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Single Particle Inclusive Spectra Resulting from 

the Collision of Relativistic Protons, Deuterons, 

Alpha Particles, and Carbon Ions with Nuclei 

ABSTRACT 

James G. Papp 

We have measured the yields of positive and negative 

particles resulting from the collision of 1.05 GeV/nucleon 

and 2.1 GeV/nucleon protons, deuterons, alpha particles, and 

1.05 GeV/nucleon carbon nuclei with various targets. Single 

+ 
particle inclusive cross sections for production of n-, p, d, 

3H d 4}1 2.5 0 (1 b) b· d . e, an le at a were 0 ta1ne . We discuss how 

the results bear on the concepts of limiting fragmentation and 

scaling, the structure of the alpha particle and deuteron, 

and the possibility of "coherent" production of pions by heavy 

ions. 
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I. Introduction 

The availability of heavy ion beams having kinetic energies 

tip to 2.5 GeV per nucleon at the Lawrence Berkeley Laboratory 

Bevatron has made possible the study of inclusive spectra from 

heavy ion-nucleus reactions. We hope that the experiment 

described in this thesis will shed light on a series of interesting 

questions: 

1) Can heavy ions such ,as deuterons and alpha particles be 

considered in some sense "elementary" like protons 

and pions? In particular, can pions be produced in 

deuteron-nucleus and alpha-nucleus collisions with 

energies substantially greater than could be produced 

in proton-nucleus collisions at equal kinetic energy 

per nucleon? If so, can this production be understood 

in terms of the Fermi momentum of the constituents of 

the projectiles or is some other kind of collectiveef

fect necessary? 

2) Are the ideas of limiting fragmentation(l) and scaling, (2) 

which are applicable to the "elementary" particle inter

actions at NAL and ISR energies, applicable to certain 

high energy heavy ion reactions? That is, is there a 

relation between the characteristic energies of a system, 

such as the spacing of energy levels, and the energy at 

which asymptotic considerations apply? 
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3) What can we learn about internal momentum distributions 

and correlations among nucleons in these projectiles? 

Can we think of a reaction such as d + Nucleus ~ p + any

thing in the region where the proton's velocity is 

about the same as the deuteron velocity as providing 

a sort of snap-shot of the deuteron structure at the 

time of the collision? 

The results of this experiment certainly do not settle all 

of these questions though they do give some idea of what physics 

is involved in this type of reaction and point out the directions 

in which to seek more complete answers. 

II. Theory and Phenomenology 

A. Kinematics 

Different sets of kinematic variables are useful for 

describing different physical phenomena. In this section we 

discuss those variables that have proved useful in the descrip

tion of inclusive reactions. 

The choice of variables is suggested by the experimental 

fact that transverse momenta in high energy multiparticle 

reactions are severely limited compared to longitudinal 

momenta. In high energy "elementary" particle reactions the 

average value of the transverse momentum, Pi - 0.3 - 0.4 GeV/c, 

is approximately independent of the energy, type of particle 

produced, and multiplicity of the reaction. Since multiplicity 

.. 
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grows slowly, approximately like log E , most of the energy cm 

available goes into longitudinal momentum. So if we consider 

a reaction of the form 

a + b + c + anything 

we can write the Lorentz invariant cross section as 

ECd3aC 
ab 

dp3 

c c 
(s, Pit' P..l.) 

(1) 

This cross section depends on the beam and target particles 

a andb; on the produced particle c; on the energy in the center 

of mass IS ; and on the longitudinal and transverse momenta of 

. 1 cdc part1ce c, P" an Pl.' Furthermore, in dealing with unpolarized 

beams and targets there is no azimuthal dependence. 

A particularly elegant choice of longitudinal variable is 

the rapidity y. When presented in terms of y, the shape of the 

cross section is not dependent on the reference frame chosen. 

The rapidity is defined as 

where ~ = Cm2 + p~)1/2 is called the longitudinal mass. From 

the definition it follows that, at fixed p~, dy = dP11 IE so the 

cross section can be written as 

ECd3aC ECd3aC 
ab c ab c c 

--- (s, PII' p~) = (s, p", P.~J 
dp3 dp..cd2p; 

= 
d 3aC 

ab 
(s, pi, y) 
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The utility of the rapidity variable comes from its behavior 

under Lorentz transformations. If a Lorentz transformation 

along the Z direction is characterized by a velocity /3 

and y = (1 - /32)-1/2, then define Yo = cosh- 1y. Under such a 

transformation the rapidity of a particle changes y -+ y + Yo' 

and so the shape of an invariant cress section expressed in 

terms of y is independent of the reference frame. 

As the energy gets large, slow particles in the lab which 

might be thought of as target fragments cluster around y = 0 

while particles that are beam fragments cluster around 

y = Ybeam' 

It is also useful to introduce the so-called scaling 

variables x and x, defined as 

x == 2P*/1S II 

where the asterisk denotes a center-of~mass quantity. The 

quantities x and x, approach the same limit as s -+ 00. The 

variable x, has the advantage of being restricted to the interval 

-1 ~ x, ~ 1, and also it does not depend strongly on the particle 

masses as does x through the factor l/IS. Particles that are 

slow in the center of mass cluster about x = O. The usefulness 

of these variables in describing inclusive reactions will be shown 

in the next several sections. 

~l 
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B. Energy Dependence of the Cross Sections 

One aspect of this experiment was the determination of 

the energy dependence of certain hea17Y ion inclusive reactions. 

In particular we were interested in whether there is any simi-

larity between the energy dependence of these cross sections 

in the 1-2 GeV/nucleon region and the energy dependence of 

elementary particle reactions at NAL and ISR energies. 

Two ideas that have generally been confirmed(4) at NAL and 

the ISR are limiting fragmentation and scaling. The hypothesis 

of limiting fragmentation (HLF) (1) states 

s -+ 00 

pc fixed 
II 

That is, as the energy gets large, the cross section for 

producing slow particles in the lab (target fragments) becomes 

independent of the energy. Similarly, if one looks in the 

beam rest frame, the cross section for producing slow particles 

(beam fragments) becomes independent of the energy. 

The energy at which limiting behavior starts depends on the 

reaction. For example, in the case of p+ p -+ n- + X limiting 

behavior has been seen at energies as low as 13 GeV. (5) One of 

the objectives of this experiment was to determine whether 

limiting behavior exists in reactions such as a + nucleus -+ 

p + anything at 1 - 2 GeV/nucleon. 
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The scaling hypothesisp) which is generally formulated in 

the center of mass frame, states 

ECd 30 C 
ab 

dp3 

c* c (s, pu , pJ.) 
ECd30 C 

ab 
. (p~, x). 
S-+<X> dp3 

That is, the cross section for large s does not depend separately 

on s and p~ but only on x, a combination of the two. In the 

beam and target fragmentation regions this statement is 

equivalent to HLF. However there is an additional prediction, 

based originally on the similarity of the reaction p + p ~ n + X 

to a bremstrahlung reaction, that in the region near x = 0 

(the "wee x" region), which corresponds to neither beam nor 

target fragmentation, 

ECd30 C 
ab 

~ (p.J.' x) x';O 
dp 3 

(p,1) . 

That is, there is a central plateau in x. The origin of the 

equivalent central plateau in the rapidity variable is discussed 

in the next section. 

C. Spectral Shapes at Fixed Energy 

In this and the next section we discuss the shape of the 

spectra at fixed energy, that is, dependence on the rapidity y, 

and how these spectra approach their asymptotic values. We 

are particularly interested in seeing whether heavy ion reactions 

show behavior similar to that predicted for high energy elementary 

particle reactions and whether these inclusive reactions can help 

us learn about nuclear structure. Since a multitude of good 

review articles(6,7) discuss the various ideas and models 

regarding spectral shapes, we mention only two which are also 

~ . 

, , 
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applicable to the question of approach to limiting behavior: 

(1) the short range correlation hypothesis, and (2) the Mueller 

Regge analysis . 

If·one considers the reaction (1) in terms of the rapidity 

y, then the correlation length hypothesis states that there is 

no correlation between two particles whose rapidities y. and y. 
1 J 

are separated by an amount large compared to some correlation 

length L, that is if IYi - yjl »L. Here L is not a length in 

the usual sense but rather a certain amount of rapidity. In 

particular, if Ya' Yb' and Yc are the beam, target, and produced 

particle rapidities, then there should be no correlation between 

the beam and produced particles as long as Iy - Y I » L. . c a 

Similarly there should be no correlation between the target and 

produced particles if IYb - Yc l »L. If the rapidity gap 

between beam and target is large enough, IYa - ybl » 2L then 

both IYb - Yc l » Land IY - Y I » L can be satisfied simul-a c . 

taneously. In this case there should be no correlation between 

the produced particle and either the beam or target. So we have 

a flat central plateau as shown in Fig. 1. 

The correlation length idea gives no method for determining 

the magnitude of L and hence says nothing about how fast the 

asymptotic region is approached, which is one of the major con-

cerns of this experiment. A different approach, due to ~1ueller 

overcomes this difficulty. The method hinges on a theorem that 

relates the cross section for the single particle inclusive 
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reaction (1) to the discontinuity of the forward amplitude for 

the elastic three-body reaction 

a + b + c + a + b ~ c (2) 

If A(s, t,u,) is the proper absorptive part of the amplitude 

describing reaction (2) then the relationship is 

= 
1 
s A(s, t, u) 

where t and u are given by the usual relations 

t = (Pb 

u = Cpa 

and Pa' Pb' and Pc are the 4-momenta of the indicated particles. 

A precise difinitionof A(s, t, u) can be found in Ref. 3. 

The utility of this approach comes from the possibility of 

applying Regge theory to learn about the asymptotic behavior of 

the amplitude A(s, t, u). Two kinematic regions of interest are 

the target fragmentation region, defined by the limit s + ~, 

t + -~, u fixed, and the beam fragmentation region given by t fixed 

andu large. In each of these kinematic regions, assuming that 

Regge poles give the dominant contribution, a single Regge expan-

sion is appropriate. The relevant Regge exchange diagrams are shown 

in Fig. 2a and 2b where the wavy lines indicate the Regge pole 

exchange and the loops indicate some more complicated process. 

Then for example in the target fragmentation region one has 

d30 C 

EC dp:b (s, ~~, p~) ~ saR(O)-lf~b(P;' p;) 

If the leading Regge trajectory is the Pomeron,aRCO) = 

we get 

a (0) = 1 
P 
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That is, the distribution is limiting (independent of s). 
, 

The central region is characterized by t and u large and 

comparable. The double Regge limit is appropriate here and the 

relevant diagram is' showri in Fig. 2c. One finds the amplitude 

for this process is 

A(s, t, u) = tat(O) uau(O) f~b (pi) 

which together with the result that tu '" u2 s gives for the 

invariant cross section 
d 3(Jc 

ab 
dp3 

If we have Pomeron dominance and a(O) = 1, the single particle 

spectrum is independent of pc as well as s. In other words, a 

central plateau in y develops. A more complete discussion of 

the application of Regge theory to inclusive processes can be 

found in Ref~ 6. 

D. Where is ASymptopia? 

In this experiment an important question is at what energy 

asymptotic considerations become valid. Equivalently, in terms 

of the correlation length idea, what is a typical value of L? 

The Mueller method can provide an estimate. (8) 

In the target fragmentation region, if a trajectory aR 

in addition to the Pomeron is included in the analysis, the 

cross section becomes 
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If the vector meson trajectories contribute, aR(0)~1/2 

and the approach to limiting behavior is like s-1/2. 

In the central plateau region, one can have a contribution 

from thePomeron on one side of Fig. 2c, and a secondary 

trajectory on the other side. The result(8) is a slower 

approach to the limit, given by 

1 . 
~(a (O)+aR(O)-l) -1/4 

s p ~ s 

It is necessary here to be careful regarding units. 

(3) 

In the above equations, such as (3), one must really write 

[:o]for 5 •. The constant So sets the energy scale and is usually 

chosen to be about 1 Gey2 for elementary particle reactions. To 

express this approach to limiting behavior in terms of the 

correlation length L, we 

where L = 

write the second term in eq. (3) as 
Y aR(O)-l 

(~:: ) g~b Cp~, p~) 

(

5 0 )1/2 -Y/L c c 
= - e gab CP", pf) 

~2 . 

is the correlation length and Y = In.2 
jJ2 

is the total length of the rapidity plot. So since L ::: 2, in order 

to see a limiting distTlibution one needs Y > 3 - 4, or 

ELAB ~ 3.5 GeY for a reaction like p + p ~ TI +~. A central 

plateau would not develop until Y ~ 6 - 8 giving ELAB ~ 200 GeV. 
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But now suppose we consider instead a heavy ion reaction 

such as 

ex + A ,-+- p + X. (4) 

Here A is some nuclear target and the ex particle is the projec-

tile. What value do we choose for s for such a reaction? o It 

seems reasonable that if we are looking at the beam fragmentation 

region the characteristic energy of the process is of the order 

of a nuclear binding energy: a few MeV. If so, since the 

quantity (s /~2) will then be small, making the second term in o 

eq. (3) small, we might expect limiting behavior at energies of 

only a few GeV for such heavy ion reactions. 

Consider reaction (4) from a slightly different point of 

view. Suppose the beam kinetic energy is 1 - 2 GeV/nucleon and 

suppose the produced proton is in the beam fragmentation region. 

What we are describing is the familiar process of stripping. 

Physically we have a picture of an alpha particle moving toward 

a target nucleus which strips off one proton and two neutrons 

while the remaining proton proceeds ahead virtually undisturbed. 

So one might expect to find a peak in the spectrum of (4) when 

the proton rapidity equals the beam rapidity. The Fermi momentum 

in the alpha particle spreads out the peak somewhat, giving it a 

width typical of the momentum of the proton in the alpha. This 

is typically of the order of 100 MeV/c while the lab momentum of 

the proton is ::: 1.75 - 3 GeV/c depending on the incident beam 
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energy. So the width of the beam fragmentation region in 

rapidity ~y ~ 0.175 is very narrow in comparison to Y = 2.3, the 

total rapidity gap at 2 GeV/nucleon. If we say that for such a 

process the correlation length L ~ ~y, then we can satisfy the con-

dition for the appearance of a central plateau region, namely 

2L « Y. 

Measurements of appropriate single particle spectra from 

heavy ion induced reactions should determine the validity of this 

line of reasoning. If the ideas of scaling and limiting frag-

mentation and the predictions regarding the shapes of spectra at 

fixed energy are correct for these heavy ion reactions, we may 

have a new and rather powerful means for exploririg high energy 

interaction mechanisms and also nuclear structure. Since the 

rapidity gap between beam and target is large, it is possible to 

identify beam and target fragments rather unambiguously, in 

contrast to nuclear reactions at lower energy. 

E. Pion Production by Deuterons and Alpha Particles 

A rather different aspect of this experiment was the search 

for some sort of "collective" effect in the production of pions 

by deuterons and alphas interacting with nuclei. 

A variety of models exist to describe such reactions, 

ranging from macroscopic types(9,10,11) which try to describe 

heavy ion-nucleus reactions in terms of macroscopic parameters 

of the system such as ~mpact parameters and temperatures, to 

I. -

~I 
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microscopic types which involve ,descriptions in terms of 

constituents, to Regge and particle type models. (12) 

We are concerned primarily with microscopic models of 

pion production, and in particular deviations from such models. 

If it is not possible to construct a nuCleon constituent model to 

describe deuteron and alpha production of pions then one can 

say some sort of collective effect is involved. 

Where might such a collective effect show up? 

Perhaps in the production of fast pions: pions with energies 

beyond the kinematic limit for pions produced in nucleon-

nucleus reactions. The kinematic limit for a reaction like 

p + A ~ TI + X, where A is some target nucleus, can be found 

by considering the mass of the system X: 

where the pIS are the 4-momenta of the indicated partiCles. 

If the pion is observed at 0° to the incident be~m, neglecting 

m n compared to Ip
TI 
I, and taking account of the inequality 

> mX .. mp + m A - mn 

we get that 
E - P 

p ~ T il - P P} 
TI P rnA 

where the second term is at most 3% and T is the proton kinetic 
p 

energy. Thus protons cannot produce pions with momenta greater 

than the incident kinetic energy. 
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What 'about heavy ion proj ectiles? If they are treated 

in the same way as protons, and if the kinetic energy ~ 

nucleon is T, one expects p $ 2T for deuterons and p :: 4T 
n n 

for alphas. If instead we consider these projectiles to be 

assemblages of semi-free nucleons and that n production proceeds 

via the usual nucleon-nucleon interaction then one expects 

p ~ T + TI where TI is some contribution due to the Fermi 
n 

momentum in the projectile. 

The question of whether pions produced with momenta 

Pn > T in heavy ion collisions are due to collective effects 

or high internal momentum components in the projectile is not 

clear cut. For example, in the case of the deuteron, when 

the internal momentum is large, the nucleons tend to be close 

together and so correlated in space. The important question 

is whether there is any, way to distinguish the effects of Fermi 

momentum from collective effects. The answer would seem to 

be yes. If we consider projectiles with A > 4 then to a fair 

approximation the internal momentum distributions are the same' 

for all nuclei. So if we look at pion production spectra as 

a fWlction of pion momentum in the beam fragmentation region, 

the spectral shapes should be very similar for all projectiles 

with a normalization depending on the A of the beam. If, 

however, collective effects are involved then it is possible 

that the spectra from the heavier projectiles would extend to 

significantly higher momenta than those for light projectiles. 

. 
'~ . 
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o 

With the help of a rather simple constituent type model 

we can calculate the spectral shape for 1T production by heavy 

ions assuming the mechanism is nucleon-nucleon collisions modi-

fied by Fermi momentum . Suppose p is the average incident o 

momentum per nucleon and p is the lab momentum of the nucleon 

of interest inside the projectile. 
-+ -+ . 

The momenta p and p dIffer o 

of course because of the Fermi momentum. We are assuming here 

that we can neglect the projectile's binding energy and treat 

the incoming nucleons as free particles. 

We want to calculate the cross section for producing a 

-+ 
pion with momentum k by a heavy ion knowing the cross section 

for pion production by nu~leons. The process can be visualized 

-+ -+ 
as in Fig. 3. If we let W(po'p) be the probability that if 

-+ -+ 
P is the beam momentum, then p is the momentum of the nucleon, o 

we can write the cross section as 

o~(PO' k) = NHJ{ZOp(P, k) + 

x WH(PO, p)d 3p 

- -+ -+ 
(A - Z)o (p, k)} 

n 

(5) 

where the superscript- means 1T production and the subscripts 

stand for the reactions 

H: 12 (d,a, or C) + nucleus -+ 1T + X 

p: proton + nucleus -+ 1T + X 

n: neutron + nucleus -+ 1T + X 

while 0 stands for the invariant differential cross sections 

o = E d 30/dk3 • The factor NH takes into account shielding effects 
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(NH = 1 if there is no shielding). The quantities A and Z are 

the usual nucleon number and charge of the projectile in units 

of the proton charge. Furthermore, if the target is carbon, 

an isospin singlet in its ground state, charge symmetry allows 

us to replace 

+ a nice simplification since the reaction p + A ~ ~ + X is 

easier to measure than n + A ~ ~ + X. 

If the beams are unpolarized, the cross section in eq. 

(5) depends on three quantities: Ipl, It I , and e, the angle be

tween k and p. As a result, in order to explicitly carry out 

the integrations involved in eq. (5) it is necessary to measure the 

proton-induced pion production cross sections as functions of beam mo-

mentum, pion momentum, and production angle. In this experiment only 

Ipl and It I were variable; the production angle was fixed at 

2.5 0 (lab). So in order to proceed some approximation to the 

transverse momentum dependence of the cross sections must be made. 

We assume that we can write the cross sections in the 

following form (13) 

a± (p, k) = f± (ipl., Ikl) ± (Q) p,n pn 0 gp,n 

where Q2 = k 2 - kop/p2 is the magnitude of the component of k 

perpendicular to p. We further assume that l(Q) = e-cQ 
p,n 

where C is an adjustable constant. Higher energy data (14) suggest 

this is a reasonable parameterization with C : 5(GeV/c)-1. In other 

'" -
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words. we have assumed that the cross section <1 can be written 

as a 0° cross section times some exponential function of transverse 

momentum. 

, -+ -+ 
The function W(po'p) can be obtained by using the momentum 

-+ 
space wave functions ~(q) which describe the internal momentum 

-+ 
of the nucleons in the projectiles. Here q is the momentum of 

the nucleon of interest in the rest frame of the projectile. i. e. 

the Fermi momentum. Then W(q) = I~(q) 12. Conservation of 

-+ 3-+ probability and Lorentz invariance require that W(q)dq 

-+-+ 3 -+ -+ 
W(p.po)d P. or equivalently E'W(q) = EW(p,po) where E is the 

nucleon energy in the lab while E' is the energy in the rest 

frame of the proj ectil e. So finally we can write 

0H-(PQ' k) = NHI{fp-Clpl,lkl) + 

+ 
The functions f- are obtained from our measured 'proton induced , ' p 

pion production cross sections. With suitable choices of W 

the integral can be performed numerically. 

Since this is a rather general constituent type of model, 

it allows us to make a preliminary investigation of whether collec-

tive effects, that is deviations from this type of model, are 

important in pion production by heavy ions. In addition, the model 

may be applicable to baryon fragment production in reactions such 

as d + A -+ P + X, as discussed below in Section V-C 
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III. Experimental Method 

The experiment essentially consisted of a single arm 

double focusing spectrometer which transported particles 

produced in our targets to our detection system and provided 

momentum analysis. The detection equipment identified the 

produced particles by momentum, time-of-f1ight, dE/dx, and 

Cerenkov information. The data was recorded in scalers and 

in a pulse height analyzer, the contents of which were subse

quently read out on magnetic tape for later analysis. 

A. Primary Beam 

The experimental setup is shown in Fig. 4. The 

external beam of the Bevatron struck our targets at the 

third focus of what is called the septum channe1--one of 

three main external beams from the accelerator. Typical 

fluxes on the targets were l-3xl011protons. 1010 _10 11 deuterons, 

l09~1010 alphas, and l-3xl06 carbon nuclei per pulse. There 

were approximately ten pulses per minute with a maximum spill 

<le~gth of about 1.2 seconds. 

The primary beam intensity was monitored by a scintillation 

counter telescope consisting of three scintillator~ in coincidence. 

For most of the running the telescope was placed about 2 meters 

from the production targets at about 900 to the incident beam. 

Typically there were 200 counts in the monitor for 1010 
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particles in'cident on the targets. -Because the intensity of the 

carbon beam was so much lower than the intensity available with 

the other three types of beam particles, it was necessary to 

bring the monitor much closer to the target during this part 

of the experiment. As a result, the telescope was placed within 

six inches of the targets for the l2C runs. This was the 

minimum distance allowed by the geometry of the target box. 

The monitor of course only provided a relative normalization. 

In order to get an absolute normalization for our cross sections 

we needed to know precisely the incident flux. For this purpose 

we used an ion chamber and a secondary emission monitor placed 

in the primary beam upstream of our targets. The monitor was 

calibrated against the ion chamber and SEM according to the 

procedure described in section IV below. 

The ion chamber itself was calibrated against a pair of 

scintillation counters placed directly in the beam in the following 

way. The charge created in the ion chamber by the beam was 

collected and measured by an electrometer. The full scale deflec-

tion of the meter which read out the electrometer charge could 

be adjusted from a maximum sensitivity of 3 x 107 up to 10 x 1010 

incident charges per pulse. The charge produced in the ion chamber 

is proportional to Z2 where Z is the charge of the beam particles. 

When a l2C beam was used, the reading of the ion chamber was about 

36 times the number of particles which actually passed through it. 
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So a beam rate of about 1 x 106 per pulse was wIthin'the range 

of both the ion chamber and scintillation counters. We used 

two scintillators 1/8 inch thick with RCA 8575 phototubes. 

The counters, one 4-inch square and one 3-inch 

disc, were placed in the beam one meter downstream of the ion 

chamber. The details of the calibration are discussed in 

section IV. 

During most of the experiment, the primary beam was focused 

and steered onto the targets with the aid of a scintillation 

screen located in the target box which could be lowered into 

the beam about 6 inches behind the production targets. The 

scintillator was viewed by a TV camera providing an image in 

the main control room for the accelerator operating crew. The 

position of the beam was checked every time the targets were changed, 

approximately every 5 minutes. The low intensity of the carbon 

beam, however, made the use of a scintillation screen impossible. 

Instead a multiwire proportional system was used. For our 

particular application the MWPC system had the advantage that the 

profile of each beam pulse was displayed on a scope while data 

taking was going on. With the scintillator we could not take 

data and check the beam position at the same time because the 

scintillator itself was a significant source of secondary particles. 

The targets were housed inside a box capable of holding up 

to four targets, two on each'of two stands. The position of the 

targets was under the control of the operating crew of the 
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accelerator. Any of the 4 targets could be moved into the beam 

line, or it was possible to have no target in the beam line. 

About one minute was required to change targets. During running 

with the l2C beam we used only two targets, C and Cu, each .32 em 

thick, 3.2 cm high,. 4.4 cm wide. During the remainder of the 

running we used 4 targets, each .64 cm thick except for a CH2 

target which was 1. 32 cm thick. The targets were generally 1. 9 cm 

high and 3.2 cm wide, while the beam spot was typically 1. 3 cm high 

and 1.9 cm wide. 

B. Secondary Beam Transport System 

The secondary particles were momentum analyzed and transpor-

ted to our detection apparatus by Beam 30 of the Bevatron, a 

double focusingspec~rometer. The elements of the spectrometer 

are shown in Fig. 4. Particles produced at 2.S o .enter the spec-

trometer and are steered by magnets M2/3 to the first focus. 

There a 61 cm long lead collimator was used to select the momentum 

acceptance, 6.p/p, of the detected particles. Magnet M4 provided 

further momentum selection and brought the particles to the second 

focus where our detection apparatus was located. Typically we ran 

with a slit width of 5 cm for a 6.p/p of ±1 1/2% when the spectro-

meter was set to transport negative particles. When the magnet 

polarities were reversed and positive particles were transmitted 
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we generally used a 1.25 cm wide slit for ~p/p = ±3/8%. The 

measured intensity at the final focus as a function of slit width 

is shown in Fig. Sa. The linearity of the data points verifies 

the linear dependence of ~p/p on the slit width. There was in 

addition an upstream collimator at the exit of magnet Ml which 

could be used to vary the angular acceptance of the channel. We 

usually ran with this colI imator set at either 4 inches or 5 

inches, so it would have no effect on the particles of interest. 

We used a pre-existing beam which was designed so that there 

is virtually no access to the beam line between the production 

targets and the intermediate focus. Consequently it was impossible 

to directly measure the acceptance of the channel in momentum and 

solid angle. Instead it was necessary to measure the various 

magnetic elements and then to use the LBL computer program 

TRANSPORT to calculate the angular and momentum acceptances. 

C. Detection System 

When, for example, an alpha particle strikes a nucleus, 

3 3
H pions, protons, deuterons, He, , and alpha particles are 

all abundantly produced. If the beam is l2C, an even wider 

variety of particles are produced. It was the function of the -. 
detection system to sort out and identify the particles reaching 

the final focus of our spectrometer. In order to do this, 

the detection system consisted essentially of five parts: 
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1) a pair of scintillation counters Sl and S3, shown in 

Fig. 4, to measure time-of-flight and a third counter S2 

for efficiency checks; 2) a pair of counters S4 and S5 for 

dE/dx measurements; 3) a gas Cerenkov counter for identification 

of leptons and pions; 4) a lucite total reflection Cerenkov 

counter for separation of protons and deuterons below 3.5 GeV/c; 

and finally 5) an MWPC system and a one inch diameter disc 

scintillation counter for alignment of the secondary beam. 

The demands made on the system for the two cases of 

negative and positive beam particles were quite different. 

When the beam polarity was set for negatives, the only 

particles which could enter the detectors were 'IT-, ~ -, and e - . 

Consequently the identification job in this case was straight

forward. The system used is shown in Fig. 6. Scintillators 

Sl and S3 had 1 nanosecond clipping lines and.their outputs were 

fed into zero-crossing discriminators. Scintillator S2 drove 

a NIM discriminator. Then using appropriate delays for these 

three signals the following coincidences were formed and 

recorded: Sl-S2, Sl-S3, S2.S3, and Sl-S2·S3. Since the 

number of coincidences of all types were about equal, inefficiencies 

in any of the counters were immediately obvious. 

In order to measure the contamination of the 'IT signal by 

-e and ~ , a gas Cerenkov counter was necessary. The gas pressure 

in the counter is chosen so that it fires only on e or on e and 

ll-::. but not on 'IT. This pressure varies as a function of momentum 
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The outputs from the Cerenkov's two photomultipliers were added 

together; then the triple coincidence S2-C-S3 was generated 

with the two scintillators immediately in front of and behind the 

Cerenkov. Fig. 7 shows a typical plot of S2-C-S3/l0 3 MONITORS 

as a function of gas pressure. clearly showing contributions of 

e • 1.1 • and 1T. Since the maximum pressure allowed in the 

counter was 330 PSI. the minimum momentum at which we could 

detect 1.1 was 850 MeV/c. while electrons could easily be measured 

at all momenta studied in this experiment. 

When the spectrometer was set to transport positively charged 

particles. complete identification of the various types of 

particles required measurements of both time-of-flight and energy 

loss (dE/dx). The system to do this is shown in Fig. 8. 

Basically time-of-flight was provided by counters Sl and S3, 

separated by about 50 Feet. The signal from S3 was used as a 

"start" pulse to a time- to-amplitude converter. Sl. after a 

suitable delay. acted as the stop pulse for the TAC. The negative 

TAC output went to a 400 channel pulse height analyzer.for storage. 

