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Abstract. The inclusive cross sections for production
of prompt photons and =n°s by 280 GeV/c protons
incident on a liquid hydrogen target, have been mea-
sured for p; in the range 4.0 to 6.5 GeV/c and for
|xp| <0.45. A quantitative comparison of the prompt
photon cross section with next-to-leading order QCD
predictions using Duke and Owens structure func-
tions is performed. Phenomenological fits to the =°
and prompt photon cross sections are given.

1 Introduction

A study of high transverse momentum (py) prompt
photon production provides a clean theoretical check
of the constituent dynamics in hadronic collisions [1].
In proton-proton interactions, the dominant lowest
order subprocess is expected to be the “Compton
scattering” process gq —y¢, as the annihilation chan-
nel ¢g—yg involves only antiquarks from the sea.
The prompt photon cross section together with QCD
next-to-leading order calculations [2] therefore pro-
vides information on the gluon structure function for
the proton. However, efficient detection of n°s and
ns is necessary because these particles constitute the
main source of background in the prompt photon
sample.

Several experiments have investigated these pro-
cesses [3-10]. The WA 70 collaboration has accumu-
lated data from two experimental runs in 1984 and
1985, at the CERN SPS with 280 GeV/¢c positive and
negative beams on a hydrogen target. The data pre-
sented here on the production of y and #° in proton-
proton interactions correspond to a sensitivity of
52pb~' and cover the kinematical range 4.0<p;

<6.5GeV/c and |x;|<045(xp=2p|n/})/s). Results
from this experiment on the production of ys and
7°s in =~ p and =¥ p interactions are presented else-
where [11, 12].

The experimental system is briefly presented in
Sec. 2. In Sec. 3 the analysis procedures common to
7°s and prompt photons are described. The sclection
criteria, efficiencies and resulis are given for the n°s
in Sec. 4 and for prompt photons in Sec. 5. A quanti-
tative comparison of the prompt photon data with
next-to-leading order QCD predictions is given in
Sec. 6, followed by conclusions in Sec. 7.

2 The experimental system

The experiment, described in more detail elsewhere
[12], was carried out at the CERN SPS, using a
280 GeV/c unseparated hadron beam incident on a
1 m long hydrogen target. Two differential ‘CEDAR”’
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Fig. 1a, b. The experimental system. a The experimental layout (in
1984 only one drift chamber was used). b The electromagnetic calo-
rimeter

Cerenkov counters [13], each with eight photomulti-
pliers, were tuned to identify positive pions. A beam
particle giving signals in less than three of the sixteen
photomultipliers was defined as a proton (69% of
the beam particles). A lead-liquid scintillator electro-
magnetic calorimeter [14] and a multiwire propor-
tional chamber (BMWPC), with fiducial areas of
4 m x4 m, were used together with the Omega spec-
trometer (Fig. 1a).

The calorimeter (Fig. 1b), placed 10.9 m from the
downstream end of the target, consists of twelve seg-
ments arranged in quadrants, each three segments
deep with orthogonal readout. A segment contains
ten sheets of lead (4.2 mm thick), interleaved with ten
layers of teflon tubes (4.4 mm diameter) filled with
liquid scintillator, giving a total of 24 radiation
lengths for each quadrant. A time-of-flight (TOF) elec-
tronics system [15] in the upstream segment of the
calorimeter was used to resolve spatial ambiguities
in multishower events by measuring the transit time
of the scintillator light along the teflon tubes. This

system also provided rejection of out-of-time triggers
and background events produced by beam halo.

The trigger required a coincidence between a
beam interaction (S;-S,-V,-V,-V;-A4,-4,) and a cal-
orimeter trigger [16] which was designed to select
high p; electromagnetic showers above a given
threshold, typically around 3 GeV/c. For a beam flux
of 2 x 107 particles in a 1.6 second effective SPS burst,
about 80 n* and proton induced triggers were re-
corded. For part of the run the proton triggers were
recorded only during a fraction of the burst. A fast
front-end microprocessor allowed a sharper p; selec-
tion and reduced the trigger rate by a factor of two.

Decaying pions produce an extended halo of
muons around the beam line, leading to showers in
the calorimeter from bremsstrahlung radiation. These
showers can appear to have a large p; and produce
a trigger in random coincidence with an otherwise
low py interaction. In 1985, these false triggers from
muon halo were reduced by adding a toroidal magnet
which surrounded the beam line 80 m upstream of
the target. In addition, a set of ten scintillation
counters was installed upstream of the hydrogen tar-
get, covering the median region of the calorimeter,
to tag these triggers.

