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Abstract

Results of high transverse momentum charged hadron production in 400 GeV/c proton-
proton and proton-deuteron collisions and 800 GeV/c proton-proton collisions are pre-
sented. The transverse momentum range of the data is from 5.2 to 9.0 GeV/c for the
400 GeV/c collisions and from 3.6 to 11.0 GeV/c for the 800 GeV/c collisions; the data
are centered around 90° in the proton-nucleon center-of-momentum system. Single pion
invariant cross sections and particle ratios were measured at both energies. The results
are compared to previous experiments and the Lund model.



[. Introduction

Since the first observations at the ISR, large transverse momentum(py ) hadrons pro-
duced in proton-nucleon collisions have been a fruitful source of data on the parton con-
stituents of hadrons. They have also been shown! to carry substantial fractions of the
momenta of their parent constituents. Thus the study of high pp pion production can
elucidate the interaction mechanism of the constituents of the nucleon. To this end, high
pr charged pmn production has been investigated at Fermilab? and the CERN intersecting
storage rlngs

In addition the quantum numbers of high p; hadrons have been shown to be correlated
with the flavor of the scattered parton.!»® The measurement of the relative production
rates of charged pions, kaons and protons provides insight into the structure of the nu-
cleon and the subsequent fragmentation of the struck partons. The measurements of
this experiment are compared with the Lund monte carlo predictions for high pp hadron
production® which has successfully modelled inclusive meson and baryon production in
electron—positron interactions.”

This article presents results of charged hadron production near 90° in the proton-
nucleon center-of-momentum system(CMS) in pp collisions at /s = 27.4 and 38.8 GeV
and pd collisions at /s = 27.4 GeV taken between January and July of 1984 in the Meson
East beamline at Fermilab. Table 1 displays the range in py , 27 = 2p,//s and CMS

production angle(®*) examined.

II. Apparatus and Data Analysis

II.A. Overview

Experiment 605 (E605) at Fermilab®®10 was based upon a focusing magnetic spectrom-
eter designed to study long-lived, charged, high p;. particles near 90° in the proton-nucleon
center-of-momentum system produced in 400 and 800 GeV/c proton-nucleus collisions.
See Figure 1. Tracking information was provided by six planes of multiwire proportional
chambers at station 1 and six planes of drift chambers at station 2 and station 3. Charged
pions, kaons and protons were identified with a ring-imaging Cherenkov counter. Electrons
were differentiated from hadrons by calorimetry, and muons were identified by scintillation
counter hodoscopes and proportional tubes behind more than twenty absorption lengths
of dense shielding.

An important modification to the E605 spectrometer, described in detail in reference 9,
was the repositioning of the target upstream to accommodate an additional spectrometer
magnet(SMO) and a low-angle, tungsten collimator. In addition a series of lead/tungsten
baffles were installed in the large SM12 magnet as shown in Figure 2. For these data,
SMO, SM12 and SM3 had transverse momentum kicks of approximately 1.3, 7.5 and 0.9
(0., 7.5 and ~0.9)GeV/c , respectively, for the 400(800) GeV/c data. These modifications
increased the high p; acceptance and reduced the backgrounds in the rest of the apparatus.



{1. B. Beam and Target

A 400 or 800 GeV/c proton beam struck a cylindrical target vessel with 25 micron
stainless steel walls, 5.08 centimeters in diameter and 20.2 centimeters along the beam
filled with either liquid hydrogen{LH;) or deuterium(LD;). The beam profile at the target
was determined to be roughly gaussian in both the vertical(Y) and horizontal(X) directions
with a vertical root-mean-square(RMS) width of .19 mm and a horizontal RMS width of
about 2.3 mm." The magnetic field of the spectrometer magnets was in the X-direction
so that charged particles were bent vertically. The LH; used in the target was measured!?
to be > 99.99% pure; the two different batches of liquid deuterium used were found to be
98.5% D2, 1.5% HD and 95% D3, 5% HD (percent by volume), respectively. No correction
was applied to the measurement of the single pion cross section to account for the slight
hydrogen contamination of the “deuterium” target resulting in a systematic uncertainty
in the pd cross section of £2.0% [limit of error]. To correct the cross section for secondary
particle production in the target vessel, one empty target run was taken for about every
3(4) LH;(LD2) data runs. The correction applied was less than 2% for all values of Pr -

The bearmn intensity was monitored by a secondary emission monitor (SEM) calibrated
hy foil activation once during each of the 400 and 800 GeV/c running periods. The results
of the calibration were (8.14 +.31) x 107and (8.52 £ .53) x 107 protons-on-target per SEM
count for the 400 and 800 GeV/c running periods, respectively. Table 2 lists the total
integrated luminosity for each data set. In addition, a four counter telescope pointed at
the target perpendicular to the incident beam monitored the interaction rate in the target.



