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We present measurements of the production of high transverse momenituand » mesons inpp and
pBe interactions at 530 and 800 GeV/The data span the kinematic ranges:fd; <10 GeVck in transverse
momentum and 1.5 units in rapidity. The inclusix® cross sections are compared with next-to-leading order
QCD calculations and to expectations based on a phenomenological ganoodel.
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I. INTRODUCTION initial-state parton momenta, referred to belowkas[10].
Evidence of significank; in various processes, and a phe-
The study of inclusive single-hadron production at largenomenological model for incorporating its effect on high-
transverse momentunp{) has been a useful probe in the Pt Cross sections, have been dlscyssed e>_<ten5|vely in Ref.
development of perturbative quantum chromodynamic45]; recent studies of photoproduction of direct photons at
(PQCD [1,2]. Early in the evolution of the parton model, a HERA may provide additional insightsl1-15. The inad-
departure from an exponential dependence of particle prggduacy of NLO PQCD in describinkr-sensitive distribu-
duction at lowep; was interpreted in terms of the onset of tions has been discussed in Rgf6]. In this paper, we fol-
interactions between pointlike constituengsartonsg con- low thg phenomepologpal pregcnpuon of Ref5] in
tained in hadrons. Perturbative methods have been applied §MParing calculations with our™ data. We also present
QCD at largep; to provide quantitative comparisons with Cr0SS sections fon meson production at larger . As might
data. Such comparisons yield information on the validity of12ve been expectedofrom previous measuremess, e.g.,
the PQCD description, and on parton distribution functiond-17). 7 refative tom" production shows little dependence
of hadrons and fragmentation functions of partons. on py or on center of mass rapidity ).
This paper reports high-precision measurements of the
production of #° and » mesons with largepr. The
70 production cross sections are compared with next-to- The E706 experiment at Fermilab was designed to mea-
leading ordeXNLO) PQCD calculation§3]. As illustrated in  sure direct-photon production at high-, and to investigate
a previous publication/4], our data, for both inclusive the structure of events containing direct photons. The data
7% and direct-photon production, are not described satisfaceollection phase of the experiment spanned three fixed-target
torily by the available NLO PQCD calculations, using stan-running periods, and included a relatively low statistics com-
dard choices of parameters. Similar discrepancies have begfissioning run in 1987-881.7-20, and primary data runs in
observed5,6] between conventional PQCD calculations and1990 and 1991-92. The results presented here are from data
other measurements of° and direct-photon cross sections recorded during the 1991-92 run. The E706 apparatus, oper-
at largepy (see alsd7-9]). The origin of these discrepan- ated in tandem with the E672 muon spectrometer, constituted
cies can be attributed to effects of initial-state soft-gluon rathe “Meson West Spectrometer,” displayed schematically in
diation. Such radiation generates transverse components Bfg. 1. The experiment used a right-handed Cartesian coor-
dinate system, with th&-axis pointed in the nominal beam
direction, and the¥-axis pointed upward. The principal ele-
*Deceased. ments of the Meson West Spectrometer are discussed below.

II. THE EXPERIMENTAL SETUP
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FIG. 1. Plan view of the Fermilab Meson West spectrometer, as configured for the 1991-92 fixed target run.

A. Beamline and target (Y) directions. Six &3 cn? SSD planes were located up-

The Meson West beamline was capable of transportinitream of the target and used to reconstruct beam tracks. Two
either 800 GeVé primary protons from the Fermilab Teva- hybrid 5X5 cnf SSD planes were locate¢2 cm down-
tron or secondary beams of either polarity. We report here oftream of the Be targ¢R6]. These planes had 2om pitch
results from studies using 800 GeVprimary protons and a strips in the central 1 cm, and 50m pitch strips beyond.
530 GeVk positive secondary beam. The beamline was in-They were followed by eight 5 cn? SSD planes of
strumented with a differential Cherenkov count2t,22 to 50 um pitch. The SSDs were instrumented to cover a solid
identify incident pions, kaons, and protons in secondaryangle of =125 mr. Figure 2 displays the reconstructed ver-
beams. This helium-filled counter was 43.4 m long and wagex position as a function & for a representative sample of
located ~100 m upstream of the experiment’s target. Thel991-92 data, showing clear separation of the different target
proton fraction at 530 Ge\&/ was determined via the Cher- elements.
enkov counter to be 97921]. The analysis dipole magnet imparted a transverse momen-
A 4.7 m long stack of steel surrounding the beam pipetum impulse of~450 MeV/c in the horizontal plane to sin-
was placed between the last beamline magnet and the targgly charged particles. Downstream track segments were mea-
box (see Fig. 1to absorb hadrons. A water tank was placedsured by means of four stations of four vie@erUV) [27] of
at the downstream end of this hadron shield to absorb low2.54 mm pitch PWCs and two stations of eighX@¥) lay-
energy neutrons. During the 1991-92 run, two walls of scin-ers of STDCs with tube diameters 1.03 cm for the upstream
tillation counters were located both upstream and downstation, and 1.59 cm for the downstream station. The STDC
stream of the hadron shield, which were used to identifystations were installed prior to the 1990 fixed-target run, and
penetrating muons. improved the angular resolution of the downstream tracking
The target region during the 1991-92 run consisted of twesystem(to ~0.06 mrad) to make it comparable to that of the
0.8 mm thick copper disks of 2.5 cm diameter, located im-upstream system.
mediately upstream of a liquid hydrogen target, followed by
a 2.54 cm long beryllium cylinder, 2.54 cm in diameter. The C. Calorimetry
hydrogen target consisted of a 15 cm long mylar flask, sup-
ported in an evacuated volume, with beryllium windows at
each end2.5 mm thickness upstream and 2.8 mm thicknes
downstream[23].

The central element of the E706 apparatus was a finely
segmented liquid argon electromagnetic calorimeter
?EMLAC) used to detect and measure electromagnetic show-
ers[28,29. The EMLAC had cylindrical geometry, with an
inner radius of 20 cm and an outer radius of 160 cm. It was
divided into four mechanically independent quadrants, which
The spectrometer employed a charged-particle trackingvere further subdivided electronically to create octants. The
system consisting of silicon strip detectdiSSDg [24], a  calorimeter had 33 longitudinal cells read out in two sec-
dipole analysis magnet, proportional wire chami@®@/Cg,  tions: an 11 cell front section, comprising8.5 radiation
and straw-tube drift chambe(STDC9 [25]. The SSD sys- lengths, and a 22 cell back section, comprisiad8 radia-
tem consisted of 16 planes of silicon wafers, arranged iriion lengths. This front/back split was used for measuring the
eight modules. Each module contained two SSD planegd]irection of incidence of showering particles, for discrimi-
providing information along the horizontéK) and vertical nating between electromagnetic and hadronic showers, and

B. Charged-particle tracking
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FIG. 2. Distribution of the reconstructed vertex positi@ong the beam axidor the combined 530 and 800 Ged/flata. The clearly
resolved individual target elements are, from the left: two copper foils, the liquid hydrogen (@nggtar flask enclosed between two thin
Be windows, followed by the main beryllium target. The two silicon strip detect®SDs immediately upstream and four downstream of
the target can also be easily distinguished.

for resolving closely separated electromagnetic showers. ThEhe width of the strips on the fir® board was 5.5 mm. The
longitudinal cells consisted of 2 mm thick lead cathoftes  width of the R strips on the followingR boards increased
first cathode was constructed of aluminundouble-sided slightly so that the radial geometry was projective relative to
copper-clad G-10 radid@R) anode boards, followed by 2 mm the target, which was located 9 m upstream of the EMLAC.
thick lead cathodes and double-sided copper-clad G-10 aziFhe azimuthal readout was subdivided at a radius of 40 cm
muthal (@) anode boards. There were 2.5 mm argon gapsto inner and outer segments, with each infestrip sub-
between each of these layers in a cell. The physical layout igending an azimuthal angle af/192 radians, and outeb
illustrated in Fig. 3. strips coveringm/384 radians. Subdivision of the azimuthal
The copper-cladding on the anode boards was cut to formtrips in the outer portion of the detector improved both the
strips. Signals from corresponding strips from Rl{or ®)  position and energy resolution for showers reconstructed in
anode boards in the frorfor back section were jumpered this region. It also reduce®R—® correlation ambiguities
together. The copper-cladding on the radial anode boards wadgom multiple showers in the same octant of the calorimeter.
cut into concentric strips centered on the nominal beam axis. Data acquisition and trigger-signal processing for the EM-
LAC was based upon the FNAL RABBIT syste80]. The
Vertical Tapered zero suppression features of this system were used exten-
Plate Sections sively during the experiment's 1987-88 commissioning run
Lead Prate to achieve tolerable deadtimes. However, zero suppression
5 \ limited our ability to quantify the effects of out-of-time
\ \ ) X '7\\ s photon-induced showers and the tails of hadron-induced
== showers, thereby compromising efforts to characterize the
detailed response of the detector. Consequently, FASTBUS
moduleg[the ICBM (Intelligent Control and Buffering Mod-
ule) and the Wolf interfac§31,32]] were developed by E706
to replace the original, CDF-designed, MX readout control-
lers. These FASTBUS modules enabled us to read in all

R-Board - Gapaxitor Bank channels and therefore eliminate zero suppression during the
Spacers experiment’s two primary data runs.
The apparatus also included two other calorimeters: a
e S.';’féed Spring hadronic calorimetefHALAC) located downstream of the
Front G-10 plate 7 P EMLAC in the same cryostat, and a steel and scintillator
< . calorimeter(FCAL), positioned further downstream, to in-
pport Ring . .
\ = crease coverage in the very forward region. The HALAC had

