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Abstract 

We have measured charged-particle production in neutron-nucleus collisions 

at high energy. Data on positive and negative particles produced in nuclei (ranging 

in atomic number (A) from beryllium to lead) are presented for essentially the 

full forward hemisphere of the center-of-mass system. A rough pion-proton separa

. a	 .
tion is achieved for the positive. spectra. F~ts of the form A to the cross sec

tions are presented as functions of transverse momentum, longitudinal momentum, 

rapidity, and pseudo-rapidity. It is found that ~ changes from ~.8S to ~.60 

for laboratory rapidities ranging from 4 to 8. Trends in the data differ markedly 

when examined in terms of pseudo-rapidity rather than rapidity. Qualitatively, 

the major features of our data can be understood in terms of current particle-

production models. 
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Introduction 

Our present knowledge of the strong interaction is based largely 

on studies of hadron-hadron scattering. In any such experiment we only 

measure the asymptotic states, and we therefore have very little in

sight into the nature of hadronic matter at the time of its creation. 

It is possible, however, to affect the early stages of an interaction 

and learn about hadronic matter at nascency by using nuclear targets. 

When a high energy projectile collides with a nucleus and interacts 

with one of the nucleons, the remaining nucleons serve as secondary 

targets for the re-interaction of the states produced in the initial 

collision. By varying the atomic number of the targets, one can 

observe differences in production which should be attributable to the 

intimate details of the strong interaction over short space-time in

tervals. One of the simplest effects to study would be the change of 

the multiplicity (the number of particles produced per inelastic col

lision) with atomic weight (A). If the final-state hadrons in a hadron-

nucleon interaction were completely formed within a distance of approx

imately the size of a nucleon, the individual products of the initial 

strong interaction could interact with the nucleons remaining downstream 
I 

of the first point of collision, and produce a cascading effect, lead

ing to a strong dependence of the multiplicity on A. If, on the other 

hand, particles produced in the initial collision required much time 

to separate and resolve into their final states, then the multiplicity 

would not depend radically on A. The latter situation could be realized, 

for example, in a primary interaction which produced a correlated or 

resonant-like system of hadrons (acting as a single object as it traversed 

nuclear matter) • 
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l
Early observations in cosmic-ray studies have shown evidence for 

\ 

a lack of cascading in nuclei at high energies, and recent measurements 

at Fermilab2 have confirmed these findings. In our experiment we pro

vide	 detailed measurements of particle production in neutron-nuclear 

collisions, for essentially the full forward hemisphere of the center 

of mass, with information on charge, transverse momentum, and longi

tudinal momentum of hadrons. 

Current models of particle production have had substantial success 

in treating the qualitative properties of hadron-production in hadron

nucleus collisions. Multiperipheral models,3 energy-cascade models,4 

6parton models,S and other phenomenological ideas have made similar 

predictions concerning the A-dependence of the multiplicity. Our new 

data should provide a great challenge for these models and thereby point 

to those that are most likely to provide a greater insight into the 

strong interaction. 

I.	 Experimental Details 

A.	 Beam, Targets and Spectrometer 

The experiment was performed in the M-3 beam-line? at the 
I 

Fermi National Accelerator Laboratory (Fermilab). The production angle 

for this neutral secondary beam was 1 mr relative to the incident primary 

400 GeV proton beam. The target used to produce the secondary beams 

.. at the Meson Laboratory was a 20 cm long bar of beryllium, .16 cm by 

.16 cm in size in the plane perpendicular to the beam. 

. f . 8,9,10The propert1es 0 the beam have been descr1bed elsewhere~ 

here we only provide the momentum spectrum of the neutron flux (Fig. 1).9 

4During typical running conditions, there were 5X 10 neutrons incident 
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on the experimental target, during a beam-spill time which lasted 2 

seconds. The transverse size of the beam was about 1 mm x 1 mm. Con

tamination from K~, n and photons in the beam is estimated to be less 

than 1%, and concentrated mainly for momenta well below 100 GeV!c. 

The University of Michigan provided their total-absorption calo

. 11 h' h . " 
r~meter, w ~c we ut~lized for counting neutrons in the beam. The 

active area of the calorimeter corresponded to a 24-inch x 24-inch 

square, perpendicular to and centered on the beam; the device was 

situated about 100 meters downstream from our target. This calorimeter 

was the same one used in establishing the particle-composition and 

8 9spectrum of the neutral beam. ' 

Targets used in the experiment corresponded to approximately 1% 

to 5% absorption lengths of material (see Table I). In addition to ob

taining data using five different nuclei, we also had runs using two 

different thicknesses of lead (as well as runs with no target in place) 

to gauge the effects of background and multiple scattering. 

Elements of the spectrometer (shown in Fig. 2) were used to de

tect interactions in the nuclear targets, and to measure and record 

properties of charged particles produced in those interactions. Fast 
I 

electronic-logic signals from scintillation counters (A, S, and L) were 

used to select appropriate events for triggering two modules of wire 

spark chambers (WSC 1 and WSC 2). The analysis magnet (BM 109) im

parted a 510 MeV/c transverse impulse to charged particles; the aperture 

was 8 inches vertically, 24 inches horizontally (bending plane), and 

" 
72 inches along the beam axis. 
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B. L-Counter and Spark Chambers 

The L counter was a teflon-coated liquid-scintillation counter, 

constructed of 0.125 inch-thick aluminum channel, with inner dimensions 

of 4.6 cm along the beam direction, 3.2 cm in the vertical, and 2.2 m 

in the horizontal direction (perpendicular to the beam). The channel 

was closed at both ends with transparent lucite spacers which permitted 

the transmission of light from the liquid scintillator to photomulti

plier tubes attached to the lucite material. Signals from the photo

multiplier tubes were used as part of the trigger, and were also re

corded for use in the off-line analysis. 

The L-counter was located at the downstream end of the spectrometer, 

a little over 10 meters from the target. Two strips of lead, each 

0.75 inches thick, 1.75 inches high, and 45 inches long, were placed 

end to end with a 2 inch wide separation between them, in front of the 

counter. This lead was used to generate electromagnetic cascades which 

could be detected in the L-counter. 

Two plastic scintillation counters, A, and S, were placed in front 

of, and behind the target, respectively. Scintillator A was 0.125 inches 

thick, 4 inches high, and 4 inches wide; it was located about 9 inches 
I 

in front of the target. The S-counter was located immediately behind 

the target, and its active portion was a 0.25 inch diameter disk that 

was approximately 0.0625 inches thick. 

Charged particles were detected using two modules of magnetostrictive-

readout wire spark chambers (WSC). Each module consisted of four gaps, 

and each gap was defined by a pair of 40 wire/inch parallel-wire planes. 

The wire planes were oriented perpendicular to the beam axis; two gaps 

in each module had vertical wires (X) while the other two gaps had wir~s 

inclined at ±15 D to the vertical (U,V). The two modules were situated 
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approximately 5 and 10 meters downstream of the target. The spark chamber 

module located closer to the magnet had a sensitive area 3 cm in the 

vertical dimension and 1 m in the horizontal; the downstream chamber's 

aperture was 5 cm by 2.3 m. The narrow slit design provided for rela

tively simple track reconstruction. 

C.	 The Trigger and Data Taking 

The basic idea of the trigger was, simply, to select those 

events which had a charged particle traversing the spark chambers. An 

event of interest was required to satisfy all of the fol~owing criteria: 

i)	 No charged particle was to be incident on the target (no 

signal in A). 

ii) At least one charged particle had to exit from the target 

(a signal in S) . 

iii) At least one charged particle had to exit from the back of 

the spark chambers (a signal in L). 

Consequently, the trigger requirements can be summarized as: 

Trigger = A • S • L 

This trigger was very efficient in eliminating interactions initiated 

by charged particles; but, it was less effective in assuring that inter

actions originated in the target (as opposed to, for example, in the 

S counter), or that there were good tracks in the spark chambers. 
\. 

These problems will be addressed in the analysis section of this paper. 

Every time an acceptable event was detected, the spark-chamber co

ordinates (obtained using time-to-digital converters), photomultip~ier 

signals from sundry monitors and counters, and integrated pulse heights 
I 

from	 the L counter were collected using a CAMAC system interfaced to and 
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controlled by a DEC PDP-IS computer. The computer was programmed to 

monitor the performance of the experimental apparatus and to transfer 

the digital information for each event to a magnetic tape for subsequent 

off-line analysis. 

The data were obtained during about three days of beam time. 

Approximately 130,000 triggers were collected during this time interval, 

with the data divided almost equally among the five target nuclei and 

target-empty running. Details concerning beam-monitoring procedures 

l O 
and the determination of the neutron flux can be found elsewhere. 

II. Analysis and Correction of Data 

Several sources of background were investigated and resultant 

corrections applied to the data. Using data accumulated with no target 

in place, we performed a background subtraction (ranging from ~8% for 

Be to ~28% for the thinner Pb sample) from data taken with nuclear tar

gets in the beam. Also, various selection criteria were applied to 

the data to reduce backgrounds; these criteria are described below. 

A. Electron Contamination 

Non-hadronic background in the data, due to the conversion 

of photons (mainly from rro mesons) into electrons and positrons, was 

reduced, on a statistical basis, with the aid of the pulse-height in

formation from the L-counter. This liquid scintillation counter, 

located at the downstream end of the spectrometer, was used both in 

the triggering and in electron identification. The vertical size of 

the counter was smaller than that of the active areas of the spark 

chambers, and consequently the counter set the limiting aperture for 

the spectrometer. Indeed, the region of acceptance for the L-counter 
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was well within the edges of the spark chambers, where track efficiency 

might have been poor. 

Properties of the L-counter, and its response to electrons that 

traversed the 0.75 inch thick lead radiator, positioned 2 inches upstream 

I O 
of the counter, are detailed elsewhere. In essence, the lead strips 

served as initiators of electromagnetic showers; such showers are 

characterized by a large charged-particle multiplicity, and consequently 

by large pulse heights in the L-counter. 

Charged hadrons produced in the initial neutron-target interactions 

can, of course, interact inelastically in the downstream lead radiator 

and sometimes also yield large pulse-height signals in the L-counter. 

To discriminate between true electron showers and hadronic interactions 

simulating such showers (we estimate that approximately 14% of the 

pions interacted in the lead and gave large signals in the L-counter) , 

we took advantage of the fact that the pion momentum spectrum cuts off 

essentially at ~lOO GeV/c (see later), and consequently the contribution 

from electrons could only be important below 25 GeV/c. We eliminated 

from consideration as hadrons particles with momenta below 25 GeV/c if 

either: (1) pulse height9 from both ends of the L-counter were above a 

10
predetermined minimum value, or (2) the track in question passed through 

the gap in the lead radiator (i.e., no electron discrimination was avail

able). Those tracks with momenta below 25 GeV/c, that did not satisfy either 

(1) or (2) above, were accepted as hadrons. Corrections were subsequently ,. 

applied to the data to account for losses due to the cut at 25 GeV/c. 

Using the above criteria to define electron candidates, the ratio 

of electrons to pions was estimated, separately for each target sample, 

and plotted (Fig. 3) as a function of target-thickness, in units of 

radiation lengths of material (t/t d). If our criteria were valid,
ra 
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we would expect the extrapolation to ~ = a (no target) to determine the 

fraction of hadrons that simulate electron-like signals in the L-counter. 

(The target-empty result, which corresponds essentially to ~ = 0, is 

shown with the other data points in Fig. 3.) The straight line in 

Fig. 3 is a least-squares fit to the data points (excluding target-

empty); the fit yields the estimated e/rr ratio of (0 .122 ± 0.006) + (0 .083 

± 0.015)~/~ d. The extrapolation to ~ = a is clearly consistent with 
ra 

the ratio from target-empty running, and also consistent with the ~14% 

estimate for the fraction of pions that we expect to interact in the 

radiator and be mistaken for electrons. Thus, we believe that the 

electron background in this experiment is understood at the level of 

statistical uncertainty of the data. 

B. Proton Sample 

Assuming charge symmetry and factorization, the ratio of nega

tive-pion to positive-pion production in the kinematic region of pro

jectile fragmentation in neutron-nucleus collisions can be estimated 

to be about 3:l~rom results of experiments on inclusive pion production 

in pp reactions l2).Thus we might naively expect far more negative-

particle production than I positive-particle production at large longi

tudinal momenta. However, the contribution from the fragmentation 

of neutrons into protons becomes substantial relative to the pion pro

duction at large momenta. In fact, it is expected that, at the very 

largest longitudinal momenta, the positively-charged hadron spectrum 

will be dominated by protons. Since there is very little antiproton 

production expected, it would not be surprising if, instead of observing 

an excess of negative hadrons at large momenta, the opposite were true. 
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(There are K and K
+ 

components in the hadron spectra, in addition to 

the p and p fractions; kaons, however, do not appear to dominate over 

pion production in any region of phase space.) 

In Fig. 4 we plot the positive and negative-hadron momentum spectra, 

for all targets, corrected only for geometric losses (see later). Posi

tive particles are more copious than negative, and the difference is 

more pronounced at the largest momenta. Consequently, as indicated above, 

this result can be interpreted as being caused by the presence of protons 

in the data. Taking advantage of this, we defined a proton sample in 

the data as being comprised of positive tracks with momenta in excess 

of 80 GeV/c. Because some of the kinematic variables we will examine 

are affected by the mass interpretation given to the observed track 

(e.g., the rapidity), we will study the consequence of changing the 

mass interpretation when we present the data. .

C. Event-Weighting Procedure 

The geometrical arrangement of the apparatus and inefficiency 

in the operation of the spark chambers, naturally, precluded the detec

tion of every produced charged particle. In fact, the spark chambers 

were specifically designJd to have narrow apertures so as to avoid 

difficulties in reconstructing multiple tracks. Inefficiencies and 

losses in acceptance were compensated for by calculating the probability 

Of observing any given event, and using the inverse of that probability 

as a weight for that event in determining production cross sections. 

The weighting procedures are described below. 
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1. Geometric Losses 

The active portion of each of the spark chambers was shaped 

in the form of a narrow slit and centered on the beam axis. On the 

average, 1-2 charged tracks per event traversed the chambers. Con

sequently, there was little ambiguity in correlating tracks from dif

ferent views (X, U, and V coordinates) for spatial reconstruction of 

trajectories. 