II. C. Hadron Svecies Identification

Hadron identification was achieved using a large aperture ring-imaging Cherenkov
detector.!0131% Photons emitted in a 15.2 m long radiator of ultra-pure helium reflected
off a 4 x 4 array of mirrors onto two multistep proportional wire chambers. The ring radius
for the highest momentum track was 70 mm. The ring radius resolution is about 1 mm,
primarily due to the chromatic dispersion of the helium. Using samples of high momen-
tum muons, several detector parameters were tabulated for each run. These include the
index of refraction and chromatic dispersion of the helium, the number distributions of
reconstructed signal and noise photons for each track and the orientation of the mirrors.
For each hadron track, this information was used to calculate the likelihood for the recon-
structed photon pattern to be produced under each of the three hadron hypotheses. For a
track with n photons, the likelihood was a probability density over the n photon positions.
A typical high momentum pion had 2.2 reconstructed photons on the ring. There were
typically 1.6 noise photons reconsiructed within 85 mm of the ring center. Thus for each
track, the likelihoods, L{*, were computed (greek indices run over 7, Kand p, and i is the
track index). For an ensemble of N tracks in a given kinematic bin, the hadron fractions
fr, Fic and f (¥ fo = 1) were determined by solving the likelihood equations
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II. D. Triggering

The single hadron trigger employed two elements ~ a high-speed, hardware look-up
table (the “trigger matrix”) and a calorimeter energy signal — described in an earlier
article.”

For these data, the trigger matrices contained the combinations of hodoscope counters
in stations 1, 2 and 3 corresponding to a particle trajectory from the target through the
upper (“YU”) and lower(“YD”) aperture of the SM12 magnet. The logical OR of these
two signals formed the “Y” trigger element.

Two calorimeter total energy signals were formed: 1) a high-threshold signal, dubbed
“EHI”, and 2) a lower threshold signal, dubbed “ETFI”. In addition energy sums cor-
responding to localized deposits in the upper (“EU”) or lower (“ED”) portion of the
calorimeter were formed and combined with “YU” and “YD”, respectively, to form a trig-
ger designed to accept single high p; hadrons.

For the 400 GeV/c data, the EU.YU and ED-YD triggers were used in combination
with ETFI, pre-scaled to an acceptable rate, and EHI. In the 800 GeV/c run, the EHI.Y
trigger was substituted for the EHI trigger. The low threshold ETFI trigger was essential
in determining the efficiencies of the EU, ED and EHI triggers as described in the next

section.



II. . Yield Correction

These data were subjected to an analysis technique similar to that described in an
earlier article.? Only corrections applied to these data that differ from that article will be

described.

[I. £. 1. Monte carlo A simpler monte carlo was used for this analysis. This monte
carlo determined the geometrical acceptance for each pp bin by using the same magnetic
field map and aperture cuts used in the data analysis. The geometrical acceptance is
defined as the fraction of particles produced in a given kinematic bin whose trajectories
pass through the experimental aperture. Figures 3a — 3d show the calculated geometri-
cal acceptance for the upper and lower aperture of the SM12 magnet for the /5 = 27.4
and /s = 38.8 GeV data. Instead of incorporating the efficiencies of the various detector
elements into this simple monte carlo, the efficiencies of each detector element were deter-
mined from data taken concurrently with the less restrictive ETFI trigger. Two factors in
the hadron yield were affected by this technique: the tracking efficiency and the calorimeter
trigger efficiency.

Il. B. 2. Tracking efficiency The tracking efficiency was calculated from the individual
wire chamber efficiencies and the track finding algorithm. The calculated tracking effi-
ciency varied between 91% and 96%. The systematic uncertainty in the tracking efficiency
was estimated by recalculating the tracking efficiency while varying the wire chamber effi-
clencies by one standard deviation using the calculated statistical uncertainties in the wire
chamber efficiencies.




II. B. 3. Calorimeter trigger efficiency A more complex technique!141% was yged to
determine the calorimeter trigger efficiencies and their respective uncertainties. A calorime-
ter trigger was generated each time the total pulse height of the phototube dynode signals
exceeded a set threshold. In the data analysis, the pulse height, PH, associated with a
reconstructed track is

PH = > amQmf(z),

where the sum extends over the calorimeter modules near the track that were included
in the hardware trigger, f(2) corrects for light attenuation in the scintillator, Q is the
charge recorded for module m in the analog-to-digital converters and a,, represents the
fact that pulse shapes can differ from module to module. The factors, a,; and f(z), are
constructed so that the calculated PH threshold does not depend on the track position
at the calorimeter. The calorimeter efficiency, ¢{PH), is defined as the number of times
a trigger fired in coincidence with the lower threshold ETFI trigger normalized by the
number of times the ETFI trigger fired and was fit with an error function (integral of a
gaussian distribution):

1 i3 ¢ —T\?
¢(PH) = erf(PH; T,0) = \/2_7?0_/ dz exp (— ( - ) /2),
0

where T is the “threshold” of the trigger, the mean of the gaussian. Note that e(T) = .5,
and o is “jitter” in the threshold, the width of the gaussian distribution.

