y) is the photon-jet correlation ratio (Fig. 13) and Ry is the jet-detection
correction factor calculated above (see subsection 5.2). The cross-section d?o/dn,dpr was determined
in Section 4.



The background contribution to the gamma-jet correlation from s was studied by comparing
the y{candidate)~jet with the #°~jet ratios. Figure 14 shows the ratio of the photon-jet correlation to
the pion—jet correlation, consistent with unity within statistical errors. The same result was obtained
(using another jet-finding algorithm) in our previous paper [9]. Thus, the gamma(candidate)-jet
correlation shown in Fig. 13 reproduces the direct-gamma-jet correlation (within a systematic error
of 5% due to the background). The results for the direct-gamma - away-side-jet cross-section are
given in Table 6. Systematic errors are given in Table 7. Within systematic errors this final result
agrees with our previous analysis [9] in which the R808 inclusive  spectrum was used as a
normalization.

Our measured photon—jet cross-section compared with the QCD theory is shown in Fig. 15. The
QCD calculation was taken from Ref. [16] with the Set 1 gluon distribution from Ref. [17].

6. GLUON STRUCTURE FUNCTION
6.1 Determination of the gluon distribution

The photon-jet cross-section, when the photon and the recoil jet are detected close to 90°, is
directly related to the quark and gluon densities [Fa(x) and G{x)] multiplied by the QCD interaction
cross-section at the parton level [4-8]:

11
3 5
( hd ) = K ava: = - GOOFa() .
dn,dnjedpr/ 9, = nje=0 X8

where x = 2pr/Vs.

This formula neglects all non-gluon Compton contributions to the cross-section. In a separate
publication [13] we have shown, by a comparison of direct-photonr production in pp and pp
interactions, that contributions from the annihilation process are small in single-nucleon collisions. A
calculation [20] estimates the contribution of the annihilation process to the total photon
cross-section to be 8.7%. Contributions from bremsstrahlung processes were estimated to be = 30%
[16].

Several different approaches were made in order to describe the RB06/R807 photon
cross-section [11] within QCD. Owens [16] made an analytic leading order QCD calculation.
Contogouris et al. [21] derive rules for determining a K-factor (first introduced to explain the
discrepancy between QCD prediction of lepton-pair production through the Drell-Yan process and
the experimental data) to account for higher-order processes. Both methods lead to a satisfactory
agreement with the data.

The function Fz(x) has been measured with high precision using neutrino and muon beams on

- isoscalar targets. For the calculation of xG(x), we used F»(x), taken from the EMC {22].

For the strong coupling constant we used the expression o = 127/[25 In (Q%/A%)] in our
calculation.

Owing to the weak sensitivity of the photon-jet cross-section on the QCD scale parameter A, the
latter cannot be extracted from our data independently. We varied A in the range 0.15 to 0.25 GeV,
with a resulting variation of +7% in our result. Our final choice was A = 0.2 GeV.

The influence of higher-order QCD processes must be included. The Contogouris approach [21]
yields an effective correction factor K = 1.7 for Compton scattering. From estimates of the relative
importance of bremsstrahlung and annihilation, the K-factor is increased to 2.7 for the inclusive
y—jet process.

The K-factor, Fa(x,Q%), and a are coupled with the Q* choice, which is ambiguous in hadronic
interactions. We used three different scales, Q* = p% (as in Ref. 21), Q* = (4/3)p%, and Q* = 2p3, in
order to estimate the dependence of our result. We find +5% differences due to the a; and the

6



K-factor variations. The influence of Fa(x,Q% dependence on this Q? choice is negligible as
dF3(x,Q%/d In Q crosses zero inside our x region. The final calculation was done with Q* = (4/3)pt.

Our result for xG(x) is given in Table 8 for the individual x bins and is presented in Fig. 16,
where we also show statistical and syStematic errors. The systematic errors are the quadratic
combination of the errors given in Table 9.

6.2 Estimate of the Q” value in measured gluon distribution :

The standard choice of the Q? variable is the same as that used in «; and in structure functions.
However, for structure functions, Q* = p% ié not always the relevant one. According to the
theoretical analysis of ref. [8], the variable Q? in parton distributions for the processp + p — v +
jet + anything is determined by the maximum allowed value of the photon-jet momentum imbalance
A? = [pr(y) — pr(jet)]*. The value of AZ., controls the amount of soft gluon radiation emitted by
initial partons and thus determines the virtual parton distributions {23]. In inclusive « production,
when no away-side jet selection is performed; all values of A up to pr are present. Therefore, in the
inclusive vy cross-section analysis, Q® = p% is a relevant choice for use in structure functions. But in
our experiment, the jet-selection procedure rejects events when soft gluon radiation carries away a
significant part of the jet momentum. Estimates show that AZ,, = 5-10 GeV? seems to be a proper
value for the variable Q” in the gluon distribution measured by our experiment.