To correct for geometric loss of tracks that did not pass through 

the spark chambers, we proceeded as follows. Assuming that neither 

beam nor target were polarized (a very good approximation), the produced-

particle	 spectrum could not have been a function of the azimuth angle 

(¢) about the beam axis. Therefore, any track observed within our 

(restricted) azimuthal acceptance represented a class of events with 

that particle's specific values of transverse momentum (PT) and longi

tudinal momentum (p~), and a uniform distribution in ¢ (including those 

values not in our acceptance). A typical track originating at the tar

get and triggering the L-counter, is shown in Fig. 5. Its corresponding 

class of events would intersect the plane of the L-counter on the in

dicated circumference of the sketched circle. The probability of de
I 

tecting events of this particular class is defined by the ratio of the 

observed part of the circumference (the solid arcs) to the full circum

ference. The situation is actually somewhat more complicated than 

illustrated in the figure, because of the presence of the analyzing 

magnet. In reality, the charged tracks are bent within the magnet, 

and consequently the circle defining any particular class of events 

is displaced horizontally relative to the beam axis. The amount of 

this displacement is related to the values of PT and p~ for that 
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particular class of tracks. If the displacement is large enough, pro
\ 

duced tracks of that class of events can be observed on only one side 

of beam center and not on the other (true for particles having small 

momenta and therefore large bends in the magnet). These events pose 

no difficulty, except that they have two times larger weights. 

There were, of course, cl~sses of tracks that were outside of the 

limits of our acceptance; these corresponded to particles produced at 

large angles or at very low momenta. Such events were lost and, clearly, 

could not be corrected for. In Fig. 6 we show the limits of the accept

aqce of the apparatus in p~ and y as functions of PT. (The rapidity is 

defined as: 

where E is the energy of the particle and p~ its longitudinal momentum.) 

The two curves in the figure represent, for each value of PT' the minimum 

values of p~ and y for tracks within the acceptance of the apparatus 

(i.e., tracks with values above either curve are accepted). We see that 

for a typical incident momentum of 300 GeV!c, our acceptance encompasSes 

essentially the full range of the forward part of the center of mass. 

(A pion at rest in the center of mass has a value of y = 3.23 for an 

inqident momentum of 300 GeV!c.) 

2. Reconstruction Efficiency of the Spectrometer 

Tracks were reconstructed using sets of either three or 

four colinear sparks found in the four X (horizontal) wire planes; at 

least three colinear points in Y (vertical), obtained from the rotated 

U and V planes (matched with the line found in the X planes) were also / 
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required to consider any track acceptable. The colinearity requirement 

allowed ±l mm spark deviat~ons from a straight line in the X planes 

(±3 mm for V and U). The resulting distrimltion of sparks around the 

fitted tracks had a half width at half maximum of about .2 mm (.8 mm for 

the rotated planes). 

We determined the efficiency of the spectrometer by taking advantage 

of the expected azimuthal symmetry of particle production about the beam 

direction (or Z axis). Referring to Fig. 5, the circle of rotation traced 

by the intersection of the track with the plane of the L-counter has two 

arcs which are within the acceptance of the spectrometer. Except fur 

statistical fluctuations, the number of produced tracks, of any specific 

configuration of PT' P~ and charge, must be the same for both arcs. 

Thus, comparing the numbers of tracks actually observed, provides an 

estimate of the spectrometer's relative track detection efficiency in 

the regions of the two arcs. Because the radius of the circle of rota

tion depends on the polar production angle (tan8 = PT/P~), and because 

the position of the center of the circle varies with the momentum of the 

particle (the bend of the trajectory in the magnet is, for simplicity, 

not shown in Fig. 5), relative detection efficiencies can, in fact, 

be obtained for any two arbitrary points along the L-counter. Average 

efficiencies as a function of X were determined from these two-point com

parisons, as described below. 

Defining N = 110 intervals of position along the L-counter (X), we 

formed a two dimensional array A.. of the number of observed tracks
lJ 

t h 
which traversed the i interval along the L-counter and which would 

have traversed the jth interval if the production vector were rotated 

180 0 in azimuth. (Tracks having PT and P~ combination which, when 
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rotated, fell outside the acceptance were not used in this analysis.) 

Defining Ei as the inverse of the efficiency for tracks in the i t h in

terval (i.e., n./E. of the n. tracks were observed to traverse the i t h 
1. 1. 1. 

interval of the L-count~r), we set up the following system of N linear 

equations	 in N unknowns, equating the sum of all tracks which inter

.th. 
sected t he J. J.nterval to the sum of all tracks which could intersect 

.th. t 1 . .t he J. 1.n erva , upon an aZJ.muthal rotatJ.on of 180 0 : 

N N N
 

I A .. E. = I A .• E:. = E:. L A •. (i I, N) •
 
J 1. J J.J J. 1. J.Jj=l j=l	 j=l 

Because the overall normalization cannot be obtained from just relative 

efficiencies, the above corresponds to only N-I independent equations. 

We solved the set of equations for the E:. and smoothed the results to
1. 

minimize effects of statistical fluctuations between neighboring bins. 

The absolute normalization of the E:. was fixed using a second in
J. 

dependent	 spectrometer, which consisted of large-acceptance wire spark 

13chambers placed in front of, between, and behind the narrow chambers. 

Only a small sample of events were reconstructed using both spectrometers, 

consequently, the acceptance was determined to adequate statistical 
I 

accuracy only in the central region of the spectrometers; this, however, 

was sufficient to fix the overall normalization of the efficiencies for 

the narrow chambers. Through examining tracks found in the large 

spectrometer, we found that the upstream module of narrow spark chambers 

was uniformly efficient across its entire aperture, and that the ef

ficiency of the downstream module did not vary in the vertical dimension. 

This confirmed that our characterization of the spectrometer efficiency 

by a function of a single variable, namely X, was adequate. 

\ . 
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The overall results of the efficiency analysis are shown in Fig. 7. 
\ 

The relative accuracy of the fitted values ranges from 10% near the 

edges of the chamber and in the central dip region, to about 3% just 

outside the central dip. The somewhat unusual shape of the efficiency 

function (discussed more extensively in ref. 10) can be accounted for 

on the basis of the structural characteristics of the two modules of 

spark chambers. 

3. Overall Acceptance 

The two preceding subsections dealt with the event-weighting 

criteria. In addition to correcting data for geometric and reconstruction 

efficiency, we imposed several cuts on the data which we also took into 

account in the extraction of cross sections. The electron cuts we im

posed required that we eliminate from the data sample those tracks with 

Pt < 25 GeV/c, which either traversed the gap in the lead radiator or 

produced a large signal in the L-counter. To correct for the loss of 

hadrons resulting from the imposition of these criteria, the weights 

for accepted tracks with Pt ~ 25 were increased by a multiplicative 

factor of 1.12 (see Fig. 3); finally, when an azimuthally rotated track 
I 

fell in the gap between the lead radiators, the weight for the track 

was increased by a factor of 2. 
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In Fig. 8 we display the average efficiency assigned to tracks, 

ploted as a function of PT' P2' and y. Part a) shows the efficiency 

versus transverse momentum for four regions of longitudinal momentum. 

The dips near PT ~ 0.4 GeV/c arise frQrn the exclusion of tracks (with 

momenta below 25 GeV/c) that traverse the gap in the lead radiator. 

Part b) of the figure displays the average efficiency plotted against 

P2 for four regions in PT' In vart C) we show the efficiency as a 

function of laboratory rapidity. The rapidity is closely related to 

pseudo-rapidity variable n, which is defined in terms of the polar pro

duction angle 6 in the laboratory as follows: 

n -2n[tan 6/2] ~ y 

The miniscule efficiency at small rapidity arises from the fact that 

these tracks are produced, typicallY, at large angles and hence are not 

readily detected in the apparatus. 
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. 14
III. Results of the Exper1ment 

\ 

We will present the results of our experiment in the form of multi

plicity distributions. The multiplicity is defined as the observed cross 

section for the process under consideration divided by the total inelastic 

cross section (i.e., the average number of times that a specified result 

occurs per collision). We use the following approximate expression for 

· 1 . . 15t he total 1ne ast1c cross sect10ns: 

A = 46 AO. 69 mb,a lNEL 

where A is the gram-atomic weight of the nuclear target. We extracted the 

A-dependence for any region of phase space by fitting the five nuclear 

a• cross sections to a function of the form const·A A value of a = 0.69 

would imply that the multiplicity is independent of nuclear size, or 

that the nucleus is transparent to the hadronic system produced in the 

initial collision; this is something which would not be expected for 

hadronic reactions. 

In the following sections we examine the dependence of the data on 

transverse momentum (PT)' laboratory rapidity (y), pseudo-rapidity (n), 

longitudinal momentum (~~), and combinations of these variables. 

statistical errors will be included in the figures, and possible system

atic biases will be discussed later in this section. 

A. Dependence on Transverse Momentum 

In Fig. 9 we show the produced-particle multiplicity, integrated 

for y > 4, as a function of PT
2 

for each of the target nuclei. The posi

tive particles are examined in three ways: First, all the data are given 

without differentiation according to longitudinal momentUm, and then the 
I 

positives are separated into 'pions' and 'protons' using our division at 
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Pt = 80 GeV/c (tracks with longitudinal momenta above this value are 

interpreted as protons). The pion distributions are all steeply falling
 

2 2
 
for PT ~ 0.3 (GeV/c) , beyond which, the PT dependence is more akin to 

that	 observed for the proton data. Although the p~ distributions for all 

particles become less steep	 with increasing longitudinal momentum, the 

2positive spectra exhibit a substantially weaker PT dependence th~n the 

negative-particle spectra.	 We attribute this difference partially to 

the pre~ence of the proton component in the data. The difference is 

2
particularly pronounced at larger P~ where the remnant proton component, 

even for Pt < 80 GeV/c, may	 be substantial. 

2
The qependence of the PT distributions on nuclear size is shown in 

Fig. 10, where we plot a as a function of p~, for the data illustrated in 

the previous figure. The graph for negative particles shows a peak for 

2 
a at small	 PT' followed by a fall-off and a constant region at larger 

2
values of PT The graph for positive particles shows similar behavior; 

when we split this data into the 'pion' and 'proton' components, we see 

2
that the small-PT peak appears to be caused by the pions. The numerical 

values of the data points used in Figs. 9 and 10 are given in Table II. 

I	 • •
B.	 Dependence on Long1tud1nal Momentum and Rapidity 

The atomic-weight dependence of the data on longitudinal 

momentum	 is displayed in Fig. 11. The data have been integrated over 

a
PT' and the non-invariant cross sections (da/dpt) fitted to the form A • 

There appears to be a significant A-dependence in the data, particularly 

at small values of Pt. The positive and negative data are very much the 

same; even at large pt-values, where protons dominate the positive-partic~e 

data, we do not observe any statistically significant difference. The 
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~ numerical values of a, and of the produced multiplicity for the individual 
\ 

nuclear targets, are given as functions of PR, in Table III. 

2
In Fig. 12 we display the multiplicity, integrated over as a func-PT' 

tion of rapidity (y) for all the targets; the positive spectra (shown in 

part b, assuming a pion mass) are again divided into 'pion' and 'protons' 

in parts c) and d), respectively. (To avoid confusion, the data for each 

target were shifted by a decade relative to the previous sample. The 

data are displayed from top to bottom in order of increasing A.) Below 

y ~ 4 our acceptance deteriorates and, consequently, the absolute normal

ization there is not reliable. (The error bars in the figure, as men

tioned previously, are o~ly statistical.) The atomic-weight dependence 

of the distribu·tions in Fig. 12 is shown in Fig. 13, where we plot a as 

a function of rapidity. For both positive-particles and negative-particles 

a decreases with increasing y, falling below 0.69 for y 2: 6. For "protons" 

(the rapidity calculated using a proton mass), a decreases to ~.5 at 

large y. The values of the data points depicted in Figs. 12 and 13 are 

tabulated in Table IV. 

C. Correlations Between y and PT 

We now proceed to a more detailed examination of the A-dependence 

of the data. In Fig. 14 we show the P
2 

dependence of the a-parameter for
T 

three different regions of rapidity (calculated using the pion mass) : 

4 < Y < 5; 5 < Y < 6; 6 < Y < 8. The variation of a with PT
2 

appears to 

depend on y. In particular, negative particles exhibit a clear peak in 

the a distribution at small P~ only for the lowest region of rapidity. 

Positive particles, on the other hand, exhibit an increase in a at small 

PT
2

for all v- Although this effect appears to be caused mainly by 'pions' 
I 
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there is ~ome indication of a similar tendency in the "proton" data; 

nevertheless, our crude pion-proton separation prevents us from reachin9 

any definitive conclusions. Table V lists the values of a plotted in 

Fig. 14, along with the associated values of the multiplicities from 

the different targets. 

For completeness, we present in Table VI the multiplicities and the 

2
fitted values of a as functions of PT (for y > 4) separated into regions 

of longitudinal momentum. 

D. Comparison of Dependence on Rapidity and on Pseudo-rapidity 

The difference between rapidity (y) and pseudo-rapidity (n) is 

not large in most regions of phase space, and so the two are usually 

used interchangeably. At very small angles, however, the differences 

can be substantial. 

The definition of rapidity, as measured in the laboratory frame

of-reference can be written as: 

y = - In[tan(~/2)], 

where ~ is an angle defined by tan~ = m p , and m = ~~ + m
2 

is the
T/ t T 

"transverse" mass of a JjJarticle of mass m. The production angle of the 

particle in the laboratory frame, e, enters into the analogous defini

tion of n, with tan9 = PT/Pt. The two angles ~ and 9 in these defini

tions are approximately the sarne only at large PT' that is, where the 

mass of the produced particle can be ignored relative to its transverse 

momentum. 

In Fig. 15 we compare y and n distributions for negative tracks 

produced on a beryllium target (the two sets of data are shifted relative 

to each other by a decade). The multiplicity at regions of large 
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rapidity is smaller than that at large values of n. This difference 
\ 

arises because different regions of phase space are examined for the 

same numerical value of y and n. Detailed comparison of the kinematics 

reveals, a~ might be expected, that the difference between the two 

10
variables is most pronounced at small PT. 