The TAC output was routed into either channels 0-200 or 200-400 

according to whether or not the pulse height in counters S4 and 

S5 exceeded a certain level. This pulse 'height level was chosen 

at each momentum by setting the discriminator thresholds in such 

a way that particles with charge greater than or equal to 2 would 

be routed to the upper 200 channels while those with charge I would 

go to the lower 200 channels. 
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There were many variations on this system. Since it is 

very difficult to distinguish 'IT+ from protons above 1. 75 GeV/c 

on the basis of time-of-flight alone. we occasionally used a 

routing signal based on the gas Cerenkov counter. With the 

f ' + b 1 f h counter ,set to Ire on 1T ut, not protons. a pu se ' rom t e 

Cerenkov would generate a high channel routing signal while 

its absence would generate a low channel routing. 

Very often. especially when running with carbon and alpha 

beams. it was useful to take dE/dx spectra rather than rOF 

spectra. Basically we took a spectrum of pulse heights in 

counter S4. by running the signal from the phototube into the 

PHA after stretching it. This is shown in Fig. 9. The linear, 

gate and stretcher allowed us to look at either all particles 

coming down the channel or to selectively gate through only 

such particles which satisfied a particular time-of-flight 

requirement. This is very useful in the identification of 

different particles having the same charge/mass ratio (e.g. 

deuterons and alphas). since such particles all have the same 

velocity at a particular momentum setting of the spectrometer, 

but have different pulse heights. 

The remaining two elements in the system were a lucite 

total reflection Cerenkov counter sensitive to particles with 

a ~ 0.9. and the MWPC system. The Cerenkov counter was used 

in conjunction with the gas Cerenkov to distinguish protons from 

deuterons up to 3.5 GeV/c. We defined a deuteron by [S2-C -S3]gas 
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[Sl'S3]·[Cl · "t ], that is correct time-of-flight as determined 
UC1 e 

by Sl'S3, no pulse in the lucite counter, and no pulse in the 

gas counter, which fired only on pions. Then a proton was 

[S2·C ·S3]·[Sl·S3]·[C " ]. gas luc1te 

Finally, the MWPC system consisted of an X and Y plane 

located about one foot upstream of the final focus. The chamber 

generated an X-v scatter plot on an oscilloscope display on a 

pulse by pulse basis. We used this to monitor the position and 

shape of the secondary beam at the final focus. 

IV. Acquisition and Analysis of the Data 

A. Data Acquisition 

Our data taking was essentially done in three modes which 

we referred to as electronic runs, analyzer runs, and calibration 

runs. The data taken with the channel set for negative particles 

was all electronic. After setting the momentum of the channel, 

we cycled through the ·four targets recording the various scalers 

by hand for a fixed number of monitor counts. When we were 

looking at positive particles we set the relative timing of Sl 

and S3 to select the particular, particle of interest and counted 

Sl'S3 coincidences. 

Most of our data on positive fragments carne from analyzer 

runs. In, this mode we took time-of-flight and/or dE/dx spectra 

in the pulse height analyzer for a particular number of monitor 

counts for each target and momentum. Each run was read out onto 
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magnetic tape for later computer analysis. In general, electronic 

and analyzer running went on simultaneously for the positive 

particles. Since we took the same data in several different ways, 

we have many cross checks. 

Our last type of run was a calibration run. This consisted 

of calibrating the monitor telescope counts against the ion cham-

ber readings for each target, beam particle, and beam energy. 

In addition, there was one run in which we calibrated the ion 

chamber against a pair of scintillation counters placed directly 

in the beam, and some runs to determine effects of target size and 

beam steering on our data. 

B. Determination of the Cross Sections from Measured Quantities 

The bulk of the data came in the form of time-of-flight and 

dE/dx spectra from the pulse height analyzer. Typical spectra 

are shown in Fig. 10. The particles were identified and counts 

in each peak were added manually and combined with electronic 

data taken at the same momentum and target to yield the total 

number of counts normalized to the monitor counts. Background 

subtraction was usually very easy due to the narrowness of the 

TOF peaks. For the scalar data, background subtraction 

was generally impossible so in cases where background was extensive 

we relied on the analyzer numbers for our final results. 

The uncorrected single particle inclusive production cross 

section do/dQdk is given in terms of our counts/monitor by 

do counts A 1 
dQdk = monitor x Fl x F2 x pNL x dQdk 



-28-

where the factors on the right hand side of the equation. are 

defined as follows: the quantities d~ and dk are the solid angle 

and momentum acceptance of the system; A, p, and Lare respectively 

the atomic mass, density, and length of the target; N is 

Avogadro's number, 6.0.22 x 10.23 ; Fl is the ratio (monitor counts)/ 

(ion chamber reading) while F2 is (ion chamber reading)/number of 

particles incident. 

The quantities d~ and dk were controlled by the collimators 

at the intermediate focus and at the exit of the first bending 

magnet. As mentioned above (sec. III-B) it was necessary to use 

computer calculations to determine values for d~ and dk, though 

we were able to verify experimentally that the flux at our 

detectors varied linearly with the collimator slits (Figs. Sa 

and Sb). Uncertainty in the solid angle and moment:um acceptance 

of the system constituted the major source of error in the 

absolute normalization of our data. 

The factor Fl was measuted directly during our calibration 

runs described above (sec. IV-A). More difficult was the 

determination of F2. The ion chamber had been calibrated to 

read out the. number of singly-charged minimum-ionizing particles 

passing through, even though what it really measures is the charge 

produced in it. Since the charge produced depends on the type 

of beam particle and its energy, we had to recalibrate the ion 

chamber for each beam particle type and energy. In fact, the 

reading may be incorrect even for singly-charged minimum-ionizing 

particles, because of either a change in the chamber since the 
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time it was calibrated or an incorrect initial calibration. 

So we should write the factor F2 = z2F2 '(E) F3 where F2 '(E) is the 

energy dependent factor which reduces to 1 at the "calibration" 

energy, and F3 takes into account the error in the ion chamber 

reading at the "calibration" energy. F2 ' (E) can be calculated 

from standard energy loss tables; this is done in Appendix A. 

F3 was measured by directly counting the beams with scintillation 

counters and comparing to the ion chamber. 

c. Correction Factors 

The important correction factors were rather different for 

the pion data and the baryon data. For pions, corrections for 

decay in flight and contamination by muons and electrons were 

most important. 

To calculate the effect of pion decay, we let N be the o 

number of pions produced in the target, N(x) be the number 

remaining a distance X from the target, T be the pion proper 

lifetime, and p the momentum of the pion. Since the lifetime in 

. the lab is YT, the number remaining after a time t is 

N(t) 

Noting that t = x/v = x/Sc = Ex/pc = myc 2x/pc, we get 

N(x) 
x [mc

2
] 

= Noe CT pc 

Numerically, if x is in meters and p in MeV/c 

N{x) -N -17.89x/pc - oe 



so N = N(x)e17 . 89 x/pc 
o 
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In addition to the decay correction there is a correction 

due to lepton contamination. A muon which results from the 

decay of a pion after the Cerenkov counter will strike S3 and look 

exactly like a pion, so we ignore them. Consequently we can write 

for the number of pions created 

N = eN - N )e17 . 89 x/pc 
n total lepton 

where Ntotal" is the total number of particles detected, while 

Nl t is the number that were leptons. The appropriate value ep on 

for x is the distance from the production target to the Cerenkov 

counter, 34.137 meters. 

Our measured values for the lepton fraction are summarized 

in Table 1. The contamination is especially large for the case 

of electrons from eu and Pb targets, as much as 50% at 500 MeV/c, 

most likely because of conversion of y's from nO decay. Unfortu-

nately, the data being rather sketchy, it was necessary to make 

a model to calculate lepton contamination where there were no 

measurements. If we call L the lepton fraction and assume L 

depends on beam energy and target but is the same for d and a 

beams, we can try a parameterization of the form 

+ A -a~p 
~e 

for the electron and muon parts. Here p is the momentum. Fig. 11 

shows a plot of lepton contamination as a function of momentum for 

3.5 GeV protons on various targets. An exponential decrease with 

momentum seems to be reasonable. 
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Two additional corrections need to be mentioned: 

absorption and energy loss in the targets. For slow, heavy 

secondaries, energy loss ,is the major correction factor. For 

Be and C targets this effect is only about 7% in the worst case, 

but for Pb and Cu targets there isa 14% effect. for 750 MeV/c 

3H and almost a 20% effect for 3He at 1000 MeV/e. 

In contrast, absorption is a much smaller effect. The 

fraction of particles that are absorbed is given approximately 

by pNL/2A cr b where cr b is the absorption cross section. a s a s 

This is about 5% for pions in copper and about 1% in Be. For 

the case of baryons, absorption is at worst about 8% for a 

particles in Pb 

D. Sources of Error 

Probably as important as presenting final sets of data is 

knowing the likely sources of error. This knowledge allows one 

to estimate the accuracy of the data and to know how much faith 

to have in the results. In this experiment there were a variety 

of systematic errors which affect the final data in very different 

ways, ranging from an effect on the overall normalization of all 

data points to pulse-to-pulse variations affecting the data's 

self consistency. 

The two major problems affecting the determination of the 

data's overall normalization were the inability to directly measure 

the system's solid angle and momentum acceptance, and the difficulty 
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in determining the incident flux. As mentioned above (sec. III-B), 

since there was essentially no access to the secondary beam line 

between the production targets and the intermediate focus, it was 

necessary to rely on a computer program to determine the acceptance 

of the channel. The accuracy of the LBL program TRANSPORT has .been 

estimated by its authors at ±20% in determining acceptances. 

Most experiments that utilize high intensity primary beams, 

that is intensities which make it impossible to count individual 

beam particles, suffer from errors in the range of 10%-20% 

associated with the necessary ion chambers or secondary emission 

monitors. For us this was not a great problem because.we were 

able to calibrate our ion chamber against a pair of scintillators 

in the beam. By using a carbon beam with a charge of six proton 

charges, we found that the intensity ranges of the ion chamber 

and scintillators overlapped. In fact we found that the intensity 

as measured by the Ie was about 13% less than that measured with 

the counters. So it is likely that the error involved in 

determining the incident flux is small compared to the error 

associated with the acceptance calculation. 

These sorts of errors only ·.affect the comparisons of this 

data with other experiments; they do not cause any internal 

variation in the data and so are perhaps'less troublesome than 

the types that do. Among these more troublesome kinds are 

steering and focusing of the primary beam on the targets, 

inaccurate setting; for the spectrometer magnets, dead time 

,-, 

.... 
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effects in the control electronics, and problems associated . 

with high ratesin the detection system. 

Steering and focusing of the primary beam affect the 

data in two possible ways. First it is possible that not all 

of the incident b~am strikes the target, and secohd the 

production angle might be changed. We did several things to 

keep this problem to a minimum. During data taking we checked 

the beam condit~on before and after every target change, typi-

cally every 5-10 minutes. When the Bevatron seemed exceptionally 

unstable we recorded both monitor and ion chamber readings 

during running and checked each run for consistent monitor/Ie 

ratios. Finally, in order to get some quantitative feeling 

for the problem, during one of the calibration runs we made 

some measurements of the effects of intentionally missteering 

the beam. We found that for the case of 500 MeV/c 71 

produced by 2.66 GeV protons incident on Pb, displacing the 

primary beam by 1/4 inch from the center line produced a 10% 

change in our ratio 71's/monitor. The effect was approximately 

linear up to displacements from the center line of ±0.4 inch. 

So missteering problems could contribute errors in the 5-10% range 

for each data point. 

, Going from the primary beam to the secondary beam, the 

magnet setting error could at times be important. In certain 

cases the cross sections we measured were very momentum dependent; 

a momentum change of less than 10% could result in more than a 



-34-

100% change in cross section. Therefore slight errors in our 

momentum determination could result in significant errors in 

the cross sections. 

A source of error affecting both beam and fragment is multi-

pIe scattering. The effect is greatest for the case of slow heavy 

fragments. For deuterons and alpha fragments with p/z = 1 GeV/c the 

R.M.S. multiple scattering angle (62)1/2 varies from .25 0 for Be 

and C targets, up to 2.5 0 for a Pb targ~t. The angle (8 2 )1/2 decreases 

with momentwn so that,when p!z= 2 GeV/c, (6 2)1/2 has decreased by a 

factor of 3. Multiple scattering is significant if (82)1/2 is 

comparable to some angle which characterizes the angular dependence 

of the cross section. Since our data was taken at only one angle, 

we must assume some angular dependence to estimate the significance 

of multiple scattering. Heckman, et al. (21) have found that in the 

rest frame of the beam, fragmentation of heavy projectiles, such as 

160 into various nuclear fragments is given approximately by the form 

-p2/'l.m 2 
en. If we assume a similar form for the cross section away 

from the fragmentation peaks, then for our case the angular depen-

dence is essentially e 
_25p2e 2 

If p = 1 GeV Ic the distribution is 

e -92/60 2 
with e02 = 1/25 or 60 = 1/5 = 11.4 0

• This is larger than the 

worst case multiple scattering angle (Pb target) by a factor of 4, 

suggesting that for the experiment, especially for data with Be, C, 

and even Cu targets, multiple scattering is rather unimportant. 

Finally we mention errors due to high rates and background sub-

tractions. The main consequence of high rates in the spectrometer 
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\\Tas the introduction of background into the TOF spectra. Since 

momentum selection by magnet M4 occurred after counter 81, the 

rate in Sl \\Tas significantly larger than in S3, especially in 

regions where the cross sections \\Tere very momentum-dependent; that 

is, near the fragmentation p~aks \\Thich were the regions of high 

rates. Since S3 provided the start pulse to our time-to-amplitude 

converter and Sl provided the stop pulse, with high rates there was 

a chance that the stop pulse was generated by a different particle 

from the start pulse, thus producing background. Generally our 

TOF spectra were very clean, as Fig. 10 shows. However, in certain 

instances this background was very significant. For example, the pro-

ton production cross section by 1.05 GeV/nucleon alpha particles is 

very large at a momentum of 1.75 GeV/c, more than 1500 times the size 

of the 3H production cross section. As a result, the signal-to-noise 

ratio for 3H could be as bad as 1:1. This effect differs from those 

mentioned above in that the presence of background is obvious while, 

for example, missteering the beam is not. So, in the cases where back-

ground was severe, tIle errors on those points were increased. 

V. Results 

A. General 

The. range of parameters involved in the experiment is shown in Fig. 

12. Not all possible combinations of parameters were measured; for ex-

ample, for 2.66, 3.5, and 4.8 GeV proton beams, only negative produced 

+ + 
particles were measured. Also, e- and ~- were measured only to the ex-

tent necessary to determine the contamination of the pion data. We first 

discuss the pion production results, then move on to the data on the 

heavier fra8ffients. 
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B. Pion Production. 

+ 
The measured cross sections for n- production by protons 

are summarized in Tables 2-8. Tables 9 and 10 give the results 

for deuteron beams, Tables 11 and 12 for alpha beams, and Table 

13 for a l2C beam. All the corrections discussed in Section IV 

above, iepton contamination, decay in flight, and absorption 

in the target have been applied to the data. 

Plotted in Fig. 13 and Fig. 14 are the data on n 
+ 

and n 

production by protons on carbon. The 1.05 GeV/nucleon deuteron 

and alpha results are plotted in Fig. 15, along with the 1.05GeV 

proton data for comparison. Fig. 16 shows similar data at 

2.1 GeV/nucleon. The effects of the kinematic limit discussed 

in Section II-A are evident in these three figures: the 1.05 

GeV proton data cuts off at about 1 Ge~while the spectra from 

1.05 GeV/nucleon deuterons and alphas extend far beyond 1 GeV/c. 

The 2.1 GeV/nucleon results show similar features. 

The Lorentz invariant cross sections E/k2 d2o/dndk for these 

processes are plotted against the scaling variable Xl in Figs. 

17, 18, and 19. Here x' is the usual Xl = k*/(k*) where the • • max' 

asterisk denotes center-of-mass. The quantity (k
ll
*) is found max 

by calculating the missing mass for the reaction beam + target ~ n + 

MM and then finding the pion momentum which corresponds to 

minimum missing mass consistent with baryon conservation. One finds 

the rather remarkable result that all the n spectra tend to fall 
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on top of each other. Scaling is familiar from higher energies, 

though here the cross sections show approximate scaling all the 

way down to 1 GeV. If one plots the data taken with a Be target 

- . (15 16 17) at 
and compares them with results of other exper1ments ' , 

higher energies (12, 19, 24 GeV) the agreement is quite good. 

One must remember in looking at these ~ata that the 

measurements were made at fixed angle in the lab, 2.5°, rather than 

fixed transverse momentum. Consequently k~ varies from 22 MeV/c 

at klT = 500 MeV/c to k~ = 210 MeV/c when klT = 4.8 GeV/c. If we 

. (14) -5 k.L d .assume a transverse momentum dependence of e we woul 

expect an effect of the order of a factor of 2 when comparing data 

from two energies at fixed x I near x I '" 1. For fixed x I, the 

larger the beam energy the larger is k.L. As a result one would 

expect that the cross section for pion production at fixed Xl by 

higher energy beams would be less than the cross section for 

pions produced by lower energy beams. The deuteron and alpha 

induced spectra in Figs. 18 and 19 show this is the case. 

While the IT data in Fig. 17 show approximate scaling, 

+ the IT data does not. This might be expected since at higher 

energies the reaction p + p -+ IT + X scales much earlier than 

+ p + p -+ IT + X. This agrees with the general observation that 

reactions requiring "exotic" exchanges in the t-channel scale 

before those which require non-exotic exchanges. 

Comparing the proton data in Fig. 17 with the deuteron and 

alpha data in Figs. 18 and 19, it is evident that the distributions 

fall much more steeply with Xl as the mass of the projectile 
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increases. This indicates that a loosely bound object like 

a deuteron tends not to transfer a large fraction of its 

'kinetic energy to an individual pion. If one wanted to regard 

a nucleus as elementary in the sense of a proton, then one 

might expect protons and light nuclei to behave similarly at 

equal total kinetic energy. We show in Table 14 the results 

for the ratio 

R (X') = d,a 

d2cr dndk (d,a + C ~ ~- + X) 

d2~ 
dQrlk (p + C ~ ~- + X) 

at equal total kinetic energies. We see in fact that R(x') decreases 

rapidly over the range .25 ~ x' ~ .7. This disagrees with the results of 

a recent Russian experiment in which Baldin et al. (18) report 

Rex') is a constant over the range 0.7 ~ x' $ 1.0 and that this 

result cannot be explained in terms of the Fermi motion of the 

projectile. It must be remembered that their experiment was 

performed at 0° and at an energy of 4 GeV/nucleon, though it is 

unlikely that these differences alone could account for the 

disagreement. 

To understand the effects of Fermi momentum we compare the data of 

this experiment with the results of a calculation based on the model 

discussed in Section II-E. Using eq. (6) we have inserted in the right 

hand side our measured proton induced pion production cross sections. 

The function WdCP,Po) was derived from a standard Hulthen wave 

function ~(q) = Cl (l/(q2+a2) ~ l/(q2+a2)) with a = 45.7 MeV, 

8 = 5.2a. Cl is chosen to give the right normalization. 
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Wave functions for alpha particles are much harder to 

come by. The usual measured quantity is the form factor for 

electron scattering off He. This is in turn related to the charge 

distribution of the alpha particle by way of a Fourier transform. 

In order to find a function W cP,p ) we made the following 
Cl 0 

assumptions: that the configuration space alpha particle wave 

function is real, and that the charge density distribution 

describes the matter density distribution for both protons and 

neut"ons in the alpha. We then took the measured form factors (19) 

and numerically performed the necessary Fourier transforms to 

-+ 
calculate ~(q). 

The .data for the reaction d + C -+ 1T + X at 1.05 and 2.1 

GeV!nucleon are shown in Fig. 20, along with the results of 

the model calculation (solid curve). Similarly Fig. 21 shows 

the results for an alpha particle beam. The shielding factor 

was set equal to one, leaving no adjustable parameters in the 

calculation. The agreement in the case of the deuterons is 

striking. For the alphas the agreement is good at the lower 

momentum, but there is only qualitative agreement at the higher 

momenta. When interpreting these results it must be kept in mind 

that the predictions of the model for high momentum pions are 

very dependent on the high Fermi momentum components in the 

function W which are not very well known. Considering strong 

assumptions involved in the above method for determining W , it 
Cl 

~ould be surprising if the model and the data were in very good 

agreement. 
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The very good agreement between the model and the data in 

the case of deuterons where the wave function is well-known sug

gests that at least in this case a constituent type model can 

explain the main features of pion production without invoking a 

description in terms of collective effects. For alphas, given the 

accuracy of the function W, one can say that the data is consistent 

with there being no large collective effects involved. 

These conclusions also disagree with some recent results from 

Dubna, (20) where Ba1din, et al. measured pion production at 1800 

using 8.4 GeV/c deuterons incident on various targets. They claim 

to see much more pion production than could be explained by Fermi 

momentum alone. Their results are, of course, in a very different 

kinematic region, though it would be quite strange to have large 

collective effects show up in one region and not the other. It 

would be very useful to have additional independent data to check 

the results from these two experiments. 

Another thing that would be very useful would be extensive data 

on pion production by l2C and heavier beams. Our data, shown in Table 

13, does not extend to high enough momenta to search for collective 

effects. One might expect such effects to be larger for heavier 

beams while Fermi momenta would be relatively unchanged. This would 

check the Dubna experiment (20) 'where, by looking at backward pions, 

they have essentially reversed the roles of beam and target. 

We next examine the target dependence of these reactions. 

Fig. 22 shows t~e cross section for n- production by 2.1 GeV/nucleon 
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alphas on four targets: Be, C, Cu, and Pb. The shapes of the 

cross sections as a function of momentum is essentially indepen-

dent of the target at momenta ~ 1 GeV/c, suggesting that the 

particl es are "beam fragments." 

The magnitude of the cross .sections depends, of course, on 

the atomic mass A of the target. Fig. 23 shows the cross section 

for producing negative pions of a particular momentum as a 

function of A of the target. For momenta ~ 1 GeV/c the data has 

an Al/3 dependence, suggesting a sort of peripheral production 

mechanism. At lower momenta the A dependence increases, implying 

that slower pions are produced in more central collisions. 

Another interesting question bearing on the pion spectra is 
. 12 

that of charge symmetry. Since deuterons, alphas, and Care 

all isospin 0 nuclei, in collisions of deuteron and alpha beams 

+ with carbon, equal numbers of nand n would be produced if 

charge independence is valid. Table 15 lists the results of the 

+ -ratio of n /n production for 2.1 GeV/nucleon beams. There is no 

evidence of violation of charge independence to the level of 

precision of the data, ±lO% . 

One final remark should be made on the subject of pions. 

When heavy ion beams first became available at the Bevatron, it 

was hoped that it would be possible to produce beams of very 

energetic pions; after all, the kinetic energy of l2C at 2 

GeV/nucleon is 24 GeV. If there are no collective effects, only 

the Fermi momentum is available for making super-energetic pions, and 

that alone is not enough. Even if there are significant collective 
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effects with heavier beams, something for which we see no evidence 

using deuterons and alphas, the available flux is so low that the 

prospect of getting usable beams by such a means seems very remote. 

c. Baryonic Fragment Production 

The heavy fragment production cross sections are summarized 

in Tables 16-47. Unmeasured cross sections are listed as zero in 

the tables. The momentum listed in these tables is the momentum 

setting of the spectrometer and does not include energy loss in 

the target. Table 48 shows the correspondence between the 

momentum setting of the channel and the momentum with which the 

particle is produced. The difference is rather small and the 

format of the data tables would make it very cumbersome to include 

the effect there. 

The Lorentz . invariant cross section for 1.05 GeV/nucleon 

alphas fragmenting into p, d, 3He , 3H, and 4He is plotted in Fig. 

24 as a function of lab momentum for a carbon target. The 

structure of the alpha particle is clearly indicated. Not only 

does the alpha fragment into protons, but there is significant 

production of deuterons, tritons, and 3He . Since the data were 

taken at fixed angle in the lab (2.5°), care must be taken when 

interpreting the height of the peaks, where the transverse 

momentum is about 75 MeV/c per nucleon, comparable to the Fermi 

momentum of the nucleons in the alpha. Also the factor E/k2 

lowers the deuteron peak by a factor of 2 relative to the proton 
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. 3 . 3 
peak, while the He and H peaks are down by a factor of 3. Neverthe-

less, the invariant cross sections for fragmentation into 3He, deuterons, 

and protons are within about an order of magnitude of each other. They 

are approximately in the ratio 1:3.5:11.4. 

If instead of plotting the data as a function of laboratory 

momentum one plots it as a function of rapidity y, Fig. 25 

results. Several features stand out: 

1) The peaks of the distributions all occur at the same 

rapiditytthe rapidity of the beam particle. 

2) The width; of the distributions decrease as the mass of 

the fragment increases. One expects this since in Fig. 24 

all the distributions have comparable widths in momentum. 

Since increasing mass means decreasing y for fixed 

momentum, the distributions for heavier fragments should 

be narrower in y. 

3) The diffractive fragmentation peak is well separated 

from the target fragmentation region and stands out 

clearly from the central region. 

Similar features are evident in the fragmentation of 

deuterons. Fig. 26 shows the Lorentz invariant cross section 

for the fragmentation of 1.05 GeV/nucleon deuterons on carbon. 

Here the production of 3H and 3He decreases rapidly with momentum, 

as one would expect IiIf these particles were being punched out 

of the target. Pick-up processes are infrequent since in order 

for them to occur the momentum of the nucleon in the target 
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"picked up" would have to be comparable to the momentum per 

nucleon of the beam particle. in this case about 1.75 GeV/c. 

The probability for such a large Fermi momentum is very low. 

In the figure the proton peak is evident and is narrower than 

in the case of an alpha beam. due to the fact that a deuteron 

is more loosely bound than an alpha. The deuteron distribution 

is similar to spectra from other inelastic scattering processes. 

There is a sharp elastic peak. a quasi-elastic shoulder. and a 

"deep inelastic" region. 

!tis interesting to try to apply the model we used for 

pion production to the proton production spectra. In terms of 

the diagram shown in Fig. 3. this means substituting a proton 

for the outgoing pion. In this case equation ,5 becomes. 

neglecting the possibility 0 f charge exchange. 

P (P+ +k) I p + +k + + 3+ 0H o. "'Zop(P. ) W(po.p)dp (7) 

In order to calculate the entire spectrum we would need to use 

the cross section for the process of p + C +p + anything. Instead 

we try only to calculate the cross section in the neighborhood of 

the proton peaks and use the elastic scattering cross section for 

a~c' In other words. we visualize the peaks to be the result of 

elastic scattering. smeared out by Fermi momentum. We use the same 

functions for W as in the pion case. The elastic p + C scattering 

.- " 

'-
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cross section is do/dt !:< 7.5e65~(barns/(GeV/c)2). Since this 

cross section falls very rapidly with momentum transfer. we 

can make the approximation that k .. = PI. and that the energy 

of the incoming and outgoing protons are the same. Then t 

ed (~ - ~k.)2. r uces to t = - ~ • Then after inserting a o-function 

in (p • 
o = 

integral in eq. 7 it reduces to 

PJ.' Po) 7. 5e - (p ... -k.,L) 265 
21T 

= z f d W(k ) -65(PJ..2+k~2)f d~e-130p ... k~cos~ 
p ... p~ , P.l' Po e 0 

The integral over ~ I is the modified Bessel function ; Io(130PJ.k~). 

The remaining integral over p must be done numeri-

cally. The results of the calculation for deuteron and alpha 

beams are shown in Figs. 27 and 28. As in'the case of pion 

pr9duction, the agreement between the calculation and the data is 

much better for the deuterons than the alphas, suggesting that our 

choice of alpha particle wave function is not very good. The 

model of course may be wrong, but its success in dealing with 

deuterons implies that it shOUld be applicable to heavier pro-

jectiles. If a function W could be found which correctly 

predicted both the proton distribution and the pion production 

spectra~ it would be a strong candidate for the correct internal 

momentum distribution of the alpha. If carried out in a 

systematic way with measurements not limited to lab angles of 

2.5°, experiments of this type could prove to be very useful for 

determining wave functions of many nuclei. 
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We next turn to the energy dependence of these spectra 

and questions of limiting fragmentation and scaling. Since in 

this experiment we look at particles in the lab with momenta 

~.75 GeV/c, the applicable statement of limiting fragmentation 

is that the cross section for production of slow particles in 

the rest frame of the beam is independent of the energy. 

Therefore we need to compare the cross sections for processes 

such as d + A -+ P + x where A is some nucleus in the region of 

the peaks of the proton distributions at 1.05 and 2.1 GeV/nucleon. 

Unfortunately, since the lab angle is fixed at 2.5 0
, the trans-

verse momenta at the peaks are different for the two energies, 

making a direct comparison of the invariant cross sections 

impossible. However, if we adopt the viewpoint of the model 

discussed above that in the regions of the peaks we are seeing 

basically elastic scattering smeared by Fermi momentum, then we 

can correct for the kJ. variation. We assume again that for 

protons elastically scattering off carbon that do/dt = 7.5e65t . 

i The proton peaks occur at 1.75 GeV/c and 2.875 GeV/c for 1.05 

and 2.1 GeV/nucleon deuterons or alphas inciderit. Then 

t = -2k2(1-cose) where k is the proton momentum and e = 2.5 0 

(43.6 milliradians). Since e is small, t ~ _k2e2, and we get 

that at k = 1.75 GeV/c, tl = -62.0 x 10-4 and at k = 2.875, 

t2 = -167 x 10-4 • Therefore the ratio of the invariant cross 

section~ 0 /0 = e65 (t l -t2) ~ 2.0 
1.05 GeV/nucleon 2.1 GeV/nucleon 

.-
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We can compare two reactions: d + C, ~ P + X and 

a + C ~ P + X. Table 49 shows this comparison for various 

targets at Y' = Ybeam. The "average for all targets is 

2.67 ± 0.48. The result is hardly undeniable proof of the 

validity of limiting fragmentation but it is certainly 

consistent with the idea. considering the size of the error. 