53 longitudinal cells read out in 2 sections: a 14 cell front

FIG. 3. The physical layout of the electromagnetic liquid argonsection, comprising=2 interaction lengths, and a 39 cell
calorimeter(EMLAC). back section, comprising=6 interaction lengths. Each cell
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consisted of read-out planes separated by 3 mm argon gafise EMLAC due to out-of-time interactions.
and a 2.5 cm thick steel plate. For those interactions that satisfied both #Em1 and
The FCAL acceptance covered the beam hole region ofNTERACTION definitions, thep; deposited in various re-
the EMLAC. It was split into three longitudinally similar gions of the EMLAC was evaluated by weighting the energy
sections. Each section was composed of alternating layers gignals from the fast outputs of the EMLAR-channel am-
1.9 cm thick steel absorber plates and 4.8 mm thick acryliglifiers by ~sing,, where 6; is the polar angle that theth
scintillator sheets. The distance between steel plates was 6s¢rip subtends relative to the nominal beam axis. PRe-
mm. The downstream module contained 32 steel absorb8RIGGER HI requirement was satisfied when the detected
plates and 33 scintillator sheets; the other two modules wereither in the inner 12& channels or the outd® channels of
comprised of 28 steel absorber plates and 29 scintillatoany octant was greater than the threshold value of

sheets. Together, the three modules constitatd@®.5 inter- ~2 GeV/c. A pretrigger signal was issued only if the signals
action lengths of material. from a given octant satisfied the pretrigger requirement, there
was no evidence in that octant of substantial noise or signifi-

D. Muon identification cantpy attributable to an earlier interaction, and there was

The E672 - f id o incident beam halo muon detected by the walls of scintil-
€ muon spectrometer, consisting of a toroldaj, s counters surrounding the hadron shield upstream of

Lnagnet, sh(;eldlmg, jqntlllaé(_)rs, Ianéj propoonnaIware IC:rCl:aArT_-the spectrometer. The pretrigger signal latched data from the
ers, was deployed immediately downstream of the various subsystems until a final trigger decision was made.

The combined Mesqn West Spectfomet(_ar was triggered on Localized trigger groups were formed for each octant by
high-mass muon pairs in order to investigate the hadropro

. Clustering theR channels into 32 groups of 8 channels. Each
duction of J/4, ¢(2s), x., and B meson$33-36. E706 ¢ the adjacent pairs of 8 channgl grgL(gsoups l1and 2,2
and E672 collected data simultaneously and shared triggel,q3 =~ 31 and 3Formed aLOCAL group of 16 strips. If
logic, the data acquisition system, and event reconstructiog1e p ' detécted in any of these groups of 16 was above a
programs. Data collected with the dimuon trigger were aISQspeci;ied highor low) threshold, then aoCAL HI (or LOCAL
used for several technical studies, for example, ¢ | ) signal was generated for that octant. BIBGLE LOCAL
—u p signal was used to calibrate the momentum scalgy " gngLE LocaL Lo) trigger required a0CAL HI (LOCAL
of the tracking system. Lo) signal from an octant that also satisfied #RETRIGGER

HI. The LOCAL HI (LOCAL LO) threshold was~3.5 GeVkt

E. Triggering (=2 GeV/c). The SINGLE LOCAL LO trigger was prescaled
The E706 trigger selected interactions yielding high transby a factor of~200. .
verse momentum showers in the EMLABY]. The selection In addition to these higlp triggers, prescaled samples of

process involved four stages: beam and interaction definlow-bias BEAM, INTERACTION, and pretrigger events were
tions, pretrigger requirements, and the final trigger require@lso recorded. The prescale factors for these triggers were
ments. Beam particles were detected using a hodoscope cdiypically set at 15, 15°, and 15, respectively. These low-
sisting of three planegarranged inX, Y and U views) of bias triggers constituteet 10% of the events recorded.
scintillator, located~2 m upstream of the target region.
Each plane contained 12 scintillator strips. The widths of the . 7° AND 7 ANALYSIS
strips transverse to the beam direction varied from 1 mm in . . .
the central region to 5 mm along the edges. The edges of The data sa}mplg used in this analysis corresponds to an
individual strips in each plane were overlapped to avoid gapdtegrated luminosity of 6.81.1) events/pb for 530 Gew/
in acceptance. fBEAM signal was generated by a coinci- PB€ (PP) interactions, and 6.5(1.1) events/pb at
dence of signals from counters in at least two of the thre00 GeVE. The following sections describe the analysis
hodoscope planes. TrEEAML signal required that less than Procedures and methods used to correct the data for losses
two hodoscope planes detected two or more isolated clustef€Sulting from inefficiencies and selection biases.
of hits in coincidence wittBEAM. This BEAM1 requirement
rejected events with multiple beam particles incident upon
the target. A plane of four scintillation counters, referred to
as beam hole counters, arranged to produce a 0.95 cm diam- The charged-track reconstruction algorithm produced
eter central hole was located downstream of the beam hoddrack segments upstream of the dipole magnet using informa-
scope and used to reject interactions initiated by particles ition from the SSDs, and downstream of the magnet using
the beam halo. information from the PWCs and STDCs. These track seg-
Two pairs of scintillation counters were mounted on thements were projected to the center of the magnet, and linked
dipole analysis magnet, one pair upstream and the othdp form the final tracks and the interaction vertex. The
downstream of the magnet. Each pair had a central hole thaharged-track reconstruction and vertex-finding methodology
allowed noninteracting beam particles to pass through undeare described in Ref37].
tected. AnINTERACTION was defined as a coincidence be- The readout in each EMLAC quadrant consisted of four
tween signals from at least two of these four interactionregions: leftR and rightR (radial strips of each octant in that
counters. A filter was used to reject interactions that occurreduadrant, and innerd and outerd regions(azimuthal strips
within 60 ns of one other to minimize potential confusion in divided atR=40 cm). Strip energies from clusters in each

A. Event reconstruction
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region were fitted to the shape of electromagnetic showergye
as determined from Monte Carlo simulations and isolated 3 sf10<p <15Gevic] [15<p <20Gevid [20<p <25 Gevid]
shower data. These fits were used to evaluate the position§ | # 1 2 B 300 : 8
and energies Er and Eg) of the peaks in each region. g o I | 1

.. . . ) L a4 1

Shower positions and energies were obtained by correlatingd 2| L L ) ! 15[ i
peaks of approximately the same energy in BRend ® e 0 {»* 1 + I

; e L / s 4t
regions within the same half octant; more complex algo- [ # 171 t |t
rithms were used to handle configurations with overlapping | {11 e R ]
showers in either th&k or & regions. Any differences in j:." pBe at 800 GeVig | ,1,.«”"‘ I e
photon energy measured in tieand ® views reflect the oMb ol o ﬂ’“"’gl S

intrinsic resolution properties of the calorimeter, and provide(g® _ e e
a test of the quality of the Monte Carlo simulations. The E | 3.0<pr<3.5GeVic| |3.5<p <4.0GeVic| [4.0<p;<4.5GeVic
EMLAC’s longitudinal segmentation provided discrimina- g t I t st : .
tion between showers generated by electromagnetically org 0 n
hadronically interacting particles. For individual showers, g | ot * |1 | sl |
the ratio of energy reconstructed in the front section to thez PR 2k } ] N

sum of energy in the front and back section of the EMLAC, s o bttt ++++++ H [
referred to aEgront/EToTaL s @ISO tested the Monte Carlo , e T
simulation of longitudinal shower developme(see the de- , ]
tector simulation section belowAn expanded discussion of By oy B Y
the EMLAC reconstruction procedures and performance can ' ' ' ' ' ' "Wy Mass (GeV/)

be found in Ref[29].

IS

FIG. 4. yy mass distributions in the region of th# (top row)
and the 7 (bottom row mesons from pBe interactions at
800 GeVk, for several ranges ofy pr-values. Curves are over-
Events contributing to measurements of cross sectionfyed for those; bins where background to signal was determined
were required to have reconstructed vertices within the fiduusing a fitting procedure rather than sideband subtraction.
cial volume of the Be or Kl targets. Vertex reconstruction )
efficiencies were evaluated for each target using a detailetiS requirement, as well as for other larger effects
Monte Carlo simulation of the spectrometer, as describedicluding resolution-smearing and reconstruction losses.
below. These efficiencies were used to correct reconstructioRNly ¥y ~ combinations with ~energy —asymmetry
losses and resolution smearing across fiducial boundaries bf\,y=|E,,—E,,|/(E,,+E, )] less than 0.75 were consid-
the targets. The vertex reconstruction efficiency wek for  ered, to reduce uncertainties due to low energy photons.
the H, and downstream Be targets, and 0.97 for the upstream Invariant mass distributions in the® and 7 regions for
Be target. photon pairs that satisfied the above requirements are shown
Both #° and » mesons were reconstructed via theiy  in Fig. 4 for representative lowy intervals. Az candidate
decay modes. The photons were required to be within thevas defined as a combination of two photons, originating at
fiducial region of the EMLAC, which excluded areas with the reconstructed interaction vertex, with invariant nidss,
reduced sensitivity. In particular, photons incident upon redn the range 100 Me\d2<Mw< 180 MeV/c?. An 7 candi-
gions of the detector near quadrant boundafvdsich abut- date was defined similarly as a two-photon combination in
ted steel support platgsthe central beam hole, the outer the range 450 Me\d2<Mw<650 MeV/c2. To obtain pro-
radius of the EMLAC, and octant boundaries were excludediuction cross sections, combinatorial background in the
from consideration. In additionyy combinations were con- 7° and 7 regions was evaluated as follows. Using the same
sidered asm® or % candidates only when the two photons acceptance criteria as for the peak regions, sideband regions
were detected in the same octant, to simplify subsequenvere defined to cover an equivalent mass range of the
analysis of the trigger response. A simple ray-tracing Monter® and 7 peak regions. The and rapidity distributions
Carlo program was employed to determine the correction fofrom these side bands were then subtracted from the corre-
losses to signal incurred from the application of these fidusponding distributions within ther® and » mass ranges to
cial requirements. Simulated® and » mesons were al- obtain the respective signals. This technique is appropriate as
lowed to decay isotropically to two photons and were binnedong as the combinatorial background depends approxi-
in pr, rapidity, and vertex position. Photon pairs that satis-mately linearly onM .. At pr below~2 GeV/c, the shape
fied the energy asymmetry requirement were projected to thef the combinatorial background in the signal regions is not
EMLAC, and selected on the basis of the fiducial acceptancénear, and a more sophisticated fitting procedure was used to
criteria. evaluate the background. They mass distributions were
Only showers with at least 20% of their shower energyfitted using Gaussians for signal and second and third-order
deposited in the front part of EMLAG rront/Erota>0.2,  polynomials inM ., to represent the background. Several fits
were accepted as photon candidates to reduce the backere carried out for each distribution and then averaged to
ground from hadrons. A full simulation of the showers in the determine the combinatorial background in the peak regions.
calorimeter was employed to correct cross sections foirhe signals were defined as the differences between the to-