3 Data reduction

The calorimeter pattern recognition program [14] re-

' constructs the showers by matching the amplitude

information from the two orthogonal coordinates in
each quadrant, as well as the TOF information and
the longitudinal development of the showers. From
this information, different hypotheses of shower con-
figurations within a quadrant have been constructed
for each event. Only the more probable hypotheses
have been considered and classified by taking into
account the non-associated energy and the global y?



formed by energy, longitudinal shower development
and TOF information. For 75% of the events, more
than one hypothesis were acceptable, but the trigger
shower was unambiguously selected in 95% of the
events. For the n° analysis, only the best hypothesis
has been used, while for the prompt photon selection
all hypotheses have been considered in the trigger
quadrant in order to provide a stronger rejection
against 7°s and #s.

The length of the ADC gate (110 ns) and the high
beam intensity could lead to events where the showers
in the calorimeter were produced by more than one
beam-target interaction. The TOF information was
used to reject interactions separated by more than
7.5 ns.

Charged tracks and interaction vertices have been
reconstructed by TRIDENT, the standard Omega
pattern recognition program.

Events with a trigger shower, defined as the high-
est pr shower in the trigger quadrant, have been se-
lected by the following criteria [12]:

a) The reconstructed vertex is inside the volume
of the target.

b) For rejection of superposed events, the TOF
information of the full event is consistent with a single
interaction inside the target.

c¢) For rejection of muon halo triggers, the TOF
of the trigger shower is within 1.2 ns of other showers
in the event, the trigger shower points to the target
and there is no corresponding signal in the muon
halo veto counters (1985 only) and in the BMWPC.

d) For rejection of charged and neutral hadronic
showers, the energy deposited in the third segment
is less than 20% of the total energy of the shower
and there is a TOF signal for the trigger shower.

¢) For rejection of charged particles, including
electrons, no track in the Omega MWPCs extrapo-
lates to within 5 cm of the trigger shower and there
is no corresponding signal in the BMWPC.

4 n° analysis and results

4.1 Identification

For the n° analysis, the trigger shower from the best
hypothesis has been combined with all other showers
to form yy effective masses. In order to minimize the
combinatorial background, only those combinations
with the decay asymmetry |E, —E,,|(E, +E,) less
than 0.9 have been accepted.

The resulting yy mass spectrum is shown in Fig. 2;
it is seen that the n° mass resolution (¢) is 10 MeV.
Candidates for n° events have been selected with the
yy effective mass in the range 85 to 185 MeV. The
background under the n° peak, evaluated by fitting
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Fig. 3a, b. The combined n° acceptance and analysis efficiency, as
obtained by Monte Carlo and by analysis of rejected events. a |xg|
<0.15. Only the region p;>4.0 GeV/c has been used. b 4.5<py
<5.0 GeV/c. The error bars include the Monte Carlo statistical
errors and systematic uncertainties as well as the estimated system-
atic effects from rejected events. The errors are added in quadrature
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the mass spectrum with a gaussian and a polynomial
function in various py and xj bins, is determined to
be 6+1%.

4.2 Efficiencies

The combined n° acceptance and detection efficiency,
shown in Fig. 3 as a function of p; and of x, is
about 40% for p;>4.0 GeV/c.

The losses. due to y conversions inside the target
and in the Omega chambers (13%), geometry (10%),
the trigger (6%) and the =° definition (13%), have
been estimated by generating Monte Carlo events
having high p, z°s with the same p; and x; distribu-
tions as in the data. A second Monte Carlo program,
which was used also in this analysis, is based on the
leading-order QCD hard scattering diagrams with the
Lund model fragmentation [17]. These sets of Monte
Carlo cvents were processed through a program
which simulated the complete detector arrangement
and, in addition, through the same chain of recon-
struction programs as the data. The combined accep-
tances and efficiencies given by the two different simu-
lations (¢; and &,) are statistically compatible. An esti-
mate of systematic effects in the quantity (g,
—&,)/Eaverage £iVES a value compatible with zero with
an upper limit of 0.15; these effects have been included
in the systematic errors. The samples produced by
the two different methods have been added together
to cover the complete py range with statistical errors
smaller than those of the data sample.

The loss of good events, due to the cuts applied
to remove superposed and muon halo induced events
(14%) and hadronic showers and electrons (3%), has
been estimated from an analysis of n%s in rejected
events.