In the regions of the rapidity plots away from the peaks. 

the fragmentation cross sections are much flatter but still 

decrease as k (and hence kl.) increases until they approach 

the region of the peaks. We could again try to apply our 

model using the inclusive cross sections for p + C ~ P + X. 

but this calculation is prohibitively difficult because of 

the unknown angle dependence and our limited data on energy 

dependence of these cross sections. One would expect these 

regions to be flat. based on the models discussed in section II. 

The experimental results are consistent \liththis. though the 

inability to separate out the kJ. dependence makes any strong 

statement impossible. Performing the experiment at a range of 

angles would be very illuminating here. 

As for the energy dependence of these plateau regions. it 

is not clear that one should expect them to be energy independent 

on the basis of scaling. In the high energy "elementary 

particle" domain where one looks at reactions like p + p ~ 1T + X 

scaling predicts energy independence in the central region. Once 

the beam and target fragmentations reach limiting behavior. going 
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to higher energies necessarily adds pions to the central region. 

Since the multiplicIty seems to grow logarithmically with the 

~nergy, and the length of the rapidity plot also grows logarithmi

cally, the number of pions per unit rapidity remains constant as 

the energy goes up. In these heavy ion reactions, on the other 

hand, as the energy increases the rapidity gap between beam and 

target fragmentation regions grows, but one cannot create more 

nucleons in the same way one creates pions at the ISR. So with 

a constant number of nucleons to fill an ever-widening rapidity 

gap, one might expect the cross sections in the central plateau 

region to decrease with energy, and the effect should be greater 

for reactions like a + C ~ 3He + X than for a + C ~ P + x. 

Figs. 28 and 29 bear out this expectation. We are again faced 

with non-constant k , which produces the same effects, so no 

certain conclusions can be drawn about scaling. 

We turn next to the question of target dependence. For 

Be, C, and CH2 targets the shapes of the spectra are virtually 

identical, as would be expected since these targets are very 

similar. The only very different target we can compare to is Pb. 

Iri the regions near the peaks, the spectra have the same 

shape for all targets. If one assumes a power law behavior where 

the cress section is proportional to AN where A is the atomic 

mass of the target and N is some power, then near the peaks, 

N = 1/3 for all fragments as for the case of pion production. 

This differs from the results of Heckman et al. (21) who found 



-49-

16 that with heavier beams, such as 0 that the target dependence 

. 1 AO. 26 was apprOXImate y 

At lower momenta the power N increases, especially for the 

heavier fragments. We have plotted in Fig. 30 the power N as 

a function of momentum for the three reactions a + Nucleus + 

3 {p, d, He} + anything. One can see that in the case of 3H 

production, the power N is about 2 at 750 MeV/c,greater than the 

geometric A2/3. 

Finally, we examine the results on fragmentation of 1.05 

12 GeV/nucleon C on carbon and copper targets. Tables 50 and 

3 3 51 list the cross sections for production of p, d, H, He, and 

4He while Tables 52 and 53 give the results for Li, Be, B, and 

C fragments. 

Fig. 31 shows a plot of the invariant cross sections for 

carbon on carbon vs. laboratory momentum. It is very reminiscent 

of the results on fragmentation of alphas. In the peak region 

12 the proton spectra from a and C beams are essentially identical, 

as are the deuteron spectra, implying that the momentum distribu-

tions of nucleons are very similar in the two types of beam 

particles. 3 3 On the other hand, the H- He peak.is significantly 

wider in the case of a 12C beam than in the case of an alpha beam. 

3 This is reasonable since in an alpha particle a triton or He can 

only recoil against a nucleon, limiting its momentum. Inside a 

12 C nucleus, a tri-nuc1eon can recoil against 9 nucleons allowing 

a wider spread while still conserving momentum. Also, in the case of 
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12c there is much more 3H and 3He production in the central region 

compared to the peak than in the case of alphas, a feature that 

would be interesting to study as a function of energy and angle. 

The production of the heavier fragments is shown in Fig. 32, 

where again the invariant cross section is plotted against the 

lab momentum. Here the 2.5 0 production angle is very significant. 

. 6 
In the area of the Li peak, near 10 GeV/c the transverse 

momentum is about 440 MeV/c while for 7Se and lOS it is about 

525 MeV/c and 760 MeV/c. So to produce these fragments at 

2.50 requires either very large Fermi momentum or large 

momentum transfer; the first is very unlikely while the second 

would tend to break up such fragile nuclei. It would be 

interesting to study these fragments as a function of energy and 

angle and thereby to directly measure transverse momentum effects. 

VI. Summary and Conclusions 

A vast amount of data was collected during this experiment. 

In this section we try to briefly summarize the results and 

their implications. 

First, in pion production by deuterons and alphas, we find 

that effects due to "collective" behavior of the proj ectile 

nucleons are very small--beyond the level of precision of this 

experiment. Pion production by deuterons can be well understood 

in terms of an independent particle model with Fermi momentum. 

In the case of an alpha particle beam, the lack of a good wave 
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function for the alpha makes it impossible to rule out collective 
. ,.. 

effects, but if they are involved, they are too small for this 

experiment to detect. ? 

We have also found that for ~ production by protons, 

deuterons, or alphas, scaling is approximately valid down to 

+ energies of 1 GeV/nucleon--not the case for ~ production by 

protons. Charge symmetry has been verified: the ratio of 

production cross sections of ~+ and ~ is 1 for deuteron and 

alpha beams on a carbon target. The target dependence for fast 

pion production is approximately A1/ 3, increasing toward A2/ 3 
\ 

for pion momenta near 500 MeV/c . 

. As for production of particles with baryon number ~ I, 

the data is consistent with limiting fragmentation of the 

projectile. This conclusion, along with all others here, is 

model dependent because the experiment was performed at fixed lab 

angle rather than fixed transverse momentum. 

Regarding the spectral shapes of reactions such as 

a + target -+ d + X, we find in addition to a diffractive fragmen-

tation peak a central, rather flat region. The data is consistent with 

the predictioI1c;c~of a flat region at fixed kJ.' though our inability to sepa

rate out the k~ dependence makes a stronger conclusion impossible. 

The independent particle model used to discuss pion produc-

tion does a fair job of describing the fragmentation of deuterons 

into protons, though it does badly in describing Jalphas fragmen-

ting into protons. This may again be due to a poor choice of the 



-52-

alpha wave function. It seems that this model, together with 

comprehensive measurements of both pion production and beam 

fragmentation cross sections could result in a powerful new 

technique for determining nuclear wave functions. Measure

ments of fragmentation of light nuclear projectiles into 

deuterons, tritons, etc. should lead to new information about 

correlations inside nuclei. 

Certainly the questions raised in the introduction to this 

thesis have not been completely answered. Nevertheless, we hope 

that it has been a useful introductory survey of this kind of 

physics which has a great potential in helping us understand 

particles and nuclei. 

-. 
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Appendix 

Ion Chamber Calibration 

In order to determine the flux through the ion chamber and there

by the flux on the target, it is necessary to relate the flux 

of particles to the charge collected by the ion chamber. The 

characteristics of the chamber are as follows. The gas in the 

chamber was argon, atomic weight A = 40. The gas pressure was 

800 mm Hg at a temperature of 22°C, giving density p = 1.737 x 

10-3g/ cm3. The distance x traversed by a particle passing 

through the chamber was 3.175 cm. 

If we define F; = px, then F; = 5.515 x 10_3g/ cm2. Furthermore, 

if dE/dF; is the. rate of energy loss of the incident particle, then 

the total energy loss per particle is ~E = dE/dF;oF;. So the number 

of ion pairs produced in the argon by each beam particle is 

N I = ~E/E = dE/dE: 0 F; ol/C where t is the energy required to 

produce an ion pair. 

The electrometer is calibrated to read 10 particles when the 

charge collected is 6.3 x 10- 9 coulombs. So if one beam particle 

traverses the chamber and creates a charge Q,the electrometer will 

read 

6.3 x.lO-9 
x Q = 2.54 x 10-3 £r F; ~ 

Using € = 26.4 ev(22) as the energy to produce an ion pair in Argon/we 

find if one particle passes through the ion chamber the electrometer 

" 
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will read .531 dE/d~ where dE/d~ is in units of MeV-cm2 /g. 

In the text we defined the function z2F 2'(E) = (ion chamber 

reading)/(number of particles traversing ion chamber), which is the 

same function as that calculated above, Z2F
2

'(E) = .531 dE/d~. 

This function is tabulated in Table A-I for various beam particles 

and energies using standard values for dE/d~. (23) 

Beam 

Kinetic Particle 

Energy 
per 

Nucleon 

1. 05 

1. 73 

2.1 

2.66 

3.5 

4.2 

4.B 

p 

.B76 

.B23 

.B1B 

.B1B 

.B23 

.B34 

.B39 

d 

Z2F2 ' (E) 

for 

.82B 

.791 

a 12C 

3.37 30.3 

3.21 
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The factor F3 defined in section V-8 was. determined by 

placing two thin (l/B") scintillation counters in the beam 

downstream of the ion chamber. The scintillators, 

equipped with RCAB575 photomultiplier tubes, showed 

no pulse sagging even at rates of 1.7 x lOG/second. Using 

12 a 1.05 GeV/nucleon C beam we counted scintillation counter 

coincidences and compared them with the ion chamber reading. 

From Table Alone expects a ratio R = ion chamber/scintillator 

coincidences = 30.3, independent of intensity .. There was 

however a slight intensity dependence as well as a small effect 

depending on which electrometer scale was used. A change in 

intensity by a factor of 10 caused a 6% change in R while the 

scale effect was about 2%. A straight line least-squares fit 

was made to the intensity dependent data and extrapolated to 

zero intensity resulting in a ratio R = 26.4 ± 0.5; so 

F3 = 26.4/30.3 = 0.B7. 

;" r. 
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~1OMENTUM 
TARGETS 

. (GeV /e) LEPTON 
Be 1/4" C 1/4" Cu 1/4" Pb 1/4" 

I 1.73 GeV Proton Beam 
-o - _ 0.5 e s.16tO.23 s.73±0.23 -24.7±0.s 29.9±0.6 
-0.9 e 2.64±0.16 2.97±0.17 s.44±0.23 6_90±0.26 
-1.0 e 1.49±0.12 1. 60±0.13 3.90±0.20 4 .16±0. 20 
-1.25 e O. 69±0. DB 0.6B±0.OB 1. 21±0.1l 1.44±0.12 

-0.9 jJ s.33±0.32 4.91±0.33 5.56±0.40 4.39±0.43 
-1.0 jJ s.24±0.27 s.36±0.29 4.66±0.31 4.85±0.36 
-1.25 jJ 4.71±O.24 4.99±0.44 4.8s±0.27 4.50±0.26 

3.5 GeV Proton Beam 
i 

-0.5 e 10.8±0.3 12.0±0.4 44.2±0.7 54 .l±0. 7 
-0.75 e s.39±0.23 6.27±0.2s 24.7±O.S 31.4±0.6 
-0.9 e 4.43±0.21 5.15±0.23 18.6±0.4 23.3±0.5 
-1.0 e 3.39±0.lB 3.BO±0.19 14.0±0.4 19 6±0.4 
-1. 25 e 1. SO±0.12 1. 94±0. 14 7.31±0.27 9.S0±0.31 

0.9 - B.70±0.42 B.60±0.43 6.6S±O.66 7. 07±0. 73 I 
jJ 

-1.0 jJ B.SS±0.38 B.2s±0.39 7.0B±0.s9 S.23±0.66 
-1. 2S jJ 7.00±0.31 7.41±0.33 7.21±O.47 7.44±0.Sl 

.- ' 

Table 1. Percent Lepton Contamination in n- Signal 
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HOlvlENTUr-.l TARGETS 

(GeV /e) 
LEPTON 

Be, 1/4" C _1/4" Cu 1/4" Pb lL4" 

4.2 GeV Proton 'Beam 

0.5 - 11.3±0.3 I e 12.8±0.4 41. 5±O. 6 50.7±O.7 
.. - ~, 

-0.75 e 6.81±0.26 7.60±0.27 27. 2±0. 5 35. O±O. 6 
-0.9 e 5.23±0.23 5.89±O.24 21. 4±0. 5 28.5±0.5 
-1.0 e 3.73±0.19 4.80±0.22 I7.5±0.4 22.8±0.5 

1.25 - 2.09'±0.I4 e 2.09±0.14 10.3±0.3 13. 9±0. 4 

-0.9 II 8.83±0.43 8. 67:t0. 45 6.24±0.70 - -
-1.0 II 8.l4±0.39 6.45±0.40 6.82±0.60 5.91±0.72 
-1. 25 II 6.48±0.32 6.54±0.32 5:39±0.51 5.83±0.S7 

r-.lOMENTUH TARGETS 
LEPTON 

JGeV/e) .- ,Be 1/4'" C 1/4" CH2(0.52"} Pb 1/4" 
==-

2.1 GeV/nueIeon Alpha Beam 

-0.75 e 1.67±0.l3 2.12±O.14 2.03±0.I4 IO.3±0.32 
-1.0 e 1.49±0.12 1. 7l±0.l3 1. 82±0.l3 4 .43±0. 21 
-1. 25 e 0.62±0.08 0.7l±0.08 0.53±0.07 2.02±0.I4 
-1.5 e 0.60±0.35 0.90±0.I5 0.60±0.35 I.60±0.29 
-1. 75 e 0.42±0.10 0.60±0.35 0.60±0.35 1. 05±0. 20 

-1.0 jJ 6.37±0.30 6.67±0.32 6.48±0.32 S.73±0.38 
-1. 25 jJ 5.52±0.26 5.48±0.26 5.61±0.26 5.58±0.3I 
-1. 5 " jJ 3.50±0.57 3.40±0.35 4.30±0.60 4.20±0.6I 
-1. 75 jJ 3.63±0.33 4.35±0.60 4.15±0.60 4.0S±0.54 

Table 1. Continued. 
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f.tOl>1ENTUf.l TARGETS 
LEPTON 

I (GeV/c) 
Be 2" C 1" Cu 3/8" Pb 1/4" 

-s -== 

1.05 GeV/Nucleon Deuteron Beam 

.... -

1.0 e- + lJ - -- s.s8±0.23 -- --
1. 25 e -' + lJ - 4.l3±0.s6 3.67±0.42 3.94±0.82 s.9s±1.24 

2.1 GeV/Nuc1eon Deuteron Beam 

- -
1~0 e + lJ 8.l4±0.06 8.03±0.06 9.l4±0.07 9.3s±O.07 

- -1.5 e + lJ 4.ss±0.ls 4.4l±0.ls s.14±0.16 s.23±0.16 

2.0 - - 3.s2±0.13 3.49±0.13 3.62±0.19 e + lJ 3.39±O.lB 
- -2.5 e + lJ 1. 76±0. 09 -- -- --

2.1 GeV/Nuc1eon Alpha Beam 

- -1.0 e + lJ 8.48±0.29 8.16±0.28 10.2±0.32 11.3±0.34 
- -1.5 e + lJ s.13±0.23 s.17±0.23 s.3s±0.23 s.21±0.23 
- -2.0 e + lJ 3.79±0.19 3.9s±0.20 4.08±0.20 4. 74±0. 22 

Table 1. Continued. 
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Pion 
n- Production 

Momentum Target do 

(GeV Ie) 
dOdk(mb/sr/GeV/c) 

0.5 Be 10.7 ± 0.2 

0.5 C 11.1 ± 0.5 

0.5 Cu 24.0 ± 0.6 

0.5 Pb 45.2 ± 1.2 

0.6 Be 8.34 ± 0.15 

0.6 C 8.06 ± 0.17 

0.6 Cu 16.3 ± 0.4 

0.6 Pb 30.4 ± 0.8 

0.65 Be --
0.65 C --
0.65 Cu --
0.65 Pb --

0.7 Be 4.18 ± 0.19 

0.7 C 4.10 ± 0.24 

0.7 Cu 7.36 ± 0.24 

0.7 Pb 14.0 ± 0.4 

0.75 Be 2.53 ± 0.12 

0.75 C 2.07 ± 0.12 

0.75 Cu 4.66 ± 0.24 

0.75 Pb 6.98 ± 0.42 

0.9 (2.92 -1 
Be ± 0.31)xl0 

0.9 (3.06 -1 
C ± 0.39)xl0 

0.9 (6.40 -1 
Cu ± 0.27)xl0 

0.9 Pb (8.80 ± 0.45)xl0 -1 

Table~. Pion Production cross-sections 
Beam = 1.05 GeV Protons 

n+ Production 

d~~k(mb/sr/Gev/c) 

50.4 ± 0.9 

63.3 ± 1.2 

110. ± 2. 

140. ± 2. 

--
--

--
--

40.2 ± 1.5 

51.4 ± 1.1 

82.3 ± 1.8 

102. ± 3. 
--, -

--

--
--

--

14.9 ± 0.3 

18.7 ± 0.4 

30.6 ± 1.0 

41. 2 ± 1.2 

1.69 ± 0.04 

2.04 ± 0.06 

3.52 ± 0.13 

4.03 ± 0.19 

Errors quoted are statistical only. 
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, 11 
. Production l1'+ Production 

Pion 
~1omentum Target do d~~k(mb/sr/Gev/c) (GeV Ie) dndk(mb/sr/GeV/c) 

.95 ' Be (2.88 ± 
-2 0.50)x10 --

.95 C (2.81 -2 
± 0.61)x10 --

.95 Cu (5.42 ± 
-2 1.06)x10 --

.95 Pb (8.34 ± 
-? 

1. 86)x10 .. --

1.0 Be (4.84 
-3 , (1. 29 

-1 
± 1.96)xlO ± 0.64)xl0 

1.0 C (3.70 -3 (0.987 ± O.700)xlO- 1 
± 2.13)x10 

1.0 Cu (7.71 -3 (2.93 
-1 

±, 3.14 )x10 ± 0.67)x10 

1.0 Pb (19.3 ± 8.6)x10 -3 (3.70 ± 1.07)xlO- 1 

Table 2. Continued. 
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·n - Production 
Pion 

Momentum Target d~~k(mb/sr/Gev/c) 
(GeV/c) 

0.5 Be 21.1 ± 0.3 

0.5 C 24.9 ± 0.4 

0.5 Cu 60.4 ± 1.0 

0.5 Pb ll2. ± 2. 

0.75 Be 17.0 ± 0.2 

0.75 C 18.6 ± 0.3 

0.75 Cu 39.1 ± 0.6 

0.75 Pb 69.8 ± 1.2 

1.0 Be 8.02 ± 0.12 

1.0 C 8.60 ± 0.14 

1.0 Cu 17.1 ± 0.4 

1.0 Pb 29.9 ± 0.6 

1.25 Be 3.23 ± 0.05 

1.25 C 2.96 ± 0.06 

1. 25 Cu 6.48 ± 0.15 

1. 25 Pb 11.9 ± 0.3 

1.5 Be (4.59 ± 
-1 0.15)x10 

1.5 C (4.19 ± -1 0.17)x10 

1.5 Cu (10.1 ± -1 0.4)x10 

1.5 °b (lB.1 ± -1 0.7)x10 

1.625 Be (4.46 ± 0.30)x10 -2 

1.625 C (5.02 ± 0.25)x10 -2 

1.625 Cu (7.88 ± 
-2 0.41)x10 

1.625 Pb (17.7 ± 1.7)x10 -2 

Table 3. Pion Production Cross-Sections 
Beam = 1.73 GeV Protons 

' . not Production 

d~~k (mb/ sr /GeV / c) 

44.9 ± 0.8 

57.1 ± 1.1 

ll2. ± 2. 

161. ± 4. 

66.3 ± 0.9 

85.6 ± 0.8 

149. ± 2. 

209. ± 4. 

39.7 ± 0.5 

51. 7 ± 0.4 

81. 9 ± 1.0 

ll2. ± 2. 

9.97 ± 0.18 

11. 9 ± 0.2 

19.5 ± 0.4 

2B.1 ± 0.9 

1.48 ± 0.05 

1. 78 ± 0.07 

2.99 ± 0.17 

4.16 ± 0.30 

--
--
--
--

Errors quoted are statistical only. 

I 

! 

! 
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Pion 
n- Production 1T+ Production 

Momentum Target do do 
(GeV/c) 

dndk(mb/sr/GeV/c) dndk(mb/sr/GeV/c) 

1. 75 Be (4.05 ± 
-3 1. 20)x10 --

I. 7S C (6.84 ± 
-3 1.97)x10 --

I. 75 Cu (21. 2 ± -3 4.5)xlO --
-3 

I 
1.75 Pb (20.2 ± 6.7)x10 --

-

I 
I 
I 
I 

.. 

Table 3. Continued. 
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IT - Production Pion 
Momentum Target do 

(GeV/c) dQdkCmb/sr/GeV/c) 

.5 Be 24.5 ± 0.2 

.5 C 28.9 ± 0.2 

.5 Cu 68.2 ± 0.6 

. 5 Pb 122. ± 1. 

, 
.65 Be 22.9 ± 0.1 

.65 C 27 .0 ± 0.2 

.65 Cu 58.4 ± 0.5 

.65 Pb 108. ± 1. 

.75 Be 22.7 ± 0.1 

.75 C 26.9 ± 0.2 

.75 . Cu 57.4 ± 0.4 

. 75 Pb 100. ± 1. 

.9 Be 19.7 ± 0.1 

.9 C 22.3 ± 0.1 

.9 Cu 44.6 ± 0.3 

.9 Pb 77 .6 ± 0.6 

1.0 Be --
1.0 C --

1.0 Cu --
1.0 Pb --

1. 25 Be 7.69 ± 0.05 

1.25 C 8.32 ± 0.06 

1.25 Cu 15.9 ± 0.2 

1.25 Pb 27.7 ± 0.3 

Table 4. Pion Production Cross ·-Sections 
Beam = 2.1 GeV Protons 

IT+ Production 

do 
dQdkCmb/sr/GeV/c) 

37.7 ± 0.7 

47.8 ± 1.0 

78.6 ± 2.0 

118. ± 4 . 

- -

--

--
--

60.1 ± 0.8 

97.4 ± 1.1 

131. ± 2. 

194. ± 4 . 

--
--
--
--

·76.9 ± 0.7 

97.4 ± 0.9 

157. ± 2. 

227. ± 3. 

28.7 ± 0.3 

36.0 ± 0.4 

59.8 ± 0.8 

86.2 ± 1.3 

Errors quoted are statistical only. 

I 
I 
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Pion 
Momentum 

(GeV/c) 
Target 

l.S· Be 

1.5 . C 

1.5 Cu 

l.S Pb 

1. 75 Be 

1. 75 C 

1. 75 Cu 

1.75 Pb 

1.875 Be 

. 1. 875 C 

1.875 Cu 

1.875 Pb 

2.0 Be 

2.0 C 

2.0 Cu 

2.0 Pb 

Table 4. Continued. 
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TT- Production TT+ Production 

do 
dlldk(mb/sr/GeV/c) . d~~k (mb/ sr /GcV / c) 

4.08 ± 0.03 11.3 ± 0.1 

4.25 ± 0.04 13.4 ± 0.2 

8.08 ± 0.09 21.4 ± 0.4 

15.2 ± 0.20 30.2 ± 0.7 

2.08 ± 0.02 4.59 ± 0.10 , 
1. 91 ± 0.02 5.31 ± 0.12 

I 
3.48 ± 0.06 8.28 ± 0.28 

6.53 ± 0.12 12.6 ± 0.5 

(4.75 ± 0.08)x10- 1 --
(4.63 ± 0.10)xlO- 1 --
(7.48 ± 0.24)x10- 1 --
(13.1 -1 ± 0.5)x10 --

(1. 09 ± 
. -2 

0.12)x10 --
(1.10 ± 

-2 0.15)x10 --

(2.90 ± 
-2 0.45)x10 --

(3.32 ± 
-2 0.76)x10 - -

I 
I 

i 
I 
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Pion 
n- Production 

Momentum do . 
(GeV/c) Target d~dk(mb/sr/GeV/c) 

.5 Be 

.5 C 

.5 Cu 

.5 Pb 

.75 Be 

.75 C 

.75 Cu 

.75 Pb 

.9 Be 

.9 C 

.9 Cu 

.9 Pb 

1.0 Be 

1.0 C 

1.0 Cu 

1.0· Pb 

1. 25 Be 
-

1.25 C 

1.25 Cu 

1.25 Pb 

1.5 Be 

1.5 C 

1.5 Cu 

1.5 Pb 

I 

Table 5. Pion Production Cross-sections 
Beams = 2.66 GeV Protons 

25.9 ± 

31.7 ± 

73.8 ± 

134. ± 

25.1 ± 

30.9 ± 

67.1 ± 

125. ± 

24.0 ± 

29.0 ± 

60.3 ± 

Ill. ± 

22.8 ± 

27.2 ± 

55.6 ± 

99.4 ± 

15.6 ± 

17.8 ± 

···33.9 ± 

60.4 ± 

9.11 ± 

10.31 ± 

19.5 ± 

33.9 ± 

Errors quoted are statistical only. 

0.1 

0.2 

0.4 

1. 

0.1 

0.1 

0.3 

1. 

0.1 

0.2 

0.3 

1. 

0.1 

0.1 

0.2 

0.5 

0.1 

0.1 

0.2 

0.3 

0.04 

0.04 

0.1 

0.1 

! 

.. -
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n- Production 
Pion 

MomentUm 
do .' 

(GeV Ic) Target dQdk(mb/sr/GeV/c) 

1. 75 Be 5.98 ± 0.02 

1. 75 .- C 6.55 ± 0.03 
i 

1. 75 Cu 12.2 ± 0.1 I 
I 

1. 75 Pb 22.0 ± 0.1 

2.0 Be 3.86 ± 0.02 

2.0 C 4.01 ± 0.02 

2.0 Cu 7.46 ± 0.04 

2.0 Pb 14.2 ± 0.1 

2.125 Be 2.33 ± 0.01 

2.125 C 2.32 ± 0.01 

2.125 Cu 4.36 ± 0.03 

2.125 Pb 8.72 ± 0.07 
I , 
I 

2.25 Be 1. 23 ± 0.01 

2.25 C 1.11 ± 0.01 

2.25 Cu 1.96 ± 0.02 

2.25 Pb 3.83 ± 0.04 

2.375 Be (3.02 -1 ± 0.03)x10 

2.375 C (2.93 ± 0.04)xl0 -1 

2.375 Cu (4.88 
-1 

± 0.09)xlO 

2.375 Pb (9.82 
.;.1 

± 0.20)xlO 

2.5 Be (1.33 ± 0.06)x10 -2 

2.5 C (1.62 
-2 

I ± 0.08)x10 

2.5 Cu (2.71 
-2 I 

± 0.20)xlO 

2.5 Pb (6.03 
-2 

± 0.48)xlO 

Table 5. Continued. 
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I 
Pion 1T- Production 

Momentum 
(GeV /c) 

do .. 
Target dQdk(mb/sr/GeV/c) 

2.625 Cu (1.39 ± O.98)xlO -5 

2.625 Pb (2.45 ± 
. -5 

1.73)xlO 
.# •. 

j 
I 

Table 5. Continued. 
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Pion 
n- Production 

Momentum do 
(GeV/c) Target d~dk(mb/sr/GeV/c) 

.5 Be 

.5 C 

. 5 Cu 

.5 Pb 

.75 Be 

.75 C 

. 75 Cu 

. 75 Pb 

1.0 Be 

1.0 C 

1.0 eu 

1.0 Pb 

1.25 Be 

1.25 C 

1.25 Cu 

1.25 Pb 

1.5 Be 

1.5 C 

1.5 Cu 

1.5 Pb 

2.0 Be 

2.0 C 

2.0 Cu 

2.0 Pb 

Table 6. Pion Production Cross-sections 
Beam = 3.5 GeV Protons 

39.0 

50.5 

126 . 

216. 

39.7 

50.2 

116 . 

218 . 

37.7 

47.7 

102. 

186. 

31.8 

39.8 

81.2 

141. 

27.2 

32.4 

63.4 

108. 

13.7 

15.9 

29.5 

50.5 

Errors quoted are statistical only. 

± 0.3 

± 0.4 

± l. 

± 2. 

± 0.2 

± 0.2 

± l. 

± l. 

± 0.2 

± 0.2 

± 1. 

± 1. 

± 0.1 

± 0.2 

± 0.4 

± l. 

± 0.1 

± 0.1 

± 0.3 

± 1. 

± 0.1 

± 0.1 

± 0.2 

± 0.4 

I 

I 
I 
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n- Production 
Pion 

Momentum do 

I (GeV Ic) Target drldk (mb/ sr /GeV / c) .. 