The computed efficiency of the EHI trigger for the 800 GeV/c data is shown in Figure
4. The calorimeter trigger efficiency was computed event-by-event using the PH and the
results of the fit to the error function. The systematic uncertainty in the calorimeter trigger
efficiency was determined from the estimated uncertainties in the threshold and the jitter
of +.5% and +£4.6%(+1.0% and £9.2%), respectively, for the 800(400) GeV/c data.

For the majority of the bins, the systematic uncertainty in the single pion cross section
1s dominated by the uncertainty in the calorimeter efficiency. To eliminate bins at the
limits of the overall detector acceptance, all events in each bin were required to have an
overall efficiency greater than 5%. The average efficiency of the worst bin was 37%.

II. F. Transverse Momentum Resolution

High mass dimuon data taken concurrently with these data using a short(5.6 cm), thin
beryllium target yielded a mass resolution of .022 GeV/c? for the upsilon!® and was in
good agreement with the momentum scale determined from magnetic field measurements
to this accuracy. The calculated resolution in pg for single hadrons (05, [Pp = 2.4%) was
somewhat worse than the upsilon resolution due to the longer liquid target and the angular
divergence of the beam of approximately .68 milliradians(RMS) in the vertical direction,
which affects the single particle p; but not the diparticle invariant mass.



I1. G. Track Reconstruction Backeround

Tracks were selected by a series of cuts on the reconstructed trajectory and the X and
Y coordinates at the target Z plane. Two cuts were made on the trajectory inside the
SMO-SM12 magnets.

One cut was made on the Y position at the downstream end of the low-angle collima-
tor. The Y position of this aperture point was determined using high mass electron pair
data.'” Electrons provided an accurate guide to locate the collimator, because the tungsten
collimator effectively absorbed all incident electrons. The second cut was performed at the
Y position of the last lead/tungsten baffle in the SM12 magnet to remove tracks emerging
from the steel of the magnet.

These cuts were made two standard deviations (according to the resolution of the track
reconstruction) further into the aperture than the determined aperture points. Increasing
these cuts to five standard deviations did not significantly change the measured cross
sections or particle ratios.

Even with these trajectory cuts, some background events remained in the final target Y
distribution. A fit to each distribution with a gaussian and third-order polynomial vielded
an estimate of this background. A cut was made at 4(3) standard deviations of the fitted
gaussian for the 800(400) GeV/c data and the fitted background subtracted. Figure 5
show the results of one such fit. Note that the width of the distribution is dominated by
the tracking resolution and not the width of the incoming proton beam. The complete
results are shown in Table 3 where the terms “norm” and “rev” refer to two separate 400
GeV/c data taking periods when the polarities of spectrometer magnets were reversed as
a systematic check.

ITI. Single Pion Cross Sections

3 3

The invariant cross sections, (Eg—:%-) = fE%d—EE/IQEE , for inclusive single pion
production averaged over each CMS bin are given in Table 4. Each entry in the ta-
ble gives the width of the p, bin, the weighted mean transverse momentum({py) =

3 3 3_ g3 . . .
prEprg %E/ ng—IE%.E) in each bin and the measured cross section with the statistical

and systematic uncertainty. Entries are omitted when the measurement is not significantly
different from zero at one standard deviation. Figures 6 and 7 show the cross sections for
7wt and 77 , respectively, plotted versus {py }; the errors shown in the figures are the
statistical and systematic uncertainty added in quadrature. Note that the transverse mo-
mentum that corresponds to the measured average cross section is not identical to (pr );
however, the difference is estimated by monte carlo methods to be less than .13 GeV/c for
all the measurements shown and does not appreciably affect the shape of the cross section
versus pp .

Shown for comparison at /s = 27.4 GeV are the results of the Chicago-Princeton(CP)
collaboration? obtained at {©*)= 96° . In addition extrapolations of the charged-pion cross
section measurements of the CP and CERN-Columbia—Rockefeller—Saclay (CCRS)? collab-

3 .
orations based on fits of the form E%}: Af(zp)pp~¥ are shown with the measurements
of this experiment at /s = 38.8 GeV .



All results confirm the steep dependence of the single pion cross section on pp . The
lower energy cross sections for both 7% and 7~ in pp and pd collisions show very good
agreement with the CP measurements where the measurements overlap while the /s = 38.8
GeV pp cross sections are consistent with the CP extrapolation and systematically higher
than the CCRS fit.