The atomic-weight dependence as a function of pseudo-rapidity is 

shown in Fig. 16. (Figure 13 displays the dependence on rapidity.) A 

marked difference in the value of the ~-parameter is apparent at large 

values of the two variables. In both cases, initially ~ falls off as 

y and n increase; but ~ does not becom~ as small, when examined as a 

function of n, as it did versus y. For n > 7 (beyong the kinematic 

upper limit for y) the extracted values of ~ rise above the minimum 

value of ~.7. To explore this effect further, in Fig. 17 we show the 

~-parameter as a function of y and n, but with the data divided into 

different regions of Pi. The rise in ~ at large n is observed for all 

Pi; it is most pronounced, however, for both positive and negative tracks, 

in the 20 < Pi < 60 GeV/c, where we have best statistics at large values 

of n. The data at large y have poor statistics, and we consequently 

cannot, with assurance, address the question of a rise in ~ for large 
I 

y; there does, however, appear to be a small effect in the positive 

particle data. Tables VII-IX give the values of the multiplicities for 

the nuclear targets and the ~-parameters for the above y-n comparison. 

E. Systematic Errors 

Cross sections (or multiplicities) reported in this paper have 

several sources of possible systematic uncertainty. Systematic biases 

stem from the uncertainty in the measurement of the neutron flux, from 

variations in the thickness of the nuclear targets, from residual 
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contamination of the data (by electrons, kaons, stray tracks, etc.), 

from the idealized treatment of the apparatus in correcting for geometric 

losses, and from uncertainties in the determination of the efficiency of 

the spectrometer. (No corrections were applied for secondary interaotions 

w~thin the targets because the effect is expected to be below the 5% level.) 

We estimate that the systematic biases contribute to a ±IS% overall un

certainty in the absolute cross sectional measurements. The neutron-flux 

normalization is the largest component of these biases, and crude cross 

checking leads us to believe that the error in the flux measurement is 

10
less than ~10%. possible electron contamination, which we expect to 

be localized to transverse momenta below P~=O.Ol (GeV/c)2, is such that 

in this region of phase space we estimate that the remnant contamination 

justifies doubling of the presented statistical error bars, both for 

cross sections and for the a-parameters. The systematic uncertainty in 

the determination of the atomic-weight dependence of the data (i.e, the 

a-parameter) is difficult to assess. As can be observed from some of the 

poor X2- values for fits of aross sections to the form Aa , this parameter

ization is not always appropriate. In fact, there are regions of phase 

space where more compliqated functions are clearly required. It is for 

this reason that we would urge phenomenologists to use the tabulated 

cross sections, rather than values of a for any detailed comparisons 

of our data with models. 

Finally, we stress that, because we cannot correct for data that 

are totally outside of the acceptance of our apparatus, the absolute 

values for differential cross sections in regions of marginal acceptance 

«1%) must be viewed with great caution. Nevertheless, the A-dependence 

of the data, even in regions of poor acceptance, should still be reliab~e. 
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F. Conclusions 
\ 

There has recently been a renewal of interest in the study of 

particle production using nuclear targets. Experiments performed in the 

past few years have reported features which agree qualitatively with 

those observed in our data. However, our experiment is unique in 

that we have measured momenta and angles of final-state particles 

for a variety of nuclear targets. Although a rise in ~ was observed 

prev~ous y at sma11 or a d'. 1 16 PT2 f f'~xe d pro uct~on ang1e, our data have 

provided the evidence needed to show that this effect was not just a 

kinematic consequence of the fixed angle in that experiment (as was 

17
suggested by Dar et al ), but a general phenomenon occurring over 

an extended region of phase space. The behavior of our data at large 

PT
2

supports the small rise in a seen in previous proton-nucleus 

, 18
experlments 

The atomic-weight dependence of the inclusive cross section as a 

l 9 
function of pseudo-rapidity n has been investigated previously by others

and their results indicated that at small angles mUltiplicity becomes in
I 

dependent of A. Our data show a definite dependence on A, in that a 

falls well below a value of 0.69 at large rapidity. This observation 

excludes from consideration recently favored simple multiperipheral 

(single-Regge-pole exchange) and energy-flux cascade models, and 

suggests that multi-Regge pole exchanges or cut contributions are im

portant in hadron-nucleus collisions.3 However, when our data are 

examined as a function of n, the results are consistent with a lack of 

dependence of particle production on A for moderately large n (5 < n < 7) ,20 
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Consequently, it appears that theoretical predictions for a(y) cannot 

be assumed to hold without modification for a(n). While the decrease 

of a with increasing n (or y) can be explained by several diverse models,21 

22
the Parton-Cascade model has explicitly predicted a decrease in a 

followed by a small increase at largest values of n. We, of course, 

observe a very large increase in a for n > 7. This rise in our data, 

however, might be caused, at least partially, by the electromagnetic 

interaction of the neutron producing a low mass resonance (e.g. the 

~0[1232]) in the forward direction;23 the nuclear dependence of 

2
such a reaction would be proportional to Z , and the coherent production 

o cross section is large enough so that the decay products (~ ~ pn 

could provide a non-negligible contribution at small angles. At 

present, there is no clear understanding of the observed increase of 

24 
a at small PT' nor do we believe that the increase of a for large n 

10 
can be attributed entirely to coulombic processes. As for the rest 

of our findings, they appear to be in at least qualitative agreement 

with the predictions of a variety of models. Detailed calculations 

will be required to establish which of these models, if any, can 

provice an understanding: of all of the production phenomena found in 

this work. 
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TABLE I 

PROPERTIES OF" THE TARGETS 

Atomic Thickness(l)2 
Element Weight (A) (ern) (grnlcm ) lllabS+(%) III ++ (%)

rad 

Beryllium 9.01 2 .. 078 3.84 5.66 5.91

Aluminum 26.98 1 .. 798 4.85 4.83 20.2 

Copper 63.54 0.645 5.78 4.36 45.1 

Tin 118.7 0.632 4.62 2.77 52.2 

Lead 207.2 .318 3.61 1.72 56.8 

Lead 207.2 .170 1.93 0.919 30.4 

+labS is the nucleon absorption length for the material o 

++lrad is the radiation length for the materia10 

Values of the parameters for the nuclei obtained from "~eview" 
of Particle Properties", Reviews of Modern Physics, VoL 48, 
No.2, Part II, April 1976. 



.... 
TABLE II 

Differential Multiplicity as a func~ion of p~,  

and of ~arget  material, for rapidities grea~er  than 4. The 
?

of the X- for t.r.o two-parameter fitsto the five data !?oints 

values of a and 
. 

are also q i.vcn . 

o.co 0.04 • , 23+2 .58-+0 • 162+2 • 70-+0 • 187+2 .66-+0 • 182+2 .66-+0 .194+2 .00..0 0.824 0.018 10.8 
0.04 0.08 •676+1 • 45-+0 .001+1 .51-+0 .834+1 .46-+0 .928+1 .53-+0 .887+1 .61..0 0.785 0.026 1.7 
o. 08 0.24 
0.24 0.48 
o. LI8 0.84 

• 388+1 .3)-+0 
• 951-+0 • 68-1 
.3)6..0 .28-1 

•~33+1 • 22-+0 
• 134+1 • 88-1 
• LJ08-+O .34-1 

.422+1 .3)-+0 

.135+1 .78-1 
• 458+0 • 32-1 

• ~27+1 .21-+0 
• 113+1 •78-1 
.473+0 .37-1 

• Ll50+1 .26..0 
.110+1 .95-1 
.512..0 .46-1 

0.727 0.021 
0.728 0.0)) 
0.845 0.036 

1.3 
17.8 
1.5 

0.84 1. 36 • 140..0 • 17-1 .174-+0 .19-1 • 174-+0 • 17-1 .199-+0 .19-1 .182-+0 .21-1 0.781 0.046 1.4 
1.36 2.00 .541-1 .9J-2 • 599-1 • 11-1 .119-1 .11-1 .610-1 .10-1 .652-1 .12-1 0.755 0.070 2.5 . 

'..l , 
( 
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TABLE II 

POSITIVE "PIONS" 

0.00 0.04 
0.04 0.08 
0.08 0.24 
0.240.48 
0.480.84 
0.84 1.36 
1.36 2.00 

.121+2 .58-+0 • 159+2 .70..0 .184+2 .65-+0 

.652+1 .45+0 .• 774+1 .51-+0 .814+1 .46..0 
.• 369+1 .20-+0 .4-11+1 .22-+0 .lK:>5+1 .2)+0 
.009oK) .68-1 .121+1 .88-1 .121+1 .78-1 
•217oK) • 27-1 .1)7-+0 .33-1 .361-+0 .31-; 
.963-1 .16-1 .112-+0 .18-1 .115-+0 • 16-l 
.255-1 .81-2 .336-1 .99-2 .440-1 .st-z 

"PRoTmm" 

• 179+2 .66-+0 
• g)6+1 .53-+0 
• LlQ9+1 .21-+0 
.101+1 .78-1 
• 374-+0 • 36-1 
.141-+0 .18-1 
.1)9-1 • g)-2 

• 192+2 .00..0 
.867+1.61..0 
.436+1 .26-+0 
.988-+0 .94-1 
• 425-+0 • 45-1 
.137-+0 .2)-1 
• 3J8-1 • 11-1 

0.821 0.018 
0.789 0.027 
0.732 0.022 
0.738 0.034 
0.888 0.046 
0.813 0.062 
0.762 0.13J 

10.8 
1.6 
1. 1 

17. 1 
1.2 
0.5 
2.1 I 

N 
1.0 
I 

O.CO 0.04 
0.04 0.08 
0.08 0.24 
0.24 0.48 
0.48 0.84 
0.84 1.36 
1.36 2.00 

.265~  .16-1 

.241oK) .2)-1 

.183-+0 .11-1 

.142-+0 • '1-1 
•897-1 •79-2 
.439-1 .51-2 
.286-1 .40-2 

.283-+0 .17-1 

.270-+0 .22-1 
• 218-+0 • 13-1 
.134+0 .10-1 
.101..0 .87-2 
.620-1 .64-2 
.263-1 .38-2 

• 257-+0 • 15-1 
.2)9+0 .18-1 
• 171 +0 • 10-1 
.139+0 .97-2 
•970-1 .75-2 
• 588-1 •55-2 
.339-1 .42-2 

•257..0 • 16-1 
• 226-+0 •2)-1 
.177-+0 .11-1 
.119-+0 .99-2 
.991-1 .84-2 
.576-1 .61-2 
.3:>1-1 .43-2 

.2llO-+O .18-1 

.2)0-+0 .22-1 

.137-+0 .12-1 
• 107..0 • 11- 1 
.875-1 .91-2 
• 441-1 • 64-2 
• 344-1 .53-2 

0.658 0.026 1.8 
0.625 0.037 4. 1 
0.616 0.02813.5 
0.619 0.034 2.6 
0.693 0.037 2.0 
0.719 0.049 7.7 
0.752 0.058 1.4 

. • 

The errors shown next to the differential multiplicity, for each target, and next to the value of ~,  are 
statistical. All values are expressed in exponential notation: .134 + 2 = 13.4. 

. .,. 



TABLE III 

Differential Multiplicity as a function of longitudinal momentwn 

and of target matier.i.a l , 

of ~he X2 for the two-9aracictcr fit to 

The 

the five data points 

values of a and 

a~e  also given. 

Range of p~  

Be Al Cu Sn Pb a. 2 
X 

(GeVIe) ALL NEGATIVE PARTICLES 

O. 4. 
4. 8. 
8.· 16. 

16. 24. 
24. 36. 
36. 52. 
52. 00. 
00. 116. 

116. 156. 
156. 200. 
200. -oo. 

.188-+0 .22-1 

.3)0-+0 .22-1 

.117-+0 .71-2 

.456-1 .33-2 

.212-1 .12-2 

.898-2 .54-3 

.322-2 • 19-3 

.739-3 .68-4 

.151-3 .. 31-4 

.428-4 •17-4 

.915-3 .21-3 

.218-+0 .25-1 .292-+0.25-1 

.4147-+0 • 3)-1 .445+0.25-1 

.145-+0 .81-2 • 165-+0 .84-2 

.577-1 .38-2 .617-1 .36-2 

.272-1 .15-2 .266-1 .13-2 

.109-1 .64-3 .110-1 .60-3 

.365-2 .22-3 .389-2 .22-3 

.805-3 .77-4 .833-3.79-4 

.126-3 .27-4 .• 175-3 .31-4 

.260-4 .16-4 .487-4 .18-4 

.103-2 .21-3 .118-2 .22-3 

• 277+0 •26-1 
.455+0 .27-1 
• 183-+0 .93-2 
.661-1 .!lO-2 
.286-1 • 14-2 
.103-1 .60-3 
.373-2 .24-3 
.735-3 .86-4 
• 157-3 .38-4 
.377-4 .19-4 
.933-3 .23-3 

• 33.4+0 •33-1 
.1464+0 .32-1 
• 166+0 • 10-1 
.676-l' .145-2 
•286-1 • 19-2 
• 102-1 .74-3 
.335-2 .26-3 
.764-3 • 10-3 
.2)8-3 .53-4 
.llO8-4 .24-4 
• " 1-2 •29-3 

0.868 0.01J4 
0.009 0.028 
0.823 0.0214 
0.81' 0.028 
0.781 0.023 
0.727 0.025 
0.723 0.026 
0.699 0.043 
0.787 0.091 
0.698 0.187 
0.737 0.097 

2.0 
8.7 
6.0 
1.5 
4.6 
5.4 
5.0 
1.2 
1.5 
0.8 
0.8 

I 
W 
o 
I 

ALL POSITIVE PARTICLES 

O. 4. 
4. 8. 
8. 16. 

, 6. 24. 
24. 36. 
36. 52. 
52. 00. 
80. '16. 

116. 156. 
156. aJO. 
2J0. ioo. 