6.3 Comparison with other experiments

The gluon structure function calculated in our previous publication [9] agrees with this final
analysis within systematic errors. The variations are mainly due to differences in inclusive photon
spectra measured by R806 and this experiment (Fig. 8b).

In Fig. 16 the measured gluon structure function is compared with some recent results on the
gluon distribution calculated from deep-inelastic scattering (DIS) data [22, 24, 25]. It should be
noticed that in the analysis of DIS data, the QCD scale parameter A and the gluon distribution are
strongly correlated and cannot be determined unambiguously. This analysis also depends on the
order of QCD approximation used. The results obtained in a next-to-leading-order approximation
(MS) and with A = 0.2 GeV by the BCDMS Collaboration [25] agree better with our gluon
distribution,

7. CONCLUSIONS .

We have measured the invariant cross-section of single-photon and #° production in pp
collisions for Vs = 63 GeV in the range 4.5 < pr < 10 GeV/c along with the double inclusive
cross-section of photon plus recoil-jet production.

Using these spectra, the gluon distribution function was measured. Our result is consistent with
the BCDMS parametrization [25], obtained from deep-inelastic scattering data using a next-to-
leading-order approximation.
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Table 1
. Software energy thresholds (GeV)

Nal 1 Nal 2
Eiot? 3.1 3.9
.E(Nal) 1.7 2.0
E(UCALcm) 1.0 1.4

.a) Energy summed up as Nal +

UCALem + UCALnag

Table2
Invariant cross-section for the reactionp + p — v + anything

pr range {pr) E(d’e/dp’)
(GeV/c) (GeV/c) (cm?/GeVic™ Y
4.5- 5.0 - 475 . (3.14 + 0.79). x 10~
5.0- 5.5 . 5.25. (1.22 + 0.27) x 10~
5.5- 6.0 5.73 (5.96 + 1.22) x 10~ %
6.0- 6.5 6.23 (3.20 + 0.63) x 10~
6.5- 7.0 6.74 (1.87 £ 0.35) x 10~ %
7.0~ 7.5 7.23 (9.07 + 1.82) x 1073
7.5- 8.0 7.72 (6.20 + 1.26) x 10~ %
8.0- 8.5 8.22 (3.81 + 0.86) x 1073
8.5- 9.0 8.74 (2.54 + 0.63) x 103
9.0-10.0 9.44 (1.26 £ 0.32) x 10™3%
10.0-11.0 10.36 (6.05 + 1.92) x 10~
Table 3

Uncertainties in the absolute normalization
of the inclusive photon cross-section (in %)

Background subtraction +7-20
Reconstruction efficiency +5-20
Uncertainty in the absolute energy scale

(estimated change of the cross-section) + 18-25
Correction factors for the inclusive cross-section +5
Luminosity +10
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Table 4
Invariant cross-section for the reaction p + p — #° + anything

pr range {pr) - E(do/dp’)
(GeV/c) (GeV/c) (cm*/GeV?¢ ™)
4.5- 5.0 4.75 (2.61 + 0.68) x 10~ *
5.0- 5.5 5.25 (9.45 + 2.35) x 10~
5.5- 6.0 5.73 (4.00 + 0.90) x 10~
6.0- 6.5 6.23 (2.00 + 0.46) x 10~
6.5- 7.0 6.73 (1.01 + 0.23) x 103
7.0- 7.5 7.23 (5.50 + 1.25) x 10~ 3
7.5- 8.0 7.72 (2.59 + 0.59) x 10~ %
8.0- 8.5 8.23 (137 £ 03 x 107 %
8.5- 9.0 8.75 (7.32 + 1.98) x 107
9.0-10.0 9.38 (3.02 £ 0.84) x 107 3¢
10.0-11.0 10.40 6.70 £ 2.64) x 10~
Table 5

Uncertainties in the absolute normalization
of the #° inclusive cross-section (in %)

Background subtraction 2
Reconstruction efficiency +5-20
Uncertainty in the absolute energy scale