In the naive parton model, N was predicted to be 4,!® but experiments®? have mea-
sured N = 8 thus motivating a QCD-based description of high py inclusive hadron pro-
duction. The resulting QCD-improved, parton model (incorporating the @Q%-dependence
of the strong coupling, structure functions and fragmentation functions and the intrinsic
transverse momentum of the partons in the nucleon) agreed with the measured single pion
cross sections for the existing data.l®20 In addition, N was predicted to decrease at fixed
£y as /s increases in inclusive single hadron production?® and N was expected to be less
than eight in inclusive single jet production. Jet measurements at the ISR and the CERN
p-P collider indicated N = 5.34.22! and inclusive 7° production for T > .3 were consistent
with N 2 6.>2 The predicted and measured scale-dependent variation of N diminishes the
ability of the scaling form Af(mT)pT“N to parameterize E%’} over a large range in py or

v/s; nevertheless, it is a convenient form that facilitates comparison to other experiments.
The results of fits to the proton-proton data over the entire zp range (.19 < 25 < .66)

to the scaling form E%}: Af(zp)pr for two forms of f(zp) are shown in Table 5.
Also shown in the table are the results of the fits by CP and CCRS to their data. Only
the diagonal elements of the error matrix are shown for the fits to the measurements of
this experiment. There is, however, a strong correlation between b and N, perhaps due
to only two values of \/5 (27.4 and 38.8 GeV ) available to this experiment compared to
the three values used by CP(19.4, 23.8 and 27.4 GeV ) and CCRS(44.8, 52.7 and 62.4
GeV ). Both fits give similar values of N for 7+ and =~ production and show an almost
identical dependence on py as observed by CCRS or CP. Fits restricted to a high T range
(zp > .35) did not yield significantly different results for N contrary to the results of
reference 22.

IV, Particle Ratios

Tables 6, 7 and 8 contain the X /7 and p/n production ratios and particle fractions for
Vs =274 GeV pp , \/s == 27.4 GeV pd and /3 = 38.8 GeV pp interactions, respectively.
Each table entry gives the pp bin width and the measured particle ratio along with the
statistical and estimated systematic uncertainty — only statistical errors are shown in
Figures 8 through 12.

IV. A. K+ /7T Ratio

In Figures 8a, 8b and 8¢, the K+ /n* ratios measured in /s = 27.4 GeV pp and pd
collisions and /s = 38.8 GeV pp collisions in this experiment are shown. The results of the
CP experiment ? and the predictions of the Lund model?? are shown for comparison. The
lower energy measurements of both experiments are consistent in the region of overlap;
however, the Lund predictions are systematically lower than the measurements.

8



As noted previously,?? the roughly constant value of the X+ /x* ratio for pp > 3
GeV /e should reflect the relative probability that a valence u-quark picks up an s- or d-
quark, P(s)/P(d), in the fragmentation process. A comparison of the average values of
the K+ /x* ratio for pp > 3 GeV/c as measured in this experiment and predicted by the
Lund model is shown in Table 9. One possible explanation of the discrepancy is that pion
production by resonance decay is inadequately modelled by Lund.?® Another possibility?®
is that the standard Lund parameters correctly model the fragmentation process at low
=" but begin to fail as z increases above & .25. The measurements of ete™ — hadrons
used to develop the Lund parameters are dominated by a cross section that falls steeply
as z increases. On the other hand, high pp hadrons have been shown! to have {z) = .8;
therefore, high transverse momentum hadrons probe a region in the fragmentation process
poorly examined in electron-positron collisions.

Figure 8d and Table 9 compare the measurements at /5 = 27.4 and /s = 38.8 GeV
in pp collisions to predictions by the Split Field Magnet(SFM) collaboration’s monte carlo
simulation package.”® The SFM monte carlo (described in detail in references 5, 24 and
29) parameterizes fragmentation distribution generated by the Lund monte carlo at a fixed
jet momentum of 10 GeV/c . Three standard Lund features were changed for the SFM
predictions: 1) P(s)/P(d) = .45, 2) P(qq)/P(q) = .09 and 3) gluons fragment into quark-
anti-quark pairs that fragment independently. The calculations were performed for pp
collisions at /s = 39 GeV at a production angle of 90° . The agreement is excellent,
despite the extrapolation required from the angular region, ©®* < 50° , where the SFM
group measured hadroproduction.

IV. B. p/r* Ratio

The p/n™ ratios for \/s = 27.4 GeV pp and pd collisions are shown in Figures 9a and
9b along with the CP daia and Lund predictions. Again there is good agreement with CP
and disagreement with the consistently higher predictions of Lund. When the pp —p/n™
data at hoth /s = 27.4 and /s = 38.8 GeV are plotted versus the scaling variable, &,
as in Figure 10a, the non-scaling behavior of the ratio is observed, in accordance with
the supposition®® that proton production arises from constituent diquark scattering and
exhibits the Q?-dependence of the diquark form factor. This hypothesis is strengthened
by the better agreement of the ratios when plotted vs pp as in Figure 10b if it is supposed
that pp? oc Q2.