B. Data sample selection and corrections
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tals and the averaged backgrounds. R R e R B L RRARERR
The signals were corrected for losses due to the requirez 0 pBeat 530 GeV/c |
ment on energy asymmetry and for branching fracti88§ °TE s, E
into yy decay modes. The correction for losses from the 10°% "o TN
conversion of one or both of the photons irgbe™ pairs o %, o SINGLELOCAL LO |
was evaluated by projecting each reconstructed photon from ¢ ;:235%3;35 * SINGLELOCAL HI 3
the event vertex to the reconstructed position in the EMLAC. 107: E
The number of radiation lengths of material traversed along 106; !"",. 7
the photon path was calculated on the basis of a detailed { I ™ “‘!;,"
description of the detector, and the photon conversion prob- 1% |"’w,9 E
ability evaluated, and used to account for losses from con- . W ]
version. ; i iﬁii”
107 E
C. Trigger response w0l ‘ ]
As mentioned previously, theSINGLE LOCAL HI and w0l H t §
SINGLE LOCAL LO trigger decisions were based upon deposi- ]
tions of pt in the EMLAC within groups of 16 contiguous e 3
radial strips. The efficiency of each trigger group of 16 was ;o bt oot
evaluated as a function of the; reconstructed within the ot T i)

group, using data samples that were not biased in that region.

The sample used for obtaining the efficiency of girGLE FIG. 5. py spectra of7° candidates from 530 Ge¥/proton
LOCAL HI trigger was based on information from octants thatinteractions on Be, selected via several different triggers and imple-
fired thesINGLE LOCAL LO trigger. The sample used to evalu- mented with significantly different prescale factors. The data have
ate the response of tlH®@NGLE LOCAL LO trigger used infor-  been corrected only for trigger prescale factors.

mation from the octants opposite those that satisfied the

SINGLE LOCAL HI trigger. In the case of theRETRIGGER Hl  ments. This occurred much more frequently in data from the
octants located opposite those that satisfiedsiNeLE LO- 530 GeVk secondary beam than for the primary 800 GeV/
CAL HI trigger were used to measure the trigger efficiencyheam because of the presence of an upstream interaction tar-
for the trigger groups comprised of the inner and oWRer get in the former case. To reduce this background, the pre-
channels in each octant. _ _ trigger logic relied on signals from the veto walls of scintil-

A probability to satisfy the trigger was defined for each |ator counters to reject events associated with such muons in
7° or 5 candidate based upon the energy deposition in thghe beam halo. In the off-line analysis, we employed ex-
entire octantP=1—1II(1—p;), wherep; is the efficiency of  panded requirements on the latched veto-wall signals, the
theith trigger group in the octant containing the candidate direction of reconstructed showefg9], the shower shape
The inverse of this probability was applied as a trigger(such muon-induced showers have a different shape than
weight to each meson candidate. Meson candidates with trigslectromagnetic showers that originate from the interaction
ger probabilities ofP<0.1 were excluded from further con- vertey, and the totalp; imbalance in the event. For the
sideration to avoid excessively large trigger weights. Thaatter, we calculated the ngt of the photons and charged
correction for losses from this requirement was determinegharticles which, based upon their initial trajectories, would
from Monte Carlo, and absorbed into the reconstruction efhave intercepted the EMLAC in the transverse plane within
ficiency. _ S _ the 120° sector opposite the meson candid&@g"{). In

The cross sections presented in this paper combine resuligieractions that generate a high-meson, the ratio of
from the INTERACTION, PRETRIGGER H| SINGLE LOCAL LO,  pawayyq thep; of the meson should be near unity. However,

and SINGLE LOCAL HI triggers. Thepy spectra, corrected ¢, oyents triggered by showers from muons in the beam
only for prescale factors, from a representative sample Oﬁaloyp_?_way/p_r should be very small, since the interaction in

these triggers are shown in Fig. 5. The transition points Chofandom coincidence with the muon is typically a soft inter-

sen between the high and low threshold triggers were detef’;{ction. Candidates withP2¥®/p,<0.3 were considered

mined by comparing the fully corrected results from each.
trigger, and were different forr® and  mesons, and also ;gjeelzté(c)j be due to muons from the beam halo and were

depended on rapidity. Additional details on the trigger can b To illustrate the effect of the above off-line requirements,

found in Refs[37,39,40. v+ invariant mass distributions, both before and after appli-
o cation of the rejection criteria, are shown in Fig. 6 for the
D. Rejection of beam halo muons 530 and 800 Ge\d data, for yy pairs with p;

Spurious triggers were produced by muons in the beam>7.0 GeVk. The large muon-induced background at low
halo that deposited energy in the electromagnetic calorimeteyy mass values in the 530 Ged/Hata is due to the occa-
in random coincidence with an interaction in the target. Parsional splitting of the muon-induced showers into two
ticularly in the outer regions of the EMLAC, such energy closely separated photon candidates. This happens because
depositions can satisfy the hight- LOCAL trigger require- the reconstruction software assumes that the showers origi-
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(x10%) (x10%) As inputs to theGEANT simulation, we employed single-
B N particle distributions, reconstructed events from data, and

530 GeV/c - [ 800 GeV/c |
: Nooffine muon|  twO event generatorsiERWIG [44] andPYTHIA [45]. For the

1 requrementst analyses to be described, we ches®wiIG as the principal
| Monte Carlo event generator because it provided a better
match to particle multiplicities in the data using just the de-
fault parameters. Over 5.5 milliomERWIG events were
—_ T passed through theEANT simulation. We weighted theer-
I Requiing ofing w1 770 and 5 spectra inpy and rapidity to match our mea-

veto wall . .

1 sured results, so that the corrections obtained from the Monte

1  Carlo were based on distributions in the data rather than the
1 generator.
I ] The calibration of the energy response of the EMLAC
0f—pemeetl i Was based on the reconstructed masses’ofmesons in the
mposingall | ¥y decay modg29]. The steeply fallingpr spectrum for
muoneriteria | 779 production, combined with the calorimeter’s resolution,
4 produced a small offset={1%) in mean reconstructed pho-
1 ton energies. Using the same calibration procedure in the
simulated EMLAC as in the detector, we corrected this offset
and minimized any potential biases in the calibration. We
also employed theEANT Monte Carlo simulation to evalu-
ate the mean correction as a function of photon energy for

FIG. 6. Effect of muon discrimination on the invariant mass SN€rgy deposited in the matgrlal upstream of the EMLAC.
distribution in the%-mass region, for candidatey pairs with py The impact of detector resolution on the_ energy scale_and on
>7 GeVic in the 530 GeVe data(left) and in the 800 Ge\ydata  the ° and » production spectra was incorporated in the
(right). overall reconstruction efficiency corrections.
To ensure that the Monte Carlo simulation reproduced the

data, a special preprocessor was used t0 COMBRBANT in-

ﬁl]t: égoomég\e/tt?jrgg ;Z%Egé?tr}i;vtﬁgo:?i? dg:;;?ﬁm :ril%rmation into signals and strip energies as measured in the
y 99€1S, yarious detectors, and to simulate hardware effects, such as

gnd_ IS cqnsgquently not affected very strongly by these r€hannel noise and gain variations. The generated Monte
jection criteria.

The impact of these reiection criteria on sianal WasCarlo events were then processed through the same recon-
checked uZin more restrictjive selection criteria t?) define struction software used for the analysis of data, and thereby
9 . . . rovided measures of inefficiencies and biases for the recon-

pure sample ofyy pairs. The fraction of signal lost by the

lication of h of the muon-rejection requirements w. struction algorithms.
appiication ot each of the muon-réjection requirements was Comparisons between results from the Monte Carlo simu-

used to determine a correction to the cross section. The pro‘fjétion and the data for the distributions Bo—E. and
R Eo

uct of the correction factors for muon rejection correspond% S
. . . /E are presented in Figs. 7 and 8. The Monte
0 FRONT/ ETOTAL
to an increase 6&-8% in the observed cross sectionfyt Carlo results are in satisfactory agreement with the data, in-

=4 GeVlc, and =~10% at py=7 GeVlc, for the o : : .
530 GeVE beam data. The corrections were much smallerdlcatmg that the simulation treats shower development in the

EMLAC properly. Figures 9 and 10 show they mass spec-
for the 800 GeV¢ data because of the lower muon content., - i 1ha ~0 o0 7 Mass regions for two minimumy re-

quirements, and compare these to the simulated spectra. In
addition to giving further evidence that the Monte Carlo pro-
The Meson West spectrometer was modeled using a déddes good simulation of the resolution of the EMLAC, the
tailed GEANT [41] simulation. Because the full simulation of agreement in the levels of combinatorial background indi-
electromagnetic showers requires extensive computing timgates that the Monte Carlo also provides reasonable simula-
we developed a hybrid approach usir@EANT-tracking tion of the underlying event structure. Figure 11 shows a
through the magnetic spectrometer and in the initial stages gfomparison between Monte Carlo and data for the sideband-
shower development in the calorimeter. We used the standagtibtracted energy asymmetry distributiok, () for photons
GEANT algorithms for tracking particles with energies abovefrom 7° decays. The agreement indicates that the Monte
10 MeV, below which we relied on an empirical parametri- Carlo accurately describes the losses of low-energy photons.
zation for the deposition of energy in the EMLAG2]. This Reconstruction efficiencies far® and» mesons that sat-
cutoff was selected to be at the point at which bremsstrahisfied theA ,, and fiducial requirements were relatively high
lung still dominates energy loss in lead, and led to significanbver most of the kinematic range. Figure 12 shows the prob-
improvement in processing speed. In doing this, we toolability for a 7° to pass the selection requirements imposed
advantage of the steady advances in computational power of the Monte Carlo events at 530 GeVas a function of
the FNAL UNIX farms[43] to reach the desired level of pt, for different rapidity intervals. This probability includes
statistical accuracy. losses due to the reconstruction algorithm, the

Entries per 5 MeVFi
5

05 - 2

olm P | VR R ol P =S

0.1 0.2 0.1 0.2
Yy Mass (GeV/f:)

E. Detector simulation

052001-7



APANASEVICH et al.