2.5 Be 6.05 ± 0.03 

2.5 C 6.48 ± 0.04 

2.5 Cu 12.0 ± 0.1 

2.5 Pb 21.8 ± 0.2 

3.0 Be 1. 00 ± 0.01 

3.0 C .986 ± 0.012 

3.0 Cu 1. 75 ± 0.03 

3.0 Pb 3.48 ± 0.07 

3.25 Be (5.74 
-2 

± 0.22)x10 

3.25 C (5.86 ± 0.28)x10 -2 

3.25 Cu (11.8 
-2 ± 0.8)x10 

3.25 Pb (21.4 ± 1.7)x10 -2 

i 
I 

I 
I 
I 
I 

Table 6. Continued. 
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7T - Production 
Pion 

Momentum Target do 
(GeV Ie) d~dk(mb/sr/GeV/c) 

.5 Be 50.4 ± 0.3 

.5 C 65.7 ± 0.4 

.5 Cu 166. ± 1. 

. 5 Pb 314. ± 2 • 

.75 Be 53.0 ± 0.3 

.75 C 68.3 ± 0.3 

.75 Cu 158. ± 1. 

. 75 Pb 308. ± 2 . 

1.0 Be 54.2 ± 0.2 

1.0 C 68.8 ± 0.3 

1.0 Cu 146. ± 1. 

1.0 Pb 253. ± 1. 

1.25 Be --
1. 25 C --
1.25 Cu --
1.25 Pb --

1.5 Be 42.0 ± 0.2 

1.5 C 52.2 ± 0.2 

1.5 Cu 99.4 ± 0.5 

1.5 Pb 181. ± 1. 

1.75 Be --
1. 75 C --
1. 75 Cu --
1. 75 Pb --

Table 7. Pion Production Cross-sections 
Beam = 4.2 GeV Protons 

7T+ Production 

d~~k(mb/sr/GcV/c) 

53.3 ± 0.7 

78.6 ± 1.0 

164. ± 2. 

278. ± 4. 

78.8 ± 0.8 

105. ± 1. 

211. ± 2. 

389. ± 5. 

99.1 ± 0.8 

128. ± 1. 

241. ± 2. 

411. ± 5. 

117. ± 1. 

146. ± 1. 

266. ± 2. 

445. ± 5. 

146. ± 1. 

183. ± 1. 

305. ± 3. 

522. ± 5. 

ISO. ± 1. 

182. ± 1. 
, 

315. ± 3. 

493. ± 5. 

Errors quoted are statistical only. 

I 
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n - Production n+ Production 
Pion 

Momentum Target do do 
(GeV Ie) dQdk (mb/ sr/GeV / c), dQdk (mb/ sr/GeV / c) 

2.0 Be 29.0 ± 0.1 95.6 ± 0.7 

2.0 C 34.7 ± 0.1 ll8. ± 1. 

2.0 Cu 60.7 ± 0.3 197. ± 2. 
i 

2.0 Pb llO. ± l. 326. ± 3. I 

2.5 Be 15.3 ± 0.1 39.8 ± 0.5 

2.5 C 17.6 ± 0.1 49.1 ± 0.6 

2.5 Cu 29.7 ± 0.2 84.9 ± 1.2 

2.5 Pb 53.1 ± 0.4 129. .± 2. 

3.0 Be 7.90 ± 0.04 19.9 ± 0.4 

3.0 C 8.90 ± 0.05 25.1 ± LO 

3.0 Cu 15.5 ± 0.1 40.8 ± 2.1 I 
3.0 Pb 26.3 ± 0.2 62.3 ± 2.8 

3.5 Be 1.85 ± 0.01 9.79 ± 0.30 

3.5 C 1.87 ± 0.02 13.0 ± 0.3 

3.5 Cu 3.33 ± 0.04 24.0 ± 0.8 

3.5 Pb 6.20 ± 0.10 35.6 ± 1.5 

3.75 Be (2.13 ± 
. -2 

O.04)xl0 --

3.75 C (1.92 ± 
-2 0.05)xl0 --

3.75 Cu (3.98 ± 
-2 0.14)x10 --

3.75 Pb (7.45 ± 
-2 0.33)x10 --

4.0 Be (1.42 ± 
-3 0.33)x10 --

4.0 C (1. 30 ± 
-3 0.28)x10 -- ... -

4.0 Cu (4.89 ± 
-3 1. 07)xl0 --

4.0 Pb 
-3 (10.3 ± 2.7)x10 --

Table 7. Continued. 
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Pion 
1[- Production 

Momentum do 
(GeV /c) Target dQdk(mb/sr/GeV/c) 

.5 Be 

.5 C 

.5 Cu 

.5 Pb 

1.0 Be 

1.0 C 

1.0 Cu 

'1.0 Pb 

1.5 Be 

1.5 C 

1.5 Cu 

1.5 Pb 

2.0 Be 

2.0 C 

2.0 Cu 

2.0 Pb 

2.S Be 

2.5 C 

2.5 Cu 

2.S Pb 

3.0 Be 

3.0 C 

3.0 Cu 

3.0 Pb 

Table 8. Pion Production Cross-sections 
Beam = 4.8 GeV Protons 

69.8 

89.0 

244. 

415. 

71.9 

93.5 

237. 

389. 

63.0 

79.5 

170. 

274. 

52.0 

61.9 

140. 

188. 

27.7 

33.9 

66.8 

102. 

17.5 

21.9 

44.0 

61.7 

Errors quoted are statistical only. 

± 2.9 

± 4.0 

± 11. 

± 21. 

± 0.8 

± 1.1 

± 3. 

± 5. 

± 0.6 

± 0.9 

± 2. 

± 3. 

± 0.5 

± 0.7 

± 2. 

± 3. 

± 0.3 

± 0.4 

± 0.8 

± 2. 

± 0.2 

± 0.2 

± 0.6 

± 1.0 
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1T- Production 
Pion 

Momentum d~~k (mb/ si/GeV / c) 
(GeV/c) Target 

3.5 Be 9.45 ± 0.11 

3.5 C 10.7 ± 0.1 

3.5 Cu 22.1 ± 0.3 

3.5 Pb 36.2 ± 0.7 

4.0 Be 1.S9 ± 0.03 

4.0 C 1.S3 ± 0.03 

4.0 Cu 3.45 ± 0.10 

4.0 Pb 6.23 ± 0.23 

4.5 Be (3.13 ± 0.19)x10 -2 

4.5 C (4.12 ± 0.19)x10- 2 

4.5 Cu (10.S ± 0.5)x10 -2 

4.5 Pb (15.S ± 1.1)x10 -2 

4.75 Cu (S .43 ± 4.22)x10 -4 

4.75 Pb , (6.62 ± 6.62)x10 -4 

TableS. Continued. 
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Pion 
n- Production n + Product ion 

Momentum Target do do 

(GeV /e) 
. dndk(mb/sr/GeV/c) dndk(mb/sr/GeV/c) 

.5 Be 45.6 ± 0.7 --

.5 C 47.1 ± 0.8 --

.5 Cu 83.8 ± 1.8 --• 

. 5 Pb 143 . ± 3. --

.6 Be 38.5 ± 0.5 --

.6 C 37.2 ± 0.6 --

.6 Cu 68.2 ± 1.4 -- i 
I 

• 6 Pb 112. ± 3 . --

.75 Be 15 .. 5 ± 0.3 12.6 ± 0.2 

.75 C 15.8 ± 0.3 18.8 ± 0.3 

.75 Cu 26.1 ± 0.7 32.5 ± 0.4* 

.75 Pb 42.9 ± 1.3 35.5 ± 0.9 

1.0 Be 1.09 ± 0.04 .887 ± 0.040 

1.0 C 1.06 ± 0.05 1.35 ± 0.07 

1.0 Cu 1.85 ± 0.13 1. 97 ± 0.12* 

1.0 Pb 2.95 ± 0.25 2.32 ± 0.21 

1.25 Be (1.11 ± 0.1l)x10 -1 (1.11 ± 0.17)x10 -1 

1.25 C (1. 31 ± 0.16)x10 -1 (1. 23 ± 0.24)x10 -1 

1.25 Cu (2.36 -1 (2.50 
-1* 

± 0.40)x10 ± 0.37)x10 

1.25 Pb (3.13 ± -1 (1. 99 ± 
-1 

0.70)x10 0.75)x10 

1.5 Be (7.98 ± -3 1.54)x10 --
-. 1.5 C (11. 6 ± -3 2.1)x10 --

1.5 Cu (17.3 ± 3:0)x10-3 --
loS Pb (27.9 ± -3 5.8)x10 --

Table 9. Pion Production Cross-sections 
*Target = CH2 

Beam = 1.05 GeV/Nucleon Deuterons 

Errors quoted are statistical only. 
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Pion· 
11- Production 11+ Production 

Momentum Target do . do 
(GeV/C) dndk(mb/sr/GeV/c) dndk(mb/sr/GeV/c) 

1. 75 Be (1.44 
-4 

± 1. 02)xlO -- ~ 

'J 

1. 75 Pb (13.2 
. -4 

± 6.6)xlO --

I 

Table 9. Continued. 
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1T - Production 1T+ Production 
Pion 

Momentum Target do do 

(GeV/c) 
dQdk(mb/sr/GeV/c) dQdk(mb/sr/GeV/c) 

0.5 Be 104.2 ± 0.4 

0.5 C 110.0 ± 0.4 

0.5 Cu 250. ± 1. 
, 

0.5 Pb 544. ± 2. 

0.75 Be 101.9 ± 0.2 

0.75 C 117.9 ± 0.4 

0.75 Cu 482. ± 2. 

0.75 Pb 616. ± 2. 

1.0 Be 92.8 ± 1.0 

1.0 C 109. ± 1. 

1.0 Cu 213. ± 3. 

1.0 Pb 336. ± 5. 

1.25 Be 45.6 ± 0.5 

1.25 C 50.6 ± 0.6 

1.25 Cu 97.0 ± 1.4 

1.25 Pb 157. ± 2.8 

1.5 Be 17.2 ± 0.2 

1.5 C 19.4 ± 0.3 

1.5 -. Cu 33.1 ± 0.2 

1.5 Pb 54.0 ± 0.4 

1. 75 Be 8.08 ± 0.11 

1. 75 C 8.29 ± 0.13 

1. 75 Cu 19.4 ± 0.4 

1. 75 Pb 29.3 ± 0.6 

Table 10. Pion Production Cross-sections 
Beam ~ 2.1 GeV/Nucleon Deuterons 

76.8 ± 1.5 

84.8 ± 1.9 

121. ± 2. * 

276. ± 8. 

107. ± 2. 

114. ± 2. 

135. ± 2.* 

289. ± 7. 

104. ± 1. 

112. ± 2. 

173. ± 2.* 

277. ± 6. 

48.0 ± 0.7 

51. 8 ± 0.8 

78.8 ± 1.1 * 

119. ± 3. 

18.5 ± 0.3 

18.9 ± 0.4 

28;6 ± 0.5* 

44.9 ± 1.6 

8.17 ± 0.28 

8.64 ± 0.22 

12.9 ± 0.3* 

18.9 ± 0.9 

*Target = CH2 

Errors quoted are statistical only. 

I 
I 

I 
I 
I 
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IT - Production IT+ Production 
Pion 

Momentum Target do . do 

(GeV Ie) 
dQdk(mb/sr/GeVlc) dQdk(mb/sr/GeV/c) 

2.0 Be 2.25 ± 0.05 2.95 ± 0.14 

2.0 C 2.59 ± 0.07 2.76 ± 0.11 

2.0 Cu 4.56 ± 0.06 4.74 ± 0.16* 

2;0 Pb 7.84 ± 0.12 6.83 ± 0.10 

-1 
, 

2.5 Be (2.37 ± 0.13)xI0 --
2.5 C (2.55 ± 0.18)xI0...,1 --

2.5 Cu (4.61 -1 ± 0.15)xI0 --
2.5 Pb (7.98 

-1 ±0.34)xIO --

3.0 Be (1.40 ± 
. -2 

0.09)xI0 --
3.0 C (1. 77 ± -2 0.13)x10 --
3.0 Cu (2.56 ± -2 0.32)xl0 --
3.0 Pb (4.87 ± -2 0.74)xI0 --

3.5 Cu (19.7 ± 
.. -5 

8.I)xlO --
3.5 Pb (9.48 

-5 ± 9.48)xI0 --

*Target = CH2 

Table 10. Continued. 
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n - Production 
Pion 

Momentum Target do 
(GeV Ie) dndk (mb/sr/GeV I c) 

.5 Be 99.7 ± 4.0 

.5 C 112. ± 5. 

. 5 CH2 
110 . ± 5. 

. 5 Pb 340. ± 19 . 

. 65 Be . 61.0 ± 2.4 

.65 C 63.2 ± 2.8 

.65 CH2 
62.6 ± 2.8 

.65 Pb 201. ± 12. 

.75 Be 45.0 ± 1.8 

.75 C 47.4 ± 2.1 

.75 CH2 
46.8 ± 2.1 

.75 Pb 137. ± 8. 

.9 Be 13.4 ± 0.7 

.9 C 13.9 ± 0.8 

.9 CH2 
13.9 ± 0.8 

.9 Pb 34.8 ± 3.2 

1.0 Be 7.21 ± 0.42 

1.0 C 6.27 ± 0.47 

LO CH2 
7.60 ± 0.53 

1.0 Pb 2rr.7 ± 2.2 

1.1 Be 3.52 ± 0.18 

1.1 C 3.13 ± 0.21 

1.1 CH2 
3.22 ± 0.21 

1.1 Pb 8.99 ± 0.95 

, 
Table 11. Pion Production Cross-sections 

Beam = 1.05 GeV/nuc1eon alphas 

n+ Production· 

d~~k(mb/sr/Gev/c) 

78.4 ± 5.1 

105. ± 7 

--

--
--
--
--

--
53.6 ± 3.6 

77 .1 ± 3.9 

99.6 ± 4.6 

--
--
--
--

6.15 ± 0.35 

8.59 ± 0.53 

12.8 ± 0.7 

18.3 ± 0.8 

--
--
--
--

Errors quoted are statistical only. 

I , 

I 
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7T - Production 7T+ Production 
Pion 

Momentum Target do do . 
(GeV/c) dndk(mb/sr/GeV/c) dndk(mb/sr/GeV/c) 

1.25 Be 1.12 0.07 (9.18 -1 
± ± 0.11) xl0 

1.25 C 1.13 0.09 (13.9 
-1 

± ± 0.2)xlO 

1.25 CH2 
1.16 0.09 (17.4 

-1 
± ± 0.2)xlO 

i 

-1 I 
1.25 Pb 3.00 ± 0.40 (26.8 ± 0.7)xl0 

Be 
-1 

1.5 
(2.26 ± 0.21)xl0 --

-I 
1.5 

C (2.11 ± 0.26)xl0 --
-I 

1.5 
CH2 

(2.06 ± 0.26)xl0 --
-I 

1.5 
PB (6.55 ± 1.26)xl0 --

Be (4.49 ' -2 
1. 75 

± 1. 67)xl0 --
-2 

1. 75 
CH2 

(3.39 ± 0.94)xl0 --
-2 

1. 75 
Pb (5.89 ± 3.40)xl0 --

Table 11. Continued. 
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1T - Production 
Pion 

Momentum Target do 
(GeV/c) 

dQdk(mb/sr/GeV/c) 

. 5 Be 168. ± 2 . 

. 5 C 237. ± 3 . 

.5 Cu 439. ± 6. 

.5 Pb 703. ± 11. 

. 75 Be 205. ± 2 . 

. 75 C 276. ± 3. 

. 75 Cu 486. ± 6 • 

. 75 Pb 746. ± 7 . 

. 9 Be 211. ± 2 . 

.9 C 282. ± 3. 

.9 Cu 454. ± 6. 

. 9 Ph 714. ± 7 . 

1.0 Be 196. ± 2. 

1.0 C 256. ± 2. 

1.0 Cu 455. ± 5. 

1.0 Pb 644. ± 6. 

1.25 Be 109. ± 1. 

1.25 C 142. ± 1. 

1.25 Cu 234. ± 3. 

1.25 Pb 347. ± 5. 

1.5 Be 51. 0 ± 0.6 

1.5 C 64.6 ± 0.8 

1.5 Cu 101. ± 2. 

1.5 Pb 164. ± 3. 

Table 12. Pion Production Cross-sections 
Beam = 2.1 GeV/nuc1eon alphas 

n+ Production 

do 
dQdk(mb/sr/GeV/c) 

--
--
--

--

192. ± 9. 

274. ± 14 . 

493. ± 29. 

652. ± 87. 

--
--
--
--

168. ± 8. 

268. ± 12. 

'380. ± 27. 

582. ± 41. 

95.7 ± 5.2 

135. ± 7. 

191. ± 14. 

406. ± 30. 

47.8 ± 3.3 

65.2 ± 4.7 

93.6 ± 8.9 

157. ± 16. 

Errors quoted are statistical onlY· 

i 
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Pion 
n- Production .;+ Production 

Momentum Target d~~k(mb/sr/Gev/c) do 
(GeV!c) 

dndk(mb/sr/GeV/c) 

L75 Be 26.5 ± 0.2 25.2 ± L6 

L75 C 33.0 ± 0.3 35.8 ± 2.4 

1.75 Cu 52.1 ± 0.6 53.4 ± 5.4 -'. 

1. 75 Pb 82.8 ± 1.·2 80 .. 7 ± 10.0 

2.0 Be ILl ± 0.1 1L3 ± LO 

2.0 C 14.8 ± 0.2 15.3 ± L2 

2.0 Cu 24.5 ± 0.4 26.4 ± 3.5 

2.0 Pb 35.6 ± 0.5 28.7 ± 5.4 

2.5 Be 2.22 ± 0.04 --
2.5 C 2.94 ± 0.06 --
2.5 Cu 4.55 ± 0.12 --
2.5 Pb 6.56 ± 0.24 --

3.0 Be (3.77 ± -1 0.12)x10 --
3.0 C (5.09 ± -1 0.19)x10 --
3.0 Cu (7.69 ± -1 0.37)x10 --

Pb (lL9 ± -1 
3.0 0.72)x10 --

3.5 Be (2.26 ± -2 0.27)x10 --
3.5 C (2.67 ± -2 0.31)xlO --
3.5 Cu (4.47 -2 ± 0.57)x10 --
3.5 Pb (8.58 -2 ± 1.25)x10 --

4.0 Be (8.99 -4 ± 4.02)x10 --
4.0 C (23.9 -4 ± 10.7)x10 --
4.0 Cu 

-4 (7.43 ±5.25)x10 --

Pb 
-4 

4.0 (18.8 ± 13.3)x10 --

Table 12. Continued. 
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Pion 
Momentum Target 
(GeV/c) 

! 

0.75 Be 

0.75 C 

0.75 Cu 

0.75 Pb 

1.0 C 

1.0 Cu 

Table 13. Pion production cross sections 

Beam = 1.05 GeV/nucleon 12C 

1f- Production 
do 
drldk (mb/sr/GeV/c) 

115 ± 7 

147 ± 10 

390 ± 31 

394 ± 37 

26.8 ± 3.1 

100 ± 12 

Errors quoted are statistical only 



IX: GeV/c 
2~5 3.0 .5 .75 .1.0 1.5 2.0 

R 

2.1 deuterons 1.67 1. 73 1.58 0.37 7.46xlO- 2 1.67x10- 2 1.99xlO- 3 
4.2 protons 

1.05 alEhas 1. 70 0.694 9.11xlO-2 4.04xlO- 3 --- --- ---4.2 protons 

Table 14. Ratios of the cross sections for 1T- production by protons, deuterons, and alphas 

of equal total kinetic energy 

I 
00 
00 
I 



0 

0 

t •. """ 

( 

y.;', , 
• .A ..... , 

Momentum 
GeV/c ('..t 

.75 1.0 1. 25 1.5 1. 75 2.0 Avg c:: 
R 

0 
+ 

d + C -+ 7T- .966 1. 03 1. 02 .974 1. 04 1.07 1. 02 ± .03 .. ~ 
, 

+ 
00 ro \0 

" 

ex + C -+ 7T - .993 1. 05 1. 01 1. 08 1. 03 1. 02 ± .04 --- cr 
---- - - ---- -- - - - - - - - - --- --- -~----

L-___ 

Table 15. RatioR for 7T+/7T- production by 2.1 GeV/nuc1eon beams 



1.1' GEY PROTONS 
TARGET. 8E 

PLAB/Z PROTONS D£IITEitONS H-3 H£-3 HE-It 

CROSS SECTION .5110 5.162E+ll D. I. . O. O. 
C~OSSSECTION ERROR 6. 7ltaE~Dl D. O. II. o. 
CROSS SECTION .150 1.187E+02 3."25E+00 5.1lt3E-1Z 1.515£-Dl O. 
CROSS SECTION ERROR 2.lOltE+00 1. 579E-01 1.azOE-82 2. 26ltE-02 o. 
CROSS SECTION .900 1.679E+1I2 6. UOE+.OII 1.187£-01 1.lt8ltE-Dl o. 
CROSS SECTION ERROR 3.376E+DD 2. SUE-at 2.977E-02 2.36ltE-D2 o. 
CQOSS SECTION 1.0DD 2.071£+12 1.131E+01 O. 9.82ltE-02 Q. 
CROSS SECTION ERROR 7.lt19E+DD 5.9118E-Ol o • 3.292E-02 o. 

. CROSS SECTION 1.250 2.731E+02 1. 1t12E+01 2. 560E-11 o. o. 
CROSS SECTION ERROR 8.0ltU+DG 5.189E-U 5.63ltE-02. o. G. 

I 

CROSS SECTION 1.500 3.016£+D2 1.6OJE+D1 2.8nE-01 o. G. 1.0 
0 

CROSS SECTIONEAAOR 8.19,.[+00 5.672£-01 S.087E-tz . II. c. I 

CROSS SECTION 1. sra 3. 2.107E+1I2 o. O. I. D. 
CROSS SECTION ERROR 6.Sltu+ao D. O. D •. o. 

CROSS SECTION 1.625 1.aSISE+'2 I. o. o. o. 
CROSS SECTION E~POR 6.0'2E+00 I. O. o. o. 
C~OSS SECTION 1.750 7.069E+1I2 1.1&JE+ 11 I. O. o. 
CROSS SECTION ERROR 1t.'~OE+D1 leD26E+00 o. o. o. 
CROSS SECTION 1.798 9.ltUE+D5 o. o. o. o. 
CROSS SECTION ERROR 1.891E+1I5 a. I I. a. 8. 

CROSS SECTION 2.ua 1.819E-02 2. 97CJE +01 1. 289E-11 D. o. 
CROSS SECTION ERROR It. 174E-G3 3. "87E-81 1.121£-82 o. o. 

Table 16. 



1.15 GEV PROTONS 
TARGET. IE 

CROSS SECTION 
CROSS SECTION ERROR 

Table 16 (continued). 

PLAB/Z 

2.250 

PROTONS 

3.5UE-U 
1.2"1£-13 

DEUTERONS 

1.765E-U 
8.827E-0" 

H-3 

1. UaE-G2 
2.221E-03 

D. 
I. 

r' , 

HE-l' 

o. 
o. 

0 

0 

HE-" c' 

!.."",." 

( 

.J:.. 

~ 

!f"''"-'''. -' 
C 

.......: 
I 
\0 

CO ..... 
I 

~ 



1.as GEV P'tOTONS 
TARGET • C 

PUBIZ PROTONS DEUTERONS H-3 HE-3 HE-It 

CftOSS SECTION • SIlO 7. It 20£.0 1 I. O. O. I. ~.' CROSS SECTION ERPOR CJ.8lt6E-11 D. O. O. O. 

CROSS SECTION .751 1.SSltEt02 5. 31ltEtOO 7.lt70E-12 2.721E-0l O. 
CQOSS SECTION £RROR 2. 89"E+00 2. 550E-01 2. 826E-1!2 3.838E-02 O. 

CQOSS SECTION .CJOG 2.191£.+02 9.330E+00' 1. CJCJttE-11 2.706£-01 O. 
CROSS SECTIO~ ERROR 3.503Etoa 2.9UE-31 3.780E-02 3.13'1£-02 o. 
CROSS SECTION 1.101 2.632£+02 1. "29£+01 1.638£-01 1.638:-01 D. 
CROSS SECTION ERROR CJ.363E+00 8. 356E-01 7.3"7E-D2 5.210£-02 o. 
CROSS SECTION 1.250 3.751E+02 1.926Et31 4.627E-01 o. o. 
CROSS SECTION ERROR 7.536EtU 5.552E-01 6."20£-12 I. O. 

I 

CROSS SECTION 1.500 3.895E.02 1. 75 .. E.0l 3.3CJ6E-Ol O. o. c.o 
N 

CROSS SECTION ERROR 8.202£+00 1.20SE-1ll 5. 286E-12 o. O. I 

CROSS SECTION 1.563 ------ 2.7 .. 0Et02 I. O. CI. o. 
CROSS SECTION ERPOR 8.9"6E.+00 O. O. o. o. 
CROSS SECTION 1.625 2.567E+02 O. O. o. o. 
CROSS SECTION ERROR 8.388Etl o. I. O. o. 
CROSS SECTION 1.750 1.171£t03 1.701Et01 D. D. D. 
CROSS SECTION ER~OR 6.553Et91 1.332EtOO I. o. o. 
CROSS SECTION 1.7CJI 7.758£t," D. D. D. o. 
CROSS SECTION ERROR 8.959EtU O. O. I. O. 

CROSS SECTION 2.001 3. 659E-02 3 ... 6 .. E+01 1.739£-01 D. o. 
CROSS SECTION ERROR 7.328£-03 It. !CIU-Ol 1.618E-02 D. o. 

Table 17. 

~. If 
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1.05 GEV PROTONS 
TARGET. CU 

CROSS SECTION 
C~OSS SECTION E~ROR 

Table 18 (continued). 

PLAsn 

2.250 o. 
a. 

PROTONS DEUTERONS 

1.265E-02 
... 217E-03 

H-3 

.. ... 27E-02 
1.955E-03 

o. 
G. 

HE-3 

D. 
G. 

HE-It 

I 
I.C 

"'" 



.-~- .. -------~--- --- .. - _. 

,l. 

0 
-

1.05 G£V HOTONS C) TARGET. PI 

PLAIIZ PROTONS DEUTERONS "-3 HE-3 HE-It 

CROSS SECTION .'00 '.llt6£.02 00 I. I. O. t> { 
C~OSS SECTION ERROR 5. 19ltEtOO a. O. o. o. 
CItOSS SECTION • 150 6. 96,,£tl 2 5.1HE.U 1.31tSUII 1.269£-11 O • 

.~: 

CROSS SECTION E~OR 8.615Etlo 1.312E.OI 1.9 .. 7E-11 1.G80£-01 o. .v.l 
CROSS SECTION .9aG 7.721E.02 1.lII7hG2 ·3 .... U ... 6.832£-11 o. 
CROSS SECTION ERROR 9. 36/tEtaa 2.Z!56Etaa 2.8IOE-01 9.079£-12 o. C 

CROSS SECTION 1.aDO 8.087£+02 6 ... UE. D1 3.825£ ... 2.378E-11 G. C 
CROSS SECTION ERRO~ 9.265Etaa 1.305EtOO 2.782E-81 ".860E-02 o. 
CROSS SECTION 1.25.0 1.053Et13 6.352E.01 2.7UE ... o. O. 

.......:: 
C~OSS SECTION ERROR 2. 265EtO 1 2.331Et010 ".065E-01 I. ·e. 1 (Xl . 

1.0 
. .. 

CROSS SECTION 1.'ao 1.190EtO 3 , ... !tOEt G1 1.176Et" o. G. VI 
I· 

CROSS SECTION ERROR 2.65 .. Etll 2.177Etoo 3. 163E-01 o. O. ..0 

CROSS SECTION 1.563 9.85DEtO 2 o. I. I •. I. 
CROSS SECTION ERROR 3.290EtOl o. o. . I. G. 

CROSS SECTION 1.625 9. 6It6E •• 2 I. o. o. O. 
CROSS SECTION ERROR 2. 276Et01 o. I. o. o. 
CtlOSS SEC TlON 1.150 1.6lmEtO" 5.29UtU I. a. o. 
CQOSS SECTION ERROR 1.959£t02 5. Dl6Et" I. o. o. 
CROSS SECTION 1.790 2.721Et" o. t. c. o. 
CROSS SECTION ERROR 3.773E ... a. o. o. o. 
C~OSS SECTION 2.001 3. 193EtaG 5.8lt2Et01 I. 873E-01 I. o. 
CROSS SECTION ERROR • 1., .. 7E-Ol 9.5DDE-Dl 9.2"'£-02 o. o. 

Table 19. 



1.73 GE V pqOTONS 
TARGET • BE 

PLA8/Z PROTONS DEUTEltONS H-3 HE-3 HE-" 

CROSS SECTION .5OC ... 27ZhDl I. e. o. .. I. 
CROSS SECTION ERROR 5. 871tE-01 D. D. o. o. 
CROSS SECTION .750 7.153£+81 2.&' .. E+0I o. 1.155£-01 o. 
C~OSS SECTION ERROR S.3ZSE-01 S.6U£-U o. 1.223£-02 D. 

CROSS SECTION ( 1.000 1. 03"(+11 Z 3. 519E.oO 1.UH-01 9.5Z7£-02 o. 
CROSS SECTION ERROR 1.126E+DO S.9ZSE-l2 1.782E-02 9.622£-01 0. 

CROSS SECTION 1 •. 250 1.1IS77£+OZ It. 839E+ 00 1.355E-01 ... 696E-02 O. 
CROSS SECTION ERROR 1.651E+U 9.173E-02 1 ... 51E-02 6.031£-113 O. 