In Figure 10c the SFM calculation is compared to the data. The dominant source of
protons in this calculation is rank 1 fragmentation of quarks. (A “rank 1” parton is a parton
from the primary interaction vertex. “Rank 2” partons are produced in the fragmentation
of “rank 1” partons.) The predicted p/7™ ratio depends directly on two phenomenological
parameter inputs: the probability of a gluon to fragment to a baryon {or anti-baryon)
and the probability of a quark (anti-quark) to fragment to a baryon(anti-baryon). These
parameters were set to values of 0.003 and 0.09 for the calculation shown. Eighty percent
of the protons are produced in quark fragmentation. No constituent diquark contribution
was calculated which explains the inablility of the model to describe the p/7™ ratio at low

Pr .



IV. C. K~ /m~ Ratio

The /s = 27.4 GeV measurements of K~ /7~ versus pp shown in Figures 11a and 11b
are generally compatible with CP and Lund. When the /s = 27.4 and /5 = 38.8 GeV pp
—K~ /n~ measurements are plotted versus zp as in Figure 12a the x-dependence of the
gluon structure function (times the ratio of the fragmentation functions) — generally con-
sidered to be the source of K ~at low py ** — is visible. Comparison with the SFM monte
carlo in Figure 12¢ shows good agreement in both shape and magnitude. The data span a
kinematic region where the importance of rank 2 quark fragmentation in the production
of K "is increasing relative to rank 1 gluon fragmentation. The percentage contribution
of these sources — rank 1 gluon fragmentation:rank 1 quark fragmentation:rank 2 quark
fragmentation:other — in K “production are 60:10:25:5 for zp > 0.21 and 40:8:45:7 for
zp > 0.36.

V. Summary of Conclusions

1. The inclusive pion production cross sections show a similar steep dependence on pp as
seen by other experiments and parameterized by Ed 2= Af(zp)pr ™V with N ~ 8. No

reduction in N was observed for the cross sections restncted to high zq (z4 > .35).

. For pp > 3 GeV/c , the constant value of the K+ /nt ratio shows the probability
of a struck u-quark to pick up an s- or d-quark in the fragmentation process. Good
agreement with the predictions of the SFM monte carlo is found, while comparison
with the Lund monte carlo reveals some possible inadequacies in the model.

3. The non-scaling behavior of the p/n* ratio demonstrates the Q?—dependence of the

form factor of constituent diquarks.

4. Comparison of the K~ /7n~ ratio with the SFM monte carlo predictions shows the

importance of K ~production by quark-gluon scattering.

[
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summed.

. A. Breakstone et al., Phys. Lett. 135B, 510(1984).
25.

A. Seiden, “Comparison of Jet Fragmentation in Various Processes”, Invited Paper,
8*® International Conference on Proton Antiproton Physics, Aachen, Germany, July
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TABLE CAPTIONS

The reactions and kinematic ranges of the data.

The total number of protons on target and integrated luminosity for each data set.
Only statistical uncertainties are shown in the table; the +2% [limit of error} systematic
uncertainty in the pd luminosity is not shown.

The calculated background fraction of the reconstructed target tracks.

The values of the single positive and negative pion inclusive invariant cross section
per nucleus as a function of transverse momentum for a) pp /s = 27.4 GeV , b) pd
/5 = 27.4 GeV and ¢) pp /s = 38.8 GeV . The data are averaged over the range in
cos ©* given in Table 1 and the stated transverse momentum bin. Each entry contains
the measured cross section followed by the statistical and systematic uncertainty. The
+2% systematic uncertainty in the pd cross sections due the contamination of the
“deuterium” target is not included in the entries in Table 4b.

The values of the fit parameters b and N for the invariant cross section per nucleus
for positive and negative pions for this experiment, Reference 2(CP) and Reference

3(CCRS). The functional form of the fit is E%‘} = Af(zq)pr~N where two forms of

f(zq) were used to facilitate comparison between experiments. The tables show the
range in z, over which the cross section was fit by each experiment. In the table DOF
means degrees of freedom.

The particle ratios(a) and fractions(b) as a function of transverse momentum for the
pp /s = 27.4 GeV data. Each eniry in a) contains the measured particle ratio,
the statistical and systematic error. Each entry in b) contains the measured particle
fraction, the statistical and systematic error. The sign of the systematic uncertainty
reflects the correlation between the three particle fractions (each hadron is either a
m,Kor p).

The particle ratios{a) and fractions(b) as a function of transverse momentum for the
pd /s = 27.4 GeV data.

The particle ratios{a) and fractions(b) as a function of transverse momentum for the
pp /s = 38.8 GeV data.