PHYSICAL REVIEW D 68, 052001 (2003

S [T T T T T T T T T T o~ T — .
8 [ B<E<10GeV | 10<E<15GeV | 15<E<20GeV | 20<E<30GeV 1 § [ T T T T T
~ L I i il ] Q 3| Pr>65Gevic
oL I I I ] = p,>35GeV/c s| ]
o] L 1 ] N <
B | i I | 3 ]
§ ! —— 1 8l 8| |
el iR i ] UEJ' g7
A PR T ] Pt
L_ele | | L P 1L P | L I~ T | |
R L T L 0.10 015 0.20
| 30<E<40GeV ]I 40<E<60GeV | 60<E<100 GeV ] 100<E<200 GeV |
B i * 1 ] pBe at 530 GeV
I T 1 X -0.75< ycm <0.75 1
1 | | et | | | g | | | .
2500 25 2500 25 2500 25° 0.06 008. 010 0‘12 0‘14 0‘16 0.18 ;20 02.2 0;4
rEo(CEV) vy Mass (GeV/c?)

FIG. 7. Comparison of distributions iBg— Eg for photons in L . 0 . .
data(histogram and Monte Carldpoints from #° candidates with FIG. 9. yy mass distributions in ther” signal region in
pt>3.5 GeVk in the 530 GeV¢é sample. The distributions are 530 GeVk data(histogram compared to Monte Carlgpoints for

shown for various photon energy ranges and each has been norm&f0 requirements on the minimupy- of the photon pair. The dis-
ized to unit area. tributions have been normalized to unit area.

Erront/Etotal requirement, and the 10% minimum trigger F. Normalization
probability requirement. The drop in efficiency at forward
rapidities and highpy is attributable to the increased diffi-
culty in separating the two photons fronf decays in this
kinematic region.

Electronic scalers that counted signals from the beam ho-
doscope, interaction counters, and beam hole counters were
used to determine the number of beam particles incident on

T T T [ — T T L — T T T
5<E<10 GeV 10<E<15 GeV 15<E<20 GeV

b, > 6.5 GeV/c 1

pr>35GeVic

Entries per 0.025
Entries per 20 M ev/c?

40<E<60 GeV

60<E<100 GeV

120<E<200 GeV

#

pBe at 800 GeV
L ] le 0 ! ! M 0 | ] -10<y_ <05
00 02 04 06 08 10 02 04 06 08 1.0 02 04 06 08 1.0 cm
E IE, T S RS B BN
FRONT —TOTAL 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 9.:80
Yy Mass (GeV/c")

FIG. 8. Comparison oEggont/EToral distributions for pho-
tons in data (histogram and Monte Carlo (pointg from FIG. 10. yy mass distributions in theyp signal region in
0 candidates wittpr>3.5 GeVk in the 800 GeV¢ sample. The 800 GeVk data(histogram compared to Monte Carlépoints for
distributions are shown for various photon energy ranges and eadiwo requirements on the minimugy of the photon pair. The dis-
has been normalized to unit area. tributions have been normalized to unit area.
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=4 T T T BEAM1 requirementSec. Il B and for absorption of beam in
ig’ 40<p; <55GeV/c pBe at 800 GeV/c target material.

8 “10<Yen <05 7 The normalization of ther® cross section at loyp was

UEJ , + 1 verified independently using events from the prescaled

BEAM andINTERACTION trigger samples. For these samples,
the absolute normalization can also be obtained by just
counting events. The normalizations at Iqwy, as deter-
mined from the scalers and via event counting techniques,
were found to agree to 3% accuracy.

Based upon the good agreement between results from
these independent normalization methods, combined with the
stability of the results from different parts of the run, an
evaluation of the internal consistency of the scalers, and a
detailed analysis of the design, implementation and perfor-
mance of the trigger, the net systematic uncertainty in overall
normalization is estimated to be8%.

00 oz 0.4 0.6 08 1.0 .
Energy Asymmetry G. Secondary beam contamination

FIG. 11. Comparison of asymmetry in energy for photons from The 530 GeVE cross sections were corrected for the
0

7~ mesons in datghistogram and Monte Carlo(pointg for 800 estimated small admixture of 2.75%" and 0'5%K+ _|n )
GeVic pBe interactions, for thew® p; intervals 4.6cp; the beam[21]. Although the percentage contamination is
<5.5GeVt and 5.5p;<7.0 GeVk. These background- Small, its effect at highpr is enhanced by the presence of
subtracted distributions have been normalized to unit area. two, rather than three, valence quarks in the incident mesons.
The effect of incidentrt contamination was estimated us-

the target. Other scalers logged the state of the trigger ang9 our hlgh-stagstlcs_s_tudy o an_d 7 meson producnon.
components of the data acquisition system. Information fro n 515 GeVE o~ collisions [4.]' This Is J!JSt.'f'ed bfcause.
these scalers was used to determine the number of beart neutral_—meson productlo_n . by incidentr™ and
particles that traversed the spectrometer when it was ready 6 °68MS is expected to be similar from arguments based

record data. This was corrected for multiple occupancy irPn 1sospin symmetry and previous measureme4€; (b)

n X »
the beam hodoscope beyond that excluded via thd!€ 7 component of the nominally 530 Ge¥/positive
secondary beam also had a mean momentum of 515 GeV/

and (c) the ratio of the measurea® cross section from our
Cherenkov-taggeer™ component of the positive secondary
beam to the corresponding cross section from the 515 GeV/
] 7~ beam was consistent with unity at large [21].
n The effect ofK™ contamination was assumed to be half
] that of thew™ contamination, consistent with previous mea-
I A bt R surements at lower enerd¢7], and with our own statisti-
N cally limited data[21]. After correcting for beam contamina-
Y= . tion, the cross sections at 530 GeMiere reduced by=2%

i ] at low pr and by~10% at highp.

Reconstruction Probability

051 N
I : 1 H. Summary of systematic uncertainties
-0.25<y,, < 0.25 L. . . . .
L The principal contributions to the systematic uncertainty
in the cross sections arose from the following sources: cali-
bration of photon energy response® and 7 reconstruction

efficiency and detector-resolution unsmearing, the overall

T T R
L e )

i — INTERACTION

05 — PRETRIGGER HI B normalization, and, for 530 Ge¥/data, beam contamina-
L ;- SINGLELOCALLO ] tion. The relative systematic uncertainty fof production at

b i i [T SNGELOCALHI 023<¥em< 07 530 GeVk is shown as a function git in Fig. 13. Included
o2 s e s 6 m 8 e in the figure are the contributions from the major sources of

GeV/ ; i . .
pr (GeVie) systematic uncertainty. Other sources of uncertainty which

FIG. 12. Reconstruction probability for® mesons in the contribute at the 1 to 2% level include: background subtrac-
530 GeVt Monte Carlo sample as a function pf for three rapid-  tion, beam halo muon rejection, geometric acceptance, pho-
ity intervals and different triggers. This probability reflects the ton conversions, trigger response, and vertex finding. The
losses due to the reconstruction algorithm, Brgont/Etora, CHi-  tOtal systematic uncertainty is calculated by combining in
terion, and the individual trigger requiremertéee text for details ~ quadrature all the individual uncertainties. The correspond-
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2020 A ar10°F T T T T T T ]
=] 0 . k=] E e 3
B 1 production at 530 GeV/c 35 Eo. . 3
£ P | Bl . T production at 530 GeV/c +
Q £ . ]
5 Combined Systematic Uncertainty 1 107 3 . -0.75< Yem < 0.75 4
o L F . 3
= - - - - Normalization 10°E o pBe[pb/(GeV/c)? per nucleon] 3
oLl Reconstruction Efficiency sf ° . 2 i
~ | $ e 10°L o ., O pp [nb/(GeV/c)”] E
""" Energy Scale Calibration 1040 a *. stat and sys uncertainties combined
[ eeeeees Beam Contamination i o "...
[ Misc. Other Sources 10° 3 i o, E
£ a e,
102E a . -
010 | a ..
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o
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FIG. 13. Relative systematic uncertainty fef production at FIG. 14. Invariant differential cross sectiofiser nucleoi for
530 GeVk as a function ofpy. Also shown are the contributions 79 production as a function gi; in pp andpBe interactions at
from the various sources of systematic uncertainty. 530 GeVk. Cross sections have been averaged over the full rapid-

) o ity range, —0.75<y.,<0.75. The error bars represent the com-
ing uncertainties at 800 Ge¥/are comparable to those at pined statistical and systematic uncertainties.