4.3 Results

The invariant cross section Ed*a/dp® for n° produc-
tion averaged over each pr— x cell is given in Table 1
with both statistical and systematic errors. The py
and xy limits for each cell are indicated as well as
their weighted averages. The p; distribution for the
central x region (|xz| <0.15) is shown in Fig. 4a. The
two xp regions —045<xp<—0.15 and 0.15<xg
<045, compared in Fig. 4b, are consistent with each
other within systematic errors. The x distributions
for three separate p4 intervals are presented in Fig. 5.

The systematic errors in the cross section which
vary with pr and x; as seen in Table 1 originate from:

a) the normalization uncertainty due to trigger
losses and rejection of superposed events by TOF in-
formation amounting to about 6%;

b) the Monte Carlo statistical accuracy, the con-
sistency of Monte Carlo corrections and the limited
statistics of the 7° data used to estimate the losses,
contributing typically from 5 to 15%;

c) the energy scale uncertainty of 0.6% giving a
normalization error increasing with pr from 8 to
11%;

d) other systematic uncertainties, estimated by
comparing the four quadrants in the 1984 and 1985

Table 1
Cross sec. + stat err.
Invariant cross section Ed%s/dp?® (pbam:GeV~-%): pp—» =" X +  systerr.
pr = 40 4.25 45 475 5.0 5.5 6.0 6.5 70 Gevje
pr = 411 4.36 4.61 4.86 5.19 5.69 6.19 6.69 GeVje
xp = —045
1967 +249 |972 +128 |363 67 161 %41 55 % 094 + 0.54
-0.393 + 39, + 18. * 65 + 3.1 + 0.23
-0.35 =
303.9 +132 | 1565 =285 75 £55 356 +3.6 9.1 267 + 0.65 075 +018
-0.295 + 56. L 25. + 12, +59 +0.57 +0.18
=0.25
5061 +13.0 .| 2279 + 84 1152 +59 40 +35 216 + 17 244+ 0.56
-0.196 +93. + 38. + 18, +72 £ 41 +0.49
-0.15
6092 +129 | 2905 87 1356 58 722 %43 204 *16 503 076
-0.098 ’ £ 113. + 48, +21. +12. +38 * 1.00
-0.05
6750 + 13.1 3534 +95 153.0 6.1 720 +4.2 275 + 1.8 543 =099 1.06 + 021 0.14 + 0.08
0.000 + 124, * 59. + 24, + 12, + 52 + 1.1 + 0.37 + 0.04
0.05
6713 132 | 3235 *89 1427 %59 68.6 + 4.0 244 %17 6.04 + 085
0.098 +123. + 54. %23 +11. + 46 +12
0.15 -
4728 119 | 2177 +18 974 %5 459 + 3.4 13.6 13 248 053
0.196  86. + 36, *1 +74 26 + 0.50
025
2061 + 8.3 1113 %60 481 £39 220 +2.5 6.15 + 0.94 140 & 044 037 +0.13
0.295 + 38. £ 19. + 77 *3.6 *1.2 +029 +0.08
035
111 £ 67 496 +43 240 % 3.1 103 +20 355 *0.82 0.53 + 0.30
0.393 20. + 84 +39 17 # 0.69 +0.11
0.45
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Fig. 4a, b. Invariant cross section for pp—7°X. a |xz|<0.15. The
curve shows the result of the phenomenological fit. b —0.45<xy
< —0.15 (triangles) and 0.15<xz<0.45 (crosses). The error bars
are statistical only. The errors obtained by combining statistical
and systematic errors in quadrature are also indicated

data, and also comparing the data with Monte Carlo
distributions, ranging from 8 to 16%.

4.4 Phenomenological fit and comparison
with other experiments

A phenomenological expression,

Ed*o/dp®=C(1—xp)"/(pr/po)*",
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where
Xp= [x% +(xp— Xo)z] 1/2,
xr=2pf|/s, po=1GeV/e,

and where C, x,,m and n are frec parameters, has
been fitted to the data using a maximum likelihood
method [12] in a two-dimensional xz—pr grid with
bin sizes 0.025 and 0.25 GeV/c, respectively. The re-
sults of the fit are given in Table 2 and superimposed
on the data in Figs. 4a and 5. The correlation matri-
ces in Table 2 show that the fit parameters are strong-
ly correlated; the factor C, in particular, is very depen-
dent on the other parameters, especially on n, and
should not be taken as a cross section measurement
by itself. The fit took into account only the statistical
errors. In order to estimate the systematic effects on
the fit parameters, separate fits have been performed
on the 1984 and 1985 data. Systematic discrepancies
observed at the edges of the x, distributions affect
mainly the parameters m and n which can change
from 6 to 7% and 4 to 6%, respectively, relative to
the values quoted in the table. The separate fits to
the 1984 and 1985 data yield cross sections which
are compatible with the values quoted in Table 1
within systematic errors.