Comparison of the measured and predicted Kt /7t ratio with statistical uncertainties
only for pp > 3 GeV/c .
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Table 1

Reaction NE Py Tange
(Gev) (Gev/c)
pp(d) = X 274 5.2-9.0
pp — AX 38.8 3.6 - 11.0
Table 2
Data set Total protons

400 GeV pp
400 GeV pd

800 GeV pp

Data set

800 GeV pp

400 GeV pp (norm)
400 GeV pp (rev)

400 GeV pd

on target
(5.09 + .19) x 10
(7.80 £ .29) x 10
(7.17 £ .45) x 104

Table 3
Negative particles
041 £.003
.071 + .018
096 £ .024
.033 = .004

13

T, range

.38 to .66

.19 to .57

cos O range

—.3 t0 .3

—-21t0 .2

Integrated luminosity
per target nucleus (pb~1)

436. + 23.

761. + 39.

615. = 32.

Positive particles

.038 + .002
074 + .008
096 £+ .024
.104 £+ .006



pr bin
Gev/c

:

Sy thngn
b =3 b
t
S in
S =g

Py bin
Gev/c

5.2 -35.7

5.7-6.2
6.7-7.2
7.2 -7.7

7.7-9.0

(p7 )
Gev/c

5.60
5.97
6.35

(PT )
Gev/c

5.52

5.95
6.92
7.56

8.10

Table 4a

14

EZg (pp — ©7X)
[pb/(GeV ?/c%)]

( 2.37 £1.03 £0.19) x10!
7.33 £2.12 +0.46
1.97 +£0.84 +0.16

E %E’r (pp — 7*X)
[pb/(GeV ?/c?)]

(1 3.41 £1.78 £0.41) x10!

( 1.53 £0.31 £0.09) x10’
1.05 40.56 +0.09
(2.15 £1.32 +0.45) x10~1!

(1.52 £0.94 £0.67) x10~2



Gev/c

2 -5.7
- 8.2
'-—1)7
P~ 7.2

- 7.7
-9.0

=3 b2 ‘*I b

™
— e

pp bin

)]

2
3

o

i

I == WL
by m1bo =1 o
i ] |
L NN, >
BN I IR IR

(PT )
Gev/c

5.57
5.06
6.44
6.83
7.42
8.0+

Table 4b

15

ELS (pd — 7X)
s /(GCVZ/C3)]

8.73 +£2.12 +0.58) x10?

(

( 1.46 +0.20 £0.08) x10!
3.67 +0.61 +0.23

1.16 +0.32 +0.08

( 4.60 +1.07 +0.30) x10~!
(

1.66 +0.40 +0.30) x 102

E%;% (pd — 7TX)
[pb/(GeV ?/c%)]

( 7.87 £1.56 +0.77) x10?

)
( 2.15 +0.24 £0.13) x10!
7.07 £0.90 +0.47
(9.23 +£3.29 +0.98) x10~!
)
)

( 4.77 £0.87 £0.27) x107!
( 2.97 £0.64 £0.61) x10~2



Table 4c¢

16

E'f—';} {(pp — 7 X)
[pb/(GeV ?/c%)]

( 1.00 £0.18 +0.08) x10*

( 3.26 £0.27 +0.24) %103

( 9.92 £0.83 +0.77) x10?

( 2.83 £0.31 £0.27) %102

( 1.06 +0.14 £0.09) x10?
)

( 3.58 £0.78 £0.31) x10!
1.85 +0.68 +0.16

1.60 +0.44 +0.12

( 4.52 £1.73 +0.43) x10~!

EL$ (pp — 77X)
[pb/(GeV 2/c?)]

(1.62 £0.33 +0.13) x104
( 4.62 £0.38 +0.33) x10°
( 1.40 £0.12 £0.11) x10°
( 4.42 +£0.40 £0.39) x102
( 1.66 £0.19 +0.14) x10?
( 5.87 £0.88 +0.45) x10!

( 1.35 +0.16 £0.08) x10!
5.72 £0.81 £0.36

2.64 +0.68 +0.16

( 6.78 +£1.87 +0.58) x10~!

( 5.87 £4.20 £1.00) x10~2
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Table 5

This experiment ( .19 < =z, < .66 )

b N
10.8 £ 0.3 8.4+4+0.1
10.6 0.8 8.44+0.1

CP collaboration { .35

b N
9.0+0.5 8.2+0.35
9.5+ 0.5 8.5+ 0.5

This experiment ( .19

b N
204+ 4 7.0£ 0.1
17.2 £ 1.0 7.7+0.2

+2/DOF
16.1/13
9.4/9
zp < .64 )
x%/DOF
17/8
5.8/7
zyr < .66 )
x2/DOF
21.5/13

10.4/9

CCRS collaboration( .11 < zp < .36 )

b N
154 +1.2 7.5 £ .17
16.1 +£1.2 7.86 = 0.30

17

x?/DOF
72/63

70/64
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Table 8a

K+/at
.4181.0584.003
4234:.0371.007
4074.0474.008
.383+.061£.017
487+4.127+.021
.7254.248+.230