. CROSS SECTION 1.5110 2.197£+OZ 6. 300E+ I!O 1.193E-01 6."16E-OJ O. 
CROSS SECTION ERRO~ 2.259£+00 1.096E-01 1.24t3£-02 2.C30E-OJ O. 

I 

CROSS SECTION 1.750 2.681E+02 7. U2E+OO 1.056E-01 o. O. \D 
Q\ 

CROSS SECTION ERROR Z.735E+1IO 1.218E-01 1.083E-02 . O. O. I 

CROSS SECTION 2.000 3.761£+02 I.UZE+OO I. ,. o. 
CROSS SECTION E~OR 5.978E+00 1.931£-21 O. O. O. 

CQOSS SECTION 2. 2 lIS 0 5.030E+02 9. UZEuli o. I!. C. 
CROSS SECTION ERROR 1IS.07Z[+DD 1. UeE-U D. o. o. 
CROSS SECTION 2.375 2.093£+02 6.1 .... E+00 O. O. o. 
C~OSS SECTION ERROR ".569E+00 2.ao.1E~01 o. o. . o. 
CROSS SECTION Z.U5 3.609£+02 o. o. O. O. 
CROSS SECTION E~OR 3.6"8E+00 O. . o. G. o. 
C~OSS SECTION 2.625 6. 7J9E-D 1 6.0&1tE+~0 O. o. o. 
C~OSS SECTION ERFOR Z.3UE-DZ 8.9~9E-DZ o. O. o. 

Table 20. 

'" 



1.7~ GEV PROTONS 
TARGET. IE 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERPOR 

Table 20 (continued). 

PUB/Z 

2.750 

2.825 

PROTONS 

1.tI38E-Dl 
a.S~"E-03 

7.9"5[-02 
7. 357E-03 

DEUTERONS 

3,528UOO 
6.082£-02 

1.896hDO 
",055E-1I2 

a. 
o. 
o. 
D. 

H-~ 

C. 
o. 
o. 
O. 

, I 
I, ' 

0 

0 
HE-~ HE-" 

I"~ .,' 

O. 
O. ( 

O. 
O. 

fill;, 
-~., 

CAl, 

C; 

C , 
i 

~ 1.0 
-...J 
I 

0 



1.13 GEV PROTONS 
TARGET • C 

PUB/Z PROTONS DEUTERONS 

CROSS SECTION .5OD 6. 22CJHDl o. 
C~OSS SECTION ERROR 6. 155E-01 o. 
C~OSS SECTION .750 1.095E+02 ".971E+00 
CROSS SECTION ERRO~ 1.218£*00 1. "95£-01 

CROSS SECTION 1.000 1.360E+02 S.U6E+~0 
CROSS SECTIO~ ERROR 1.501E+00 1."Z3E-01 

C~OSS SECTION 1.250 1. 926E+0 2 6.CJ6JE+OO 
CROSS SECTION ERPOR 2.0lt2E+00 1."67E-01 

C~OSS SEC TION 1.500 2.163E+02 S. !S)CJE +oe 
C~OSS SECTION ERROR 2.S60E*QD 1.567E-01 

CROSS SECTION 1.750 3.Z .. 2£.0 2 9.850E+00 
CROSS SECTION £~OR 3.326E+U 1.630E-fU 

C'tOSS SECTION 2.000 1t.683E+0 Z 1.015E+01 
CROSS SECTION ERROR 6. 136E.0I Z.nOE-a! 

CROSS SECTION 2.Z50 6.D67E.U 1.0HE+01 
CROSS SECTION E~OR &.133E+00 1.626£-01 

CQ05S SECTION Z ... 35 5.661E*02 O. 
CROSS SECTION ERROR 5.7Z8£.00 o. 
CROSS SECTION 2.625 1. 899E •. 0 II 6.87aE+OG 
CROSS SECTION ERROR S.OOSE-OZ 1.121£-01 

CROSS SECTION 2.150 1.69/t£-0 1 ".322£+10 
CROSS SECTION ERROR 1. 363E-02 8.108£-32 

Table 21. 

H-3 HE-3 

o. O. 
o. O. 

o. 2.090E-01 
G. 2.1:60£-02 

2.502E-01 1.!52ZE-01 
2.7SeE-02 1.52ZE-!l2 

Z.653E-01 6.873£-02 
2.5lt3£-02 9.130E-03 

2."12E~C1 1.ltOlE-02 
2.215E-OZ 3.762E-0l 

2.205E-01 8. 
1.961E-02 O. 

O. O. 
o. G. 

O. O. 
O. G. 

O. O. 
o. o. 
O. O. 
o. D. 

o. D. 
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1.13 GEV PROTONS 
TARGET. C 

PUIIZ 

C~OSS SECTION 2.125 
CROSS SECTION £~OR 

Table 21 (continued). 

PROTONS 

1.ICCJE-U 
1.13"£-02 

DEUTERONS 

2.516£+01 
5.839E-02 

o. 
tI. 

H-3 
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D. 
I. 

,I 

HE-3 

D •. 
o. 

HE-" 

I 
I.C 
I.C 
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1.13 GEV P~TONS 
TARGET • CU 

PU8/Z PROTONS DEUTEltONS H-3 HE-3 HE-It 

C~OSS SECTION .500 2.319E+02 D. D. D. O. 
CROSS SECTION ERROR 2.230UDl D. IJ. D. . G. 

CROSS SECTION .750 3. 201tE+S 2 2.512E+01 o. 1.1102:+00 D. 
C~OSS SECTION ERROR 3.806£+00 6.326E-01 8. 8.3Z6E-02 o. 
CQOSS SECTION 1.000 3."67E+QZ Z. &56E+11 Z.2ltOE+00 3.U6E-at G. 
CROSS SECTION ERPOR .3.929E+U 5. 852E-01 1.530£-01 ..... 75£-OZ D • 

C~OSS SECTION 1.250 ".2Z9£+02 2.1t76E+01 2.135E+00 1.186E-01 e. 
CROSS SECTION ERROR 1t.6C7hDD 5.lIJ5E-01 1.339E-01 2.206£-OZ o. 
CROSS SECTION 1.'DG 5.287£+02 2.Z09E+U l.zaZE+DO 1. n .. E-QZ G. 
C~OSS SECTION ERROR 5.606E+00 It ... 39E-t!l 9."35E-02 7.62 .. E-03 O •. 

I 

CROSS SECTION 1.750 5 ... It1£+OZ 1.91t3E+Ol 8.6"9£-01 8.766E-OI O. 
..... 
0 

CROSS SECTION ERROR 5.762E+00 3.866E-U 7.16Z£-02 5.06ZE-OJ Cl. 0 
I 

CROSS SECTION 2.IIDG a.327£+OZ 1.778E+U ".5OOE-01 I. O. 
CROSS S£CTION £AAOR a.57~E+OO 3."8OE-01 ".81aE-OZ O. O. 

CROSS SECTION 2.251 1.lUhltl Z. "&OE+Ol I. O. G. 
CROSS SECTION ERROR 1.1 .. 0hDl ... 13OE-Ol G. D. O. 

CROSS SECTION 2.375 5.29ZE+0 2 9. "7aE+QD tI. G. D. 
CROSS SECTION ERROR C).a66E+DO 3~ 980E-1I1 o. O. O. 

CROSS SECTION Z.U5 1.07"E+0 3 I. e. o. G. 
CROSS SECTION ERROR 1.09 .. E+01 D. O. O. G. 

CROSS SECTION Z.625 ".13U+OG 9. aslt£+ 00 e. G. O. 
CROSS SECTION ERROR 1.313E-D1 2. 119E-01 O. D. D. 

Table 22. 

.. '. 



1.73 GEV PROTONS 
TARGET. CU 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

Table 22 (continued), 

PUIIZ 

2.750 

2.825 

PROTONS 

".953E-0l 
... 2 .. 3£-02 

a. 
o. 

DEUTERONS 

6./tUE.OO 
1.665E-U 

2.829E.00 
1.0"3E-01 

H-3· 

D. 
o. 
o. 
o. 
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1.13 GEII PROTONS 
TARGEt • PB 

PLAB/Z PROTONS DEUTERONS H-l HE-l HE-It 

C~OSS SECTION .500 5.67ltE .. IZ D. e. o. O. 
CROSS SECTION ERROR 7.67"£+00 I. o. O. O. 

CROSS SECTION .7sa 6."73E+OZ 8.SSltE+U o. Z.999E+00 o. 
CROSS SECTION ERROR 7.SS7HOO 1.S6SUU o. 2.225£-01 o. 

CROSS SECTION 1.000 5.925E+OZ '.976U01 6.59aE+aa 6.930E-01 o. 
CROSS SECTION E~~R 7.003HOO 1. 337E+00 ".057E-01 9.21:5£-OZ c. 
CROSS SECTION 1. zso 7.060E+OZ s. U7E+01 6.0UE+ea 1.167£-111 II. 
CROSS SECTION ERROR 7.9"5E+00 1.112E+00 3. "7ZE-Gi 3.371£-OZ o. 
CROSS SECTION 1.SOO 8.053E+H 3.601E+Ol 2."6"E+OO Z."3Z£-OZ O. 
CROSS SECTION ERROR 8.80ZE+aa 8. HItE-Ol Z.OlltE-01 1.ItGlt£-OZ O. 

1 

CROSS SECTION 1.750 9.91t3E40Z 3.511E+01 1.1t .. 5E+00 o. o. -0 
CROSS SECTION ERROR 1.059EtD 1 7.797E-01 1 ... ZltE-01 o. o. N 

I· 

C~OSS SECTION 2.000 1.Z70E+03 Z.875E+01 D. o. G. 
C~OSS SECTION ERROR 1.328E+01 6.53SE-01 o. o. O. 

CROSS SECTION 2.ZS0 1.777E+03 3.It06E .. U O. O. a •. 
CROSS SECTION ERROR 1. 8Z8£+0 1 6.919E-01 O. o. II. 

CROSS SECTION Z.375 1.09lE.03 1.556E+31 o. o. o. 
CROSS SECTION ERROR 1.93OE+11 7. UItE-Ol o. a. O. 

CROSS SECTION 2."35 Z.Z7DEtOl o. o. o. a. 
CROSS SECTION ERROR 2.318E.Ol I. t o. O. a. 
CROSS SECTI ON Z.625 8.601E+ao . 1.UOE+01 o • O. O. 
CROSS SECTION ERROR 2.906E-01 It. o 83E-01 o. o. G. 

Table 23. 
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1.13 Cit" PROTONS 
TARGET • P8 

PLA81Z PROTONS )EUTE~ONS 

CROSS SECTION 2.750 1.UiE ... 9.I5IE." I. 
C~OSS SECTION E~POR 1.101E-,01 2.951£-11 I. 

CROSS SECTION 2.125 O. 1t.900E.aa a. 
CROSS SECTION ERROR O. 2. 110E-01 O. 

Table 23 (continued). 
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2.1 GEV PROTONS 
TARGET • 8E 

PLAB/Z PROTONS DEUTERONS H-l He-3 ~E-" 

CROSS SECTION .!JOO 3.983£+01 3.5ItlE-01 O. 1,"09E-02 O. 6 CqOSS SECTION ERROq S.632E-Di 3.9/tlE-IlZ O. 5.329£-03 C. 

CqOSS SECTION .750 6.172E+0 1 2. Z76EtOO O. O. O. 
CQOSS SECTION ERROR 7.351£-01 8.120£-02 O. O. O. 

CROSS SECTION 1.0DO 8.883£+01 3.575E+00 1.731£-01 8.959£-02 O. 
CROSS SECTION ERROR 9.828E-01 9.183E-02 1.875£-02 9.539[-03 O. 

, 
C~OSS SECTION 1.250 1.288E+02 1t.070E.00 1.530£-01 5.819E-02 O. 
CROSS SECTION ERROR 1.365E.00 9.0r.tE-02 1.517E-02 6.906c-03 O. 

CROSS S£CTION 1.5OG 2.038h02 1t.7UE+00 1.302E-01 1 • .,16E-02 O. 
CROSS SECTION ERROR 1 • .,58E.00 &.51ltE-02 9.393E-03 2.228E-03 O. 

I 

CROSS SECTION 1.750 2.81"E+02 5.926E+OO 1.208E-01 3,"51E-01 O. ~ 

0 CROSS SECTION £RROR 2.810£+00 1.01"£-01 1.185£-Ot 1,"09£-03 O. "'" I 

CROSS SECTION 2.000 3.168£.02 6.321£. CD 1.031E-01 O. O. 
CROSS SECTION ERROR 3.218E+8Q 1.017E-/H 1.027E-02 o. O. 

CROSS SECTION 2.250 It. 289E+0 2 6. 579E+ DO O. O. O • 
CROSS SECTION ERROR ... nu+oil 1. Dl9E-0l D. O. O. 

CROSS SECTION 2.500 6.136E+02 5.& .... E.00 O. O. O. 
CROSS SECTION ERROR 1.95]E.01 2. 116E-31 O. o. O. 

CROSS SECTION 2.750 2.lt96f+D2 3. 705E+ DO O. o. O. 
C~OSS SECTION ERROR 8.oo1E.00 2. D11E-Dl O. O. O. 

CROSS SECTION 3.0Dl! 1.715£+00 3.U9E+U O. O. O. 
CROSS SECTION ERROR 3.78"£-02 &.126E-02 o. O. O. 

Table 24. 

, " ... 
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2.1 GEV PROTONS C 
TARGET • 8E 

CJ 
PUBll PROTONS DELITERONS H-3 HE-3 HE-" 

C~OSS SECTION 3.125 1.~30E-a 1 2.7nUIlO a. a. o. 
CItOSS SECTION ERROR 1.032£-02 'eD1t7E-12 t. I. G. ( 

CROSS SECT ION 2.125 4.020E+02 .-~~':. 
CROSS SECTION ERROR 1.206E+01 

.~ 

CROSS SECTION 2.375 6.231E+02 0 CROSS SECTION ERROR 1.869E+01 
C 

CROSS SECTION 2.625 8.242E+02 
CROSS SECTION ERROR 2.472E+01 .......:; 

I 
...... ~tJ CROSS SECTION 2.6875 8.040E+02 0 
CJ1 CROSS SECTION ERROR 2.412E+01 I .t" 

CROSS SECTION 2.8125 4.530E+02 
CROSS SECTION ERROR 1.360E+01 

CROSS SECTION 2.875 3.234E+03 
CROSS SECTION ERROR 9.702E+Ol 

Table 24(continued). 



2.1 GEV PROTONS 
TA'tGET • C 

PUB/Z PROTONS DEUTERONS H-3 HE-l HE-It 

C~OSS SECTION .500 6.2ltlE+~ 1 7. 112E-01 O. 1t.119£-02 O. 
C~OSS SECTION ER'tOR 8.8ZSE-a1 '.728£-02 O. 1.1lt3E-02 O. 

C~OSS SECTION .750 8.891E+" 1 3."95£ + 00 O. O. e. 
C~OSS SECTION ERROR 1.071£+01 1. ZUE-01 O. O. O. . 
C~OSS SECTION 1.000 1.2ltl[+02 5.9lt5E+CO 3.6 .... E-01 1.lt26:-01 O. 
C~OSS SECTION ERRO't 1. 388E+0II 1. It 91E-1I 1 3 ... 17E-OZ 1.51O£-OZ O. 

C~OSS SECTION 1.250 1.699E+0 2 6. "98£+00 3.09ZE-01 6.971E-02 O. 
C~OSS SECTION ERROR 1.819E+00 1.1t35E-Q1 Z.817£-02 9.ltZ5E-03 e. 
CROSS SECTION 1.500 Z.532E+02 6.&82£+00 1.h8E-D! 1.795E-OZ O. 
C~OSS SECTION ERROR 2.63"E+00 1.360E-01 1.873£-02 ".358E-Ol o. 

I 

CQOSS SECTION 1.750 3."17E+0 2 7.901l£+DO 2. 35ltE-01 3.621£-03 O. ..... 
a CROSS SECTION ERROR 3.505£+00 1. ItHE-Ol Z.07eE-OZ 1.811E-U O. 0\ 
I 

CROSS SECTION 2.000 3. 797E+0 2 8. 187E+00 1.616£-01 O. O. 
CROSS SECTION E'tROR 3.87"E+00 1.399£-01 1.608E-OZ O. O. 

CROSS SECTION 2.Z50 5.UOE+IIZ 8.l1lE+00 O. O. G. 
CROSS SECTION ERROR 5.195£+00 1.32SE-1I1 O. O. O. 

CROSS SECTION 2.500 7.162E+OZ 6. 275E+ 00 O. O. O. 
CROSS SECTION ERROR 1.615E+01 2. It 33 E-.II1 D. O. O. 

CROSS SECTION 2.750 3.U'E+02 1t.966E+00 O. I. O. 
C~OSS SECTION ERROR 1. 18ltE+11 2. U5E-U O. I. CI. 

CROSS SECTION 3.000 2.989£+00 3. lIS lE +!:!O I. I. O. 
CROSS SECTION ERROR 6.326E-02 7.lt3ltE-~2 O. O. G. 

Table 25. 

'. 
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l.1 GEV P~OTONS 0 
TARGET • C 

PU8/Z PROTONS BUTEROMS H-~· 
0 

H~-~ HE-It .. , 

2. 860E+OI I., 0., -'"..--" CItOSS SECTION 3.125 2. 326E-01 a. t> C~OSS SECTION ERRO~ 1.5"1E-02 6.GSlE-D2 . o. o • o. 
( 

CROSS SECTION 2.125 3.620E+02 .l:;~. 
CROSS SECTION ERROR 6.516E+00 

(p.J 
CROSS SECT ION 2.375 5.330E+02 
CROSS SECTION ERROR 9.594E+00 C 

CROSS SECTION 2.625 7.930E+02 Cd 

CROSS SECTION ERROR 1. 427E+Ol -....;; 
I 
~ 

~ CROSS SECTION 2.6875 9.398E+02 0 
-...,J CROSS SECTION ERROR 2.819E+Ol I 

0" 
" 

CROSS SECTION 2.8125 4.591E+02 
CROSS SECTION ERROR 1.377E+Ol 

, CROSS SECTION 2.875 3.484E+03 
CROSS SECTION ERROR 3.832E+Ol 

Table 25(continued). 



2.1 GEV PftOTONS 
TARGU • cu 

PLABIZ PROTONS OEUTErtOMS H-3 HE-3 HE-It 

CROSS SECTION • 5(10- 2.471h02 3. Sl7E+DD O • 1.8111£-01 O. 
CROSS SECTION ERROR J.376£+00 2.794E-01 O. ".58OE-02 O. 

C~OSS SECTION .750 2.795H02 2.039E+01 O. O. o. 
CROSS SECTION ERROR l.436E+DO 5.818E-'J1 O. O. O. 

CROSS SECTION 1.000 3.180E+02 2.CJ35E+U l.IIt1E+GO 1t.713E-01 o. 
CROSS SECTION ERROR 3.676E+00 6.378E-01 1.893E-G1 5.169E-02 O. 

CROSS SECTION 1.250 3.856E+02 2. '26£+01 2.619E+00 1.643E-01 O. 
CROSS SECTION ERROR 4.263E+1O 5 ... 63E-U 1.547E-01 2.706E-02 C. 

- CROSS SECTION 1.500 5.127£+02 2.0 27E+ Dl 1.36CJE+OO 5.920E-02 O. 
CROSS SECTION ERROR 5.413E+00 4.3 .... E-01 1.016E-01 1."81E-02 O. 

I 

CROSS SECTION 1.750 6.230E+02 1.873£+31 8.943E-01 a. O. ..... 
0 

CROSS SECTION ERROR 6.52SE+OO 3.n8E-01 1.58"E-02 . D. D.· ex> 
I 

CROSS SECTION z.on 6. 596E+02 1. U3E+ 01 6.326E-Ol G. G. 
CROSS SECTION ERROR 6.858£+0 Q l.HIE-01 5.959E-02 o. o. 
CROSS SECTION 2.250 8.850E+1I2 1.1t11E+01 G. O. D. 
CROSS SECTION ERROR 9.085E+QO 2.973£-01 o. O. D. 

CROSS SECTION 2.500 1.220[+01 1. HIE+U o. O. D. 
CROSS SECTION ERROR I.ZltZE+91 2. ItIItE-1J1 I. O. D. 

CROSS SECTION 2.711 7.241£+02 7. 110E+ aD I. I. o. 
C~OSS SECTION ER~OR Z.3S1E+U 5.77CE-01 . o. D. O. 

CROSS SECTION 3.000 3.2S1E+fJD 2.UIE+oa o. o. o. 
CROSS SECTION ERROR 1. 132E-01 9.8"3£-02 o. o. O. 

Table 26. 
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2.1 GEV PROTONS 
TARGET • P8 

PLA8/Z PROTONS OEUTUONS H-3· HE-3 HE-It 

CROSS SECTION .SOG 6.390hOZ 1. "6ltE+" O. 6.70"E-01 O. 1:, 
CROSS SECTION ERROR e.681hOO 9.IUE-01 C. 1.310£-01 a., 

C~OSS SECTION .750 5.831hOZ 7.018E+11 D. O •. O. 
CROSS SECTION ERROR 1."Z3hOO 1.751E+00 O. O. O. 

CROSS SECTION 1.000 5.898UIlZ 8.1t16E+01 1,Z"OE+01 1.961£-01 O. 
CROSS SECTION ERROR 7.122E+08 1.739E+00 6.015E-at 1.G!51E-01 O. 

CROSS SECTION 1.258 6.616£+~2 5.736hU 7.50aEHIO ... 13"£-01 c. 
CROSS SECTION ERROR 1.620E+00 1.262E+00 ... 16"E-01 6.809::-02 o. 
C~OSS SECTION 1.500 8.5Z5£+Q2 3. H1E+!]1 3.910E+00 1.862£-02 O. 
CROSS SECTION ERP.OR 9.382£+30 9 ..... 1£-01 2.121E-01 1.311£-02 O. 

I 

CROSS SECTION 1.750 1.01"£+33 3.20"E+"1 2.0UE+OO O. O. 
..... ..... 

CROSS SECTION ERROR 1.089E+Ol 1. 181E-01 1.803E-01 O. O. 0 
I 

CROSS SECTION Z.OOO 1.133[+03 2.768E+01 1.17 3E+00 D. O. 
CROSS SECTION ERROR 1.199[+01 6. 163E-01 1.285E-Ci1 O. O. 

C~OSS SECTION 2.250 1.U9E+U 2.1 .. 2E+ 01 O. O. O. 
CROSS SECTION ERROR 1."68E+01 5.5"9E-01 O. O. O. 

CROSS SECTION Z.'OO 1.92 .. E+03 1.l5nE+0l O. O. O. 
CROSS SECTION ERROR 6.251[+01 1. "13E+OO O. O. O. 

CROS.S SEcnON 2.750 1.208E+13 1.051E+01 O. O. O. 
CROSS SECTION ERROR 3.913E+01 1.078E+00 O. O. O. 

CROSS SECTION 3.000 1.39"£+01 8.616E+00 a. a. o. 
CROSS SECTION ERROR 3.807E-01 2.951£-01 O. O. G. 

Table 27. 
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" .,,' 

2.1 GEV ~OTONS 
a 

TARG.ET • PI 0 
PLAIIZ PROTO,.S DEUTERONS H-3 HE-3 HE-It -",-::.." 

~t_,,! 

CROSS SECTION 3.125 2.265E.n &.Slt2H IJD O. I. G .• 
C~OSS SECTION ERROR 1.1t18E-01 . 2.1t87E-01 O. D. D. ( 

CROSS SECTION 2.125 1.335E+03 
.t;,,_ 

CROSS SECTION ERROR 1.468E+01 (.,,! 

CROSS SECTION 2.375 1.939E+03 C 
CROSS SECTION ERROR 2.132E+01 

C· 
CROSS SECT ION 2.625 2.496E+03 

~ CROSS SECTION ERROR 2.746E+01 
I ...c ...... 

CROSS SECTION 2.6875 2.151E+03 ...... 
...... 

CROSS SECTION ERROR 6.363E+01 ., 
'.i 

CROSS SECT ION 2.8125 2.296E+03 
CROSS SECTION ERROR 4.174E+01 

CROSS SECTION 2.875 2.413E+04 
CROSS SECTION ERROR L340E+03 

Table 27 (continued). 



".2 GEV PROTONS 
TARGET • BE 

PLA81l PROTONS DEUTERONS H-3 HE-3 HE-" 

CROSS SECTION .500 3."77E+0 1 3.298E-'1 o. 2.106~-aZ C. 
CROSS SECTION E~OR 5."91tf-0 1 /t.1UE-02 O. 7 ... 50c-U t. 

CROSS SECTION .750 5.5"2E+01 1.756E+1I0 a. 2.106E-02 c. 
CROSS SECTION ERROR 7.067£-01 8.D22E-02 o. 6.OS .. E-0l O. 

CitOSS SEcn ON 1.UO 7.081E+01 2. 379E+ GO 1.185E-0l ... 871E-02 o. 
C~OSS SECTION ERROR 

"" 8.286[-01 8.2lt3E-U 1.170E-02 8.023£-03 O. 

CROSS SECTION 1.250 1. 916E+01 2. 1 15£+ 011 9.900E-D2 ... 8"5E-02 O. 
C~OSS SECTION ERROR 8.957E-U 6. 983E-02 1.""8E-02 7.160E-U a. 

CROSS SECTION 1.!Saa 1.0D2E.02 2. 16/tE+!)O 6.8"6E-a2 2.121E-02 a. 
CitOSS SECTION ERROR 1.085E.00 6.515£-02 1.098E-02 ... 89"£-03 a. 

I 

CROSS SECTION 1.7SCI 1.277E+02 2.363E+00 ... 51 .. £-02 1.730E-02 O. ...... 
...... 

CROSS SECTION ERPOR 1.3 .. 9£+00 &. n8E-02 1.253E-03 3.612£-03 O. N 
I 

CROSS SECTION 2.00C! 1 ... 52E.02 2. 2 89E+ lID ... 213E-GZ 1.511tE-02 O. 
CROSS SECTION ERROR 1.511JE+oa !5.933E-n 7."59E-03 3.161£-01 O. 

CROSS SECTION 3.000 3.853£.02 2.600E+00 O. D. O. 
CROSS SECTION ERROR 1.232E+U 1. 716E-ei O. O. G. 

CQOSS SECTION 3.ua ".556E.02 O. O. o. O. 
CROSS SECTION ERROR 1.021E+01 8. I!. D. O. 

CROSS SECTION ... 000 5. 79ftE+U I. O. O. O. 
CROSS SECTION ERROR 5.826E.00 O. O. O. O. 

CROSS SECTION ... 500 7.3"8E+02 o. O. D. O. 
CQOSS SECTION ERROR 1.377£+00 o. o. " o. o. 

Table 28, 
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, .' 

0 
1t.2 GEV PROTONS 
TAft GET • BE C 

PUBll PROTONS DEUTERONS H-3 H£-3 HE-It . 
CROSS SECTION ".US 6.9 .. 6£+1)2 o. o. e. II. ( 
CROSS SECTION ERROR 6. 971t£+U o. I. o. o. 
CQOSS SECTION ".750 5.530£+02 O. I. o. o. ,.. 

C!fb.~~ 

CROSS SECTION ERROR S.558£+Ga o. o. o. o. 
c..:: 

CROSS SECTION .... 15 8.5"6£+02 o. O • o. D. 
CROSS SECTION ERROR a.573£+Ga D. o. II. o. C 

CROSS SECTlON 5.000 ... 390E.o J o. I. o. a. C CQOSS SECTION ERROR ".392£+01 o. D. o. o. 

"" I ..... ~ ..... 
tI-I 
I 

·CO 
Table 28 (continued). 



".2 GEV PROTONS 
TARG~T • C 

PLASIZ PROTONS DEUTERONS H-3 HE-3 HE-a. 

C~OSS SECTION .500 5. 857HIU 5. 119E';'01 I. 1.270E-1)2 o. 
C~OSS SECTION ERROR 9. 111E-01 6.951E-U O. 7.UltE-0J O. 

CROSS SECTION .750 8.966£+01 7.lIlt7E+ DO o. e. II. 
CROSS SECTION ERROR 1.1lt1E+00 2.109E-01 O. o. o. 
CROSS SECTION 1.000 1.055h02 ".663E+00 2.710E-11 1.080£-01 o. 
C~OSS SECTION ERP.OR 1.2lt6E+D11 1 ... 76E-01 3.398~-G2 1.516£-02 O. 

CROSS SECTION 1.2S1 1.1"lE+02 3. ~66E+DI 2.066E-01 5.798E-02 O. 
C~OSS SECTION ERROR 1.291E+00 1.2Z1E-01 2.653E-02 9.891E-03 G. 

. C~OSS SECTION 1.500 1.391E+02 3.82"E+00 1.665E-01 ".516£-02 O. 
CROSS SECTION ERROR 1.530E+00 1. 10 It £-01 2.111t£-02 7.996E-03 O. 

I 

C~OSS SECTION 1.7Se 1.681E+02 3.780E+1O 1.lt52E-01 2.SltOc-02 O. ~ -CROSS SECTION ERPOR 1.796E+OD 1. DZSE-U 1.880£-02 ·5.5lt9£-03 O. """ I 

CROSS SECTION 2.000 1.950E+02 3.1t38EHII. 1. It 18 E-11 2.329£-C2 O. 
C~OSS SECTION ERROR 2.052E+08 9.170£-02 1.739E-02 1t.970E-03 G. 