.3)5-+0 .31-1 
•392-+0 .26-1 
• 138-+0 .78-2 
.526-1 .37-2 
.232-1 • 15-2 
• , 14-1 •74-3 
•441 -2 •29-3 
.185-2 • 13-3 
.916-3 .72-4 
.585-3 .lj)-4 
• 123-1 .6!1-3 

• 366-+0 .34-1 
.515-+0 .29-1 
.178+0 .95-2 
.687-1 .46-2 
.319-1 .C.'O-2 
.125-1.76-3 
.544-2 .34-3 
•220-2 .16-3 
.. 118-2 .86-4 
.643-3 .53-4 
.119-1 .64-3 

e 425-+0 > 32-1 
.518-+0 .26-1 
.184-+0 .85-2 
.753-1 .44-2 
.328-1.18-2 
.147-1.82-3 
.534-2 .29-3 
.223-2 .14-3 
.991-3.73-4 
.621-3.50-4 
.111-1 .56-3 

.1.181 -+0 • 38-' 

.513+0 .28-1 

.183-+0 .91-2 

.778-1 .50-2 

.345-1 .19-2 

.133-1.82-3 

.505-2 .32-3 

.228-2 .114-3 

.869-3.76-4 

.578-3.52-4 

.892-2 .53-3 

• .tl23-+O • Zt1-1 
.635-+0 .36-1 
.2)3-+0 .11-1 
.767-1 .59-2 
.340-1 .23-2 
.153-1.11-2 
.496-2 .3£-3 
.174-2 .16-3 
.955-3.99-4 
.1430-3.53-4 
.989-2 .68-3 

0.821 0.039 
0.810 0.024 
0.795 0.022 
0.814 0~029  

0.009 0.026 
0.774 0.026 
0.721 0.027 
0.712 0.03) 
0.668 0.035 
0.635 0.038 
0.597 0.023 

2.9 
6.8' 
4.5 
3.5 
6.1 
3.5 
5.5 . 

10.1 
8.7 
6.2 
5.8 

. 

- The errors shown next to the differential multiplicity, for each target, and next to the value of (l,
 

are statistical. All values are expressed in exponential notation: .134 + 2 = 13.4.
 , (. (, 



TA"~~,  IV) ) 
Differential Multiplicity as a function of y, 

and of target material. The values of a.and 
2of the X for the two-parameter fitsto the five data points are also given. 

Range of y Be Al Cu Sn Pb a. x2 

ALL NEGATIVE PARTICLES 

2.8: . 3.~ 

3.20 3. eo 
3. eo 4.20 
4.20 4. EO 
4.60 5.CO 
5. CO 5.40 
5.l.lO 5.00 
5.00 6.20 
6.20 6.60 
6. ro 1. CO 
1.00 1.60 
7.60 8.20 

.138+1 .17~  .182+1 .20+0 

.168+1 .14~ •226+1 • 16-+0 
• 173+1 • 11-+0 .235+1 .13-+0 
.116+1 .64-1 .• 146+1 .72-1 
.774+0 .l./O-1 .91,6+0 .44-1· 
.517+0 .24-1 .609-+0 .26-1 
.311..0 .11.1-1 •353~ • 16-1 
.181 -1-0 .84-2 .181-+0 .86-2 
.002-1 .42-2 .843-1 .115-2 
.3112-1 .21-2 .327-1 .• 21-2 
• ';0 4-2 .58-3 .000-2 .6'5-3 
.397-3 .15-3 .474-3 • 11-3 

.222+1 .19-K> 

.270+1 • 15~ 

.204+1 .11..0 

.169+1 .70-1 

.107+1 .1.12-1 

.592+0 .23-1 

.345+0 • 14-1 
• 173-t-O .13-2 
.827-1 .39-2 
• J)1-1 .18-2 
• 496-2 .52-3 
.268-3 .12-3 

• 186+1 .20+0 
.298+1 • 17-+0 
• 244+1 • 13-+0 
• 183+1 .76-1 
.115+1 .41-1 
.571..0 .25-1 
.355+0 • 15-1 
• 172..0 .79-2 
.779-1 .41-2 
.250-1 .18-2 
• 1.144-2 .55-3 
.370-3 • 15-3 

.251+1 .26-+0 

.201+1 • 19+0 

.235+1' • 14..0 

.191+1 .91-1 

.110+1 .55-1 

.592+0 .29-1 

.327ofQ .11-1 
• 185-t-O .97-2 
.733-1 .48-2 
.247-1 .21-2 
.477-2 .68-3 
.376-3 • 18-3 

0.849 0.046 
o. 850 0.0)) 
0.774 0.025 
0.851 o.oai 
0.8170.0en 
0.721 0.019 
0.701 0.019 
0.684 0.019 
0.666 0.023 
0.580 0.028 
0.639 0.050 
0.630 0.167 

4.6 
9.0 

10.4 
1.6 
4.8 
5.2 
4.1 
1.9 
2.3 
2.3 
2.8 
0.9 

I 
w 
t-' 
I 

ALL POSITIVE PARTICLES 

2. f:IJ 3.20 
3.m 3.00 
3. ro 4.20 
4.aJ Ll.f:IJ 
4.60 5. CO 
5.00 5.lJO 
5.40 5.00 
5.80 6.20 
6.20 6.60 

·6.60 7.00 
7.CO 7.00 
7. ('0 8.20 
~8.  2J 8.00 

.234+' .22-+0 
•243+' • 16-+0 
.1614+1 .11-+0 
.154+1 .82-1 
.941..0 .46-1 
•565+0 •26-1 
.346-1-0 • 16-1 
.201+0 • 95-2 
.115+0 .57-2 
• f:IJ 4...' .32-2 
.210-1 .11-2 
.658-2 .00-3 
.4e9-3 .16-3 

.253+1 .24-+0 

.352+1 .20-+0 

.251+1 .14-+0 

.181+1 .89-1 

.111+1 .51-1 
• 698-+0 • 3)-1 
.389+0 .17-1 
.229+0 • 10-1 
.122-+0 .60-2 
.642-1 • 34-2 
• 231 -1 • 12-2 
.628-2 .61-3 
• 110-2 .25-3 

.29)+1 .22-+0 
• 351 +1 • 18-+0 
• 258+1 • 13-+0 
•~2+1 .83-1 
.122+1 .47-1 
.713-+0 .21-1 
.408-+0 • 15-1 
•214+0 •88-2 
• 117+0 •52-2 
• 571-1 •28-2 
.19'.)-1.10-2 
.410-2 •LlLl-3 
.791-3 .19-3 

.346+1 .27-+0 

.324+1 .19-+0 

.261+1 .111-+0 

.214+1.93-1 
• 117+1 •Ll9-1 
•731 -t-O • 29-1 
.373-+0 • 16-1 
.3)7-+0 .93-2 
• 118-+0 • 55-2 
•517-1 •29-2 
.185-1 .11-2 
.1.145-2 .50-3 
.993-3 .22-3 

• 351 +1 .31 +0 
.363+1 .23-+0 
.325+1 .18+0 
• 208+1 • 10+0 
.117+1 .51-1 
• 698-+0 • 33-1 
.367-+0 .19-1 
.209-+0 • 11-1 
• 105-t-O .62-2 
.1.182-1 .33-2 
.168-1 .12-2 
.439-2 .58-3 
.663-3 .21-3 

0.834 0.037 
0.783 0.026 
0.865 0.024 
0.793 0.021 
0.759 0.019 
0.1510.018 
0.709 0.019 
0.69:) o.ozo 
0.674 0.021 
0.616 0.023 

. 0.613 0.024 
0.528 0.043 
0.752 0.120 

1.0 
'2.5· 
".5 
2.7 
6.3 
7.8 
1.8 
4.5 
3.2 
5.1 
6.7 
4.5 
5.0 

. ,. 



'I'ABLE .IV 

POSITIVE "PIONS"
 

2.00 3.20 .234+1 .22-+0 • 253+1 .24-+0 • 2c;.o+1 • 22-+0 .346+1 .27..0 e 35; +1 • 3,..0 0.834 0.037 1.0 
s.zo 3. EO 
3.00 4.2) 
4.20 4.Eo 
4.Eo 5.00 

.243+1 .16-+0 

.164+1 .11-+0 

.154+1 .82,:",1 

.920...0 .46-1 

• 352+1 •aJ-+O 
.251+1 .14-+0 
• 181 +1 •89-1 
• 108+1 .:D-' 

• 3151+1 • 18-+0 
•238+1 • 13-+0 
• aJ 1+1 •83- 1 
• 120+1 • 47-1 

.324+1 .19iQ 

.261+1 .14-+0 
• 213+1 •93-1 
• 115+1 • 49-1 

.363+1 .23..0 

.325+1 • 18-+0 
• '08+1 • 10..0 
• 114+1 .56-1 

0.783 0.026 
o. e65 0.024 
0.794 0.021 
0.7600.0al 

12.5 
11.5 
2.6 
6.LI 

5.00 5.40 .514-+0 .25-' .637-+0 .28-' .635+0 .25-' .644+0 .27-1 .638..0 .31-1 0.751 0.019 6.LI 
5.40 5.00 

'5.8) 5.2) 
.259+0 .13-1 
.964-1 .62-2 

.283-+0 .14-1 
• 109-+0 .67-2 

• 299+0 
• 113-+0 

• 13-' 
• 00-2 

• 277-+0 • 13-1 
• 119+0 .65-2 

.278iQ .16-1 

.1'9..0 .78-2 
0.712 0.021 
0.759 0.025 

3.7 
O.LI 

6.20 6. Eo 
6. CO 7. CO 

.320-1 .26-2 

.835-2 .91-3 
•391 -1 •29-2 
.829-2 .92-3 

.385-' .26-2 

.846-2 .84-3 
.Ll47-1 .3:>-2 
.006-2 .84-3 

• Ll24-1 .33-2 
.983-2 • 11-2 

0.784 0.032 
0.723 0.044 

2.2 
1.6 

I 
Vol 
IV 

7.CO 7.00 • 161-3 .93-4 • 111 -3 •79-4 • 432-4 • 43-4 • Ll72-4 .47-4 • 832-4 .83-4 0.334 0.):)8 0.7 
• 

I 

PROTONS 

3.00 4.20 
4.2) 4. Eo 
4.fO 5.CO 

•oco-+{) •48+6 
.634-2 .40-2 
.525-1 .88-2 

•000-+0 •22+6 •000-+0 • 12+6 
.2)6-1 .7' -2 .• 111-1 .49-2 
.673-1 • '!7-2 .782-1 .94-2 

•000-+0 •81 -+? 
.715-2 .41-2 
.729-1 • 98-2 

• coa-+O •55+5 
•264-2 •3'-2 
.518-1 .11-1 

O.CXX> 0.000 
0.452 0.270 
0.753 0.069 

0.0 
5.3 
4.7 

5.CO 5.1.lO 
5.40 5.00 
5. CO 6.20 
6.aJ 6.ED 
6. e: 7.00 

.149-+0 .99-2 
• 125-+0 .72-2 
.735-1 .46-2 
• 329-1 •24-2 
.591-2 .71-3 

.166-+0 .1'-1 

.141-+0 .78-2 

.739-1 .47-2

.320-' .23-2 

.547-2 .71-3 

.173+0 .98-2 
• 120-+0 .65-2 
.627-1 .38-2 
• 293-1 .2)-2
.446-2 .56-3 

• 179-tO • 11- 1 
.'!75-1 .64-2 
.585-1 .1lO-2 
.258-1 .dJ-2 
.397-2 .58-3 

.jeo-o .12-1 

.9)4-1 .75-2 

.589-1 • 47-2 

.238-1 .24-2 
• 326-2 .64-3 

0.729 0.027 
0.582 0.026 
0.003 0.027 
0.589 0.032 
0.515 0.057 

2.9 
13.3 
1.9 
1.4 
0.7 

7.00 7.fJJ .000..0 .48-+6 •000+0 •22-+6 •ceo-+O • 12-+6 •OCOiQ .81 +5 •COOiQ .55+5 o.coo 0.000 0.0 

The errors sho~~  next to the differential multiplicity, for each target, and next to the value of a, are 
statistical. All values are expressed in exponential notation: .134 + 2 = 13.4. 

, () 
.

( 



) TJ'lE V ') 
Differential MUltiplicity as a function of p~,  y 

and of target ~~terial.  The values of a and of 

the X
2. 

for the two-parameter fitsto the five data :points are also given. 

2Range of p
2 T 

[(GeV/c) ] 

PbBe Al Cu Sn a 

4.0 < Y < 5.0ALL NEGATIVE 

2 
X 

0.00 0.04 .864+1 .51+0 .111+2 .59+0 .119+2 .52..0 .1140+2 .61-+0 .142+2 .69-+0 0.849 0.022 2.4 
0.04 0.08 .510+1 .41+0 .540+1 .43+0 .580+1 .39-+0 .692+1 .45+0 • 70'''+1 .54+0 0.005 0.031 1.6 
0.08 0.24 
0.24 0.48 
0.48 0.84 

.2110+1 .17+0 .271+1 .18+0 .289+1 • 16..0 •297+1 • 18+0 .J)1+1 .21+0 0.763 0.028 

.447+0 .50-1 ·.763-+0 .67-1 .783-+0 .00-1 •797+0 •66-1 .708+0 .72-1 0.818 0.041 

.115+0 .2)-1 .100+0 .27-1 .182+0 .24-1 •216+0 •27-1 .231 +0 .32-1 0.890 0.063 

0.5 
'1.6 
1.2 

0.84 1.36 .509-1 .12-1 .3:)7-1 .96-2 .560-1 .11-1 .551-1 .12-1 • 481  1 • 13-1 0.733 0.100 2.8 
1.36 2.00 •569-2 •39-2 .150-1 .63-2 • 9:) 3-2 •45-2 .165-1 .63-2 .115-1.72-2 0.870 0.233 1.9 

5.0 < Y < 6.0 

0.00 0.04 
0.04 0.08 

• 174+1 •78-1 •Z)3+1 • 88-1 .194+1.75-1 • Z)O+1 •82-1 .195+1 .95-1 0.723 0.018 
• 100+1 •67- 1 • 111+1 .73-1 .109+1 .64-1 .105+1 .68-1 .945+0 .77-1 0.681 0.028 

4.6 
3.3 

0.080.24 .351+0 .21-1 .383+0 .22-1 • 377+0 • 19-' .387+0 .21-1 • 41 4+0 • 26-1 0.731 0.024 0.8 
0.24 0.48 .626-1 .71-2 .815-1 .85-2 .695-1 .69-2 .001-1.71-2 • 566-1 •85-2 0.644 0.049 5.3 
0.48 1.08 •61 5-2 • 16-2 • 912-2 • 19-2 .995-2 • 18-2 .935-2 .2)-2 .869-2 .24-2 0.797 0.101 1.3 
1.08 2.00 • 106-2 •57-3 .714-3 .56-3 .156-2 .59-3 .238-2 .00-3 .823-3 .75-3 0.956 0.227 2.2 