K= /n™
114+4-.034+4.002
.1254.0244.005
.081+.025-+.007
0954.0444-.014
.058+.055+.014

p/nTt

.226:£.0424.006
.2361.0271.004
133+.0281.004
.087+.033+.023
.208+.076+.011

p/r”

.165+.043+.005
.085+.024+.003
.0424.026+.003

.068+.0581.007

1 1 i
DHANS o

OO e
~3 o =3b0 b
O 1 b =1 b =1

nt /bt
608 +.040 F0.002
603 +.025 F0.002
649 +.036 $0.003
680 +.051 +£0.004
.590 +.080 F0.006
565 +£.115 F0.061

x~/h~
782 +.061 T0.002
.826 £.043 F70.002
891 +.063 T0.003
910 +.101 +0.006
.888 =.161 30.006
655 +.287 F0.056

Table 8b

E+/h+

.254 £.030 F0.000
255 £.019 =0.002
264 +.026 £0.003
.260 £.035 £0.007
287 £.060 +0.006
410 +.103 +0.068

K- /h~

.089 £.025 F0.000
.104 +.019 10.002
072 £.022 £+0.003
.086 +.038 +0.007
.052 £.047 +0.006
.184 +.180 +0.062

18

p/ht

137 +.023 £0.002
142 +.015 F0.000
.086 +.018 +0.000
.060 +.022 F0.011
123 +£.041 F0.000
025 +£.051 F0.007

p/h~

129 +.030 +0.002
.071 +.019 F0.000
.037 +.023 F0.000
.004 +.040 F0.013
.060 +.049 F0.000
161 +.157 F0.006
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Table 7a

K+/xt

.4401-.068+.003
.4184.033+.025
.369+.0354.006
.374+.0361.016
.391+.0504.019
429+4.0881-.186

K= /x™

.079+.0174+.002
.092+.0124-.005
.084+.0154.006
078+.018+.011
.028+.016+.013

Table 7b

Tt

.1611+.0454.008
1321+.0214.014
.140-£.0234.003
.108+.019+.021
.089+.0254..009
.1461.0481-.098

B/m”

.0661:.020+.004
.0671+.0141+.003
.023+.0144.003

mt/ht
625 £.049 F0.002
645 +.025 T0.007
663 +.030 F0.002
675 £.032 £0.003
.676 £.043 x0.006
635 +.068 T0.058

r~/h~
873 +.042 T0.002
863 +.028 T0.002
.903 +.039 F0.003
920 +.048 +0.003
968 +.073 30.006
931 +.138 F0.059

K+/ht

275 +£.036 F0.000
270 4:.018 +0.009
.245 £.020 £0.002
252 £.021 £0.007
.264 £.028 +0.006
272 +.046 +0.062

K= /h~

.069 +.014 30.000
.079 £.010 $0.002
076 £.013 £0.002
072 £.016 £0.007
027 £.015 +0.008
.028 +.029 +0.066

19

p/ht

.100 +.026 +0.002
.085 +.013 F0.002
.092 +.014 £0.000
.073 +.013 F0.011
060 £.016 ¥0.000
.093 +.029 F0.006

p/h™

057 £.017 £0.002
.058 +.011 F0.000
021 +.012 +0.000
.007 +.014 F0.010
004 +.017 F0.000
.041 +.040 F0.007
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Table 8a

K+/nt

.530+£.0411.014
481+.0234-.013
.470+4.0341.005
.559+.057+.004
.433+.045+.006
4841.0361.007
4671.035+.019
.5621+.0514-.036
447+.050+.033
453+.0514+.112
4944 .0994.147

K~ /™

.206+.029+1.010
.2791.019+.010
270+£.027+.004
1754.029+.003
172+4.0294.004
138+.023+.001
.1044.0224.014
-1454-.0324-.026
.081+.0264-.039
.0874.0314..084
.061+.0493-.103

20

[mt

.3551.030+£.010
.206:+.016+.009
163+.022+.003
110-.029+.004
.105+.023+.004
.084+4.014+.004
.050+.011+.011
095+.018+.023
.053+.015+.017
.0641.017+.058
.021+.015+.075

p/m"

.063+.021+.007
.0511.0144.007

.030+.017+.003
.016+£.009+.001

.0334:.016+.020



pgy bin
Gev/e
3.6- 4.0
4.0- 4.5
4.5- 5.0
5.0- 5.5
5.5- 6.0
6.0- 6.5
6.5- 7.0
7.0- 7.5
7.5- 8.0
8.0- 8.0
9.0-11.0