530 GeVEk. The uncertainties for production are similar to

those for#° production, except for the uncertainty in the

trigger response, which iss5% at lowpy. The actual sys- i? good agreement with the data
0

tematic uncertainties are quoted in the appropriate tables NLO PQCD calculation$3] are compared to data in Figs

cross sections. . 17-27. The PQCD calculations for the Be target have been
The secondary proton beam was determined to have a

mean momentum of 5302 GeV/c with an estimated half-

and AA collisions[49,50. The HIJING results are seen to be

9 T T T T T T T T T

width of ~30 GeVk. This momentum spread introduces a < ©°°F - R
small uncertainty £5%) in comparisons of theory with § 08f -, T production at 800 GeV/c -
data. For the 800 GeV primary beam, the momentum bite is ;7 " -10<y,, <05 ]
very small and the corresponding uncertainty is negligible. of , ]
107 4 e pBe[pb/(GeV/c)” per nucleon] E
IV. INCLUSIVE CROSS SECTIONS i e S ppIbV(GeVI] o
1040 9 >, stat and sys uncertainties combined
A. #° production i °

10° o o, E
The inclusive® cross sections per nucleon versus, ool % ]

for protons on beryllium and liquid hydrogen targets, are
shown in Figs. 14 and 15 for 530 and 800 Ge\leams, ©E ) :
respectively. Because of the steeply falling spectra, the data * ¢ ‘ 3
are plotted at abscissa values that correspond to the averagewo™ | ; 3
values of the cross section in eaph bin, assuming local Wi e ‘,
exponential dependence @t [48]. These cross sections 10—33 ° 3
are also tabulated in Tables | and Il. The corresponding cross ¢ ¢
sections as functions gi; andy., are reported in Tables 0¥ E
II=VI. For the values in the tables, the first uncertainty is 10" F “f
statistical and the second is systematic; where only oneun- ,°t . . . . .+ . . . . Ll

certainty is presented, the statistical and systematic uncer- pT(JéeV/c)

tainties have been combined because of the large correlation

between them. FIG. 15. Invariant differential cross sectiofgger nucleoh for
Ratios of inclusiverr® cross sections per nucleon on Be 0 production as a function g in pp andpBe interactions at

target to those op target are shown in Fig. 16. These ratios 800 GeVk. Cross sections have been averaged over the full rapid-

are compared with results from theJNG Monte Carlo—a ity range,—1.0<y.,=<0.5. The error bars represent the combined

program designed to simulate particle productiopm pA, statistical and systematic uncertainties.
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TABLE |I.

Invariant

inclusive differential
(Edo/d®p) per nucleon forz® production inpBe collisions at
530 and 800 Ge\, averaged over the rapidity intervals0.75

<Y.n=0.75 and—1.0<y.,<0.5, respectively.

Ccross sections

TABLE Il

PHSICAL REVIEW D 68, 052001 (2003

Invariant inclusive differential
(Edo/d®p) for #° production in pp collisions at 530 and
800 GeVk, averaged over the rapidity intervals 0.75<yy,
<0.75 and—1.0<y.,,<0.5, respectively.

pPr pBe at 530 GeV¢ pBe at 800 GeV¢
(GeVic) [ ub/(GeVic)?] [ ub/(GeVic)?]
1.00-1.20 53364 706+ 94
1.20-1.40 21627 301+41
1.40-1.60 6910 125+18
1.60-1.80 31.%Z5.1 54.3t8.3
1.80-2.00 14.82.6 23.9-4.1
2.00-2.20 6.721.3-0.7 7.4-1.7+0.8
2.20-2.30 2.96:0.14+0.31 3.92£0.24+0.43
2.30-2.40 1.950.13+0.21 2.67-0.22+0.30
2.40-2.50 1.340.13+0.14 1.770.13+0.20
2.50-2.60 0.94%50.082£0.10 1.208:0.094+0.13
2.60-2.70 0.5930.016+0.063 0.8180.046+0.090
[nb/(GeVik)?] [nb/(GeVik)?]
2.70-2.80 37439.7+40 649+ 3372
2.80-2.90 280.48.9+ 30 448+10+49
2.90-3.00 189.66.8+20 317.0:7.3+35
3.00-3.10 136.1£3.1+14 221.8:5.3+24
3.10-3.20 97.32.7£10 161.724.5+18
3.20-3.30 73.12.3+7.8 116.2-3.3+=13
3.30-3.40 47941451 91.6:3.2+10
3.40-3.50 35.91.5+3.8 62.1-2.2+6.8
3.50-3.60 25.910.98+2.8 43.9-1.8+4.8
3.60-3.70 17.980.81+1.9 33.6:1.6+3.7
3.70-3.80 13.320.50+1.4 26.4-1.2+2.9
3.80-3.90 10.180.29+1.1 20.6-1.0£2.3
3.90-4.00 7.3620.055-0.79 14.56:0.76-1.6
4.00-4.10 5.4150.041+£0.58 10.86-0.44+1.2
4.10-4.20 4.0540.032£0.44 8.5%:0.12+0.95
4.20-4.30 3.064 0.026+-0.33 6.443-0.096-0.71
4.30-4.40 2.2360.021+0.24 4.706-0.073-0.52
4.40-4.50 1.6860.017+0.18 3.657-0.067+0.41
4.50-4.60 1.2810.014+0.14 2.8310.054+0.32
4.60-4.70 0.97610.012£0.11 2.15%0.046:0.24
[pb/(GeVk)?] [pb/(GeVk)?]
4.70-4.80 73%10=80 172737190
4.80-4.90 557.1£8.3=61 134324+ 150
4.90-5.00 427.87.1+47 1049+ 22+120
5.00-5.10 335.86.3£37 811+18+91
5.10-5.20 254.1£5.2+28 658+ 17+ 74
5.20-5.30 198.44.8+ 22 486+ 1655
5.30-5.40 150.63.9+17 411+13*+46
5.40-5.50 117.683.4+13 312+10+35
5.50-5.60 88.92.9+10.0 243.7+7.8+28
5.60-5.70 62.425+7.0 207.1-6.8+24
5.70-5.80 55.82.3+6.3 159.5-6.1+18
5.80-5.90 43.52.0£4.9 128.6-5.6+ 15
5.90-6.00 35.11.8£4.0 103.4:5.3+12
6.00-6.25 22.440.85+2.6 74.3-2.0+8.5
6.25-6.50 12.060.61+1.4 43.9-1.6+5.1
6.50-6.75 5.880.41+0.69 23.5-1.1+2.7
6.75-7.00 4.310.35+0.51 15.580.83+1.8
7.00-7.50 1.660.15+0.20 7.3 0.40£0.87
7.50-8.00 0.3350.065+0.041 2.56-0.25+0.31
8.00-9.00 0.0980.023+0.013 0.72-0.11+0.09
9.00-10.00  0.007#0.0053£0.0010 0.068 0.024+0.009
10.00-12.00 0.0260.019+0.003

Ccross sections

pPr pp at 530 GeVt pp at 800 GeVeE
(GeVr) [ ub/(GeVic)?] [ ub/(GeVic)?]
1.00-1.40 33%58 590+ 100
1.40-1.80 6312 114+21
1.80-2.20 13.43.8 17.3:5.5
2.20-2.40 3.350.80+0.36 3.25-0.43£0.36
2.40-2.60 1.150.14+0.12 1.33:0.22+0.15
[nb/(GeVik)?] [nb/(GeVLk)?]
2.60-2.80 453 22+48 693-57+77
2.80-3.00 207 15+22 315+13+35
3.00-3.20 99.64.6+11 171.7#7.7£19
3.20-3.40 52.83.3x5.6 91.7#4.7+-10
3.40-3.60 25 F1.7£2.7 47.4-3.5+5.2
3.60-3.80 12.630.99+1.3 25.7%42.3+-2.8
3.80-4.00 7.220.24£0.77 14.741.3+-1.6
4.00-4.20 4.1780.060+0.45 9.18:0.65+1.0
4.20-4.40 2.2640.037£0.25 5.03:0.15+0.56
4.40-4.60 1.2820.027+0.14 2.906:0.099+0.32
[pb/(GeVk)?] [pb/(GeVk)?]
4.60-4.80 758 18+83 1688 64+190
4.80-5.00 4451 13+50 105736120
5.00-5.20 280.29.5+31 600- 2767
5.20-5.40 163.27.6+18 400+ 21+45
5.40-5.60 101.65.4+11 25617+ 29
5.60-5.80 59.84.0£6.7 163-11+19
5.80-6.00 38.83.3t44 98.4-7.9+11
6.00-6.25 2242.1+2.6 75.8:5.3+8.7
6.25-6.50 11.31.5+1.3 34.2:3.1+4.0
6.50-6.75 5.530.94+0.64 27.6:2.6+3.2
6.75-7.00 4.140.79+0.49 12.31.9+1.5
7.00-7.50 1.340.31+0.16 8.2c1.2+1.0
7.50-8.00 0.760.23+-0.09 3.35-0.65+0.41
8.00-9.00 0.1820.091+0.023 0.67-0.19+0.08
9.00-10.00 0.0830.098+0.011
10.00-12.00 0.0160.016+0.002

adjusted to account for nuclear effects using results from
HIJING. In Fig. 17, NLO PQCD results using CTEQ4M par-
ton distribution function$51] and BKK fragmentation func-
tions[52] are compared to the measured inclusix cross
sections forpBe andpp interactions at 800 Ge¢/ Theo-
retical results are presented for three values of factorization
scale: u=p+/2, py, and 2r. In these comparisons, the
renormalization and fragmentation scales have been set to
the value of the factorization scale. In addition to a substan-
tial dependence on choice of scale, the expectations for all
these values of lie significantly below the data, for both
530 and 800 Ge\W incident protons.
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TABLE lIl. The averaged invariant differential cross section per nuclégdof/d®p) as a function of rapidity ang for inclusive
7 production inpBe collisions at 530 Ge\d.