CROSS SECTION 3.0IG 5.227E+02 3.961E+00 II. O. O. 
CROSS SECTION ERPOR 1. 675E+0 1 2.611E-U o. o. D. .. -
CROSS SECTION 3.500 5.lUHD2 D. O. o. O. 
CROSS SECTION ERROR 9.798E+00 O. O. G. o. 
CROSS SECTION ".000 7.787E+02 G. O. G. O. 
CROSS SECTION ERROR 7.U9E+D. G. • D. D • O. 

CROSS SECTION ".500 8.821E+0 2 O. O. O. O. 
CROSS SECTION ERROR 8.867E+00 G. O. O. G. 

Table 29. 

" 



,1. 

0 
1t.2 GEW PROT ONS 
TARGET • C 0 

PUB/Z PROTO .. S [)EJTERONS H-] HE-] HE-It 

C~OSS SECTION ... 625 7.9/t3£+02 o. o. a. a • < CROSS SECTION ERROR 7.988£+10 a. O. O. C. 

CROSS SECTION /t.750 6.881£+02 o. O. O. a. ~""> 
-'13i,;.,. 

CROSS SECTION ERROR 6.92SE+OD o. O. O. a. 
c".;. 

CROSS SECTION ".875 1.336E+U o. O. o. lie 
CROSS SECTION ER~OR 1. 3"OE.0 1 I. O. a. o. C 
C~OSS SECTION S.aDO It. 708£+83 I. U. o. O. 

C CROSS SECTIONE~OR 1t.712E.U a. o. o. ~ o. 
'-J 

I 
...... 

~:. ...... 
(J1 

Table 29 (continued) . I 

'-'0 



_.2 GEY PROTONS 
TARGET· CU 

PLAIIZ PROTONS DEUTERONS H-3' HE-3 HE-_ 

CROSS SECTION .toO . 2. 650h02 3.3S9E+DO O. 2.671E-01 O. 
" CROSS SECTION ERROR 3.9 .. 6EtU 3.3 .. 3£-U e. 6.698£-02 . O. -

CROSS SECTION .150 3."11E+02 2.635£+01 O. O. O. 
CROSS SECTION ERROR ... 356E .. eo 8.01t9E-01 O. O. C. 

CROSS SECTION 1.DOO 3.369E"02 3. 291E+01 3. 263E+ao 5.52Z£-01 O. 
CROSS SECTION ERROR ... 098£+00 8.172E-01 2. 35CJE-01 6.8nE-OZ o. 
CROSS SECTION 1.250 3.112£+02 2.1t69E+01 2.637E+00 2.7lt"E-01 O. 
CROSS SECTION £RPOR 3.701hOO 6.21"E-01 1.897£-01 ".29"£-02 O. 

C~OSS SECTION 1.500 3.286E.02 1.S55E+U 1.8ZU+00 8.366£-OZ O. 
CROSS SECTION ERROR 3.186E.00 ... 879E-01 1 ..... 0E-01 2.16ZE-02 O. 

I 
C"OSS SECTION 1.750 3.9"5E+02 1.6'UE+01 1.253£+00 7.HiE-02 G. ...... 

...... CROSS SECTION ERROR ".382£+00 ... 332E-01 1.101£-01 1.853E-02 O. 0\ 
I 

CROSS SECTION 2.000 3.976E+02 1.211£+" 1.00Utao ... 601E-1l2 O. 
CROSS SECTION ERROR ... 361£+00 3.382E-U 9.219E-02 1.388E-02 G. 

CROSS SECTION 3.000 7.718EI02 7.026E+00 D. O. O. 
CROSS SECTION ERROR 2.52 .. £+01 6.596E-01 O. O. O. 

CROSS SECTION 3.500 9.858E+02 O. O. O. O. 
CROSS SECTION E~OR 1.8"lE+01 O. O. o. O. 

CROSS SECTION ... aoa 1.219EtG 3 O. a. o. O. 
CROSS SECTION ERROR 1.239E"01 O. O. o. O. 

CROSS SECTION ... 500 1 ... 21tft-03 O • O. G. O. 
CROSS SECTION ERROR 1 ..... ZE.' 1 O. O. o. ~o. 

Table 30. 
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... 2 tiEV PROTONS 
URGET. CU 

CROSS SECTION 
CROSS SECTION ERROR 

C~OSS SECTION 
CROSS SECTION ERPOR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

Table 30 (continued). 

PUB/Z 

It. 625 

".1SO 

".815 

5.110 

PROTONS DEUTERONS 

1.3 .... ua3 a. o. 
1. 361E+~ 1 a. e. 
1.U .. E.03 I. G. 
1.201£+11 G. o. 
3.232£+113 D. o. 
3.2 .. n+, 1 a. o. 
1.816[.1)" D. e. 
1. 811E.1I2 G. o. 

" 

a 
c 

H-3 HE-3 .HE-" 
:L. 

G. D. 
o. a. ( 

G. o. .r,~ .. 
G. o. 
G. o. (.p.~ 

G. o. 
C 

D. o. 
G. G. C 

Ct" "". 
I .... .... ~.~ 

-...,J 
........ 

I 

C 



It.2 G£V PROTONS 
TARGET • PI 

PUIIZ PROTONS DEIITERONS H-3 HE-3 HE-,. 

C~OSS SECTION .100 8.8DSH02 1. ItItSE + at a. 1.813E.01I a. 
CROSS SECTION ERP.OR 1.218E+0 1 1.207E+00 o. 3.026E-01 O. 

C~OSS SECTION .750 9.823E+02 1.321H02 O. 3.821E.00 O. 
C~OSS SECTION ERROR 1.266E.01 3. 238E. 00 e. 3.6DIt£-01 o. . 
CItOSS SECTION 1.DlO 8.0"'lhO 2 1.2"OE+a2 2.UOhU 1 ... 85E.oO a. 
CROSS SECTION ERPOR 1.0UE+Ol 2.772HOO 1.0I2E+00 1.939E-01 a. 
C~OSS SECTION 1.250 6.962E+02 8. UftE+01 1.611E+U 8.862E-U o. 
CQOSS SECTION ERROR (I. 69"E+00 1.996E+00 8.216E-01 1. 339E-01 O. 

C~OSS SECTION 1.500 6.1 .. 9E.0 2 5. U 1E+01 8.862E.00 3.351E-01 O. 
CROSS SECTION E~ROR 6.213E.00 1.ItZ8E.00 5.5Z6E-01 1.513E-az o. 

I 

CROSS SECTION 1.1SO 6.81"E+0 2 3.9UE+U It.719E+00 o. o. ..... -CROSS SECTION ERPOR 6.081E.U 1.126E.OO 3.71SE-01 O. o. Co 
I 

CROSS SECTION z.uo 1.363E+02 2.653E+01 2.S18E.00 8.811£-02 o. 
C~OSS SECTION ERROR 8."91t£+00 I. SlItE-lll 2.530E-01 3.332E-02 c. 
CROSS SECTION 3.000 1.5315£.03 1.273E.01 o. O. O. 
CROSS SECTION ERROR 3.610£+01 1. D6Sh 00 o. O. c. 
CROSS SECTION 3.1500 1.718E+03 o. O. e. o. 
CROSS SECTION ERROR 3.261£+01 O. o. o. O. 

CQOSS SECTION ".0011 2.06SE+03 a. o. a. o. 
CROSS SECTION ERROR 2.125E.01 o. o. o. o. 
CROSS SECTION ".500 2.395[.03 O. I. o. O. 
CROSS SECTION ERROR 2 ..... SE.U O. o. o. o. 

Table 31. 
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\. .~ 

... 2 GEV PROTONS 0 TARGET • PB 

PLAB/Z PROTONS DEUTERONS H-3 . HE-l HE-It 0 
-.,,'". 

C~OSS SECTION ... 625 2.nGUO J O. O. O. O. =., 

CROSS SECTION ERROR 2."32£+01 O. O. O. O. t 
( 

CROSS SECTION 1t.15O 2.0/t5UG3 I. O. O. O. 
CROSS SECTION E~OR 2.096E.1I1 I. O. O. o. '" -"--

CROSS SECTION ... 175 5. 35/tE.03 O. O. O. O. ~ CROSS SECTION ERROR ~ ... OftE.G 1 O. D. O. O. 

CROSS SECTION 5.000 It. 160UOft O. C. O. O. 0 
CROSS SECTION ERROR ".16!5UD2 D. o. O. D. 

C'? 

<.Xi 

Table 31 (continued). 
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1.0' GEV/NUCLEON DEUTERONS 
TARGET • 8E 

PLA8IZ PROTONS DEUTERONS H-3 He-3 HE-It 

CROSS SECTION .7511 1 ... 07E .. 0 2 6. !SCUE" 00 9.693£-02 2.867£-01 G. 
CROSS SECTION ERROR 1.,3 .. E .. n 1."8ltE-01 1.618£-02 1.986E-02 o. 
CROSS ~ECTION .7511 1."16Et-0 2 6. 657E+00 9.693E-02 2.86'E-01 O. 
CROSS S~CTlON ERROR 1.' .... £ .. 00 1. It 92£--01 1.618£-02 1.986£-02 O. . 
CROSS SECTION .750 1.392£+02 6.523E+ao 9.693E-02 2.867£-01 O. 
CROSS SECTION ERROR 1.519E .. a.o 1 ... 'ltE-01 1.6111£-02 1.986E-02 O. 

C~OSS SECTION 1.OIa 2."3"E+02 1. saltE" 01 6.785E-Cl1 5.937E-01 O. 
CROSS SECTION ERROR 2.532E+oa 2.298E-01 3.763£-112 2.519E-02 O. 

CItOSS SECTION 1.ODO 2.3 .. 7£+02 1.392E.'ll ....... 3E-01 2.9"8£-01 O. 
C~OSS SECTION ERROR 2 ..... 5E.00 2.175E-Di 3.028E-02 1.750£-02 O. 

I 
CROSS SECTION 1.250 ... 611E"02 2. 133E.01 5.18CJE-01 2.552£-01 O. ~ 

N CROSS SECTION ERROR ... 750£+00 2. 82"E-01 2.912E-02 1 ... 58C:-:lZ O. 0 
I 

CROSS .SECTIOH 1.Sao 1. 861tE+U 2.313£+01 S.301tE-01 2.639£-01 O. 
CROSS SECTION ERROR 2.6 .. 6£+01 ".UClE-1Il 3.853E-02 1.921E-02 O. 

CROSS SECTION 1.750 1.UU"OIt 2.71 .. E.01 ... 0 39E-1I1 1 ..... 2£-01 O. 
C~OSS SECTION ERROR 3.599E"02 1. D Z .. E.aa 6.9ItSE-1I2 2.921E-02 O. 

CROSS SECTION 1.875 ... 10 !lEtO 3 ".253E.01 O. O. O. 
CROSS SECTION ERROR 1.301£+02 1.S1"E+OO O. O. O. 

CROSS SECTION 2.0n 1. 17"EHi3 2.658£+01 5.1 .. 9E-01 9.187e-02 O •. 
CROSS SECTION ERROR 3.127£.01 9.86SE-01 1.392£-12 2.161£-02 O. 

CROSS SECTION 2.125 1.807Et-1I2 1.521E+01 O. O. o. 
CROSS SECTION ERROR 5. 862Et-GO 6.1t1t9E-U O. o. O. 

Table 32. 
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" 

0 
1.IS GEV/NUCLEON DEUTERONS 

0 URGET = BE 

PLAB/Z PROTONS DEUTUONS H-l HE-3 HE-" 
~"I""" 

"'ia.."" 

~l CROSS SECTION 2.250 6. 221E.01 1. 25QE.U 2. 962E-G1 o. O. ( 
C~OSS SECTION ERROR 2.U3hGD 5.1TSE-!J1 5.2"0£-02 O. O. 

.E;;. CROSS SECTION 2.375 3.781E.01 1. 276E. 01 o. D. II. 
CROSS SECTION ERROR 1.322E.00 5.20 .. E-01 O. o. o. v.J 
CROSS SECTION 2.500 2.099E.01 2.139E.0l 1.696E-01 o. O. 

C~ CROSS SECTION ERROR 7.797E-Ol 7. 933E-.)1 3.7ItOE-02 O. O. 

CROSS SECTION 2.750 6.967E-I1 6.052E.01 3.157E-01 O •. O. 0 
CROSS SECTION ERR,OR 7 ....... E-02 2.U5E.OO ... 918E-02 I. G. 

OJ CROSS SECTIO,.. 3.UI O. 1.582E+02 3.36EE-01 O. D. 
CROSS SECTION ERROR I. 5.107£.08 ... 877E-02 O. 'II • I 0 ~ 

N CQOSS SECTlO,.. 3.125 O. 2.171E.02 O. O. G. ~ 

CROSS SECTION ERROR D. a. S6"E+~G G. O. O. I t~ 

CROSS SECTION 3.250 O. 3.131E+02 3.355E-01 o. O. 
CROSS SECTION ERROR O. 1.0112E+01 ... 6111£-12' O. O. 

CROSS SECTION 3.2SG O. 3.117E+02 3.5"2E-01 D. O. 
CQOSS SECTION ERROR D. 9. CJ5 3E. fJO ... 823E-02 O. O. 

CROSS SECTION 3.313 O. 2.313h02 o. O. G. 
CROSS SECTION ERROR O. 7 ... 7 .. E.00 O. O. O. 

CROSS SECTION 3.lTS O. 1t.050E+02 II. O. G. 
CROSS SECTION ERROR O. 1.29eE+1I1 o. O. O. 

CROSS SECTION 3."38 O. 3. 15 .. E.03 O. O. O. 
CROSS SECTION ERROR O. 9. 9112E+ 01 O. D. O. 

Table 32 (continued). 



1.15 GEV/NUCLEON DEUTERONS 
TARGET. BE 

• PUB/Z PROTONS 

. CROSS SECTION 3."69 o. 
CROSS SECTION ERROR a. 
CROSS SECTION 3.'00 o. 
CROSS SECTION ERROR o. 
CROSS SECTION 3.531 o. 
CROSS SECTION ERROR D. 

Table 32 (continued). 

DEUTERONS H-3 

'.156h·U o. 
1.8Z1E.OZ D. 

".531£+0" a. 
1 ... 33£+03 o. 
1t.311E.oZ I. 
1. 312h01 o. 

HE-3 

O. 
a. 
o. 
o. 
D. 
G. 

t I '. 

o • 
D. 

o. 
o. 
o. 
G. 

HE-It 

I 
~ 

N 
N 
I 



.. , ,. 

1.0' GEV/NUCLEON DEUTERONS 0 
TARGET a C 

0 
PLA8IZ PROTONS DEUTERONS H-3 H~-3 HE-It 

'.i, ...... 

CROSS SECTION .750 2.193h02 1.3DSE.U 3.309E-1I1 5.177£-0l O. 
CRO.SS SECTION ERROR 2.442E." 2. 936E-1I1 ".216E-02 3. 7S3E-02 ' O. ( 

C~OSS SECTION .750 2.2Uh02 1.lItaE.Cl 3.309E-1I1 5. 177£-0l G. ~ CROSS SECTION ERROR 2.461E.0, 2. 993E-01 ".216E-02 3.153£-02 O. . CA.! CROSS SECTION .750 2.16U.02 1.3SSE.U 3.309E-01 5.117£-01 O. 
CROSS SECTION ERROR • 2."13HDO 3 .... U-U ".216E-02 3.753E-02 O. _ ..... 

\.., .. 
C~OSS SECTION 1.000 3 ... 66h02 2.lZ9E+U 1.125hOO ".78"£-01 O. 
CROSS SECTION ERROR 3.65&[.00 3. a33E-U 6.80"E-02 3.131£-02 G. C 
CROSS SECTION' 1.100 3.399E+02 2.31UHOl 1.1"lE+ao 5.26"E-01 O. a;. 
CROSS SECTION ERROR 3.S90hU 3.lnE-0l 6.8SItE-02 3.288E-02 o. 

I o· CROSS SECTION 1.2IC 6.368E.82 3.272HQ1 102 .. 9£+00 3.827E-01 G. ..... 
N CROSS SECTION ERROR. 6.523E." 1t.595E-01 6 ..... 6E-02 2.SOS£-02 O. VI 

c..~ '. I 

CROSS SECTION 1. SOD Z. 339hO 3 3.119£+01 9.185E-01 2.891E-01 o. 
CROSS SECTION E~OR ".291tE+Ot 7. S6DE-01 9."91lE-1I2 3.H5E-D2 o. 
CROSS SECTION 1.750 1.59ltUO .. 3. nah 01 cJ.I36E-Ot 1.9 .... E-01 O. 
CROSS SECTION ERROR 5.0""U02 1 ..... OE.OO 1.532E-01 ".756E-02 O. 

CROSS SECTION 1.875 5 ... 00E.03 5.131E.01 D. O. O. 
CROSS SECTION ERROR 1.711E.02 2.153E.ilC D. o. G. 

CROSS SECTION 2.100 1.5UE.U 3.568E+Dl a.607E-11 1.9011i-U o. '. 
CROSS SECTION ERROR ".SOlhOl 1.ltUE.0I 1.3"OE-81 ..... 03£-02 O. 

CROSS SECTION 2.125 2 ... 1ItEt02 Z. DDDE.U o. O. O. 
CROSS SECTION ERROR 7. 923E.00 a.799E-Dl O. O. o. 

Table 33. 



1 •• 5 GEVINUCLEON DEUTEROhS 
TARGET a C 

PUB/Z PROTONS DEUTERONS H-. HE-3 HE-It 

CROSS SECTION 2.250 9.018E+01 1.SlU+U ".271E-11 o. o. (:>. 

CROSS SECTION ERROR 3.136£+00 '.U6E-D1 '.820E-02 a. o. 

CROSS SECTION 2.250 '.It'''E+Ol 1.518E+Ol 2.'It'£-01 o. o. 
CROSS SECTION ERROR 2.9It1E+oa F.265E-01 7.113E-02 o. o. 
CROSS SECTION 2.3n 1t.8lt9E+!U 1. aUE+U o. II. o. 
CROSS SECTION ERROR 1.716£+DD F.951E-01 I. a. o. 
CItOSS SECTION 2.500 3.383£+11 3.UlE+01 ... ' .... E·ol I. o. 
C~OSS SECTION E!tROR 1.295£+01 1.216E+IID 8. '..,E·O 2 I. o. 
CROSS SECTION 2.750 1. 111JE+OO I. 19IE+01 ".D76£-01 D. II. 
CROSS SECTION E~OR 1.35I1E-01 . 2.U2E+OD 7.81oE·12 e. o. 

I 

CROSS SECTION 3.125 D. 3.lt33£+02 I. I. o. ~ 
N 

CROSS SECTION ERROR t. 1.lOSE+ G1 o. o. t. .j:>. 

CROSS SECTION. 3.251 I. 3.9S7E+U 3.019E-11 I. o. 
CROSS SECTION ERROR I •. 1. 211E+01 6.235E-12 I. o. 
CIlOSS SECTION 3.250 I. It. !DlE+C2 5.uaE~U o. G. 
CROSS SECTION ERROR D. 1.3ltIE+Ol 1.0"'E-12. o. D. 

CROSS SECTION 3. :til I. l.391£+02 D. O. o. 
CROSS SECTION ERPOR O. 1. ;I 93E+01 o. D. O. 

CROSS SECTION 3.375 o. 6.09SE+U O. o. O. 
CROSS SECTION ERROR o. 1.376£+01 o. D. O. 

CROSS SECTION 3.ltU o. It. CJ16E+U O. O. D. 
CROSS SECTION ER~OR I. 1.556£+02 {I. O. D. 

Table 33 (continued). 
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~ ", 

1.05 GEV/NUCLEON DEUTERONS 0 
TARGET • C 

PLAB/Z. PROTONS DEUTERONS H-3 H£-3 HE-" 
0 

CQOSS SECTION 3."69 O. 7.&73£.03 a. G. D. 1llf", 

C~OSS SECTION ERRO~ O. 2 ... 28E·02 O. O. O. 
( 

CQOSS SECTION 3.500 O. ... 35OE.0 .. O. O. O. 
CROSS SECTION ERPOR O. 1.376£.C3 D. O. O. tit:~ 

CROSS SECTION 3.'31 O. 9 ... 06E.02 O. O. O. 
CROSS SECTION ERROR Q. 2. 992E. at D. O. O. 

(.~ 

0 

C 
. Table 33 (continued). 
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1.15 GEW/NUCLEON DEU'ERO~S 
TARGET = PB 

PLABIZ PROTONS DEUTERONS H-3· HE-3 HE-" 

C~OSS SECTION .no 1.60ltE+02 1.106E+02 3.ltUhOO 2.5a1HOI a. t CROSS SECTION~RROR 1.001£+01 Z.153E+'0 3.292E-Ol 2.031E-01 o. 
CROSS SECTION .750 1.661E+02 1.126E+02 3.638E+00 2."62E+OI O. 
C~OSS SECTION ERRO~ 1.106E+Ol 2.11IE+00 3. 397E-01 1.9UE-01 G. 

C~OSS SECTION .no a.716E.02 1. 13aE.02 !!. O. G. 
C~OSS SECTION ERROR 1.012h01 2.1UE.00 I. I. o. 

CQOSS SECTION 1.0oa 1.o13E+n 1. 1 gz,e: + 112 1 ... 63E.Ol 1.09 .. £.U o. 
CROSS SECTION ERPOR 1.121E+01 Z. D 1t6E. 00 6.0ltU-Ol 1.139£-01 CI. 

CROSS SECTION 1.100 9.136E.OZ 1. 16ltE+02 1.3ue.Ol 1. 329E+00 O. 
CROSS SECTION E~ROR 1.091E.0 1 Z.012£.311 5.119E-01 1.251£-111 c. 

I 
C~OSS SECTION 1.250 1.675E+U 1. D It .. £+ az 9.SOZE+OO 6.0ZlE-D1 I. ..... 

N 
C~OSS SECTION ERROR 1.76 .. E+U. 1.139E+"0 ft.33"E-01 7.550E-IIZ I. 0-

I 

C~OSS SECTION 1.500 '.9 .... E+0 3 I. 356E+')1 ".O"5E+00 ".312£-11 O. 
CROSS SECTION ERROR 6.019E.Ol 1. "1IIE. 00 2.'51E-01 '.830E-02 I. 

CROSS SECTION 1. no 1.D5SE.n 1.671E.31 3.360£+00 2.688E-01 O. 
CROSS SECTION ERPOR 3.3lt9E.03 ... 359£+00 6.I03E-01 1.3"7£-01 I. 

C~OSS SfCT ION 1.175 1.1 .... E.0 .. 1.6 .. 3E.!)2 I. o. o. 
CROSS SECTION ERROR S.DSlE.OZ 6.11IE+!!O O. O. o. 

CROSS SECTION 2.000 ".103E+13 7. 771E.01 2.9 ... E.00 1.176E-01 O. 
C~OSS SECTION E~OR 1.315E.BZ 3.179E.00 5. 953E-01 8.3Z .. E-02 G. 

CROSS SECTI ON 2.US 5.167E+02 It. 623E.01 I. o. o. 
CROSS SECTION ERPOR 2.018E.01 2.679E+00 O. O. D. 

Table 34. 
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.. 
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1.15 GEV/NUCLEON DEUTERONS 0 TARGET • P8 

PLAB/Z PROTONS DEUTERONS H-3 HE-] HE-" 
C 

C~OSS SECTION 2.250 1. 95 .. E.' 2 3.861E+U 1.673E+OO O. O. 
CROSS ~ECTION ERROR 7.613Etoo 2. UIE+OC ... 215E-01 'D. O. 

< 
CROSS SECTION 2.375 ".076Et02 1.1,,6Et02 O. O. O. 
CROSS SECTION ERROR 1 ... 32Et01 , ... 931E+00 G. I. O. p. _ .ctu._ 

-.. 

CROSS SECTION 2.501 5.996E+01 6.385Et01 1.317Etoo a. O. t< CROSS SECTION ERROR 3.009EtOO 3. 161E+00 3.545E-11 I. O. 

CROSS SECnON 2.150 1.654EtOO 1.759E+02 1.197E+00 D. O. C\ 
CROSS SECTION ERROR 3.736E-01 6. 165E t flO 3. 222E-01 O. O. 

C· 
CROSS SECTION 3.0U O. ... U6Et02 1.098E+00 D. O. 
CROSS SECTION ERROR O. 1."88E+Ol 2. 95"E-01 I. O. C~ 

I 
CROSS SECTION 3.125 a. 7.357Et02 O. O. O. l-' 

0 N CROSS SECTION ERROR O. 2 ..... lhO! O. D. D. '-l 

CROSS SECTION 3.250 O. 9. 139E+02 5.791£-81 O. D.' ():~ 
C~OSS SECTION ERROR O. 3.oo0E+01 2.OS5E-Dl O. O. 

CROSS SECTION 3.313 O. 8. IIlt2E t 82 O. a. o. 
CROSS SECTION ERROR O. 2. CJ36E+01 D. O. O. 

CROSS SECTION 3.375 D. 1.707Et03 O. O. O. 
CROSS SECTION ERROR O. 3.89JEtU D. D. O. 

CROSS SECTION 3."38 O. 1.281E+' .. a. I. O. 
CROSS SECTION ERROR D. ... UOEt02 • O • O. O. 

CROSS SECTION 3.1t'9 I. 2.523E+0" I. a. a. 
CROSS SECTION ERROR O. 7.990E+02 I. O. O. 

Table 34 (continued). 



1.15 'lV/NUCLEON DEUTERONS 
TARGET • P8 

PUB/Z PROTONS 

CROSS SECTION 3.500 o. 
CQOSS SECTION ERROR o. 
CQOSS SECTION 3.531 . 1. 
CROSS SECTION ERROR o. 

Table 34 (continued). 

. . 

DEUTERONS H-3 

1. 881t£.05 o. 
5. 958E. 03 o. 
1.663E.03 o • 
5. 362HU o. 

HE-3 

o. 
a. 
I. 
I. 

, .. 

o. 
o. 
o. 
G. 

HE-It 

-N 
00 
I 



.1 

1.15 GEV/NUCLEON DEUTE~ON~ C 
TARGET. CH2 

PUB/Z PROTONS DEUTERONS H-3 . HE-3 HE-ft 
0 

CQOSS SECTION .150 2.679E+02 1.296£+01 2.3"6E-01 5.131E-Ol O. t, 
C~OSS SECTION ERROR 2.953£+011 3. D37E-01 3.716E-02 3.912E-02 O. 

( 
CQOSS SECTION .15G 2.697E.o2 1. JUE+01 2.3"6E-01 5. 131E-01 O. 
C~OSS SECTION ERROR 2.912hOO J.05"E-01 J.116E-02 3.912E-02 o. s.:. 

-~ 

CROSS SECTION .750 2. 757E+iJZ 1. 337E+01 2.3ft6E-01 5.131£-01 o. (..,.1 
C~OSS SECTION ERRO~ 3.D32E+GQ 3.119ftE-01 3.716E-82 3 •. 912E-02 a. 
CROSS SECTION 1.000 ft.383E+OZ 2.350£+01 1. 130E+00 5.UOE-01 D. C~ 

CROSS SECTION E~O~ ".595E+U 3.97ftE-01 7.1"OE-82 3.l80£-12 o. 
0 

CROSS SECTION 1.250 8.25ftE+OZ 3.715E+01 1.0"'E+00 ".187£-01 O. 
CROSS SECTION ERROR 8.tt25E+U 5.238E-01 6.269E-02 2.7 .. 6E-02 G. ca· 

I 

CROSS SECTION 1.500 2.905E+03 3.lJl1E+U 3."UE-01 ".98"E-01 o. I-' Q. N 
CROSS SECTION ERROR ".129E+01 F.335E-01 ".5J1E~02 3.887E-02 O. t.O 

I 

CROSS SECTION 1.750 2. 158E+0" ft. CJCJ 9E + 01 3. 770E-01 ".900£-01 o. 0-. 
CQOSS SECTION ERROR 6.829E+02 1. 936E+!'I0 9.806E-02 7.999£-02 o. 
CROSS SECTION 1.875 1. 7lt5E+0 J 9.lD9H01 o. o. G. 
CROSS ~ECTION ERROR 2."5U+02 J.228E+OO o. O. O. 

CROSS SECTION 2.100 2. 138E+13 ft.acJ2E+01 8.356£-01 9.895E-1I2 o •. 
CROSS SECTION ERPOR 6.796E+Dl 1.8i1E+oa 1.381E-01 3.313E-02 O. 

CROSS SECTION 2.125 3.165E+02 2. 695E+01 I. o. a. 
Cit05S SECTION ERFOR 1.132E+01 l.U1EtOO O. o. o. 
CROSS SECTION 2.251 1.270E.o2 2.102E+01 1t.1OSE-11 o. a. 
CROSS SECTION ERROR ft. JD9E+oa 9.221E-01 9.051E-02 o. o. 

Table 35. 



1.15 GEV/NUCLEON DEUTERONS 
TAR~ET • eH2 

PUB/Z PROTONS DEUTERONS H-3 HE-3 HE .... 

CROSS SECTION 2.375 2.005£+01 I. D7 .. E+ ')0 o. o. o. 
CROSS SECTION ERROR 1.762£-01 ".623E-01- o. O. a. 
CROSS SECTION 2.510 5.615E+0 1 3.9D1h01 ".39IE-01 o. o. 
CROSS SECTION ERROR 2.031E+00 1. It''E+ao 1.905E-02 o. o. 
C~OSS SECTION 2.150 1. 086E+ 00 1. 151E+02 3. 198E-01 o. o. 
CROSS SECTION ERROR 1.352E-01 3.9DlhOG 1.223E-02 I. o. 
C~OSS SECTION 3.00e O. 3.UOE+02 ".6CJ1E-01 o. O. 
CROSS SECTION ERROR O. 9.9&1E+ DO l.ltZ .. E-OZ o. O. 