6.0 < y < 8.0 

0.00 0.04 .125+1 .49-1 .128+1 .51-1 • 122+1 .44-1 • 115+1 • 46-1 • 115+1 • 55-1 0.&>5 0.017 1.8 
0.04 0.08 .385+0 .35-1 .411+0 .37-1 .385-+0 .31-1 • 383+0 • 34-1 .343+0 .39-1 0.662 0.039 1. 1 
0.08 0.24 .791-1 .84-2 .500-1 .74-2 .584-1 .64-2 .492-1 .67-2 .760-1 .94-2 0.631 0.047 9.5 
0.240.48 .563-2 • 17-2 .817-2 .22-2 .437-2 .111-2 .816-3 .11-2 • 455-2 •21-2 0.543 o. 159 3.9 
0.48 1.08 .1515-2 .56-3 .151 -2 .58-3 .143-2 .56-3 .370-3 .36-3 • 173-2 .75-3 0.662 0.170 2.2 
1.08 2.00 .466-3 .29-3 .713-3 .34-3 .995-3 .35-3 .762-3 .32-3 • 152-3 .23-3 0.815 0.263 2. 1 

., 



TABLE V 

ALL POSITIVE ~.O < y <5.0 

.'22+2 .68~  • 1~4+2  •64~ • 136+2 .63-+0 .. '~9+2 .77+0 0.836 0.023 9.70.00 0.04 .892+1 • '56-+0 
.. 716+1.51-+0 .683+1 .• 59+0 0.811 0.035 1.7

0.04 0.08 .478+1 .430f0 .598+1 .50-+0	 .622+1 .45-+0 
.331+1 .20-+0 .334+1 .21-+0 • 355+1 .26+0 0.736 0.027 0.6

0.08 0.24 .298+1 • 19+0 .331+1 .22-+0 
.630+0 .65-1 .967-+0 .85-1 .964-+0 .75-1 • 821-+0 •75-1 .811+0 .92-1 0.148 0.041 1'.50.24 0.48 .319+0 .44-1 0.9)8 0.052 0.7

0.48	 0.84 .1E4+O .26..' .2lf7-+O .31-1 .311-+0 .3)-1 • 318-+0 • 35-1 
.112-+0 .15-1 • 1I.JO -+0 • 18-1 • 128+0 .2)-1 0.003 0.063 0.9

0.84 1. 36 •967-1 •16-1 .106+0 .18-1 
.400-1 • 98-2 .369-1 .93-2 .354-1 .11-1 0.1610.1'4 1.1

1.36 2. (X) .310-1 .84-2 .343-1 .99-2 
5.0<y<6.0 

.172+1 .77-1 .181+1 .83-1 .176+1 .97-1 0.798 0.022 3. 1 w.128+1 .73-1 • 154+1 .82-1	 
I 

0.00 0.04	 .c:..869-+0 • EO-1 .860+0 .64-1 .822-+0 .73-1 0.715 0.033 0.9 I0.04 0.08 .196+0 .65-1 .784-+0 .63-1 
0.111 0.024 2.30.08 0.24 .359-+0 .21-1 • llO6-+O .23-1	 • 313+0 .20-1 .383-+0 • 22-1 • llO2+O .25-1 

.159+0 .11-1 • 127+0 • 10-1 .'16+0 .12-1 0.681 0.036 12.2.120+0 .10-1 .151-+0 .12-10.24 0.48 0.747 0.043
0.480.e4 .453-1 • :<)-2 .627-1 .61-2	 .566-1 .51-2 • 641- 1 •58-2 .524-1 .61-2 5.9 

.233-1 .27-2 .2'51-1 .3)-2 .212-1 .35-2 0.769 0.060 8.9o.e4 1.36 .152-1 .24-2 .200-1 .33-2 

.131-1 .18-2 .100-1 .18-2 • 116-1 .22-2 0.003 0.075 2.91.36	 2. (X) .793-2 • 15-2 • g-(5-2 • 17-2
 
6.0<y<8.0
 

•9a4~ .41-1 .929+0 .46-1 0.1~1  0.019 2.7
O.CO 0.04 .81 4-+0 • 38-1 .881~  .l()-1	 •878~  .36-1 

.383-+0 .29-1 • 398-+0 • 32-1 • llOO..o • 38-1 0.681 0.033 3.6
0.04 0.08 .387-+0 • ;1)-1 • 459+0 • 35-1 
0.08 0.24 .182+0 .11-1 .2)6+0 • 12-1 .165-+0 .97-2 • 162-+C • 10-1 • 124+0 • 11-1 0.589 0.028 " .1
 

.7113-1 •588-1 •55-2 • 519-1 •64-2 0.566 0.038 1. '3

0.2LIO.48 .001-1 .65-2 .63-2	 • 699-1 • 55-2 
0.48 0.84 • 318-1 .34-2 • 3'56-1 • 38-2	 • 335-1 • 32-2 • 264- 1 • 31 -2 • 286-1 • 38-2 0.635 0.046 3.2 

.153-1.19-2 • 851 -2 • 16-2 .110-1 .21-2 0.625 0.066 6.5
0.84 1.36 • 131-1 • 19-2 • 124-1 • ;.0-2 

.372-2 .89-3 • 1.lOO-2 • 10-2 .528-2 .14-2 0.511 0.086 2.91.36 2. (X) .725-2 • 13-2 .611-2 .13-2 

or 

( l'	 ( 
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Table V 

POSITIVE lIPIONS" 4.0 < Y < '5.6 

O.CO 0.04 .892+1 •'56..0 .122+2 .68-+0 • 144+2 .64..0 .136+2 .63+0 ·.149+2 .77+0 0.836 0.023 9.7 
0.01l 0.08 .478+1 .43..0 •598+1 .50-+0 • 622+1 .45..0 • 71 6+1 •51+0 .683+1 .59-+0 0.811 0.035 1.7 
0.08 0.24 • 298+1 • 19..0 .331+1 .22..0 • 331 +1 • 20-+0 .334+1 .21-+0 • 355+1 • 26-+0 0.736 0.027 0.6 
0.24 0.1l8 .630-+0 .65-1 .• 907+0 .85-1 .9611-+o .75-1 .821-+0 .75-1 .811-+0 .92-1 0.748 0.041 11.5 
o.ss 0.84 
0.84 1.36 

.184+0 •26~1 
•969-1 • 16-1 

.247-+0 .31-1 
• 104..0 • 17-1 

.311+0 .3)-1 

.112-+0 .15-1 
.318-+0 
• ;40-+0 

• 35-1 
.1e-1 

• 379-+0 • 44-1 
• 128-+0 .20-1 

0.9)8 0.052 
0.f040.063 

0.7 
0.9 

1. 36 2.00 •255-1 •81-2 • 336-1 .99-2 .440-1 • CJ7-2 
5.0 <Y < 6.0 

• :J)9-1 .9)-2 • :J)8-1 .11-1 0.762 0.1:J) 2. 1 
I 

0.00 0.04 
0.04 o.oe 

•256+1 • 15-+0 
~159+1  .13-+0 

.3:'8+1 

.157+1 
.16-+0 
.13-+0 

.344+1 .15+0 

.174+1.12+0 
.361 +1 
.172+1 

• 17-+0 
.13+0 

.352+1 
• 164+1 

.19-+0 
• 15..0 

0.798 0.022 
0.715 0.033 

3.1 
0.9 

w 
1J1 
I 

0.08 0.24 .702-+0 .42-1 •786+0 • 46-1 .726-+0 .39-1 .741 +0 .43-1 •779-+0 • 50-1 0.708 0.025 2.0 
0.24 0.48 • 178+0 • 19-1 .243+0 .22-1 .2l.j9+O .20-1 .194+0 .19-1 • 177-+0 .23-1 0.689 0.0114 11.7 
o.ss 0.84 • 326-1 •69-2 .594-1 .93-2 .498-1 .75-2 .555-1 .84-2 .1160-1 .91-2 0.769 0.078 5.0 
o. pl.j 1.36 
1.36 2.00 

•000..0 
•000-+0 

•00-+0 
•00-+0 

• 820-2 • 3)-2 
•000..0 .00+0 

.3)0-2 .17-2 

.000..0 •CO+O 
.871-3 • 15-2 
•COO-+O .00+0 

.956-2 .37-2 
•coo..o .00+0 

0.761 0.2'59 
O.COO o, COO 

ij.3 
0.0 

6.0 < Y <8.0 
O.CO 0.04 .284..0 .17-1 .316+0 • 18-1 .322+0 .16-1 .375+0 • 19-1 .358+0 .21-1 0.775 0.024 2.4 
0.04 0.08 .742-1 .12-1 .962-1 .13-1 .893-1 .11-1 • f66-1 .12-1 .930-1 .15-1 0.735 0.062 1.2 
0.080.24 .771-2 •20-2 •688-2 • 19-2 .697-2 .17-2 .432-2 .15-2 • ED2-2 .21-2 0.574 0.118 1.0 
0.24 0.48 • COO-+0 .00-+0 •CCO-+O .00+0 •COO-+O .00+0 •OCO+O .00..0 •OCO+O .00-+0 O.CXXJ o.coo 0.0 

. ., 



TABLE V
 

"PROTONS" 11.0 < Y < 5.0 

0.08 0.24 •ceo-+O •00-+0 • OCO;Q .00+0 • OCQ-+O .00+0 .000+0 .00+0 • CCC:tO .00+0 O.CCO O.OCO 0.0 
0.240.ll8 .413-2 .26-2 .157-2 .20-2 • 598-2 • 28-2 .525-2 • 3)-2 • CCO+O •CO+O 0.847 0.315 0.9 
0.48 0.84 .149-1 .41-2 • 202-1 .48-2 .197-1 .42-2 .223-' .48-2 • 926-2 .38-2 0.717 0.116 4.3 
0.84 1.36 .816-2 .29-2 .171-1 .42-2 • 125-1 .32-2 • 166-1 • llQ-2 • 699-2 • 38-2 0.767 0.142 4.9 
1.36 2; CO 

O.CO 0.04 

• 925-2 

.206+0 

•29-2 

• 14-1 

.577-2 .23-2 .133-1 .32-2 
5.0 < y< 6.0 

• 218+0 • 15-1 .215-+0 • 14-1 

• 132-1 .33-2 

.210..0 .15-1 

.146-1 

• 184-+0 

.llQ-2 

• 16-1 

0.882 0.122 

0.669 0.03) 

2.3 

2.3 

I 
W 
0'1 
I 

0.04 0.08 .181-+0 .19-1 .212-+0 .21-1 .100+0 .17-1 .185-+0 .19-1 .162-+0 .21-1 0.655 0.044 2.6 
0.08 0.24 .150+0 .11-1 • 187-+0 ~ 13-1 • '40-+0 • 99-2 .146-+0 .11-1 .117-+0 .12-1 0.616 0.033 '2.4 
0.240.ll8 • 117-+0 •99-2 .107-+0 .99-2 • 114-+D • 90-2 • 938-1 .91-2 .893-1 .11-1 0.6160.039 2.3 
0.480.84 .590-1 .64-2 .676-1 .69-2 .629-' •CO-2 .657-1 .67-2 .644-1 .78-2 0.711 0.045 0.7 
0.84 1. 36 .298-1 .llQ-2 .392-1 .47-2 .393-1 .43-2 .348-1 • ll5-2 .295-1 .49-2 0.702 0.056 4.5 
1.36 2.00 • 155-1 .26-2 0100-1 .29-2 • 189-1 .27-2 .149-1 .26-2 .161-1 .32-2 0.689 0.072 1.6 

6.0 < y < 8.0 
0.00 0.08 .243-1 .22-2 .215-1 .22-2 • 111-1 • 15-2 .159-1 .19-2 • 165-1 .22-2 0.520 0.044 13. 1 
0.08 0.24 
0.24 0.48 

.169-1 

.105-1 
.15-2 
• 12-2 

~ 156-1 
.127-1 

• 14-2 
.14-2 

• 154-1 • 13-2 
.944-2 .10-2 

II 158-1 
.100-1 

• 14-2 
.12-2 

.985-2 .14-2 
• 888-2 .14-2 

0.004 0.040 
0.623 0.051 

7.1 
3.6 

. 
0.48 0.8 l l .789-2 • 10..,2 .686-2 .98-3 .715-2 .88-3 .555-2 •~-3 .552-2 .10-2 o.seo 0.059 1. 1 
O. e4 1.36 
1.36 2.00 

.296-2 .58-3 

.193-2 .45-3 
~  279-2 •58-3 
• 130-2 .39-3 

.351-2 .58-3 

.8'50-3 .27-3 
• 3)8-2 • 59-3 
.101-2 .33-3 

.367-2 .76-3 
• 147-2 .46-3 

0.754 0.081 
0.527 0.108 

0.7 
3.3 

The errors shown next to the differential multiplicity, for each target, and next to the value of a, 

are statistical. All values are expressed in exponential notation: .134 + 2 = 13.4. 

or 

( (, ( 
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TABLE VI 

2Differential Multiplicity as a function of p P 
T' i 2

and of target material. The values of a- and of the X

. for the two-parameter fits to the five data points are also given. 

2Range of P
T

2[(GeVIe) ] 

. -  -
0.00 0.04 
0.04 0.08 
0.08 0.24 
0.24 o.ee 

Be 

•583-+0 •~-1 
.287-+0 .23-1 
.991-1 .~-2  

.732-2 .18":'2 

SnAl eu 

ALL NEGATIVE 2.5 < Pi < 20. 

•747-+0 •35-1 .792-+0 .3>-1 •~2-+O  .35-1 
• 3'2-+0 • 24-1 .324-+0 .22-1 • 385-+0 •26-1 
.115-+0 .97-2 • '19-+0 .85-2 • 123..0 .9'3-2 
• 146-1 .26-2 • 1lJO-1 .23-2 • 147-1 .26-2 

Ph 

•921-+0 .lC-1 
.397+0 .31-' 
.126-+0 .'1-1 
.118-1 .26-2 

a

0.833 0.019 
0.002 0.032 
0.761 0.035 
0.812 0.089 

2 
X 

2.9 
1.6 
0.4 
4.8 

20. < Pi < 60. 