pr (GeVic)
1.00-1.50 1.50-2.00 2.00-2.50 2.50-3.00
Yem [ ub/(GeVic)?] [ ub/(GeVic)?] [ ub/(GeVic)?] [nb/(GeVk)?]
—0.750—0.625 33%55 26.7-8.4 6.5-1.6+0.7 580+ 18062
—0.625—0.500 409+ 86+ 44
—0.500—0.375 29350 25.5:6.6 2.8£1.2+0.3 496+ 23+ 53
—0.375—0.250 494+ 15+53
—0.250—0.125 352£49 30.1£7.0 4.1+-1.2+0.4 513-12+55
—0.125-0.000 587+13+62
0.000-0.125 27842 33.0:6.6 5.1+1.2+0.5 528.1+9.8+56
0.125-0.250 502.1+ 8.2+ 53
0.250-0.375 29743 31.5:t5.9 2.7+1.3*+0.3 454.9-7.6+48
0.375-0.500 427.5-7.5+45
0.500-0.625 346 46 16.6-5.3 2.270.97+0.24 387.18.0+41
0.625-0.750 341.3+7.8+36
3.00-3.50 3.50-4.00 4.00-4.50 4.50-5.00
[nb/(GeVk)?] [nb/(GeVk)?] [nb/(GeVk)?] [nb/(GeVk)?]
—0.750—0.625 69.34.6x7.4 9.61-0.66-1.0 2.531-0.065£0.27 0.586:0.020+0.064
—0.625—0.500 85.4-5.5+9.1 13.9-1.2+1.5 2.877-0.062+0.31 0.6780.019+0.074
—0.500—0.375 79.15.1+8.4 14.4-1.0£1.5 3.264:0.053+0.35 0.7830.018+0.086
—0.375—0.250 80.9-3.2+8.6 17.21.1+1.8 3.6110.051+0.39 0.90%-0.018+0.099
—0.250—0.125 89.9-3.3£9.6 17.8-1.1+1.9 3.873:0.042+0.42 0.964-0.017+0.11
—0.125-0.000 9153.3£9.7 20.0:1.2+2.1 4.197-0.041+0.45 1.0410.017£0.11
0.000-0.125 8862.9+9.4 17.29-0.96+1.8 4.006-0.038+0.43 0.928-0.015:0.10
0.125-0.250 7762.4+8.3 15.48:0.721.7 3.728-0.035+0.40 0.93%0.015+0.10
0.250-0.375 7982.5+84 16.78-0.85£1.8 3.424-0.032£0.37 0.8730.015+0.095
0.375-0.500 743%2.6x8.0 13.15:0.771.4 3.153:0.034:0.34 0.742-0.014+0.081
0.500-0.625 65:82.6£6.9 13.9-1.0£1.5 2.672-0.033:0.29 0.6270.014+0.069
0.625-0.750 5552.6£5.9 10.14-0.89+1.1 2.158-0.030+0.23 0.4690.012+0.051
5.00-5.50 5.50-6.50 6.50—8.00 8.00-10.00
[pb/(GeVk)?] [pb/(GeVk)?] [pb/(GeVk)?] [pb/(GeVk)?]
—0.750—0.625 144.7%7.6+16 24.9-2.0+2.8 1.53-0.22+0.18 0.015-0.026+0.002
—0.625—0.500 202.9-8.6£22 28.9-1.9+3.3
—0.500—0.375 216.57.7£24 40.1-2.1+4.6 2.04:0.23+0.24 0.0530.026+0.007
—0.375—0.250 237.6:7.8£26 43.9-2.2+5.0
—0.250—0.125 254.27.9£28 48.4-2.3+5.5 3.31:0.300.40 0.058-0.030+0.007
—0.125-0.000 269:688.2+ 30 50.4+2.3+5.7
0.000-0.125 25147.3+28 46.1+2.1+5.2 3.06:0.27+0.37 0.15@-0.049+0.019
0.125-0.250 26987.7+30 45.6£2.1+5.2
0.250-0.375 23057.2+26 42.8£2.0+4.9 2.68:0.28+0.32 0.02%-0.021+0.004
0.375-0.500 183:26.6+20 34.7+1.9+3.9
0.500-0.625 163:86.6+18 24.9-1.8+2.8 1.570.23£0.19 0.014-0.014+0.002
0.625-0.750 110:85.7+12 15.71.4+1.8

In Fig. 18, NLO calculations using BKK and KKP53] These discrepancies have been interpréfed?] as aris-
fragmentation functions, and = p¢/2, are compared to the ing from additional soft-gluon emission in the initial state
7% cross sections for 530 Ge¥/pBe andpp interactions. that is not included in the NLO calculation, and which in-
Although the calculations exhibit considerable dependencéduces sizeable partdky prior to the hard collision(for a
on choice of fragmentation function, both choices predictdifferent perspective, see the discussion in R8f). Soft-

yields that are significantly lower than the data. gluon (or k1) effects are expected in all hard-scattering pro-
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TABLE IV. The averaged invariant differential cross secti@dg/d3p) as a function of rapidity ang; for inclusive#® production in
pp collisions at 530 GeW.

pr (GeVic)
1.00-2.50 2.50-3.00 3.00-3.50 3.50—-4.00
Yem [ub/(GeVic)?] [nb/(GeVk)?] [nb/(GeVk)?] [nb/(GeVk)?]
—0.750—0.625 176-43 430+ 200+ 46 68+-10=7.2 8.71.4+0.9
—0.625—0.500 950 330+ 100 66+-15+7.0 10.0:1.4+x1.1
—0.500—0.375 11836 3674039 62+10+6.6 12.3:2.7£1.3
—0.375—0.250 44139+ 47 65.4£7.2+7.0 14.9:2.3+1.6
—0.250—0.125 76-32 458+ 26+ 49 76.6:6.98.1 15.4-2.4+1.7
—0.125-0.000 53532+57 82.0:7.2+8.7 14.6:2.5+1.6
0.000-0.125 11529 457+20+49 78.6:6.5+8.4 13.5:2.2+14
0.125-0.250 424 19+ 45 68.1+x5.4+7.2 13.5-1.7x1.4
0.250-0.375 106 28 396+ 17+42 63.8:5.7+6.8 11.2-1.6+1.2
0.375-0.500 36917+39 63.7:6.06.8 14.132.0+1.54
0.500-0.625 13830 345+18+37 57.1+6.1+6.1 11.22.2+1.2
0.625-0.750 30218+ 32 49.3t5.8+5.2 7.8:1.6+0.8
4.00-4.50 4.50-5.00 5.00-5.50 5.50-6.50
[nb/(GeVk)?] [nb/(GeVk)?] [pb/(GeVk)?] [pb/(GeVk)?]
—0.750—0.625 2.02:0.15£0.22 0.615-0.062+0.067 104-13+12 27.5:4.6+3.1
—0.625—0.500 2.46-0.14+0.27 0.515-0.046+0.056 166-21+18 21.0:4.2+2.4
—0.500—0.375 2.75-0.11+0.30 0.6480.036+0.071 206-18+23 40.5-5.4+4.6
—0.375—0.250 3.34:0.12+0.36 0.836:0.046+0.091 193-17+21 40.1-5.0+4.6
—0.250—0.125 3.3230.091+0.36 0.8110.037+0.089 23218+ 26 41.5-52+47
—0.125-0.000 3.5680.095+0.39 0.919-0.040+0.10 239-19+26 62.8£6.4+7.1
0.000-0.125 3.5790.092+0.39 0.809-0.034+0.088 26719+ 30 52.0:5.5+5.9
0.125-0.250 3.3150.083+0.36 0.848-0.037+0.093 25118+28 52.4-5.6+5.9
0.250-0.375 2.9750.073+0.32 0.724-0.033+0.079 235-18+26 38.6:4.8-4.4
0.375-0.500 2.7940.078+0.30 0.6830.033+0.075 199 17+22 31.2:4.3+3.5
0.500-0.625 2.36680.075+0.25 0.623-0.034+0.068 178:17+20 25.3:4.2+2.9
0.625-0.750 1.92%40.069+0.21 0.44%-0.030+0.049 117 14+13 21.7#4.1+25
6.50—8.00
[pb/(GeVk)?]
—0.750—0.625 2.06:0.57+0.24
—0.625—0.500
—0.500—0.375 2.61-0.66-0.31
—0.375—0.250
—0.250—0.125 2.990.70£0.36
—0.125-0.000
0.000-0.125 3.620.70+0.43
0.125-0.250
0.250-0.375 1.780.50+0.20
0.375-0.500
0.500-0.625 0.910.41+0.11
0.625-0.750

cesses, such as the inclusive production of jets, higheross section§65—67. Compared to NLO calculations, the
pr mesons, and direct photofs4—57]. The Collins-Soper- calculation of Ref[59] for inclusive direct-photon produc-
Sterman resummation formaligfs8] provides a rigorous ba- tion, which includes the effects of soft-gluon resummation
sis for understanding these radiation effects, and there haweear the kinematic threshold limit=2p;/y/s—1, has a far
been several recent efforts to derive resummation prescrigmaller sensitivity to scale, and provides cross sections close
tions for inclusive direct-photofb9—63, jet [64], and dijet  to those of NLO calculations with a scale @f= p+/2. Also,
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TABLE V. The averaged invariant differential cross sections per nucl&mhr(d3p) as a function of rapidity ang for inclusive
«° production inpBe collisions at 800 Ge\d.

pr (GeVic)
1.00-1.50 1.50-2.00 2.00-2.50 2.50-3.00
Yem [ub/(GeVic)?] [ ub/(GeVic)?] [ ub/(GeVic)?] [nb/(GeVk)?]
—1.00—0.875 462-87 37+12 6.5-1.9+0.7 477=87+53
—0.875—0.750 840+ 180+ 92
—0.750—0.625 466-83 59+11 5.9-1.8+0.7 615+ 55+ 68
—0.625—0.500 68650+ 76
—0.500—0.375 41575 58+11 1.3+1.8+0.1 6105067
—0.375—0.250 705+51+78
—0.250—0.125 45473 56+11 4.1+1.6+0.5 758+ 45+ 84
—0.125-0.000 732+46+81
0.000-0.125 42366 45.8£9.3 5.4-1.6+0.6 766+ 47+ 85
0.125-0.250 73010081
0.250-0.375 49170 31.9t8.5 4.5:1.4+0.5 750t 49+ 83
0.375-0.500 588+ 42+ 65
3.00-3.50 3.50-4.00 4.00-4.50 4.50-5.00
[nb/(GeVk)?] [nb/(GeVk)?] [nb/(GeVk)?) [nb/(GeVk)?)
—1.00—0.875 100.5:8.1+11 20.0:2.0+2.2 4.01-0.28+0.44 1.03%-0.036:0.12
—0.875—10.750 124.1+7.6x14 22.4:2.2+25 4.73:0.37+0.52 1.18@0.036+0.13
—0.750—0.625 102.36.1+11 25.8:2.5+2.8 5.58+0.31+0.62 1.512-0.038+0.17
—0.625—0.500 118.45.2+13 25.2£1.9+2.8 7.62-0.45+0.84 1.785-0.042+0.20
—0.500—0.375 143.6:6.4+16 30.0+2.1+3.3 7.40-0.40+0.82 2.02%-0.037+0.23
—0.375—0.250 144.55.7+16 32.3:t2.1+3.6 8.00+0.36-0.89 2.1010.035+-0.23
—0.250—0.125 149.6:5.7+16 28.1+x2.2+3.1 7.910.32£0.88 2.168-0.036+-0.24
—0.125-0.000 14445.8+16 29.9-2.3+3.3 7.75-0.37£0.86 2.192-0.038+0.24
0.000-0.125 14244.8+16 32.1+1.8+3.5 7.96-0.29+0.88 2.129-0.087+0.24
0.125-0.250 14344.6+x16 29.5-1.7+3.3 7.62£0.28+0.84 2.02:0.10+0.23
0.250-0.375 129:84.9+14 29.5£1.8+3.2 6.88-0.22+0.76 1.877:0.086+0.21
0.375-0.500 127:85.5+14 29.2£2.1+3.2 6.76-0.24+0.75 1.828-0.084+0.20
5.00-5.50 5.50-6.50 6.50—8.00 8.00-10.00
[pb/(GeVk)?] [pb/(GeVk)?] [pb/(GeVk)?] [pb/(GeVk)?]
—1.00—0.875 268-25+30 54.3:3.7+6.2 3.54+0.42+0.42
—0.875—0.750 326-16+37 68.1+4.3+7.8
—0.750—0.625 41116+ 46 82.8:4.1+9.5 7.510.63£0.89 0.10:0.10+0.01
—0.625—0.500 505-19+57 109.3:5.6£13
—0.500—0.375 595-18+67 120.5:4.9+ 14 11.18-0.70£1.3 0.50:0.11+0.06
—0.375—0.250 635-17+72 141.5-5.3+16
—0.250—0.125 646-18+73 142.2-5.0+ 16 12.7G:0.75£ 1.5 0.60-0.16+0.07
—0.125-0.000 63919+72 135.2:5.2+ 15
0.000-0.125 64528+73 137.76.1+16 13.96-0.78+ 1.7 0.76:0.15+0.09
0.125-0.250 6463773 132.4-7.2+15
0.250-0.375 58329+ 66 134.1-6.5£ 15 9.93:0.73+1.2 0.48-0.16-0.06
0.375-0.500 52627+ 59 107.0:6.0+ 12