CROSS SECTION 3.U5 o. ... UZE+ 02 o. o. o. 
CROSS SECTION ERROR o. 1.551£+01 o. o. o. 

I 
C~OSS SECTION 3.251 o. 6.IlCJh 02 5.007E-01 o. o. .... 

~ CROSS SECTION ERROR -0. 2.171E+ ill 8. 382E-12 tI. II. 0 
I 

CROSS SECTION 3.313 D. ".lCJ1E+02 o. o. o. 
CROSS SECTION ERROR O. 1. ":I9E+01 o. o. o. 
CROSS SECTION 3.315 D. 6.531E+D2 D. c. D. 
C~OSS SECTION ERROR D. 1. "15E+11 o. I. o. 
CROSS SECTION :5 ... 38 o. 5. 960E+ G3 I. o. o. 
CROSS SECTION ERROR G. 1. "7E+1I2 o. o. - O. 

CROSS SECTION :5."69 o. 1.295E+O" o. o. D. 
CROSS SECTION ERROR o. ... OCJ1E+ 02 . o. O. o. 
CROSS SECTION 3.faD o. 7 .U5E + DC. o. o. o. 
CROSS SECTION ERROR o. 2.370E+03 o. o. o. 

Table 35 (continued). 
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1.15 GEV'NUCLEON OEUTE~ONS 
TARGET s CH2 

CROSS SECTION 
CROSS SECTION ERP.OR 

Table 35 (continued). 

PLAB/Z 

3.n1 o. 
D. 

PROTONS DEUTERONS 

7.952E.02 
2.531£"01 

a. 
o. 

H-3 

O. 
o. 

HE-J 

~ 

------- ._--- - - ..... _----

O. 
D. 

HE-It 

..... 
(,M ..... 
I 

o 
c' 

( 

.. 
~ 

fW 

C 

C' 

CO-

0 

'J 



2.1 Gn/NUCLEON DEUTERONS' 
TARGET • BE 

PLlB/Z P~OTO"S DEUTERONS H-3 HE-l HE-It 

CROSS SECTION • sao 8.260£.U 7.U9E-U fJ • 2.6/t5E-02 o. <.> 
C~OSS SECTION ERROR 1.U/tE.aa 7,.920E-02 O. 1.080£-02 O. 

C~OSS SECTION .1st 1./tOltU'l2 6. 351h1JO 1. 116£-0l 2.939E-01 O. 
CROSS SECTION ERROR 1.66CJUU 2.0 UE-U 2.631£-02 2.953E-02 O. 

C~OSS SECTION 1.0OD 1.919UD2 1.20 .. E.OO 5.025E-01 2.380E-01 O. 
C~OSS SECTION ERROR 2.1ZShaa 2.166E-01 ".133E-02 2.3Il3E-02 O. 

CROSS SECTION 1.2SG 2.133UII2 1. o:J2E. U 3.527E-01 2.063E-0l O. 
CROSS SECTION ERROR 2.902E.aa 2. 165E-01 3.5 .... E-C2 1.1318E-02 O. 

CROSS SECTION 1.500 3.13 .. E.1I2 1. 13 .. E.01 :I. 262E-11 1.102E-01 O. 
CROSS SECTION ERROR 3.911hOD 2.1 .... £.-01 3.113E-02 1.211E-1I2 O. 

I 

CROSS SECTION 1.150 ... 925E.o2 1.382E.01 3. 13"E-01 9.039E-02 a. ...... 
~ 

CROSS SECTION ERROR 1.S01hDG 3. 585E-01 ".373E-02 1.656£-llZ 0. N 
I 

CROSS SECTION 2.000 6.372EU2 1. UOEH1 3.166£-01 9."52£-02 G. 
C~OSS SECTION ERROR 9 ... 89E .• U 3. [aUE-U 3.896E-02 .1.501E-02 O. 

CROSS SECTION 2.250 1.1,..1E+O 3 1.679E.31 2.8"lE-Ol S.388E-02 O. 
CROSS SECTION ERROR 1.150E.01 2. "68E-01 2. 316E-02 f.28SE-OJ o. 
C~OSS SECTION 2.501 2. 370E+O 3 1.56 .. £+01 O. O. o. 
CROSS SECTION ERROR 2.379E.01 2.278E-01 o. . o. D. 

CROSS SECTION 2.150 6.226hU 1 ... 1 .. E.01 O. O. O. 
CItOSS SECTION ERROR 1.911h02 6.520E-01 O. O. G. 

CROSS SECTION 2.87S 8.8a .. hI3 1. U9E.U O. D. o. 
CROSS SECTION ERRO~ 2.186h02 6.3C16E-U O. G. O. 

Table 36. 

'" 



f ' ,~l 

2.1 GEV/NUCLEON DEUTERONS 0 URGET. BE 

,PLA8/Z PROTONS DEUTERONS H-J HE-3 HE-" 
C 

C"OSS SECTION 3.000 6.360E+03 1."52E+01 O. O. O. 
CROSS SECTION ERROR 2. 81"E+I2 I.5D3E-D1 I. O. O. 

( 
CROSS SECTION 3.250 1.18OE+03 1.0 SOE + CI1 O. G. O. 
C~OSS SECTION ERROR 3. 751E+0 1 5.121E-01 O. O. D. '1'''. -<;.,...: 

C"OSS SECTION 3.5011 2.553E+02 9.115E+00 8.816E-02 O. O. c,.,' '0:.;.. CROSS SECTION ERR~R 2.615E+00 1.ltOltE-01 1.157E-02 O. O •. 

CROSS SECTION 3.ltID 2.56U+D2 9. It53E+OO O. O. O. C 
CROSS SECTION fRROR 2.626E+00 . 1 ..... 1£-01 D. D. O. 

C" > 

. CROSS SECTION 3.751 8.306E+01 1. 110E+01 I. O. D. 
CROSS SECTION ERROR 8.868E-11 1.5UE-01 O. O. D. Ct;;', 

I 
CROSS SECTION 1t.00D 3.8"5E+a1 1 ... '9E+1I1 a. I. D. ..... i>"><!"" 

~ ~. CROSS SECTION ERROR ... 355E-0 1 1. 951E-01 O. O. D. ~ 
I 

CROSS SECTION ... OOD 3. 9Z 9Et 01 1. JCJOE+U 1. 256E-81 O. D. W 
CROSS SECTION ERROR ....... IE-11 1.158E-01 1.1I3E-12 O. D. 

CROSS S£CTION ... SOG 7.512E+00 It. nltE+U o. D. O. 
CROSS SECTION ERROR 1.U6E-01 ... 796E-01 D • D. D. 
CROSS SECTION 5.000 O. 1.096E+02 I. O. O. 
CROSS SECTION ERROR O. 1. 139E+00 a. D. 0. 

Table 36 (continued). 



2.1 GEV/NUCL£ON DEUTERONS 
TARGET • C 

pua/z PROTONS DEUTERONS H-! HE-3 HE-" 

CROSS SECTION .500 1.U1U02 1. 12OE+IIII . O. 7.130£-112 O. 
CROSS SECTION ERROR 1.657£+110 1. ZD6E-U O. 2.151E-02 O. 

C~OSS SECTION .751 1.UU+U 1. QlJ9E+ 'l1 1. 383E-11 5.790E-01 O. 
CROSS SECTION ERROR Z.ZUUOI 3. 262E-01 3 ... 6IE-02 5.035"E-02 O. 

CROSS SECTION 1.001 2.271UOZ 1.32IE+01 9.5cUE-11 3. 95"E-01 O. 
CROSS SECTION E~OR Z.577E+U 3.200E-U 1.9"3E-02 3.601£-D2 D. 

CROSS SECTION 1.Z5O 3.037E+02 1 ... 22£+01 7. 882E-11 3.007£-01 O. 
C~OSS SECTION ER~OR 3.282E+'0 3.058E-01 6 ..... lE-02 2.809E-02 O. 

C~OSS SECTION 1.5OD 3.916UDZ 1. " .. 9£+ !Ii 5.531E-01 1."91£-01 O. 
CROSS SECTION ERROR ".U3E+00 2. USE-01 ... 920E-02 1.a01E-02 o. 

I 

CIlOSS SEC nON 1.750 5.U3E+;)2 1.619E+U 5.889E-01 9.630E-22 0. ..... 
VI 

CROSS SECTION ERROR 5.362E+U 2.929E-01 ".707E-02 1. 339E-02 O. ~ 
I 

CROSS SECTION 2.000 6'''19E+02 1. 7 OlE + !Ii 1t.3"3£-0l 1.Z80£-01 G. 
CROSS SECTION ERROR 6.t76UOI 2. 892E-01 3.777E-02 1 ..... 6£-OZ O. 

CROSS SECTION 2.5110 2.2"6£+03 1.6/tl£+01 a. D. o. 
CROSS SECTION ER~OR 2.259E+el 2.63I1E-01 O. O. O. 

CROSS SECTION Z.750 6. 613E+1I3 1.ltOOE+Ol O. O. o. 
C~OSS SECTION ERROR 2.095£+02 7.Z37E-01 e. o. o. 
CROSS SECTION 2.815 9.300E+03 a. O. o. O. 
CROSS SECTION ERROR 2.9 .... E+OZ O. O. o. O. 

CROSS SECTION 3.010 6.913£+03 1.356E+Di I. e. o. 
CROSS SECTION ERROR 2.1I9E+02 6.892E-U O. O. o. 

Table 37. 
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------------

,;-1 

0 

2.1 GE.'NUCLEON DEUTERONS 0 TARGET • C 

PUB'Z PROTON~ DEUTERONS H-3 HE-3 HE-It 

CROSS SECTION 3.250 1.198HIU 1.1 .. 9E+Ol o. o. O. 
t, .( 

C~OSSSECTIONERROR 3.818E+Ol S.CJCJ6E-0l o. O. O. 
..:~ 

CROSS SECTION 3.581 Z.717E+02 9.932hOIJ O. O. O. 
CROSS SECTION ERROR Z.806E+OO 1.617E-Dl D. O. O. .CA; 

CROSS SECTION 3.750 8.5"2E+U 1.100E+U I. O. O. C. CROSS SECTION ERROR 9. 35"E-01 1.760E-Dl O. O. O. 

CROSS SECTION It. 1100 ... 196E+Ol 1.251£.01 o. O. -.... O. C 
CROSS SECTION ERRO~ ".929E-0 1 1.9Z/tE-1J1 O. O. O. 

O~ 
CROSS SECTION ... DOO ".05SE.a 1 1 ..... lE.01 1.7UE-01 O. O. 
CROSS SECTION ERROR ... 7a1E-0 1 2.0 'J7E-Ol 1.669E-02 o. D. I 0 

~ 

r".,\ 
CROSS SECTION ".500 7.5111E+00 ... 13 .. E+01 o. o. O. VI .. 9 CROSS SECTION ERROR 1.277E-01 ft.n7E-0l o. o. O. I 

CROSS SECTION S.DOC D. 1.naE+U e. O. O. 
CROSS SECTION ERROR O. 1. 16lE+OO o. ·0. D •. 

Table 37 (continued). 
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~ , ~I ) 

0 
2.1 GEV'"UCLEON DEUTERONS 
TARGET • P8 C 

PUBIZ PROTONS DEUTERONS H-3 HE-3 HE-It 

CROSS SECTION 2.875 ,5.20(j£+O" 3 ..... ;.E.01 I. a. I. ( CROSS SECTION ERP.OR 1.6lt9£+13 2. 89ltE.I)O o. G. o. 
J.7"OE+01 

~I' CROSS SECTION 3.DDO 3. 339£+Olt O. O. o. ':1:"':"" 

CROSS SECTION E~OR 1.059E.03 2.980E.00 O. I. o. 
v-t 

CROSS SECTION 3.2511 ".025£+03 2.713E+1I1 a. G. o. 
CROSS SECTION ERROR 1.301E+02 2./t07E+00 I. o. I. C 
CROSS SECTION 3.251 3. 920E+0 1 3.183E+ 01 1.622E-11 c. O. C~ C~OSS SECTION ERROR 5.671E.01 1. 17/tE.OO 1.1I12E-D1 O. G. 

C~OSS SECTION 3.500 7.179E+D2 2. 572E+01 o. o. O. c: " 

CROSS SECTION ERROR 1.6aDE+QI 7. 121E-01 a. O. a. 1 .... 
CROSS SECTION 3."0 7.721E.02 2. SUE+ D1 2.611E-11 o. VI o. -...] 

C~OSS SECTION ERROR 1.527E+00 7. 15lE-1I1 6.7UE-02 o. G. 1 
0 

CROSS SECTION It.OU 9. 991tE.01 5.100£.111 I. O. o. 
CQOSS SECTION ERROR 1.57ZE.00 1.D13E+01I o. o. o. 
CROSS SECTION ".ODO 9.9ZIE.H 3. &15E+U 3.503E-01 G. c. 
CROSS SECTION ERROR 1.5(j5E+U I. ZOItE-U 7. 312E-OZ O. D. 

Table 38 (continued). 



2.1 GEv/NUCLEON DEUTERONS' 
TARGET. CH2 

PLABIZ PROTONS DEUTERONS H-3' He-3 HE-" 

CROSS SECTION .51J1 1.396E.OZ 1.1II0E.00 I. 6.71ItE-OZ O~ .. ,.. 
CROSS SECTION ERROR Z.OGlE.OO 1.283E-1I1 O. 2.Z"6E-OZ c. 
CROSS SECTION .750 1.912hI2 1.06"E+31 2. 391tE-Gi 5."37£-01 o. 
CROSS SECTION ERROR 2.353£.00 3 ... 17E-01 ... nU-02 5.236E-OZ o. 
CROSS SECTION 1.0DO Z.UGE.02 1.251E+01 5.537E-01 3.629£-01 o. 
CROSS SECTION ERROR 3.177£+00 3. Z95E-01 6."61E-02 3.703~-OZ o. 
CROSS SECTION 1.2511 3.851£.02 1.5l .. £.81 6.70 .. E-01 3.173:-01 G. 
CROSS SECTION ERROR ... 135E·00 3.360E-01 6.311E-02 3.098E-02 O. 

C~OSS SECTION 1.500 5.6~6E.OZ 1.667E+Ol 7.383E-01 1.112E-01 o. 
CROSS SECTION ERPOR 5.896E.00 3.3ZZE-01 6.113£-02 1.71"E-OZ o. 

I 

C~OSS SECTION 1.150 6.728E.02 1.839E+ G1 5.388£-11 1.30"E-01 G. ...... 
(,M 

C~OSS SECTION ERROR 6.935E.U 3.3"5E-01 ".830E-02 1.675£-32 o. 00 
I 

CROSS SECTION z.ooo 9 ... 02E.02 2.163E.01 3."05£-11 1.1"1£-01 o. 
CROSS SECTION ERPOR 9.51ItE.aa 3.566E-01 3.585£-02 1."65£-02 o. 
CROSS SECTION 2.500 3.359E+13 2. l .. ZE + 111 I. O. c. 
CROSS SECTION ERROR 3. 31 .. E.0 1 3.310E-01 •• I. O. 

CROSS SECTION 2.750 1 ... 65E.0 3 1. 711E+1I1 o. o. O. 
CROSS SECTION ERROR 2.6111£.1! 2 8. 689E-21 o. o. o. 
CROSS SECTION 2.115 1.209£ .... 1. 631E.01 I. O. o. 
CROSS SECTION ERROR 3.128E.12 8.2UE-U I. o. o. 
CROSS SECTION 3.000 8.619£.03 1.828E.U I. o. o. 
CROSS SECTION ERROR 2.729E.02 8.872E-01 o. G. o. 

Table 39. 
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• • J~' 

2.1 GEV/NUCLEON DEUTERONS C 
TARG~T • CH2 

a 
PUBIZ PROTONS DEUTEROteS H-3 HE-l HE-It 

~.'" . 
' ......... 

C~OSS SECTION 3.25D 1.519U03 1.1CJltE+01 I. I. D. 
C~OSS SECTION ERROR It. 838E+0 1 6 ..... 6E-01 . ~ D. O • (, 

C~OSS SECTION 3.251 1.599E+0 3 1.511E+01 ... 37ltE-Dl D. D. ct .. C~OSS SECTION ERROR 2.277E+11 3.381E-01 1t.531E-GZ G. O. 

C~OSS SECTION 3.SIO 3. 89"E+02 1.31IE+U O. O. D. (;.,: 
C~OSS SECTION E~ROR 3.998E+II 2. 152E-11 O. O. D. 

0 
CROSS SECTION 1.15C 1.263£+82 1.510E+01 O. O. D. 
C~OSS SECTION ERRO~ 1.358£+OQ 2.296E-81 I. D. O. a 

. C~OSS SECTION ".000 6."'''£+01 2. 137E+ III I. G. G. ·co CROSS SECTION ERROR 7. 327E-8 1 2. CJZ1E-01 O. O. O. 
I 

'.591£+11 2.1"6£+11 1.627E-01 O. D. 
..... CROSS SECTION 1t.0DO (,,:I 

CROSS SECTION ERROR 7 ... sn-11 2. 93tE-1I1 1.152E-02 G. G. (,Q 
I 

CROSS SECTION 1t.500 1.212E+01 .... 90E+11 G. O. O. 
C~OSS SECTION ERROR 1.55I1E-Di. 7.270E-81 O. I. G. 

C~OSS SECTION 5.0GO O. 1.739E+02 I. O. D. 
CROSS SECTION ERROR O. 1.U2E+ II O. O. O. 

Table 39 (continued). 



1.05 GEV/NUClEON ALPHAS 
TARGET • BE 

PLA8/Z PROTONS DEUTERONS H-~ HE-J HE-It 

CROSS SECTION .500 1.2 .. 6E+12 7.7115£-01 I. o. o. 
C~OSS SECTION ERROR 5.008£+00 2 ..... 9£-01 O. o. c. 
CROSS SECTION 1.OOC ... 9oltE+0 2 2. ""'E+01 8.623£-11 1.657E+0I 7. 137E-01 
C~OSS SECTION ERROR 8.050E+00 6.221E-01 9.241E-02 9. 33"E-02 S.988E-1I2 . 
C~OSS SECTION 1.250 9.291Et02 ~. S23E+1l 1.132E+00 1.690E+00 It. 281tE-0l 
CROSS SECTION ERP.OR 1 ... 9ftEtOl 8.125E-01 9.53n-OZ 8.522E-02 ".14GE-D2 

CROSS SECTION 1.5GO 3.72 .. [+OJ It. U2E+D1 1.63 .. E.00 2.157£+01 5.777E-.01 
CROSS SECTION ERROR 5. CJ08EtU CJ.1t55E-U 1.059E-01 CJ.UTE-Q2 ..... 25E-02 

CROSS SECTION 1.750 1. 031E .. ' It 6.lD9Et01 1.019Etaa 3.903E·00 7.678E-01 
CROSS SECTION ERROR 2.307E+02 1.5CJ3EtOO 1.056E-01 1.71OE-01 6.757E-02 

I 

CROSS SECTION ·2.000 2.'''6[+03 6 ... UEtOl 1.6 .. 7E.or 1.589~t01 8.568E-01 ...... 
~ 

CROSS SECTION ERROR 5.938E+ll 1.651E.0. 1.3UE-0l ".508i-01 6.736[-02 0 
I 

CQOSS SECTION 2.250 2.776£+02 8.202E+01 1.860E+00 2.678E+02 1.817E.00 
CROSS SECTION ERROR 9.0"5E+DG 2.852EHO 1. 88"E-Il 8.60ltEtOO 1.380E-01 

C~OSS SECTION 2.315 1.969h02 1.077Et02 2.0ltOEtOO 8.lt37E.+02 O. 
CROSS SECTION ERROR 6.lt76E+00 3.653E.00 1.93SE-0l 2.681[+01 o. 
CROSS SECTION 2.500 I. 1. 156E+1I2 O. 2.1"OE+Dl 1~117E+OD 
CROSS SECTION ERROR O. l.891E+00 O. 6.780E+01 1eU7E-01 

CROSS SECTION 2.625 O. 2. 436E+02 o. 2.565hU O. 
CROSS SECTION ERROR O. 7.9]3£+00 o. 1.123E.01 O. 

CROSS SECTION z.no O. ".2I1E.02 o. 3.668£+02 O. 
C~OSS SECTION ERROR O. 1.376E+01 O. 1.171£+01 o. 

Table 40. 
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! .,' 

0 
1.15 GEV/NUCLEON ALPHAS 
TARGET • BE 0 

PUBIZ PROTONS DEUTERONS H-3 HE-3 HE-It 

CROSS SECTION 3.000 O. 1.096E.03 3.0 .. 9E." 1.0 .... E.U 3.023E.Ol 
() 

CROSS SECTION ERROR O. ,3.1t!6E.01 2.206E-01 ".202E-01 1.0SftE+00 
( 

CROSS SECTION 3.125 O. 2.1 .. 5E.n D. 3.786£.01 1.285E.02 .~ 
CROSS SECTION ERROR O. 2.109E.02 O. 1t.0OSE+00 1.290E+01 

(:,.j 
CROSS SECTION 3.125 O. 2. !l70E+U O. If. G. 
CROSS SECTION ERROR O. 6.5&7E.01 O. O. O. 0 
CROSS SECTION 3.250 O. 3. 660E+ D3 ".OiliE+U I. 3.115E+02 0 CROSS SECTION ERROR O. 1. U9E.1I2 2.531E-01 O. 1.0UE*01 

CROSS SECTION 3.333 O. O. o. O. O. at 
CROSS SECTION ERROR O. O. O. G. 'G. I 

~ 
.j:>. 

CROSS SECTION 3.375 O. S.U3E.n o. t. 1.275E.03 ~ 

I CROSS SECTION ERROR O. 5.618E.02 O. O. 1.218E+02 t"" ..., 
CROSS SECTION 3."38 O. S.898E+n O. O. 3.500E.03 
CROSS SECTION ERROR O. 1.167E.02 O. t. 1.138E.02 

CROSS SECTION 3.lt70 O. Y.2'6E.1)3 O. O. 1.0ft7E+0" 
CROSS SECTION ER~OR O. 2.2SDE+02 I. O. 3.31OE+02 

CROSS SECTION 3.625 O. ".12"E+03 3."1IE.00 O. 0. 
CROSS SECTION ERROR O. 1.306£.02 2.193E-01 O. O. 

CROSS SECTION .... 00 O. 1. 792E. 02 2.571E.01 O. O. 
CROSS SECTION ERROR O. S.816E.ao 9. 553E-01 G. O. 

CROSS SECTION ... SOO O. 1. 372E+ D1 3.3"IE+02 O. O. 
CROSS SECTION ERROR O. 5.528E-01 1.010E+01 I. O. 

Table 40 (continued). 



1.a, GEV/NUCLEON ALPHAS 
"IU~ET· BE 

C~OSSSECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

Table 40(continued). 

pua/! PROTONS DEUTERONS 

It. 751 t. D. 
o. D. 

... 875 I. 'I. 
I. D. 

5.010 I. a. 
I. O. 

3.563 

"-3 H£-3 HE-It 

1.256E+03 O. O~ 
3.9I6E+01 o. I. 

1. aUE+03 I. I. 
5.92IE+Ol I. o. 
3.217E+03 O. D. 
1.01llE+02 I. o. 

0.0 
l.878E+00 

-~ 
N 
I 

.. '0 



1.a5 GEV/NUCLEON ALPHAS 
0 TARGET • C 

PUB/Z PROTONS DEUTERONS H-3 HE-3 HE-" CJ 

CROSS SECTION .5011 1.686£"02 Z .... ,E+DO a. a. I. "~,~ .. 
C~OSS SECTION ERROR 7.aS6E+GD ·5.159E-U I. o. o. 
CROSS SECTION .158 3.8 .... E .. 02 1. 83 .. E"01 

( 
3."36E-Ol 7.381£-01 1.6"3£"" 

CROSS SECTION ERROR 1.3 .. 3E"01 1.379£"00 1.721E-01 1.186E-01 2.115E-01 ~~ ..... , . 
CROSS SECTION 1.000 5.881£+82 3.n8E+Il 1.788E"00 1.988£HI0 7.701£-11 (A! CROSS SECTION ERROR 9.181[+11 9.375E-01 1.720E-11 1.276E-U 7.995E-02 

CROSS SECTION 1.250 1.07'5£+133 '.lOltE"01 2.0HE"OO 2.27lte..OO 5.837E-01 C' , 
CROSS SECTION ERROR 1.739E"01 1.1lt2E".1 1.667E-01 1.263E-01 6.221E-'2 

C CROSS SECTION 1.5011 ... 232E .. 03 6.139E+01 2.276E"00 2.186£+08 7.9/t5E-01 
CROSS SECTION ERROR 6.725E+01 1.2 .. 7E+00 1.60"E-01 1.300C:-01 6.672£-02 (.¥ 

I 

C~OSS SECTION 1.150 1.1 .. 2E ..... 7.012E+31 3.092£"U ".620£+DO 1.001E+aD ..... 
+>-CROSS SECTION ERROR 3.616E+02 2. 735E+ 10 3.513E-01 3.261£-01 1.398E-01 VI 
I 

C~OSS SECTION 2.001 2.I77E"03 7 ... 31E .. D1 l.e3~E"00 1.681£+01 1.151£+01 CA 
C~OSS SECTION ERROR 9. 1 .. 9E" II 1 2.8UE+OO 2.5OOE-01 7."39£-01 1 ... 1 .. E-01 

CROSS SECTION 2.250 3. 1OSE", 2 8.912E+01 2.205E"00 2.755£"02 1.802E+00 
CROSS SECTION ERROR 1.026E .. Ol 3.237£+00 2.607E-01 8.93"£+01 1.709E-11 

CROSS SECTION 2.375 2.117E+32 1. 22 .. E"1I2 2.8lt8E+18 9 ...... 8E .. 02 o. 
CROSS SECTION ERPOR 6.188E"oo It. 277£ .. ao 2.922E-01 3.009£+01 a. 

CROSS SECTION 2.!5DO I. 1.&lt3£ .. 02 I. 2.2S5h03 e. 
CQOSS SECTION ERROR o. 5.586E .. ao D. 7.150£+01 o. 
CROSS SECTION 2.625 6.905E"01 2. SU£ .. 02 •• 3.117£+OJ O. 
CROSS SECTION ERROR 2.537E"0I a.315E .. 00 •• 9.561£+01 O. 

Table 41. 
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1 •• 5 GEV/NUCLEON ALPHAS 
TARGET. C 

PUB/Z PROTONS DEUTERONS 

C~OSS SECTION ... 75D o. •• CROSS SECTION ERROR o. o. 
C~OSS SECTION ... 875 D. o. 
CROSS SECTION ERROR D. o. 
C~OSS SECTION !i.'U o. I. 
CROSS SECTION ERROR O. o. 

CROSS SECTION 3~563 
CROSS SECTION ERROR 

Table 4l(continued). 

H-3 HE-3 HE-It 

1.2 .... E •• 3 o. I • 
3.9!i"E+01 D. O. 

1.929E+03 D. D. 
6. 122E.01 a. a. 
3.092E.03 o. O. 
9.798E·01 a. o. 

0.0 
1. 4l3E+00 

I 
~ 

~ 
VI 
I 

o 
.• C 

( 

'eo" ..:b'i 

~ 

c' 
c;: 

00 

~ 



1.0' GEV/NUCLEON ALPHAS 
TARGET • P8 

PLAB/Z PROTONS DEUTERONS H-3 HE-3 HE-It 

CROSS SECTION .150 1.926£.03 3.035E+02 7.ZS1h01 2~9""E+01 2 ... 65£+01 
CROSS SECTION ERROR 2.230£+11 5.lt27£+00 2.336£+00 1.CltOE+QfJ 9.516£-01 

C~OSS SECTION 1.010 2.231H03 3.369E.02 5.958£+01 1.633£+00 6.551£+00 
CROSS SECTION ERROR 1.559H01 J.358£+00 1.163E+00 2.825£-01 2.6Z8£-01 

CROSS SECTION 1.250 3.209£ .. 3 2.8It7E+il2 ... 253E .. 'l 5.329£+00 2."68E+00 
CROSS SECTION ERROR 5.375H01 6.910£+01 2.18 .. £+00 5.265:-01 3.58"E-01 

CROSS SECTION 1.510 1.1OltE+2" 2.268E+02 2.ltUE+U 5.879£+n 2.657£+00 
CROSS SECTION E~OR 1.712E+~2 5.631E+00 1."78E+00 5.1112E-01 3."00E-01 

CROSS SECTION 1.750 3.2111E+0 .. 2. 191E+02 1-.552E+01 1.030::+01 J.335£+00 
CROSS SECTION E~OR 7.210E+Q2 1.1t50E+oa 1.5/tOE+00 8.9lt1E-01 ".983£-01 

CI:tOSS SECTION 2 .... 1.6 .. 11£+03 2.U1E+02 1."'2E+01 3.692~+D1 3.1t71hDD 
I ...... 

CROSS SECTION E~OR 2.lt51£+02 9. '"E+OO 1.988E+OII 2."59£+01 6.71)9E-01 .j::o. 
(]\ 
I 

C~OSS SECTION 2.250 1.9lt3£+02 2.551E+02 1.218E+00 1.591£+12 3.999E+00 
CROSS SECTION ERROR 2.136E+01 1.lD 3£+01 1.296E+00 2.575E+01 6.817E-01 

CROSS SECTION 2.375 5.lt90£+32 z. 9D 1E+~2 7.266£+00 2.622E+G.I O. 
CROSS SECTION ERROR 2.031£+01 1.205£+01 1.267E+00 8.lt58£+01 O. 