, 

0.00 0.04 
0.04 0.08 
0.C80.24 
0.24 0.48 
0.480.84 
0.84 1.36 
1.36 2.00 

•676-1 •28-2 
• 540-1 • 35-2 
.322-1 .20-2 
.9'34-2 •10-2 
.298-2 .51-3 
.119-2 .3'-3 
.626-4 .82-4 

•71 3-1 •3)-2 
• ro2-1 .38-2 
.337-1.21-2 
.148-1 .13-2 
.463-2 .67-3 
.6'32-3 .23-3 
.337-3 • 15-3 

.673-1 .25-2 

.593-1 .34-2 

.371-1 .20-2 

.153-1 .11-2 

.463-2 .59-3 
• 111-2 •25-3 
.189-3 .11-3 

.735-1 .29-2 

.584-1 .37-2 

.375-1 .21-2 

.152-1 .12-2 

.548-2 .69-3 
• 120-2 .29-3 
.356-3 .15-3 

.697-1 .33-2 

.514-1.41-2 

.381-1 .26-2 

.142-1 .15-2 
•596-2 •81-3 
.961-3 .31-3 
• 120-3 • 15-3 

0.7030.017 
0.6890.027 
0.749 0.026 
0.002 O.oo 
0.887 0.061 
0.688 0.110 
0.814 0.336 

2.9 
3.7 
0.4 
8.1 
1.2 
2.5 
2.6 

I 
IN 
-..J 
I 

60. < PJl, < 400. 

0.00 0.04 
0.04 0.08 
0.08 0~24  

0.24 0.118 
0.48 0.84 
0.84 1.36 
1.36 2.00 

•129-2 •73.Jt 
.834-3 .84-4 
.436-3 .38-4 
.191-3 .25-4 
.439-4 • 12-4 
.231-4 .81-5 
.121-4 .65-5 

.133-2 .77-4 

.976-3 .93-4 

.450-3 .41-4 

.241-3 .29-4 

.693-4 • 16-4 

.226-4 •88-5 

.965-5 .62-5 

• 125-2 •68-4 
.696-3 .77-4 
.377-3 .32-4 
• 189-3 •23-4 
•762-4 • 15-4 
• 458-4 • 11-4 
• 176-4 .61-5 

• 107-2 •68-4 
• g)8-3 .86-4 
.410-3 .38-4 
• 150-3 .24-4 
.709-4 • 17-4 
.273-4 .98-5 
.273..ll .82-5 

.963-3 .79-4 

.793-3 .95-4 

.479-3 .47-4 
• 124-3 .26-4 
.558-4 • 18-4 
.426-4 • 14-4 
• 127-4.94-5 

0.606 0.026 
0.682 0.042 
0.6~  0.037 
0.563 0.062 
0.792 0.113 
0.8810.139 
o. rno 0.215 

5.3 
2.3 
4.1 
5.9 
2.2 
2.9 
1.9 

. 



TABLE VI
 

ALL POSITIVE 

- _. --

2.5 < PJI, < 20. 

0.00 0.014 
0.04 0.08 
0.08 0.24 
0.24 0.118 

•576+0 •33-1 
.265+0 .24-1 
• 128+0 • 10-1 
.931-2 .22:"2 

.791+0 .1lO-1 

.335-KJ .28-1 

.1414+0 .12-1 

.184-1 .32-2 

•920..0 .37-1 
.354-+0 .26-1 
• 142+0 .1'-1 
• 162-1 .28-2 

.885+0 .37-1 

.llO5-+O .29-1 
• 139+0 .11-1 
.110-1 .26-2 

.957..0 .45-1 

.387+0 .34-1 
• 157-+0 .14-1 
.123-1 .31-2 

. 
0.B37 0.021 
0.S17 0.035 
0.735 0.033 
0.705 0.093 

10.6 
1.7 
1.2 
7.7 

20. <; PJI, < 60 • 

0.00 0.04 
0.04 0.08 
0.08 0.24 
0.240.48 
0.48 0.84 
0.84 1.36 
1.36 2.CO 

•451-1 .25-2 
.440-1 .35-2 
•335-1 .22-2 
.145-1 .14-2 
.445-2 .65-3 
•Z07-2 .38-3 
.296-3 • 17-3 

•477-1 •26-2 
.427-1 .34-2 
•373-1 .24-2 
.196-1 .17-2 
.626-2 .79-3 
.239-2 .43-3 
.738-3 .24-3 

.549-1.25-2 

.452-1 .31-2 

.363-1 .22-2 
•aJ8-1 .15-2 
.781-2 .74-3 
.236-2 .37-3 
.853-3 .22-3 

.567-1 .26-2 

.464-1 .34-2 

.394-1 .25-2 

.19)-1 .16-2 

.792-2 .85-3 
•294-2 .44-3 
.517-3 .2)-3" 

.512-1 .3}-2 
• 434-1 .38-2 
.300-1 .27-2 
.18:>-1 .19-2 
.934-2 • 11-2 
.239-2 .47-3 
.620-3 .27-3 

0.755 0.022 
0.700 0.033 
0.732 0.027 
0.758 0.038 
0.910 0.052 
O.TIO 0.073 
0.783 0.186 

5.2 
0.6 
1.0 
6.8 
1. 1 
'.3 
~.3  

I 
w 
0:> 
I 

60. < PJI, < 400 • 

0.00 0.04 
0.04 0.08 
0.08 0.24 
0.24 0.48 
0.480.84 
0.84 1.36 
1.36 2.00 

.121-2 .64-4 

.101-2 .00-4 

.005-3 .47-4 

.576-3 .41-4 

.356-3 .31-4 

.159-3 .19-4 

.117-3 .17-4 

• 120-2 .64-4 
.117-2 .89-4 
.~4-3  .51-4 
.653-3 .116-4 
.439-3 .35-4 
.218-3 .22-4 
•845-4 • 13-4 

• '14-2 .57-4 
.965-3 .74-4 
•776-3 .43-4 
.655-3 .41-4 
.L05-3 .3)-4 
.221-3 .•C:O-4 
• 122-3 • 15-4 

.123-2 .66-4 

.959-3 .79-4 

.747-3 .45-4 

.503-3 .ss-« 

.414-3 .33-4 

.225-3 .23-14 

.112-3 .16-4 

.116-2 .73-4 

.101-2 • CJ7-4 

.633-3 .52-4 

.442-3 .1l5-4 

.359-3 .36-4 

.239-3 .28-4 

.'12-3 .18-4 

0.682 0.023 
0.663 0.034 
0.624 0.026 
0.626 0.032 
0.699 0.036 
0.799 0.046 
0.708 o.oso 

1.2 
3.5 . 
7.6 

13.3 
4.4 
1.9 
3.8 

The errors shown next to the differential multiplicity, for each target, and next to the value of ~,  are 
statistical. All values are expressed in exponcr:.tial notation: .134 + 2 == 13.4. 
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TABLE VII
 

POSITIVE "PIONS" 

2. (:JJ 3. ~ .193+1 .21-+0 .2:>9+1 .22..0 • 241 +1 •21-+0 .291 +1 .2'3..0 .'292+1 .28..0 0.839 0.041 1.0 
3.28 3.00 .243+1 • 17+0 .328+1 .21+0 .328+1 • 18+0 • 325+1 •20+0 .349+1 .24+0 0.183 0.028 5.3 
3.EO 4.20 .178+1 .14-+0 .260+1 • 17-+0 • 259+1 • 15-+0 .243+1 .15..0 • 3'9+1 • 2:>-+0 0.818 0.028 10.7 
4.28 4.EO • 145+1 .88-1 .19B+1 .11-+0 .219+1 .10-+0 • 21 4+1 • 11 +0 .235+1 • 14-+0 0.827 0.023 6.8 
4. ro 5. CO • 108+1 .58-1 • 126+1 •66-1 .142+1 .61-1 .144+1 .68-1 .139+1 .77-1 0.180 0.021 !J.O 
5.00 5.40 
5.. 40 5.00 

•686+0 • 36.-1 
• 368+0 • 21 -1 

.833-+0 .39-1 

.441+0 .23-1 
• 91 3+0 • 37-1 
• 467+0 • 21  1 

.889+0 .39-1 
• 476+0 • 23-1 

.887+0 .46-1 
• lj)3-+0. 27-1 

0.170 0.02) 
0.781 0.022 

6.3 
1.5 

5. ro 6.20 .176+0 .11-1 .208-+0 • 13-1 .235+0 .12-1 .227+0 • 12-1 .228+0 • 15-1 0.77f5 0.025 3.7 
6.20 6.EO .827-1 .62-2 • 103-+0 .74-2 • 106-+0 .65-2 .118+0 .72-2 • 120-+0 .89-2 0.006 0.029 1.3 
6.EO 7.00 •386-1 •33-2 • f510-1 .40-2 .511-1 .35-2 .582-1 .40-2 .587-1.47-2 0.818 0.033 2. 1 
7.00 7.60 .157-1 • 13-2 .3)5-1 • 15-2 .233-1 • 15-2 .242-1 .16-2 •232-1 • 18-2 0.818 0.031 3.9 
7. ro 8.20 .552-2 •68-3 .711-2 .78-3 .619-2 .66-3 .945-2 .87-3 .120-1 • 11-2 0.928 0.044 8.9 
8.20 8.00 
8. ro 9.40 

.173-2 .39-3 

.523-3 .21-3 
.284-2 •~-3 

.950-3 .28-3 
.278-2 .43-3 
• 125-2 .29-3 

• 479-2 .58-3 
.227-2 .42-3 

• EO 6-2 
.. 312-2 

.76-3 

.52-3 
1.0930.070 
1.288 0.114 

3.4 
0.8 

I 
~  

0 
"PROTONS" I 

2.60 3.20 .oco-o .48+7 • 000+0 .22+7 .000+0 • 12+7 . .000+0 .81+6 .000+0 •55+6 o.cx:o O.COO '0.0 
3.20 3. ro •CCO-+0 .48+7 • COO-+o .22+7 .000+0 .12+7 .000-+0 .81 +6 ..000+0 .. 55+6 o. ax> o. COO 0.0 
3. CO 4.20 .000-+0 •48+7 •COO-+0 .22+7 .000-+0 "12+1 •aX)-+0 • 81 +6 •ceO-+O • 55+6 O. ax> o. COO 0.0· 
4.20 4.EO • lt69-2 •37-2 .659-2 .41-2 .676-2 .lt2-2 .383-2 .33-2 •000+0 •55+6 0.683 0.405 0.4 
4.EO 5.00 •m6-1 .62-2 .283-1 .71-2 • 225-1 • 59-2 • 168-1 .54-2 .286-1 .85-2 0.707 O. 120 2.2 
5. CX) 5. LIO .sor-i .78-2 • roe-1 .89-2 .764-1 .87-2 .826-1 .. gr..:2 •594 -1 • 10-1 0.811 0.061 4.7 
5.40 5.00 .824-1 •CO-2 • 102-+0 .92-2 .103-+0 .82-2 • 94 9-1 •86-2 .781-1 .95-2 0.697 0.041 6.3 
5.EO 6.20 .106-+0 .73-2 • 11B~ .79-2 .101-+0 .65-2 .867-1 .67-2 .938-1 .81-2 0.621 0.03:> 5.6 
6.20 6. EO .783-1 •c;o-2 .798-1 .52-2 .757-1 .45-2 •721-1 • 48-2 • EO 1-1 .53-2 0.629 0.028 3.4 
6. EO 7. CO .lt89-1 .31-2 .516-1.33-2 .lt63-1 .28-2 .lt20-1 .29-2 .359-1 .33-2 O. E05 0.029 4.5 
7.CO 7.(1) .217-1.12-2 .257-1 • 14-2 .208-1 .11-2 • 194-1 • 12-2 .167-1 .13-2 O. E06 0.025 13.9 
7. (I) 8.20 .975-2 .73-3 .008-2 .69-3 .705-2 .57-3 .745-2 .63-3 .·723-2 .74-3 0.588 0.034 2. 1 
8.20 8. 0Cl .277-2 .l()-3 • 338-2 .45-3 • 256-2 • 35-3 .232-2 .36-3 .'C!J7-2 .44-3 0.621 0.061 2.8 
8. eo 9.40 .925-3 .23-3 • 140-2 .28-3 • 118-2 •23-3 .117-2 .24-3 .892-3 .26-3 0.684 0.099 2.5 

The errors shO~ln  next to the differential multiplicity, for each target, and next to the value of ~,  are 
statistical. All values are expressed in cxpo~ential  notation: .134 + 2 = 13.4. 
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'J.'P"·'f VIII . 1) 
Differential Multiplicity as a function of rapidity, PR,' 

2
and of target material. The values of a and of the X for the two-

parameter fits to the five data points are also given. 

2 
Range of y Be Al eu Sn Pb a X 

ALL NEGATIVE 2.5 < PR, < 20.0 

2.00 3.20 .792-1 .96-2 • 104..0 • 12-1 • 127~ .11-1 .107..0 .11-1 • 144..0 .15-1 0.849 0.045 4.6 
3.20 3.EO .953-1 .76-2 .127..0 •~-2 • 152-+0 .87-2 • 170..0 •98-2 • 14'~-+o .11-1 0.850 0.03) 9.8 
3. ro 4.20 •91 6-1 •62-2 • 123-100 .73-2 • 106-+0 •58-2 .127..0 .69-2 • 123-+0 .78-2 0.769 0.026 9.8 
4.20 4.CO .516-1 .32-2 .• 640-1 .37-2 .755-1 .35-2 .824-1 .39-2 .873-; .41-2 0.859 0.023 0.8 
4.CO 5.00 .253-1 .16-2 .293-1 .18-2 .339-1 .17-2 .379-1 • 19-2 •359-1 .22-2 0.820 0.025 2.9 
5.00 5.1JO .830-2 .66-3 .1Q6-1 .77-3 • 101-1 •67-3 .958-2 .69-3 .102-1 .82-3 0.734 0.032 5.7 
5.1.() 5.00 
5. eo 6.20 

.957-3 

.cco-o 
• 14-3 
.00..0 

.1aJ-2 • 17-3 
•CCO+O •00..0 

• 102-2 • 13-3 
• OOJ-+O • 00..0 

20.0 < PR, 

• 128-2 • 16-3 
•cco..o •00..0 

< 60.0 

.132-2 •m-3 
•cco..o .00..0 

0.778 0.059 
o.cco 0.0C'0 

1.7 
0.0 

2.00 3.20 
3.20 3. CO 
3. En 4.20 

.cco-o 

.427-3 

.326-2 

.00..0 

.51-3 

.68-3 

•cco..o .00..0 
• 106-2 .43-3 
.482-2 .84-3 

• OJO..o .00..0 
• 109-2 .51-3 
• 483-2 .74-3 

• cm-K) •00..0 
.264-3 .3)-3 
.541-2 .84-3 

•cm..o .00..0 
.1))-2 •58-3 
.515-2 • 10-2 

0.000 0.000 
0.810 0.264 
0.826 0.078 

0.0 
2.1 
1.1 

I 
~ 

~  

I 

4.20 4. CO .624-2 .74-3 .002-2 .82-3 .894-2 .71-3 .941-2 .84-3 .910-2 .10-2 0.S13 0.044 1.1+ 
4.00 5.00 
5.00 5.40 

•P.09-2 •69-3 
.868-2 .49-3 

.995-2 .76-3 

.980-2 .54-3 
.112-1 .75-3 
.920-2 .46-3 

• 116-1 •00-3 
.916-2 .5::'-3 

.112-1· .96-3 

.958-2 .61-3 
0.001 0.033 
0.707 0.024 

2.1 
2.1 

5.lJO 5.00 .631-2 .32-3 .681 -2 .34-3 .698-2 .31-3 .722-2 .33-3 .665-2 .38-3 0.7190.021 2.4 
5.00 
6. m 