for our energies, the calculations of Ref68] using model that incorporates transverse kinematics of initial-state
kt-resummation, and of Refg62,63, which simultaneously partons to study the principal consequences of additional
treat threshold and recoil effects in direct-photon productionk; for high-pt production processes.

yield a substantially larger cross section than the NLO result. Because the unmodified PQCD cross sections fall rapidly
However, no such calculations are available for inclusivewith increasingpt, the net effect of the Ky smearing” is to
meson production. In their absence, we use a PQCD-baseadcrease the expected yield at higher. The modified par-
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TABLE VI. The averaged invariant differential cross sectioBsl¢/d3p) as a function of rapidity ang; for inclusive #° production
in pp collisions at 800 GeW.

pr (GeVic)
1.00-2.50 2.50-3.00 3.00-3.50 3.50-4.00
Yem [ ub/(GeVic)?] [nb/(GeVk)?] [nb/(GeVk)?] [nb/(GeVk)?]
—1.00—0.875 147-64 980+ 580+ 110 83:16+9.1 19.27.4+2.1
—0.875—0.750 410-110*=45 108+ 14+12 18.7+4.1+2.1
—0.750—0.625 22564 420+ 63*+46 101+14+11 36.9£6.9+4.1
—0.625—0.500 57@-100+63 111+12+12 18.0-3.6+2.0
—0.500—0.375 269-62 560+ 110+ 62 144+ 14+ 16 26.6-5.5+2.9
—0.375—0.250 60099+ 66 130:13+14 37.1-6.0=4.1
—0.250—0.125 254r57 760-170=84 11714+13 31.0-5.2+3.4
—0.125-0.000 646110+ 71 11712+13 20.6:4.1+2.3
0.000-0.125 19847 669+95+74 127+11+14 23. %4526
0.125-0.250 7208110+80 130-10*+14 26.3:4.0+2.9
0.250-0.375 22247 511+ 84+57 115+11+13 22.5£3.6+25
0.375-0.500 6999777 102£12+11 22.4-51+25
4.00-4.50 4.50-5.00 5.00-5.50 5.50-6.50
[nb/(GeVk)?] [nb/(GeVk]?] [pb/(GeVk)?] [pb/(GeVk)?]
—1.00—0.875 3.02-0.25+0.34 1.18:0.12+0.13 280:46+32 30.3:5.2+35
—0.875—0.750 4.66:0.65+0.52 0.957#0.072+0.11 2172524 70=13+8.0
—0.750—0.625 8.4-2.2+0.9 1.35G:0.085+0.15 331 34+37 60.2:8.2=6.9
—0.625—0.500 7.4-1.5+0.8 1.504£0.093+0.17 4233648 99+12+11
—0.500—0.375 6.41%+0.63=0.71 1.808-0.087+=0.20 479-41+54 84.9-9.7+9.7
—0.375—0.250 6.86:0.61+0.76 1.90%0.081+0.21 517 39+58 124+12+14
—0.250—0.125 6.00-0.20+0.66 1.963-0.083+0.22 595-41+67 110+11+13
—0.125-0.000 6.140.35+0.68 1.878-0.081+0.21 552+ 38+ 62 140t 13+ 16
0.000-0.125 8.21.0+0.9 1.49-0.13+0.17 60768+ 68 1501717
0.125-0.250 6.190.57+0.69 1.7%+0.22+0.19 56788+ 64 111+14+13
0.250-0.375 47.080.57+=0.78 1.68:0.20+0.19 459 61+52 97+12+11
0.375-0.500 5.690.52£0.63 1.810.21+0.20 502: 6457 12916+ 15
6.50-8.00 8.00-10.00
[pb/(GeVk)?] [pb/(GeVk)?]
—1.00—0.875 4.26-1.00+=0.50 0.085-0.085+0.010
—0.875—0.750
—0.750—0.625 8.8:1.6x1.0 0.23:0.17+0.03
—0.625—0.500
—0.500—0.375 14.6:1.8+1.7 0.53:0.24+0.07
—0.375—0.250
—0.250—0.125 13.81.7x1.6 0.95£0.43+0.12
—0.125-0.000
0.000-0.125 12F#2.1*+15 0.66-£0.30+0.08
0.125-0.250
0.250-0.375 961.7+1.1
0.375-0.500

ton kinematics have been implemented in a Monte Carlanate the effect ofk; smearing by multiplying the NLO
calculation of the leading-ordéLO) cross sections for high- cross sections by the corresponding k@enhancement fac-
pr particle production[69], with the k; distribution for  tors. Admittedly, this procedure involves a risk of double-
each of the incoming partons represented by a Gaussian wittounting since some of the--enhancement may already be
(k1) as an adjustable parameter. Unfortunately, no such prazontained in the NLO calculation. However, we expect the
gram is available for NLO calculations, and so we approxi-effects of such double-counting to be small.
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kr-enhanced NLO QCD calculations fekr)=1.1 GeVk andw k. _enhanced NLO QCD calculations fék)=1.1 GeVk and u
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for nuclear effects. The error bars have statistical and systematigaiistical and systematic uncertainties added in quadrature.
uncertainties added in quadrature.
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The (k;) values used in the calculation of the LO

TABLE VI

PHSICAL REVIEW D 68, 052001 (2003

Invariant inclusive differential cross sections

kr-enhancement factors are similar to those employed ifiEda’/d®p) per nucleon fory production inpBe collisions at 530
comparisons of kinematic distributions in data involving pro-and 800 Ge\¢, averaged over the rapidity intervas0.75<ycm

duction of high-massyy, yx°, and 7° #° systems, and

<0.75 and—1.0<y.,,<0.5, respectively.

rely on the same LO progrartsee Refs[4—6] for further

detailg. For these comparisons, we used the LO versions of P pBe at 530 GSW pBe at 800 va‘t
the CTEQ4 distribution, BKK fragmentation functions, and __(G€V/c) [nb/(GevE)“] Lnb/(GeVie)”]
an average transverse momentum of 0.6 GeVior 3.00-3.20 49.89.0+6.0 88+ 18+ 11
7% mesons relative to the fragmenting parton direction 3.20-3.40 243 45+2.9 347+ 8.5+ 4.3
(varying this parameter in the range 0.3 to 0.7 Gebes 3.40-3.60 16.722.5+2.0 19.5: 5.1+ 2.4
not affect our conclusion$70,71. , _ 3.60-3.80 8.51.4+1.0 8.1:3.0:1.0

Comparisons of th&-enhanced calculations with data at 3.80—4.00 3.680.95+0.42 7 348 0.77+0 86
530 GeVEk are displayed in Fig. 19, m@gatmg reaso-nable 4.00-4.20 2 0B0.13£0.23 3,860,335 0.45
agreement for the choseik;) values. Similar conclusions 42044 12470078 0.14 5 180195 0.2
can be drawn from comparisons between calculations and ™ 0-4.40 2420.078=0. 18-0.19+0.25
data at 800 Ge\, as illustrated in Fig. 20. A comparison on B 0.5860.043+0.067 1.26-0.12+0.14
a linear scale of the fractional differences between data and 4:60-4.80  0.4110.0240.047  0.80%:0.073+0.095
the k-enhanced NLO calculations using BKK and KKP  4.80-5.00 0.2440.017£0.028  0.5020.048+0.059
fragmentation functions is shown in Fig. 21 for 2 2

. . b/(GeVic b/(GeVk

pBe interactions at 530 and 800 GeV/The k;-enhanced [pb/( )] [pb/( )]
calculations using the KKP fragmentation functions are seen 5.00-5.25 132.69.2+15 341+27+40
to reproduce the shape of the” cross section better than  5.25-550 70.65.6+8.2 152+15+18
cglc_ulations usi_ng the earlier BKK fragmentatign functions. 5.50-5.75 36.54.4+4.3 10712+ 13
Similar _conclu5|ons can be dra_vvn from comparisons of NLO 5 75_6.00 16.52.3+2.0 58.0-8.0= 7.0
QCD with our data orpp collisions (Fig. 22. _ _ 6.00—6.50 725 0.97+0.87 26.3- 3.6+ 3.2