In proton-proton interactions, the symmetry of
the partons in the beam and target particles implies
that x,=0. The non-zero value of this parameter is
therefore an indication of systematic errors.
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Table 2. Parameters of the phenomenological fit

pp—-n’X C(mb/GeV?) m n Xo
Value +stat. error 16.442.5 5.264+0.09 5.16+0.06 —0.018 +0.002
Correlation C —0.310 0.959 —0.173
Coefficients X 0.419 —0.267

n —0.565
pp—yX C(ub/GeV?) m n Xo
Value + stat. error 73+6.1 3.76+0.48 3.734+0.25 —0.0544+0.017
Correlation C 0.591 0.803 —0.232
Coefficients X —0.481 —0.420

n 0.955
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Table 3. Kinematical range of experiments

Reference Target Beam Kinematical range
momentum
(GeV/c)
Present Data Hydrogen 280 40<pr<6.5GeV/c
(WA 70) —045<x;<045
C. De Marzo Hydrogen 300 1.25<py <70 GeV/ec
et al. [10] —0.65<y*<0.52
G. Donaldson Hydrogen 100, 200, 300 0.4 <p;<4.5 GeV/c
et al. [18] —0.2<xz<0.8
J. Badier et al. Carbon 200 29<pr<60GeV/c
[19] 04<y*<1.2
R. Baltrusaitis Beryllium 300 1.2<pr<6.0 GeV/c
et al. [20] —0.8<xz<0.0

Similar fits available from other experiments [18,
20] are superimposed on the present data in Fig. 6.
The conditions in which the data for these fits have
been obtained are summarized in Table 3. The fit by
Donaldson et al. [18] (full line), obtained from the
data in a lower p; range than that of the present
data, shows deviations of up to a factor 4 for pr
>4.0 GeV/c. The results of Badier et al. [19] (dashed
line) show a good agreement with the present data
in py except for a shift in xz. The fit by Baltrusaitis
et al. [20] (dotted line) shows a difference in p; but
agrees in the x; distribution (the central value was
fixed at zero in their analysis).

Finally, the data of De Marzo et al. [10], on pp
interactions at 300 GeV/c (Table 3), have been com-
pared with our fit; their cross section, measured as

Fig. 6a, b. Comparison with the fits given by other experiments,
extrapolated into the kinematical range of the present experiment:
pC at 200 GeV/c [19], pBe at 300 GeV/c [20] and pp at 100, 200
and 300 GeV/c [18]. a |xz|<0.15. b 40<pr<4.5 GeV/c, 45<pyr
<5.0 GeV/cand 5.0<p;y<6.0 GeV/c



a function of p; only, agrees with the prediction of
our fit within 20% for pr>2 GeV/c.

5 Prompt photon analysis

5.1 Data selection

Prompt photon candidates are chosen from the events
selected as described in Section 3, by demanding that
the trigger shower does not form an effective mass
with any other shower in any hypothesis in the 7°(x)
mass range from 70 to 200 MeV (450 to 650 MeV)
with a decay asymmetry smaller than 0.99 (0.90). The
vy effective mass cuts in the n° and 5 regions are
shown in Fig. 7. In addition the shower must be inside
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Fig. 7a, b. The yy effective mass spectrum, obtained by taking into
account all possible hypotheses of shower configurations and plot-
ting only those nearest to the n° or n mass. a z° mass region.
b # mass region. The arrows define the 7° and # mass intervals

371

B a)
410 | PT?'IGOeV/C)’ 6'0
6l b)
5 | H
t ¥
5 |

-4 -2 0.
Xe
Fig. 8a, b. The combined prompt photon acceptance and analysis
efficiency, obtained by Monte Carlo and by analysis of rejected
events. a |xy|<0.15. Only the region p;>4.0 GeV/c has been used.
b 4.5<p;<5.0 GeV/c. Only the region xz> —0.35 has been used.
The error bars show the Monte Carlo statistical errors and system-
atic uncertainties as well as the estimated systematic effects from
rejected events. The different errors are added in quadrature

2 .4

a fiducial region extending to 5 cm from the edges
of each quadrant and have a transverse width (o),
integrated over the three segments, smaller than 2 cm.