6.20 
6. CO 

.3)9-2 .17-3 

.961-3 .65-4 
.316-2 • 17-3 
.865-3 .62-4 

.312-2 • 15-3 

.865-3 .54-4 
• 3)5-2 • 16-3 
•891-3 •61-4 

8 J)0-2 .18-3 
.862-3 •69~ 

0.681 0.022 
0.663 0.029 

0.3 
1.0 

6. (;0 7.00 
7.CO 7.CO 

•598-4 • 11-4 
.cco-o .00..0 

.625-4 • 12-4 
•OCO+O .00..0 

.481-4 .93-5 
•000-+0 •00..0 

.619-4 
• CCO-+O 

• 12-4 
.00..0 

.187-4 .14-4 
•oco..o .00..0 

0.760 0.015 
,o.000 o. CCX) 

2.8 
0.0 

60.0 < PR, < 400.0 
4.m 5.00 .211-4 .96-5 .308-4 • 12-1t .570-4 .12-4 .50It-4. 14-4 .586-4 .17..ll 0.994 0.152 1.6 . 
5. CO 5.llO .136-4 • 17-4 .912-4 .19-4 • 110-3 • 18-4 • 126-3 .21..ll •843-4 .23-4 0.824 0.092 2.5 
s.io 5.00 
5. CO 6. CD 

• 1lJO-=3 
.169-3 

• 18-4 
.15-4 

.176-3 .2)-4 

.161-3 .15-11 
.1112-3 
~ 1It1-3 

.16-11 
• 13-11 

.127-3 .18-11 
• 146-3 • 14-4 

.110-3 •21~  

.191-3 .18-4 
0.614 0.058 
0.694 0.031 

4.1 
6.5 

6.20 6.00 
6.00 7.00 

• 123-3 .99-5 
.935-4 .00-5 

• 146-3 • 11-11 
.887-4 .00-5 

.141-3 .96-5 

.829-4 .53-5 
.12It-3 .99-5 
•655-4 •5::'-5 

• 113-3 • 11-4 
.634-!t • fO-5 

0.661 0.034 
0.565 O.OJ) 

6.2 
3.6 

7.00 7.(;0 
_7.00 8.20 

8.20 8.00 

• 148-4 • 11-5 
.117-5 .45-6' 
.COO~  .co-o 

.176-4 .19-5 

.139-5 .51-6 
•oco..o .00..0 

.1116-4 • 15-5 
•789-6 •35-6 
•000..0 .00..0 

.131-4 .16-5 

.109~5  .It4-6 
•cco..o .00..0 

.1LO-4 .2)-5 

.111-5 .53-6 
•cco..o .00..0 

0.639 0.050 
0.630 0.167 
o.cco O.CCO 

2. B 
0.9 
0.0 



'rABLE VIII 

ALL POSITIVE 2.5 < P < 20.0t 

2. EO 3.3:) .134+0 .13-1 .145+0 .14-1 .166+0 .13-1 .198+0 .15-1 .201+0 .18-1 0.834 0.037 1.0 
3.20 3.00 .137+0 .93-2 .195+0 .12-1 .192+0 .10-1 .176+0.11-1' .201..0 .13-1 0.777 0.026 '1.9 
3.00 4.20 .848-1 .59-2 .127+0 .76-2 .133+0 .70-2 .129+0 .73...2 .16'3+0 .96-2 0.855 0.026 10.5
4.3:) 4. ED .687-1.41-2 .753-1.43-2 .840-1.LlO-2 .893-1.45-2 .875-1.49-2 0.777 0.023 1.1 
4.60 5. CO .228-1.17-2 .317-1.20-2 .347-1.18-2 .340-1.20-2 .344-1.23-2 0.007 0.028 7.5 
5.00 5.40 .632-2 .65·3 .891-2 .75-3 .945-2 .70-3 .102-1 .76-3 .108-1 .91-3 0.842 0.037 2.0 
5.40 5.00 .688-3 .13-3 .602-3 .12-3 .853-3.13-3 .scs-s .1£5-3 .115':'2.19-3 0.f68 0.071 1.9 
5.00 6.20 .000+0 .00+0 • CCO+O .00-+0 • (XX)-+o .00+0 •CCO+O .00+0 • COO+O .00+0 O.CCO 0.000 0.0 

20.0 < p~ < 60.0 

2. EO 3.20 •000-+0 . 00+0 •cx::o+O •00..0 .000..0 .00..0 •eeo-c .00-+0 .000-+0 .00..0 O.COO O.CCO 0,,0 
3.20 3.00 • 112-2 .44-3 .259-2 .68-3 • 375-2 .75-3 • 389-2 • 97-3 .200-2 .74-3 0.944 0.127 5.0 
3.00 4.3:) .383-2 .00-3 •703-2 • 11-2 .640-2 .92-3 .860-2 .'1-2 I• 988-2 • 14-2 0.946 0.069 2.7 . ~ 

4.20 4.60 .795-2 .94-3 .114-1 .12-2 .132-1 .11-2 .136-1 .12-2 • 137-1 • 14-2 0.856 0.044 2.9 I'V
I

4.00 5.00 .120-1.84-3 • 126-1 .89-3 .138-1 .82-3 .128-1 .84-3 .121-1 .96-3 0.705 0.029 2.7 
5.00 5.40 .912-2 .53-3 .101-1 .57-3 • 996-2 .51 -3 • 104-1 •55-3 •~7-2 .62-3 0.715 0.024 2.0 
5.40 5. CD .5.)5-2 .29-3 .531-2 .31-3 .577-2 .28-3 .• 534-2 .29-3 .554-2 • 35-3 0.718 0.024 2. 1 
5.00 6.20 • 170-2 • 12-3 .195-2 .14-3 .217-2 • 13-3 .237-2. 14-3 • 225-2 • j 6-3 0.795 0.029 1.6 
6.20 6. EO .414-3 .44-4 .622-3 .54-4 .569-3 .45-4 .657-3 .52-4 .644-3 .58-4 0.008 0.038 5.2 
6.60 7.00 • 157-4 .58-5 • 359-4 •89-5 • 192-4 .58-5 .422-4. 89-5 .482-4 .'1-4 0.974 0.115 5.4 
7.00 7.60 •000-+0 •00+0 •000-+0 •00+0 •000..0 •00+0 •000-+0 •00-+0 • CXX)-+O •00..0 0.000 0.000 0.0 

60.0 < p~  < 400.0 

4.2:) 4.60 .693-4 .29-4 .114-3 .35-4 .477-4 .21-4 .873-4 .3)-4 .CCO-+O. 16-+4 0.666 0.198 2.8� 
4.CO 5.00 .185-3.32-4 .154-3.31·A .181-3.29-4 .100-3 .3]-4 .247-3.41-4 0.7670.069 2.5� 
5.00 5.40 .263-3 .31-4 .402-3.39-Ji .438-3 .36-4 .401-3 .37-4 .357-3 .43-1~  0.7860.045 9.4 
5.40 5.00 .387-3 .30-4 .489-3 .34-4 .476-3 .30-4 .422-3 .31-4 .356-3 .34-4 0.678 0.032 11.5 
5.80 6.20 .393-3.24-4.444-3.26-4.375-3. 21-4 .331 -3 .22-4 .349-3.26-4 0.625 0.026 1.1 
6.20 6.£0 .289-3 .16-4 .285-3. 16~~  .276-3 .14-4 .270-3 .15~i  .234-3.17-4 0.6410.024 2. 1 
6.60 7.00 .176-3 .93-5 .185-3 .99-5 .167-3 .83-5 .147-3 .84-5 .136-3 .96-5 0.fD80.023 5.5 
7.00 7.60 .618-4 .33-5 .681-4 .36-5 .559-4 .29-5 .543-4 .31-5 .ll95-4 .35-5 0.613 0.024 6.1 

: 7.CO 8.20 .193-4 .18-5 .185-4 .18-5 .121-4 .13-5 .131-4 .15-5 .129-4 .17-5 0.5280.043 4.5� 
~I  8.20 8.00 .144-5.118-6 .324-5 .73-6 .234-5 .55-6 .292-5 .64-6 .195-5 .62-6 0.7520.12:) 5.0� 

The errors sho~n  next to t~e  differential nulti9licity, for each target, and next to the value of a, are� 

statistical. All values are expressed in exponential notation: .134 + 2 = 13.4.� 

. ", 
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Differential Multiplicity as a function of pseudorapidity, p~  

. 2 
and of target material. The values of a and of the X for the tWQ-

Range of n Be 

parameter fits to the five data points are also given. 

Sn PbAl Cu 
ALL NEGATIVE 2.5 < p~  < 20.0 

a 2 
X 

2.00 3. d) 
3. d) 3.00 
3.00 4. d) 
4.d) 4.EO 
4. EO 5. CO 
5. CO 5.11O 
5.1.lO 5. En 
5.00 s.ro 
6.m 6.60 
6.€O 7.CO 
7.CO 7.EO 
7.60 8.2) 
8. zo 8. eo 
8. eo 9.1lO 

.633-1 .89-2 .921-1 .11-1 

.979-1 .82-2 • 123-+0 .94-2 
• EO 1-1 .65-2 • 103-+0 .15-2 
.562-1 .41-2 .772-1 .51-2 
.313-1 .24-2.399-1 .27-2 
.175-1 .13..:2 .213-1 .15-2 
.859-2 .71-3 .103-1 .87-3 
.236-2 .35-3 .430-2 .1l5-3 
•d)7-2 .25-3 .255-2 .26-3 
.106-2 .14-3 .960-3 • 14-3 
.268-3 .42-4 •379-3 •55-4 

.• 101-3 .23-4 .117-3 .26-4 
• 257.J~  .11-4 .717-4 .2)-4 
• 106-4 .75-5 • 166-4 •gr-5 

• 103-+0 • 10-1 
• 19)-+0 .91-2 
• 104-+0 .67-2 
.750-1 .44-2 
.450-1 .26-2 
.244-1 • 15-2 
.115-1 .00-3 
.441-2 .42-3 
.295-2 .28-3 
• 128-2 • 14-3 
.575-3 .55-4 
.177-3 .28-4 
.647-4 • 16-4 
.328-4 • 12-4 

.861-1 .10-1 
• 155-+0 • 99-2 
.125-+0 .79-2 
•831 - 1 •9J-2 
.529-1 .3)-2 
.285-1 .11-2 
.106-1 .83-3 
.1l97-2 .46-3 
•277-2 •28-3 
.123-2 • 15~3 

.516-3 .55-4 

.2JO-3 .31-4 
• 102-3 .22-4 
.315-U • 12-4 

.119-+0 .14-1 
• '35-+0 .'1-1 
.111-+0 .87-2 
.913-1 .62-2 
.584-1 .36-2 
.256-1 .19-2 
• 1CD-1 '.10-2 
•531-2 •57-3 
.253-2 .3)-3 
.174-2 .19-3 
.549-3 .67-4 
• 2'58-3 •ZO-4 
.106-3 .25-4 
.225-4 .11-4 

0.845 0.052 
0.8180.032 
0.0070.031 . 
0.823 0.028 
0.887 0.028 
0.836 0.029 

·0.182 0.035 
0.888 0.041 
0.188 0.048 
0.843 0.09) 
0.911 0.056 
1.003 0.000 
1.056 0.128 
0.964 0.238 

4.5 
1.7 
4.7 
3.8 
0.4 
4.3 
2.2 
3.4 
4.7 
4.5 
6.1 
0.6 
2.2 
1.6 

I 
~ 

IN 
I 

20.0 < p~ < 60.0 

2. EO 3.2) 
3. aJ 3.00 
3.00 4.m 
4.m 4.EO 
4.EO 5.CO 
5. CO 5.1lO 
5. LtQ 5. EO 
5.00 6.ZO 
s.zo 6. EO 
6.€O 7.00 
7.00 7.(;Q 
7. ({J 8. aJ 
8.2J 8. eo 

~  8. eo 9.40 

•000-+0 .00..0 
.427-3 .51-3 
.315-2 .67-3 
.517-2 .67-3 
.786-2 •73~3 

.138-2 .119-3 

.627-2 .36-3 
• 332-2 .21-3 
.193-2 .13-3 
.885-3 .69-4 
.321-3 .25-4 
.942-4 • 12-4 
• 392-4 •78-5 
• 169-4 .50-5 

•oco..o .00+0 
• 106-2 .43-3 
.lt69-2 .83-3 
.733-2 .18-3 
.920-2 .76-3 
.889-2 .56-3 
.632-2 .37-3 
.366-2 .23-3 
.166-2 .12-3 
.868-3 .71-4 
•376-3 •28-4 
.117-3 .14-4 
.1lO8-4 .00-5 
• 153-4 • 48-5 

• CCO-+O •00-+0 
.101-2 .51-3 
• 466-2 .73-3 
.859-2 .76-3 
.102-1 .74-3 
• &>5-2 .48-3 
.637-2 • 33-3 
.329-2 • 19-3 
• 185-2 • 12-3 
• 869-3 .63-4 
.379-3 • 2S..J~ 

.113-3 • 12-4 
• ':IJ7-4 •79-5 
.273-4 .56-5 

• OCO+O .00+0 
.264-3 .3)-3 
.4~-2  .81-3 
.895-2 .83-3 
.105-1 .79-3 
.8'56-2 .53-3 
.665-2 .36-3 
.366-2 .22-3 
• 178-2 • 12-3 
.884-3 .69-4 
.343-3 .26-4 
.127-3 .13-4 
.639-4 .93-5 
• 247-4 .56-5 

.000..0 .00+0 

.13)-2 .58-3 

.lt76-2 .96-3 

.891-2 • 10-2 

.101-1 .94-3 

.886-2 .62-3 

.616-2 .41-3 

.335-2 .25-3 

.159-2 .14-3 

.792-3 .18-4 

.331-3 .3)-4 
• 132-3 • 16-4 
.866-4 • 12-4 
.':IJ4-4 •89-5 

0.000 0.000 
0.810 0.264 
0.004 0.081 
0.859 0.047 
0.780 0.036 
0.735 0.027 
0.696 O.0211 
0.697 0.026 
0.653 0.029 
0.611 0.0311 
0.698 0.032 
0.787 0.049 
0.956 0.070 
1.0580.101 

0.0 
2. 1 
1.2 
2.2 
1.2 
2.6 
0.9 
3.1 
2.8 
0.7 
4.1 
0.7 
2.1 
4.5 

. 