O -1~ 0 U b b Lo

SRUR=R 3 FoR =N
HO 03000
coCcUonomiomo

3

.IC:' “
[oary

nt/ht

531 +.022 F0.004
593 +.015 30.004
612 £.022 F0.001
599 £.034 F0.002
650 +.035 F0.002
.638 £.026 F0.002
.659 +.027 F0.005
604 +.031 F0.012
667 +.038 F0.011
.659 +.037 F0.035
660 +£.067 F0.047

x~ /h~

736 £.030 F0.004
752 £.021 F0.004
779 £.032 F0.001
.830 +.049 F0.002
.853 +.049 F0.001
.867 £.045 £0.000
.900 4.050 F0.005
873 +.059 F0.012
.898 +.065 F0.018
913 +.065 F£0.037
940 +.127 F0.047

Table 8b

K+/h+

281 £+.018 £0.003
.285 +.012 £0.003
.288 +.017 +£0.002
335 £.027 £0.000
.281 £.024 £0.002
309 £.019 +0.003
308 +.019 +0.007
339 £.024 £0.010
298 +.027 £0.011
209 £.027 1-0.039
.326 +.051 £0.050

K= /b~

.218 £.019 10.003
.210 +.013 +0.003
210 £.019 +0.002
145 +.022 1+0.000
146 +.023 +0.002
119 +.018 +0.000
.094 +.018 £0.007
126 +.026 +0.010
073 £.022 £0.017
.080 +.027 £0.040
.057 +.045 +£0.050

21

p/h*

188 +.014 +0.001
122 4,009 +0.001
.100 +.013 F0.000
.066 +.017 +0.000
.068 +.014 F0.000
.054 +.009 F0.001
.033 +.007 F0.002
.057 +.010 £0.002
.035 +.010 £0.000
.042 +.011 F0.003
.014 +.010 F0.002

p/h~

047 +.015 £0.001
.038 +.010 +0.001
011 +.015 F0.000
025 +.014 £0.000
.001 +.022 30.000
.014 £.008 F0.000
007 £.007 F0.002
001 +.023 +0.002
.029 +.015 £0.000
007 +.016 F70.004
.003 +.028 F0.002



10.

11.

12.

Table 9

Reaction This experiment  Lund prediction SFM prediction
PP /5 = 27.4 GeV AT + .06 .32 4 .02 -
pd /s = 27.4 GeV .40 £ .04 32 £.02 —
pp /5 = 38.8 GeV 49 + 04 334 .02 49+ .04

FIGURE CAPTIONS

The E605 spectrometer.

Enlarged view of SMO and SM12 showing the tungsten collimator and lead/tungsten
baffes.

The calculated geometric acceptance as a function of transverse momentum for the a)
upper and b) lower aperture for the /s = 27.4 GeV data and for the c) upper and
d) lower aperture for the /s = 38.8 GeV data. The horizontal error bars show the
width of the transverse momentum bin; the vertical error bars indicate the statistical
uncertainty of the monte carlo results.

The calculated efficiency of the EHI calorimeter trigger.

The target Y-distribution for positive particles showing the gaussian and polynomial
fits.

The single positive pion inclusive invariant cross sections per nucleus as a function of
transverse momentum for a) pp /s = 27.4 GeV , b) pd /s = 27.4 GeV and ¢) pp
Vs = 38.8 GeV . The +2% systematic uncertainty in the pd cross sections due to
target contamination is not included in Figure 5b.

The single negative pion inclusive invariant cross sections per nucleus as a function
of transverse momentum for a) pp /s = 27.4 GeV , b) pd /5 = 27.4 GeV and c)
PP /s = 38.8 GeV . The +2% systematic uncertainty in the pd cross sections due to
target contamination is not included in Figure 6b.

The relative K+ /x% production rate as a function of transverse momentum for a) pp
Vs =274 GeV,b) pd \/5 = 27.4 GeVandc) pp /s = 38.8 GeV , and d) the measured
relative K ¥ /7" production rate at /5 = 38.8 GeV compared to the SFM monte carlo.
The horizontal error bars show the bin width used for the monte carlo points.

The relative p/nt production rate as a function of transverse momentum for a) pp
Vs =274 GeV ,b) pd \/s =27.4 GeV and c) pp /5 = 38.8 GeV .

The relative p/n* production rate in pp collisions as a function of a) the scaled trans-
verse momentum, b) the transverse momentum and c) the transverse momentum at
\/s = 38.8 GeV compared to the SFM monte carlo.

The relative K~ /7~ production rate as a function of transverse momentum for a) pp
V8 =274 GeV ,b) pd \/s =27.4 GeV and ¢) pp /5 = 38.8 GeV .

The relative K~ /r~ production rate in pp collisions as a funetion of a) the scaled
transverse momentum, b) the transverse momentum and c¢) the transverse momentum
at /s = 38.8 GeV compared to the SFM monte carlo.

22
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