5.2 Efficiencies

The Monte Carlo events, generated with leading
order QCD hard scattering diagrams with Lund mod-
el fragmentation [17], have been used to estimate
losses due to various sources. These are photon con-
version (6%), geometrical acceptance (8%), trigger ef-
fects (3%), rejection of faked n°s (8%) and #s (6%),
and fiducial region cuts (6%). The losses due to cuts
to remove superposed events, muon halo events, had-
ronic showers and electrons, have been assumed to
be the same as those obtained for the n° analysis.

The overall prompt photon efficiency is around
45% for pr>4.0 GeV/c (Fig. 8).
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Table 4
CTOSS sec, + stat err.
Invariant cross section Ed®o/dp® (pbam'GeV-2): pp - v X * systern
Pr = 40 425 45 5.0 5.5 6.0 65 GeVic
pr = 411 436 4.70 5.20 5.70 620 GeVie
xp = ~0.35
26 %40 95 3.2 59 12 282 078
Xg = 0295 + 6.8 + 4.5 + 1.6 + 077
-0.25 027 #0.15
314 +44 229 +29 84 15 197 065 0.66 037 *0.20
-0.197 186 +50 +290 + 057 +025
-0.15
29.6 +4.0 249 133 102 *14 287 +0.70 072 034
-0.098 +82 +57 +21 £ 0.68 + 024
-0.05
326 £39 240 +33 105 214 392 %087 068 032 022 1010
0.00 +85 +5.7 t21 +094 +022 +0.11
0.05
199 £33 194 +43 94 16 235 + 066 062 033
0.098 +72 * 6.8 +22 061 +023
0.15
199 40 175 +28 88 +14 212 +058 0.59 034
0.197 +72 +43 19 £ 053 +024
0.25
120 27 65 x21 57 %12 169 £ 0.57 026 022 0.03 % 0.03
0.295 136 +27 +14 +0.47 001 +0.02
035
1.6 35 45 220 0.85 % 0.69 095 070
0.393 +47 +2.1 058 + 050
0.45
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5.3 Background

The background in the prompt photon signal due
to unreconstructed 7°s (60%), s (31%), #'s and de-
cay of hadrons (9%) has been evaluated by the Lund
Monte Carlo. Fake prompt photons can arise from
several mechanisms:

a) The yy decay is asymmetric and one y escapes
detection by being outside the geometrical acceptance
or below the energy threshold. This background is
dominant at low pr and negative x,.

b) The two photons from a #n° are not resolved
by pattern recognition. This background amounts to
2.5% integrated over the kinematical region covered
by the data, but reaches 40% at x,=0.4.

c) One y converts in the target or the MWPCs,
or it is not reconstructed by pattern recognition. Fig-
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ure 9 shows the fraction of faked photons normalized
to the number of generated n°s. The background in
the prompt photon sample has been obtained by mul-
tiplying this ratio with the measured = cross section.
The ratio y (faked)/y (total) as a function of p; and
of xp is given in Fig. 10. The contamination in the
raw prompt photon sample due to unidentified had-
ronic showers, electrons and muon halo events, is neg-
ligible. The uncertainty in this estimate is 5% for had-
rons and electrons while for muon halo events it var-
ies from 0.5 to 10% for p4 in range of 4.0 to 6.5 GeV/c.
Below xy= —0.35, the y background cannot be relia-
bly estimated due to low and and rapidly varying
acceptance in this region.

5.4 Results

The inclusive invariant cross section Ed*o/dp* aver-
aged over each p;y—xjp cell is presented in Table 4
for py>4GeV/c and —0.35<x;<0.45. The ratio
y/°® is shown in Fig. 11 as py and xp projections.
This ratio increases with p; and is weakly dependent
on xp. It is compared in Fig. 11a with other fixed
target experiments [9, 10] with comparable kinemati-
cal ranges. The p; and x, distributions of the cross
section are shown in Figs. 12 and 13.

Systematic errors for the y cross section, in addi-
tion to the contributions discussed in Sec. 4.3, arise
from background subtraction. The Monte Carlo sta-
tistical uncertainties of 12 to 40% for the background
lead to an error between 10 and 25% in the y cross
section. The uncertainty in the calculation of the had-
ron shower contamination also produces an error be-
tween 7 and 10% in the cross section. The corre-
sponding figure for muon halo events is 1% for pr
=4 GeV/c rising to 12% at 6.5 GeV/c. The different
contributions, added quadratically, are given as total
systematic errors in Table 4.