Figures 23 through 26 show the cross sections for inclu- 6.50—7.00 263043+ 0.32 10.4-1.8+1.3
S'Ve.q pr?ducnot%;g fugcgggse()f /:cap'd'ty fof_Bf ancl' 7.00-8.00 0.220.13+0.03 3.02:0.64+0.38
Pp interactions at 530 an e/for severalintevals = g o0 60 00340.046:0.005  1.330.43-0.17
in pt. The peaking expected at a scattering angle near 90° in

_ . 9.00-10.00 0.110.24+0.02

the center of massy(,,=0) develops slowly as a function of
pt. The shapes and normalizations of the data are in goodlo'oo_lz'OO 0.0780.050+0.010

agreement with th&r-enhanced calculations.

duced in the rafio of invariant cross sections for p7) in Figs. 28 and 29—the average value of the ratio for

m° production at 800 and 530 Gey/ allowing, in prin- 3 " g 'Gevic is 0.45+0.01 at 530 GeW, and 0.42
ciple, a more sensitive test of the calculations. Figure 27, OTl at 800 Ge ' ’ ' '

displays this ratio compared to the conventiofial) =0 and

kt-enhanced NLO results using KKP fragmentation func- TABLE VIII. Invariant inclusive differential cross sections

tions. The(k;) values are those used in Figs. 19 and 20. ThéEda/d®p) for 7 production in pp collisions at 530 and

energy dependence of the data is accommodated better 890 GeVt, averaged over the rapidity intervals-0.75<y.n

the k-enhanced theory. Similar results are obtained for the=0.75 and—1.0<y,=<0.5, respectively.

data on the hydrogen targ@tot shown.
The results discussed in this section are not very sensitive Pt

pp at 530 GeVt pp at 800 GeVeE

to the specific parton distribution functions used in the cal- (GeVic) [nb/(GeVk)?] [nb/(GeVk)?]
culations[4], the quark distributions being of primary impor-
tance here. Methods similar to the ones described in this 3-00-3-50 2259.5%2.7 51-17x6.3
paper have been applied to analyze highhadron spectra ~ 3-50-4.00 7.6£1.9x0.9 11.4e3.7x14
in pp, pA, and AA collisions, andk; effects have been  4.00-4.50 1.120.14+0.14 2.13-0.34+0.25
found important for describing data on inclusive production 4.50-5.00 0.31%0.035+-0.036 0.6780.091+0.080
of charged meson&9,72. 5 5
[pb/(GeVk)?] [pb/(GeVk)?]
B. 7 production 5.00-5.50 7812+9.1 220+ 36+ 26
Cross sections for inclusive production are tabulated in ~ 5.50-6.00 24.£5.0£2.9 108+16+13
Tables VII-XII. Theoretical descriptions of,-meson pro- 6.00-7.00 2.41.3+0.3 20.6:4.8+2.5
duction differ from thew® case primarily because of differ-  7.00-8.00 0.410.31+0.05 4.4-1.8+0.6
ences in the fragmentation of partons into the particles of g 0o—10.00 1.050.70=0.14

interest. To investigate this aspect, we presght? relative

052001-19



APANASEVICH et al. PHYSICAL REVIEW D 68, 052001 (2003

TABLE IX. The averaged invariant differential cross sections per nucl&mhu{d3p) as a function of rapidity ang; for inclusive 7
production inpBe collisions at 530 Ge\¢. The units are pb/(Ge\¢)?.

pr (GeVic)

Yem 3.00-4.00 4.00-4.50 4.50-5.00
—0.750— 0.625 14906- 9000+ 1800 105@-310+120 246+ 62+ 28
—0.625—0.500 960-320+110 318:88+37
—0.500—0.375 247065000+ 2900 1426-280+160 376:68*+43
—0.375—0.250 1746290200 424-60+=49
—0.250—0.125 214063800+ 2500 1916250+ 220 485+ 57+ 56

—0.125-0.000 1748200+ 200 516+ 56+ 59
0.000-0.125 264003400+ 3100 133@:170+150 484+51+56
0.125-0.250 2068160= 240 365£45+42
0.250-0.375 227063300+ 2700 1486-120+170 332:39+38
0.375-0.500 1406100+ 160 341+ 36+ 39
0.500-0.625 134064100+ 1600 1236100+ 140 322+ 36+ 37
0.625-0.750 83374+95 18728+22

5.00-5.50 5.50-6.50 6.50-8.00
—0.750—0.625 65-25+7.5 4.6-7.0+0.6 0.35-0.33+0.04
—0.625—0.500 95-20+ 11 13.6-3.9+1.6
—0.500—0.375 106:26+12 7.6-6.9+0.9 1.03:0.46+0.13
—0.375—0.250 109-18*+13 16.3:4.3=1.9
—0.250—0.125 13519+ 16 21.1+4.6=25 1.58+0.46=0.20

—0.125-0.000 12417+14 19.5-4.4+2.3
0.000-0.125 12118+14 21.6:4.2+2.6 1.68-0.45+0.21
0.125-0.250 9815+11 20.2:4.0=24
0.250-0.375 12820+ 15 23.8:3.8=2.8 0.82£0.41+0.10
0.375-0.500 94 15+ 11 19.9-3.8+2.4
0.500-0.625 9t 14+11 18.5-3.3+2.2 0.68-0.33+0.08
0.625-0.750 5612+6.5 14.4-3.2+1.7

TABLE X. The averaged invariant differential cross sectioEsi¢/d%p) as a function of rapidity and
pr for inclusive % production inpp collisions at 530 Ge\W. The units are pb/(Ge\¢)2.

pr (GeVic)

Yem 4.00-5.00 5.00—6.00 6.00—8.00
—0.75—0.50 540 250+ 62 29+19+3.4 1.6-1.0+0.2
—-0.50—0.25 700t 230+ 80 53+16+6.2

—0.25-0.00 1166190+ 130 58+ 16+6.8 1.3+1.1+0.2
0.00-0.25 746150+ 84 70+18+8.2
0.25-0.50 808:110+92 46+13+5.4 1.3+1.2+0.2
0.50-0.75 568 73+ 65 49+13+5.8
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TABLE XI. The averaged invariant differential cross sections per nucl&mh-{d®p) as a function of rapidity ang for inclusive %
production inpBe collisions at 800 Ge\¢. The units are pb/(Ge\¢)>.

pr (GeVic)
Yem 3.00-4.00 4.00-4.50 4.50-5.00 5.00-5.50
—1.00—0.875 13006 15000+ 1600 920:580+110 116£47+14
—0.875—0.750 136G 620+ 160 500t 240+ 58 87+-52+10
—0.750—0.625 4600611000+ 5600 198630+ 230 560t 130+ 65 155-43+18
—0.625—0.500 1276580+ 150 540t 160+ 64 259+48+ 31
—0.500—0.375 173068100+ 2100 233@550+270 640120+ 76 299+ 49+ 35
—0.375—0.250 384@530=450 710+ 150+ 84 25356+ 30
—0.250—0.125 482068800+ 5800 352@:-570+410 570+ 130+ 67 239+ 48+ 28
—0.125-0.000 41306520+ 480 940+ 140+ 110 292+ 53+ 35
0.000-0.125 3450066700+ 4200 4073600+ 480 1200- 160+ 140 31164+ 37
0.125-0.250 2846510+ 330 1220(- 180+ 140 38676+ 46
0.250-0.375 290067100+ 3500 3670 350+430 117G:130+ 140 275-57+33
0.375-0.500 2236260+ 260 10906110+ 130 28248+ 33
5.50-6.50 6.50-8.00 8.00-10.00
—1.00—0.875 9+10+1.1 1.50:0.93£0.20
—0.875—0.750 22.58.9+2.7
—0.750—0.625 51 16+6.1 6.8-2.0+0.8 0.52£0.93+0.07
—0.625—0.500 41 11+49
—0.500—0.375 34-12+4.1 4.3-1.6£0.5 0.55-0.52+0.07
—0.375—0.250 5 11+6.1
—0.250—0.125 86-16+10 6.4-1.5+0.8 0.68:0.23+0.09
—0.125-0.000 7913+9.5
0.000-0.125 9317+11 8.3+r2.2+1.0 0.61+0.28+0.08
0.125-0.250 7618+8.4
0.250-0.375 61 15+7.3 7.4-1.8+0.9 0.48:£0.27+0.06
0.375-0.500 5413+6.5
9 T
£ sk pBeat 530 GeV/c |
i n/m =0.45 + 0.01
0.6 r j } —
04 ,{i """ ;;+r+5}1}}< """ ‘
02 ’ g
I -075<y,,<0.75
TABLE XII. The averaged invariant differential cross sections ~ °% 35 20 25 50 55 60 65 70 75
(Edo/d®p) as a function of rapidity ang; for inclusive » pro- pr (Gevic)
duction in pp collisions at 800 GeW. The units are N
pb/(GeVk)?. sl b R
pt (GeVic) 06l 1k -
|> ...... ii+*+ ......... jj}** ....... *tf“
Yem 4.00-5.00 5.00-6.00  6.00-8.00 0af \ i i —[ f ]
—-1.0—0.75 106(:430+120 73+50+8.7 6.9-3.6x0.8 0-2} ar ]
~0.75—0.50 360:520-42 97-49+12 4.9+7.1+0.6 L A0S <asCevic | APcprssCeeVe
~0.50—0.25 1930:420+230 194-40+23 14.4-7.6+1.8 e ° e ~
—025-0.00 1888440220 256-47+31 22.376.0x2.7 FIG. 28. Ratios of » to =° invariant cross sections for
0.00-0.25  1986:470+230 1675520 16.9£7.6£2.1 530 GeVt pBe interactions, as a function gi; (top), and of
0.25-0.50 1236250+ 140 198:50+24 9.6-5.0+1.2 Yem (bottom for two p; ranges. The error bars reflect only statis-
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T T pr relative to theoretical results obtained using the earlier
pBeat 800 Gevic | BKK fragmentation functions. They/#° production ratio,
which provides information about the relative fragmentation
o6 . of partons into these mesons, was measured at 530 and
S i{} ___________________________ 1 800 GeVk.
ottty

08}

n/m® Ratio

n/m® =042+ 0.01
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