(estimated change of the cross-section) +21
Luminosity +10




Table 6

Direct photon—jet cross-section

Pr ~v-jet correlation do/dn, dyjec dpT Total
(GeV/c) [{N.5et/N.)/ Rier] with statistical error error
(cm?/GeV)
4.75 0.277 + 0.007 4.31 £0.17y x 10~ 1.24 x 10~ %
5.24 0.275 + 0.009 (1.85 + 0.10) x 10~ 0.46 x 10~
5.73 0.314 + 0.013 (1.12 £ 0.07) x 107 0.26 x 10~
6.23 0.327 + 0.016 (6.95 + 0.55) x 10~ * 1.57 x 1073
6.74 0.345 + 0.020 (4.53 + 0.45) x 10~ 1.01 x 10~
7.23 0.331 + 0.025 (2.28 + 0.33) X 107 0.57 x 10~
7.73 0.345 + 0,03t (1.74 + 0.29) x 10~ % 0.45 x 10~
8.22 0.339 + 0.037 (1.09 + 0.24) x 10~ * 0.31 x 10~ %
8.74 0.503 + 0.054 (1.25 £ 0.28) x 107 0.35 x 1073
9.42 0.383 + 0.049 (4.20 £ 1.11) x 1073 1.33 x 10°%
10.40 0.402 + 0.077 (3.09 + 1.02) x 10°% 1.18 x 10~ %
Table 7
Systematic errors on d3o/dn., dnjee dpr (in %)

Inclusive photon cross-section (see Table 3)

Jet-finding correction factor calculation 10

Different algorithms on the jet selection 10

Background subtraction in N{vy—jet)/N(y) 5

11
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Table 8

Calculation of xG(x)

X Q? s | ) xG Total
error

0.150 30.1 0.228 0.331 1.210 + 0.047 0.360
0.167 36.7 0.221 0.326 0.736 + 0.038 0.192
0.183 44.1 0.215 0.320 0.612 + 0.039 0.152
0.198 52.1 0.210 0.314 0.509 + 0.040 0.123
0.214 60.7 0.206 0.306 0.438 + 0.043 0.105
0.230 70.1 0.202 0.297 0.285 + 0.041 0.075
0.246 80.1 0.198 0.288 0.280 + 0.047 0.077
0.262 90.7 0.195 0.278 0.223 + 0.049 0.066
0.278 102 0.192 0.268 0.321 £ 0.073 0.094
0.302 120 0.188 0.252 0.150 = 0.040 0.049
0.333 147 0.184 0.229 0.168 + 0.056 0.066

Table 9
Systematic errors on xG(x) (in %)
Systematic errors on d*o/dn, dyje: dpr (see Table 7)

Ambiguity in Q?

Ambiguity in A

5
7
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Experimental set-up.

Two-photon mass spectrum after analysis cuts: a) Nal 1, b) Nal2.

Observed ratio of v/7° at Vs = 63 GeV. The indicated band shows the result of the Monte

Carlo calculation of the remaining background from #°, %, %', and @ meson decays. The

dashed line indicates the contribution of s with both showers falling inside the Nal:

a) Nal1, b) Nal2.

Reconstructed #° mass after analysis cuts. The band shows the result of the Monte Carlo

calculation: a) Nal 1, b) Nal 2.

Combined geometrical acceptance and reconstruction efficiency for 4’s and «%s versus pr.

The bands indicate the total errors of the Monte Carlo calculation.

The v/#° corrected ratio:

a) separately for Nall and Nal2;

b) resulting ratio compared with the data from Exp R806 {2].

Angular distribution of charged particles in y and x° events.

Inclusive direct-photon cross-section as a function of pr:

a) separately for Nall and 'NaI2;

b) resulting cross-section compared with R806 [2] and CCOR [3] data and with the
calculation of Ref. [16].

Inclusive 7° cross-section as a function of pr:

a) obtained for Nall and Nal2;

b) resulting cross-section compared with R806 [2] data and with the calculation of
Ref. [16].

Energy flow measured in UCAL in direct-photon events.

Rapidity distribution of recoil jets for events with a direct photon in a) NaIl b) Nal2.

Dotted curve: the Monte Carlo calculation based on the Lund model.

Azimuthal distribution in A¢ of recoil jets for events with a direct photon in a) Nall,

b) Nal 2. Dotted curve: the Monte Carlo calculation based on the Lund model.

Photon-jet correlation ratio. ' :

Ratio of photon-jet correlation to 7 O_jet correlation.

Double inclusive photon-jet cross-section and comparison wtth the QCD calculation [16].

Results on gluon distribution and comparison with BCDMS [25], CHARM [24], and EMC

[22] results, with leading-order (LO) and next-to-leading-order (MS) corrections.
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