.



TbBLE 

60. < Pi < 400. 

3. EO 4. CD 
4. ZJ 4.00 
4. CO 5. CO 

•OCO;O •00;0 
•182-4 • 14-4 
.253-4 • 13-J~ 

•000;0 •00-+0 
.400-4 .22-4 
• 170-4 • 12-4 

•000-+0 .00..0 
.229-4 • 14-4 
• 896-4 •CD-4 

.00:>;0 .00-+0 
• 385-4 .,9-4 
.645-4 •CD-4 

• 00:>..0 .00..0 
• 356-4 •22-4 
• 814.J~ .26-4 

0.000 0.000 
0.778 0.260 
1.043 0.178 

0.0 
1.5 
5.2 

5. CO 5.40 •660-4 • 16-4 •78' -4 • 18-4 • 104-3 • 18-4 .110-3 .21-4 .824-4 ·.23-4 0.834 0.099 1.8 
5.40 5.00 .135-3 .18-4 .• 168-3 .20-4 .142-3 .17-4 .133-3 .18-4 .101-3 .21-4 0.631 0.059 4.0 
5. eo 6. ZJ • 137-3 • 14-4 .148-3 .15-4 .115-3 .12-4 .114-3 .13-4 .157-3 .18-4 0.679 0.043 7.1 
6. CD 6. (fJ • 113-3 • 11-4 .127-3 .11-4 • 115-3 • 95-5 .118-3 .10-4 .118-'3 .12-4 0.693 0.039 1.0 
6. EO 7. CO .007-4 .70-5 •71 6-4 •69-5 .866-4 .66-5 .628-4 .62-5 .606-4 .73-5 0.621 0.039 7.7 
7.00 7.00 .388-4 .29-5 .430-4 .32-5 • 342-4 • 26-5 •291 -4 • 26-5 •255-4 • 31-5 0.557 0.036 6.8 
7. f:IJ 8. CD 
8.20 9.40 

• 139-4 • 16-5 
.358-5 .56-6 

• 157-4 • 17-5 
• 267-5 •50-6 

• 120-4 • 13-5 
.229-5 .42-6 

• 107-4 • 14-5 
•288-5 •50-6 

• 104-4 • 16-5 
.326-5 .61-6 

0.574 0.09) 
0.641 0.068 

3.0 
3.6 

I 
tI::
tl::
l 

ALL POSITIVE 2.5 < Pi < 20. 

2.00 3. CD .111-+0 .12-1 • 120-+0 • 13-1 · ns..D •12-1 .167..0 .14-1 .167..0 .16-1 0.840 0.041 1.0 
3.2) 3. CO • 136-+0 •99-2 .182..0 .12-1 • 179+0 • 10-1 .177-+0 .11-1 .193..0 .14-1 0.777 0.028 4.B 
3.00 4.20 
4. c:o 4. fJJ 

.932-1 .76-2 

.647-1 .46-2 
.134..0 .92-2 
• 870 -1 •57-2 

.135+0 .84-2 
• 94 11- 1 •5li-2 

• 120-+0 .83-2 
• 923-1 •56-2 

.155..0 .11-1 

.105..0 .70-2 
0.002 0.03) 
0.824 0.027 

10.8 
4. 1 . 

4.00 5.00 .352-1 .27-2 .430-1 .31-2 .492-1 .29-2 .514-1 .32-2 • :03-1 • 36-2 0.810 0.029 2.3 
5. CO 5. 110 .164-1 .15-2 .CD7-1 .17-2 .2611-1 .17-2 .259-1 .18-2 .256-1 .21-2 0.839 0.035 5. 1 
5.lJO 5.00 .735-2 .85-3 • 102-1 .93-3 • 116-1 •9'5-3 • 126-1 • 10-2 .133-1 .12-2 O. Ph7 0.041 1.2 
5. ro 6. CD 
6. m 6.00 
6.00 7.00 
7.00 7.00 

.321-2 .43-3 
• 14LI-2 .24-3 
.641-3 .12-3 
.317-3 .52-4 

.1.J73-2 .53-'3 

.226-2 .31-3 

.110-2 • 16-3 

.467-3 .63-4 

.526-2 .li9-3 
• 2~2-2  .27-3 
• 106-2 • 14-3 
.596-3 .67-4 

.552-2 .52-3 
• 257-2 •3)-3 
• 135-2 • 17-3 
.629-3 •7: -4 

.592-2 .63-3 
• 326-2 • l()-3 
• 155...2 .2)-3 
.575-3 .16-4 

o. €65 0.0118 

0.911 0.058 
0.934 O.C64 
0.885 0.0'39 

1.6
'.6 
1.9 
3.3 

7.00 8.3J • 120-3 .28-4 .137-3 .31-4 • 155-3 .28-4 .2~-3  .39-4 .362-3 .52-4 1.072 0.079 3.9 
8. CD 9. L:Q •.262-4 • 94-5 .406-4 • 12-4 • 399-4 • 10-4 •589-4 .'4-4 .895-4 • 19-4 1.070 0.116 1.5 

, 

(. "( ( ., 
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TABLE IX 

20. < P.Q. < 60.� 

I s.zo 3.00 
! 3. eo 4. m 
, 4.2J 4. CO 

4.60 5.00 
,5.00 5.lK) 

5. L() 5.8J 
5.00 {.CD 
6.3J 6. W 
6. EO 7.00 
7.00 7.00 
7. (fJ 8.3J 
8.20 8.8J 

, 8. eo 9.lK) 

.'13-2 .44-3 .260-2 .68-3 
•369-2 •79-3 .634-2 • 10-2 
.742-2 .92-3 .108-1 • '1-2 
.106-1 .83-3 '.121-1 .93-3 
.920-2 .56-3 .993-2 .59-3 
.485-2 .32-3 .517-2 .35-3 
.230-2 .18-3 .240-2 .19-3 
.108-2 •10-3 • 120-2 .'1-3 
.~9-3  .55-4 .637-3 .63-4 
.152-3 .18-4 .220-3 .22-4 
.528-4 .93-5 .992-4 • 13-4 
.100-4 .56-5 .343-4 .76-5 
.513-5 .29-5 • 115-4 •~4-5 

.352-2 .74-3 

.585-2 • C;P-3 

.'32-1 .11-2 
• '30-1 .83-3 
.964 -2 .52-3 
.516-2 • ):)-3 
.296-2 .19-3 
.126-2 .99-4 
.62lJ-3 .55-4 
.237-3 "2)-4 
.675-4 .96-5 
.317-4 .66-5 
.6:>7-4 .51-5 

•300-2 .96-3 
.838-2 • 11-2 
.125-1 .12-2 
.125-1 .91-3 
.966-2 .56-3 
.531-2 .33-3 
.265-2 .19-3 
.148-2 .11-3 
.623-3 .59-4 
•259-3 •22-4 
.112-3 • 13..J~  

.713.Ji • 10-4 
•336-4 •69-5 

.285-2 .14-3 

.951-2 .14-2 

.126-1 .'4-2 
• 116-1 • 10-2 
.933-2 .611-3 
.582-2 .1lO-3 
.239-2' .21-3 
• 113-2 • 12-3 
.597-3 .68-4 
.262-3 .26-4 
• 113-3 • 15-4 
.695-4 .1'-4 
.391 -4 .82-5 

0.940 o. '26 
0.962 0.072 
0.850 0.046 
0.131 0.032 
0.694 0.025 
0.137 0.027 
0.730 0.033 
0.752 0.038 
0.736 0.043 
0.852 0.043 
0.887 0.060 
1.142 0.092 
'.323 o. 148 

11.0 
2.2 
5.2 
2.9 
1.0 
0.8 
1.0 
5.7 
1.9 
2.1 
9.5 
5.1 
0.5 

I 
~  

U1 

60. < P.Q. < 400. I 

, 3. eo 4.20 •000..0 •00-+0 •000-+0 •00-+0. 000-+0 •00-+0 •cco..o .00-+0 •000..0 .00-+0 O.COO O.COO 0.0 
, 4.3J 4. EO .693-4 .29-4 .114-3 .35..l1 .415-lJ .20-4 .873..l1 .))-4 •000..0 • 16+4 0.663 0.199 3.3 

4.00 5.00 
5.00 5.lJO 
s.io 5. CO 

.187-3 .32-4 

.242-3 .3)..Ji 

.378-3 .3)-4 

• 152-3 • :J)..Ji 
.395-3 .39-4 
.464-3 .34..l1 

.1£6-3 .29-4 

.416-3 .35-4 

.472-3 .):)-4 

• 176-3 .3)-4 
.386-3 .37-4 
.l108-3 .31-4 

.235-3 .lK)-4 

.368-3 .43-4 

.313-3 .33-4 

0.751 0.069 
0.001 0.046 
0.670 0.034 

2.3 
8.8 

, It. '5 
? 00 6.3J • 391 -3 •24.J1 .4'36-3 .26-4 .368-3 .21-4 • 326-3 • 22.J~  .357-3 .21-4 0.630 0.027 6.5 
6.20 6. eo .272-3 •16-4 .282-3 • 17-4 .262-3 • 14-4 .253-3 • 15-4 .226-3 .17-1.t 0.640 0.026 2.2 
6.60 1.00 • 165-3 .10-4 • 171 -3 .10-4 .15B-3 .89-5 • 153-3 .95-5 .1l:>-3 .11-4 0.631 0.027 3.3 
7.00 7J:JJ .155-4 .llO-5 .853-4 .43-5 • 71 3-4 • 35-5 .646-4 • 36-; .567-4 .l()-5 0.599 0.023 11.9 
7.60 s.zo .326-4 .23-5 • 265-4 •21 -5 .231-4 .18-5 .247-4 .2:>-5 .246-4 .23-5 0.591 0.032 3.4 
8. zo 8. EO 
8.00 9.lJO 

• g)6';; .12-5 
.242-5 .63-6 

.114-4 .14-5 

.315-5 .73-6 
.911-5 • '1-5 
.312-5 .64-6 

.771-5 • "-'5 

.344-5 .72-6 
• 9110-5 • 14-5 
• 41 8-5 • 91 -6 

0.648 0.057 
0.839 0.096 

3.8 
0.3 

Ttc errors show~  next to the differential multiplicity, for each target, and nex~  to the value of a, are 
statistical. All VQluGS arc exp~cssed  i~  exponential notQtion: .134 + 2 = 13.4. 

.,. 



-46

Figu~e Captions 

1.� Momentum spectrum of the neutron beam. 

2.� Elements of the experimental spectrometer. 

3.� Ratio of interpreted electrons to pions as a function of the number of� 

radiation-lengths of material present in the target. The straight line� 

represents the best fit to the data points (excluding the target-empty� 

point� at R, = 0). 

4.� Longitudinal momentum distributions for reconstructed tracks, corrected� 

for geometric losses.� 

5.� Schematic of a t~ack passing through the L-counter. The circle� 

represents the family of intersection points when the track is rotated� 

about the beam axis.� 

6.� Minimum values of longitudinal moment~ (a) and rapidity (b) for which� 

tracks are accepted in the spectrometer, as a function of transverse� 

momentum. A pion mass was assumed in the calculations for (b).� 

7.� Overall reconstruction efficiency as a function of position at the 

L-counter, as determined by a comparison of symmetrically produced tracks. 

a~	 The average efficiency of the spectrometer, shown as a function of� 

several variables of interest.� 
I 

9.� Multiplicity as a function of the square of the transverse momentum, 

for rapidities greater than 4. a) ~ll negative particles; b) all positive 

particles; c) positive 'pions' (longitudinal momentum less than 80 GeV/c); 

d) 'protons' (PR, > 80 GeV/c). In each graph, the five types of nuclear 

targets are denoted by the following symbols: Be-e; AI-A; Cu-III; sn-~; 

10.� A~omic-weight dependence of the cross sections as a function of the 

square of the transverse momentum, for rapidities greater than 4. 

a) All negative particles; b) all positive particles; c) positive 

'pions'; d) 'protons'. 
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11. Atomic-weight dependence of the cross section as a function of longitudinal 

;-. 
momentum. a) All negative particles; b) all positive particles. 

\ 

12.� Multiplicity as a function of rapidity. a) All negative particles; 

b) all positive particles (pion mass assumed); c) positive 'pions'; 

d) 'protons'. In each graph, the five types of nuclear targets are 

.. 
denoted by the following symbols: Be-'; AI-A; Cu-.; sn-.; Pb-•. 

13.� Atomic-weight dependence of the cross section as a function of rapidity. 

a) All negative particles; b) all positive particles (pion mass assumed); 

c) positive 'pions'; d) 'protons'. 

14.� Atomic-weight dependence of the cross section as functions of the square 

of the transverse momentum for different regions of rapidity • 

• 4 < Y < 5; • 5 < Y< 6; A 6 < Y < 8. a) All negative particles; 

b) all positive particles (assuming pion mass); c) positive 'pions'; 

d) 'protons'. 

15.� Comparison between rapidity Co) and pseudo-rapidity (.). Multiplicity 

as a function of the two variables, plotted on the same axis, for 

negative particles from a beryllium target. 

16.� Atomic-weight dependence as a function of pseudo-rapidity. 

a) All negative particles; b) all positive particles; c) positive 

'pions'; d) 'protons'. 

17.� Atomic-weight dependence as a function of rapidity and pseUdo-rapidity 

for intervals of longitudinal momentum• • : 2.5 < p~ < 20. GeV/c; 

.: 20 < p~ < 60; A: 60 < Pt < 400. a) All negative particles versus 

rapidity; b) all positive particles versus rapidity; c) all negative 

particles versus pseudo-rapidity; d) all positive particles versus 

pseUdo-rapidity. 
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