The prompt photon cross sections may be repre-
sented by the same phenomenological function as that
for the n° cross section. A least-squares fit has been
performed using only the statistical errors. The fitted
parameters are given in Table 2. It is to be noted
that the value of n, characteristic of the p; depen-
dence, is smaller by one unit than that for z° produc-
tion.

The cross sections for production of 7°s and
prompt photons by incident protons are compared
in Fig. 14 with those by incident n*s in the same
positive beam [12, 11] in the central x; region (|xg]|
<0.15). The ratio o(r" p)/c(pp) is greater than one
for pr>4.0 GeV/c and increases with py, as expected
from the parton model.
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photon production. The curves correspond to the second order
QCD calculation [2] with the Duke and Owens structure functions
[23], set 1 (full) and set 2 (dashed), respectively

6 Comparison with QCD predictions

The prompt photon cross section is compared in
Figs. 12 and 13 with a complete next-to-leading order
QCD calculation [2]. The optimised scales [21, 22]
used in the program for factorization and renormal-
ization have been calculated for each xz—py cell and
for the two sets of structure functions of Duke and
Owens [23]. These structure functions have been ob-
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Table 5. Comparison with QCD theory

Set 1 Set 2
x*/d.of. x%/d.of.
—0.35<xp < —0.15 149/7 83.8/7
—015<xp<0.15 11.43/8 525.9/8
0.15<x5<045 8.3/7 255.1/7
40<pp<4.5GeVie 19.4/8 436.6/8
45<pp <50 GeVjc 35/8 206.5/8
5.0<pr<6.0GeV/c 2.65/8 225.9/8
40<py <60 GeV/c 35.2/38 1070.0/38

and —0.35<x,<045

tained by fitting data from deep inelastic scattering,
the Drell-Yan process and J/iy production. Quark
and gluon distributions are parametrized to leading-
log accuracy in the Q2 dependence. The gluon distri-
bution has a shape strongly correlated to the QCD
scale parameter A. The fits, at an input value QF
=4.0 (GeV/c)?, are

set 1. A=200 MeV/c and soft gluon,
xG(xX)=(1+9x)(1—x)5,

set 2: A=400 MeV/c and hard gluon,
xG(x)~(1+9x)1 —x)*.

Figures 12 and 13 show that set 1 (full line) is com-
patible with our data, whilst set 2 (dashed line) is ex-
cluded in all pr and x; intervals. The ratio ¢(z” p
—yX)/o(pp — yX), which is not affected by systematic
errors in the absolute normalization, also agrees with
the parameters of set 1 and excludes set 2, as shown
in Fig. 14b. Table 5 gives a quantitative comparison
of the present data with the theoretical predictions
taking into account statistical and systematic errors.

The ratio K =(data/prediction) for set 1 is shown
in Fig. 15 as a function of p;; deviations from K=1
are within the systematic errors in the p; range 4.25
to 6.0 GeV/c but become significant outside this p,
range.

7 Conclusions

The present experiment has determined the inclusive
y and =¥ cross sections with 280 GeV/c protons inci-
dent on a hydrogen target, in the transverse momen-
tum and Feynman x; ranges, 4.0<p;<7.0 GeV/c and
|x¢| <0.45 for 7° production, and 4.0 <p;<6.5 GeV/c
and —0.35 <xy<0.45 for y production, respectively.

%

Fig. 13a—c. Invariant cross sections for pp—yX and QCD predictions. a 40<pr<4.5GeV/c. b 4.5<pr<50 GeV/c. ¢ 5.0<pr<6.0 GeV/c.

The same comments apply as in the previous figure
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The cross sections have been fitted to the follow-
ing phenomenological expression:

Ed® O'/dp3 =C(1 _xD)m/(pT/pO)znn
Xp= [X% +(xp— x0)2] 12,

The results show a steeper py dependence for z° than
for prompt photon production.

The n° data of the present experiment are in agree-
ment with the extrapolated fits from other experi-
ments within 10 to 30% at xp=~0 and low p4, but
can differ by a factor of four in the regions of low
cross section for pr>6.0 GeV/c and at the edges of
the x; distribution.

A quantitative comparison of the y cross section
with QCD second order calculations [2] shows good
agreement within systematic errors for pr
>4.25 GeV/c, if the optimized scales [21, 22] and
a soft gluon structure function with 4=200 MeV/c
(set 1 of Duke and Owens [23]) are used. The data
are incompatible with the hard gluon structure func-
tion with 4=400 MeV/c (set 2 of Duke and Owens

[23]).
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