CROSS SECTlON 2.50. 3. 362E+I 2 It. 399£+02 O. 8.636:+C3 O •. 
CROSS SECTION ERROR 1.138E+D1 1.618E+01 O. 2.7 .. 7E+02 . O. 

CROSS SECTION 2.625 2.lt21tE+az 7. 29ltE+02 e. 8.3lt5E.U o. 
CROSS SECTION ERROR 1.020E+11 2. SCJDE+01 e. 2.651t£+02 o. 
CROSS SECTION 2.750 O. . 1.UDE+U I. 1.032£+03 1 ..... 9hDl 
CROSS SECTION ERROR O. 3.596£+01 e. 3."06£+01 1.2S1E+"" 

Table 42. 



" 

1.0' GEV/NUCLEON ALPHAS 0 TARGET. PI 

PLAB/Z PROTONS DEUTERONS H-3 HE-3 HE-It C' 

C~OSS SECTION 3.OtO O. 2.6'lE.03 l.ltS9UOO 2.605£+01 7.387E+Ol .. 
'-' CROSS SECTION ERROR o. a.7UE+31 1.226E.00 1.691£+00 3,"33E+00 

( 
C~OSS SECTION 3.125 o. 5. naE+n O. a. ".862E+02 
C~OSS SECTION ERROR O. 1. &rSU'2 O. O. 1.663£.01 .~~. 

C~OSS SECTION 3.250 O. 1. OltIE+OIt '.lUE+oo o. 8. 995E+0 2 v..: CROSS SECTION ERROR a. 3. n8E+~2 1. DalE.oa O. 2.967£+01 

CROSS SECTION 3.U3 I. D. O. D. O. C 
CROSS SECTION ERROR o. o. D. O. O. , 

C 
CIlOSS SECTION 3.375 o. 1 ... 96E •• 1t I. o. /t.328E·03 
CROSS SECTIO~ ERROR O. It. 753£+ 02 D. D. 1.381£+02 C~ 

I 
CROSS SECTION 3."38 D. 1.7UE.'1t I. D. 1.237E+01t ~ 

""-CROSS SECTION ERROR D. 5 ..... 5£+02 D. D. 3.92 .. £+02 '-J 
I 

CROSS SECTION 3."70 D. 3.3116E+II" O. D. ".SZ2E+OIt 
U"; 

CROSS SECTION ERROR O. 1. a 73E. Q3 I. a. 1 ... 31£.0 ] 

CROSS SECTION 3.625 D. 1.015E+0" 1. 232U01 D. o. -
CROSS SECTION ERROR o. 3. "2DE+ 02 1.370E+00 o. o. 
CROSS SECTION It. ODD D. ...096E.02 6.369£+01 D. O. 
CROSS SECTION ERROR D. 1. "80£~01 3.1t8ltE+GO D. D. 

CROSS SECTION ".!SOD D. 3.277E+01 1.330E+02 D. O. 
CROSS SECTION ERROR D. 2.171E.00 2. U7E+0l O. O. 

CROSS SECTION It. 750 o. II. 3.216E+D3 o. o. 
CROSS SECTION ERROR' D. O. 1.03 .. E+02 o. O. 

Table 42 (continued). 



1.05 GEVIHUCLEON ALPHAS 
TARGET. PB 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
C~OSS SECTION ERPOR 

CROSS SECTION 
CROSS SECTION ERROR 

Table 42(continued). 

PUBll 

It. 815 

5.000 

3.563 

PROTONS DEUTERONS 

o. D. 
O. O. 

O. O. 
O. O. 

H-3 HE-3 

5.812E+03 O. 
1.813E+02 I. 

9."30E+0 3 O. 
2.998E+GZ D. 

HE-" 

D. 
D. 

C. 
o. 

0.0 
1.231E+Ol 

1 
~ 

~ 
00 
1 



," 

1 •• S G[V'NUCLEON ALPHAS 
0 

TUGET • eft! 0 
PLABIZ PROTONS DEUTERONS H-l HE-l HE-It 

C~OSS SECTION .7S0 It. 339£+02 1. 6811E.ol o. I. 1.lt97E-01 
( C~OSS SECTION ERROR 1.SC!2hO 1 1. l21t£+00 O. O. 1. 83ltE-01 

CROSS SECTION 1.110 7. 351t£+0 2 3. USE +01 1.528E+ea 1.807£+00 7.773E-01 ..to, 
CROSS SECTION ERROR 1. 213E+01 9. USE-Ill 1.602E-11 1.2UE-C!1 S.110E-02 . c.~ CROSS SECTION 1.25. 1.315E+1I] S.ItItSE+Ol 1.997E+00 2.352£+00 7.012E-01 
CROSS SECTION ERROR 2. 21"E+Ol 1.205E+00 1.651E-01 1.298E-01 t.9~OE-a2 C' 
CROSS SECTION 1.500 1t.832E+03 6. 709E+ 01 2.073E+00 3.019£+00 7.16OE-01 

C: CROSS SECTION ERROR &.052E+01 1. 1t29E+OC 1.61&E-81 1.UtE-01 6.697£-02 

CROSS SECTION 1.7se 1.lt37E+01t &.811E+01 2.0"6£+00 5.801E+02 1.399E+00 OJ· 
CROSS SECTION ERROR 3.215£+"2 2.3&"E+1IO 2.013E-01 2.670£-01 1~lHE-11 

I 

CROSS SECTION 2.000 3. 358E+11 3 S.297£+01 1.938E+00 2.285£+01 1.025E+OC 
..... 
+>-CROSS SEeTIO" ERROR 1.067£+02 3.097E+U 2.597E-Dt 9 ... 73E-Ol 1.3"2E-0l 10 _ 0-I 

CROSS SECTION 2.250 1t.328£+02 1.138E+02 2.365£+110 3.99&E+02 2."55E+00 
CROSS SEC TION EItfi.OR 1.lt13E+01 It. 032E+U 2.733E-01 1.287£+11 2.052E-01 

CROSS SECTION 2.375 3.SCJ9E+D2 1.lt1ltE+02 3. 15 It E+OI 1.332hDl o. 
C~OSS SECTION ERPOR 1. 180E+01 1t.887E+00 3.118E-01 1t.233£+U O. 

CROSS SECTION 2.500 8. 727F+0 1 2. o 16E+1!2 O. 3.180E+03 o. 
CROSS SECTION ERROR 3.1"2E+II 6.777E+OO o. 1.008£+02 O. 

CROSS SECTION 2.625 1.02lE+02 2.969E+02 I. 1t.131E+U 2.936E+1O 
CROSS SECTION ERROR 3.596E+0I 9.775E+0I I. 1.30&E+12 2. 136E-01 

CROSS SECTION 2.750 O. 5. SUE+ 02 t. 5.OC2£+02 9. 81ltE+OO 
CROSS SECTION ERROR a. 1. 779E+01 O. 1.601E+01 ".6lOE-01 

Table 43. 



1.15 GEV/NUCLEON ALPHAS . 
TARGET. CH2 

PLAIIZ PROTONS DEUTERONS H-3' HE-3 HE-It 

CROSS SECTION 3.000 O. 1. 5 .. 3E+ 03 It. neE+" 2.175£+01 ".52OE+01 ~ 
CROSS SECTION ERROR O. ".915£+01 3.233£-01 8.1t33E-01 1.59/tE+OO 

CROSS SECTION 3.125 o. 3.033£+03 o. o. Z.535£+02 
C~OSS SECTION ERROR o. 9. 625E+ 01 o. o. S.UZE+OO 

CROSS SECTION 3.25D O. ".SUE+03 5.01 .. E.00 o. 3.852E·02 
CROSS SECTION ERROR o. 1.5U£.OZ 3.557E-01 o. 1.23 .. E+0'1 

CROSS SECTION 3.333 o. O. I. o. D. 
CROSS SECTION ERROR o. D. - I. O. o. 
CROSS SECTION 3.375 O. 7.1t35£+Dl O. O. 1.535E+03 
C~OSS SECTION ERROR o. Z.3S"E.az D. o. ".869£+01 

I 

CROSS SECTION 3 ... 38 o. S. UZE.Ol o. o. ".557E+0 3 ~ 

Ul 
CROSS SECTION E~OR o. Z.790E+02 I. O. 1.""3£+02 0 

I 

CROSS SECTION 3 ... 70 O. 2.278£+0 .. o. O. 1.,.,.5£+0" 
CROSS SECTION ERPOR o. 7.1I1E+02 O. O. ".571E+02 

CROSS SECTION 3.E25 o. 5.239£.03 6 ... 16E.00 D. O. 
CROSS SECTION ERROR D. 1. 65«)E. 112 3.968E-11 I. G. 

C~OSS SECTION ".000 o. 2.578E+02 3.017£+01 o. D. 
CROSS SECTION ERROR o. 8. 1t1!5E.00 1.186E.OO o. D .• 

CROSS SECTION ".500 o. 1.7I1E+01 ...UIE.az t. o. 
CROSS SECTION ERROR o. 7. 58SE-11 1 ... 36£+01 G. o. 
CROSS SECTION It. 750 o. O. 1.7UE.03 o. o. 
CROSS SECTION ERROR o. o. 5 ..... 6E.11 G. o. 

Table 43 (continued). 
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" 

1.15. GEV/NUClEON ALPHAS 
TARGET. CH2 

CROSS SECTION. 
CROSS SECTION ERROR 

CROSS SECTION 
C~OSS SECTION ERROR 

'. Table 43 (continued). 

-, 

PLAB/Z 

,..a75 

5.aao 

PROTONS DEUTERONS H-3 

O. D. 3.127[+03 
o. o. 9.909E+01 

a. a. 3.9UE+03 
a. o. 1.2"ClE+02 

.,' 

o 
o 

HE-J HE-It 

I. . a. 
O. a. ( 

O. D. ..t:. 
O. a. 

(N, 

e 
C 

'CC 
I 
~ 
(J1 

~ 

I 

'j 



2.1 GEV'NUCLEON ALPHAS 
TARGET • 8E 

PLAelZ PROTOrtS DEUTERONS 

CROSS SECTION .500 1.061E.02 1t.&UE-Ol 
C~OSS SECTION ERROR 3.566£+DO 1.779E-U 

CROSS SECTION .?SO 2.033E.02 7. 122E.00 
CROSS SECTION ERRO~ 3 ..... 6E •• ·• 3.710E-01 

CROSS SECTION 1.000 3.093E.02 1. 212E. Q1 
CROSS SECTION ERROR ... 823£.10 ".H2E-U 

CROSS SECTION 1.250 ... 322£.02 1.It21E.01 
C~OSS SECTION ERROR ... 582E.00 3.106£-:" 

CROSS SECTION 1.'OG 6.177£.0:2 1.7lt7E.U 
C~OSS SECTION E~OR 6. 395E+aa 3.296E-U 

CQOSS SECTlON 1.750 8.270£+OZ Z.117E.Ol 
C~OSS SECTION ERPOR 1.196£+01 5.D20E-01 

CROSS SECTION Z.ODa 1.11t7£.03 Z.5S9£+U 
CROSS SECTION ERROR 2.601E.o1 I. 111E-01 

C~OSS SECTION 2.250 2.03CJE+OJ 3.126£+01 
C~OSS SECTION ERROR 6 ... 95E.o 1 1.3S2E.00 

CROSS SECTION Z.500 3.750E.D3 3.355E.Ol 
CROSS SECTION ERROR 1.190£.OZ 1.ltZltE.'0 . , 

CROSS SECTION Z.71a 7.691UD3 ... 361£.01 
C~OSS SECTION ERROR 2.It38E.02 1.722E.1O 

CROSS SECTION 2.113 7.702E.03 o. 
CROSS SECTION ERROR 2.1t39£.D2 o. 

Table 44. 

f' 

.' 

H-3 HE-l 

o. o. 
O. O. 

a. 3.2"0£-31 
o. 5.1t20E-02 

".185E-01 3.96JE-!J1 
1.51t0E-02 5.216E-02 

5.ItOl!E-01 ".158E-Ol 
5."27E-02 3.377E-02 

6.030£-01 ".635E-91 
5.2 .. ItE-02 J~263E-"2 

5.1t00E-0 1 5."GOE-01 
6.500E-D2 ".628E-02 

It. nItE-O 1 6.750E-01 
9. 151t£-0 2 1.697E-02 

6.300£-01 1.020H!JO 
1. 38U-0 1 1.278£-01 

o. o. 
o. D. 

o. D. 
D. D. 

o. o. 
I. o. 

. 
" 

o. 
O. 

o. 
O. 

O. 
O. 

o. 
O. 

O. 
o. 
O. 
o. 
O. 
O. 

O. 
o. 

O. 
D. 

o. 
O. 

o. 
a. 

HE-It 

I ..... 
V1 
N 
I 



" 

" 

2.1 GEV/NUCLEON ALPHAS 0 TARGET • BE 

PLAB/Z PROTONS DEUTERONS "-3 HE-3 HE-ft 0 

CROSS SECTION 2.&75 7.8lt5E+03 I. o. o. C' 
O. 

CROSS SECTION ERROR 2.lt81t£+02 o. o. o. o. 
( 

C~OSS SECTION 3.000 7.0lt3£t03 3.617E+Ol O. O. D. 
CROSS SECTION ERROR 2.231E+az 1.U5E+OC o. o. D. ..t.., 
CROSS SECTION 3.250 2.636E+0 3 3.61OE+01 D. o. G. (A CROSS SECTION ERRO~ 1.513E+02 2.5UEtOO G. O. O. 

CROSS SECTION 3.500 CJ. 69ltE+ 0 2 1t.891Et01 D. o. G. C 
CROSS SECTION ERROR 5.507001 3.2lt6EtOO o. o. O. 

C~OSS SECTION 3.750 O. 5. eZ5Et ~1 
a 

5.6ltlE-01 9.lt67Et01 o. 
CROSS SECTION ERROR o. 2.lD6Et~0 1.277E-01 3.133EtOO 'D. I c; ..... 

(J1 

C~OSS SECTION It. ODD 2.502E+02 5."SSEt 01 o. 3.667E+02 o. VI 
I CROSS SECTION ERROR 1.273E+01 3.0 S SEt 00 o. 1.828E+01 D. 

C~OSS SECTION 1t.25D G. O. o. 6.Slt3E+02 G. co 
CROSS SECTION ERROR o. o. O. 2.0111E+01 O. 

CROSS SECTION It. 'DO O. o. D. 1.277E.32 G. 
CROSS SECTION ERROR o. D. a. 1t.1SltE+a:a o. 
CROSS SECTION ".750 O. O. O. 2.076E+H o. 
CROSS SECTION ERROR o. O. O. 7.60SE-01 G. 

C~OSS SECTION S.OOO o. 7.188EtQ2 o. o. O. 
CROSS SECTION ERROR O. 2.2CJU+01 o. D. D. 

Table 44 (continued). 
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2.1 GEV/NUCLEON ALPHAS 0 
TARGET • C 

0 
PLAlIZ PROTONS DEUTE~ONS H-3 HE-3 HE-It 

CROSS SECTION 2.1175 1I.'99E+03 I. O. e. I. 
C~OSS 5ECTION ERROR 2.7nE+U I. o. 'I. O. ( 

CROSS SECTION 3.lle 1.1 .. 9E+0 .. 5. lilt 1£ + Dl I. a. o. 
~, C~OSS SECTION ERROR 6. 17C£+" 2 3.U1E+!Ia o. a. a. 

CROSS SECTION 3.250 ... 615£+03 5.799£+111 o. a. O. c...;: 
CROSS SECTION ERROR 2.6 .. IIE+02 ".l .. IIE+oo I. o. a. 

C 
C~OSS SECTION 3.5ID 1.1 .. IIE+03 5.19I1E+01 I. o. I. 
CROSS SECTION ERROR 3.676E+Ol 2. ~67E+t)1J It. o. O. 0 
CROSS SECTION 3.7SG O. 6. 885E+01 I. 1.171£+02 o. 0"'" C~OSS SECTION ERROR O. 2.511I1E+OO O. 3.92":+00 O. ... 

I 
CROSS SECTION It.ooa 2.8It1thO 2 5.527E+01 I. 3.967£+12 O. ..,... 

CJ1 C~OSS SECTION ERROR 1."29£+U 3.23ftE+OO o. 1.939E+Ol O. CJ1 
I ...0 CROSS SECTION ".250 a. I. o. 6.51Dh02 O. 

C~OSS SECTION ERROR O. O. o. 3."17E+01 O. 

C~OSS SECTION ".501l o. I. o. 1.120E+02 O. 
CROSS SECTION ERPOR O. I. I. 3.727E+00 O. 

CROSS SECTION It. 750 o. O. O. 2.191E+Ol O. 
CROSS SECTION ERROR o. I. I. 1I.529E-01 I. 

CROSS SECTION s.ooo O. o. o. o. O. 
CROSS SECTION ERPOR o. "I. o. I. I. 

Table 45 (continued). 



t.l CEV/NUCLEON ALPHAS 
TARGET • PI 

PUB/Z PROTONS OEIITERONS H-3 HE-3 HE-It 

CROSS SECTION .500 1.985hDJ 3.Un.U t. 3.292£.00 D. .-'-, 
CROSS SECTION E~OR 2.936EU1 2. 9ft .. £. 00 o. 6.3"5£-01 o. 
CROSS SECTION .750 2 ... 65EtU ".377E+02 D. 2.260E+01 o. 
CROSS SECTION ERROR 3.155E+l1 9 ... ltU.OO O. 1.37 .. £.00 O. 

CROSS SECTION 1.DOO 2.328E.0 3 ".185£.02 a.610E.01 1.055E+01 O. 
CROSS SECTION ERROR 2. aSSE.U a.237E+00 3.365£.00 a.Cl8CJE-Ol C. 

CROSS SECTION 1.2st! 2 ..... 6£.03 3 ..... 4£.02 1.218£.01 6.195£.00 O. 
CROSS SECTION ERROR 2.UOE+l1 6.7D9f+OO 2.162E+00 5.532£-01 G. 

CROSS SECTION 1.5110 2.136E+03 2. 5aaE+~Z ".935£+01 ".065E+CiJ II. 
CROSS SECTION ERROR 3.1O .. E+01 5.135E+ 00 2.063£+00 1t.085~-01 O. 

I 

CROSS SECTION 1.15e! 3.086E+33 2. UlE.f!2 3.212E+01 3.Cl1e+~. O. .... 
til 

CROSS SECTION ERROR l."06E+01 ft. 29ZE+~0 1.530£+00 3. 26"E-01 O. 0-
I 

CQOSS SECTION 2. Oil! ... 1lt1E.n 1. aUE.02 2.1I12E+01 1.982£tGD G. 
CROSS SEcrlON ERPOR 9. 911E.11 a. UCJE+OO 2.517E.U 5.51"E-01 O. 

CROSS SECTION 2.250 6.166E+03 1.60 1E+ 02 9.155E+00 It.U5E+00 C. 
CROSS SECTION E~OR Z.o31£+az 1.056E+01 2.320£+00 1.D57E+ao O. 

CROSS SECTION 2.'00 1.292E+:I" 1.302h02 O. O. O. 
CROSS SEC1ION ERROR ... 160E+az a.917E+00 D. o. O. 

CROSS SECTION 2.150 2.916£+, .. 1. 59ltE+OZ D. D. O. 
CROSS SECTION ERROR 9.2811E+02 9. '''41£+00 e. o. O. 

CROSS SECTION 2.U3 3. 192E.II .. O. O. D. O. 
CROSS SECTION ERROR 1.016£+113 D. O. O. D. 

-Table 46. 
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2.1 GEV/NUCLEON ALPHAS 
~O 

TARGET • P8 
Co" 

PLAB/! PROTONS DEUTERONS H-:J HE-3 HE-. 
{,,, .. 

CQOSS SECTION 2.875 2.8 .. 6E+0 .. D. O. D. D. 
C~OSS SECTION E~ROR 9.06"E+02 D. O. O. G. ( 

CROSS SECTION 3.000 2.878E+0. 1.317E+02 D. O. O. ~~ 

CROSS SECTION ERROR 9.162£+02 8.372hQD O. O. O. '"""--

CROSS SECTION 3.250 1.196E+O. 1.778E+02 O. O. II. e. " "" CROSS SECTION EAAOR 3.8 .. 0E+02 9.Ulth'0 I. O. O. 
C 

CROSS SECTION 3.500 3.323E+13 1.lt52E+02 O. O. O. 
CROSS SECTION EAAOR 1.1CI3E+OZ II. 1t20E+20 D. O. O. C , " 

CROSS SECTION 3.750 O. 1.730E+OZ 2.927E+08 3.063£+OZ G. (.1:) 
CROSS SECTION ERROR O. 6.5J1E+~0 6.CJ2CJE-0l 8."'5E+00 O. I 

~ 

C~OSS SECTION It.oao 1.1311£+02 1.516£+02 O. 1."18£+Q] G. VI 'E\.: 
-...J 

C~OSS SECTION ERFOR 2.681E+01 8.278£+011 O. ... 119£+01 G. I 

0 
CROSS SECTION It. 250 O. O. o. 2.116e+0] D.' 
CROSS SECTION ERROR a. D. II. 8.U3E+1J1 D. 

CROSS SECTION ".500 D. D. D. 3.862E+D2 D. 
CROSS SECTION E~OR O. D. a. 1.00ltE+01 a. 
CROSS SeCTlON ... 7511 o. o. a. 6.2311£+01 O. 
CROSS SECTION E~ROR a. a. o. 2 ... 3CJhOD D. 

CROSS SECTION 5.DOG D. 2.521E+03 D. o. a. 
CROSS SECTION ERROR O • 8.3,.IE+1I1 . o. a. G • 

.. J 

Table 46 (continued). 



2.1 GEV/NUCLEON ALPHAS 
TARGET • CHI 

pua/z PROTONS DEUTERONS H-3 HE-l HE- .. 

CROSS. SECTION .5OD 1.5 .. 5£+02 6.O!J2E-0l o. o. o. 
CROSS SECTION ERROR 3.309E+" 1. 565E~0l o. o. o. 
CROSS SECTION .750 2.79S£+0'2 1.1Z .. E.1J1 o. 6.771E-D1 o. 
CROSS SECTION ERROR ".809E+00 5.725£-01 I. 9.fI23E-Ol o. 
CROSS SECTION 1.DOD 3.591[+02 1. e12E+U 1.3 .. 1E.aa 7.313£-01 G. 
CROSS SECTION ERROR ".061£+OQ 1t.7J2E-Dl 1. 175E-01 6. 13aE-1I2 o. 
CQOSS SECTION 1.250 ... 965£+02 2.225£+01 1 ... 06E+ ... 6.906E-01 o. 
CROSS SECTION ERROR 5.353£.00 ".186E-01 1.018E-01 5.3At2E-D2 o. 
CROSS SEClI ON 1.5110 8.330£+02 2.375£+ D1 9.953E-01 6.399E-01 o. 
CQOSS SECTION ERROR 8.657E+00 ".6lt9E-01 8.269E-02 1t.698£-02 G. 

I 

CROSS SECTION 1.7!JO 1. 13,.UI13 2. SZltE+01 1.010E+00 7.835E-01 D. ~ 

VI 
CROSS SECTION ERROR 1.6 .. 3UOl 6.965E-01 1.092E-11 6.S3ltE-1J2 o. 00 

I 

CROSS SECTION 2.DDO 1.nSU03 3~ 667£+01 7.lOCJE-01 CJ.776E-Dl a. 
CROSS SECTION ERROR 3.5hE+II1 1. U .. E. 00 1. 353E-01 1.135£-01 o. 
CROSS SECTION 2.258 2.667£+13 It. 152£+ U 5.868E-01 1.151E+00 o. 
CROSS SECTION ERROR 8.50 .. E.01 1.893E+00 1.638E-Ol 1.652£-01 o. 
CROSS SECTION 2.5DO ".913£+03 3. 631E+01 o. o. o. 
C~OSS SECTION ERROR 1.560E+02 1.669£.00 o. o. o. 
CROSS SECTION 2.751 1.036£+01t 5.752£+01 o. o. o. 
C~OSS SECTION ERROR 3.281E+02 Z.321E.U O. O. O. 

CROSS SECTION 2.1113 t.n2£+1" I. o. o. o. 
CROSS SECTION ERROR 3.333£+0 2 O. o. o. o. 

Table 47. 
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2.1 GEV/NUCLEON ALPHAS 'OJ 
TARGET • CH2 

0 
PUB/Z PROTONS DEUTERONS H-3 HE-l HE-It 

CROSS SECTION 2.875 1.0UHOIt I. O. D. a. " '-' CROSS SECTION ERROR 3. 176£+D2 O. tt. o. o. ( 

CROSS SECTION 3.0ae 6.lt18£+03 2.5611£+01 o. o. o. L CROSS SECTION ERPOR 3.679E+02 2.226E+00 o. G. c. 
CQOSS SECTION 3.250 2.666E+03 3.7/t5E+01 o. o. D. (.r.J 
CROSS SECTION ERROR 1.536£+02 2.900E+ao D. G. o. 

C CROSS SECTION 3.5D1l 1.353E+03 5.831E+U o. o. D. 
CQOSS SECTION ERROR ".32"E+Ol 2.2S5E+OO o. I. O. C~ 

CQOSS SECTION 3.750 D. 1.1]2£+ til o. 1.306E+1I2 D. at CQOSS SECTION ER~OR O. 2.617E+OC D. ".339E+00 o. 
I 
~ ~; CROSS SECTION It.OOl 3.171£+02 7.061E+U D. 1t.882£+D2 o. !J1 

CROSS SECTION E~OR 1. a"2E+U 2.601E.OO o. 1.56ltE+/I1 o. 1.0 
I -CQOSS SECTION 1t.25e O. D. O. 1I.209E.02 O. 

CROSS SECTION ERPOR o. o. I. 2.615E.U o. 
CROSS SECTION It.SOD o. O. o. 1.278€.02 a. 
CROSS SECTION ER~OR I. O. I. 1t.217E.OJ o. 
CROSS SECTION 1t.751 o. O. D. '2.358£-01 o. 
C~OSS SECTION ERROR I. O. O. 8.9UE-01 o. 
CROSS SECTION !I.OGa O. 1.nn+n a. o. O. 
CROSS SECTION ERROR o. 3. 353E+11 I. I. O. 

Table 47 (continued). 
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eu or Pb Target 1/4" Thick 

Fragment 

Observe d 3H 
3 . 4He Momentum p He 

(MeV/c) 

1250 1250 1266±13 1285±28 1269±16 1281±25 

1000 1000 1025±20 1053±35 1028±22 l050±41 

900 909±7 931±24 970±57 933±27 954±44 

750 762±10 793±33 857±87 796±37 832±65 

500 521±17 594±77 -- 597±80 666±54 

Be or C Target 1/4" Thick 

~ Observe d 
3H 3 4He p . He 

Momentum 
(MeV /c) 

1250 1250 1250 1250 1250 1250 

1000 1000 1000 1013±11 1000 1000 

900 900 900 917±14 907±6 914±11 

750 750 760±8 776±21 760±9 770±16 

500 505±4 526±21 -- 526±21 536+29 

Table 48. Momentum of Observed Particle Corrected for Energy 
Loss in Target (MeV/c) 
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Reaction 

d + Be -+ p + X 

d + C -+ P + X 

d + Pb -+ P + X 

d + CH2 -+ P + X 

Average 

a + Be -+ p + X 

a + C -+ P + X 

a + Pb -+ P + X 

a + CH2 -+ P + X 

Average 

E d2a --- (1.05 GeV/nucleon) 
k2 drldk 

E d2a - -- (2.1 GeV/nucleon) 
k2 drldk 

2.29 

3.04 

3.60 

3.16 

3,02 ± .47 

2.33 

2.35 

2.00 

2.54 

2.31 ± .10 

Overall average 2.67 ± 0.48 

Table 49. Ratio of invariant cross sections at two energies at 

the proton peak 



1.05 GEY/NUCLEON CARBON BEAM 
TAR~ET • C 

PLABIZ PROTONS DEUTERONS H-3 HE-] HE-it 

C~OSS SECTION 1. 0011 2.03SU03 9.S"lE+U o. 1.t!81E+G1 O. 
Crt.OSS SECTION ERROR 8.128E+0 1 1. 123E+01 o. 1t.091E+03 c. 
CROSS SECTION 1.250 1t.1t70E+D] 2. za ]E+02 O. 1.839hOl O. 
CROSS SECTION ERROR 2.291E+02 It.UlE+Ql O. 8.2"6~+03 o. 
CQOSS SECTION 1.500 1.161E+OIt 2.115E+02 O. 3.05"E+01 O. 
CROSS SECTION ERROR 6.1t80E+02 3.618E+01 O. 9.10SE+00 O. 

CROSS SECTION 1.625 3.888E+0" 2.250E+02 o. ].939E+01 D. 
CROSS SECTION ERROR 1.315E+03 3.628E+01 O. 1.060e-01 D • 

. CROSS SECTION 1.150 5.096£-01t 2.818E+12 O. ... 116E-01 O. 
CROSS SECTION ERROR 1.692E+0 3 3.931E- 01 O. 1.C5ZE-01 O. 

I 

CROSS SECTION 1.875 3.525E+01t 3.165E+02 1.91t8E+01 9.1t96£+01 O. ~ 

(j\ 
CROSS SECTION ERROR 1.189E+03 It.051E+01 9.159£+00 1.550E+01 G. N 

CROSS SECTION 2.010 1.It18E+01t 2.921E+02 O. 1.620e+02 o. 
CROSS SECTION ERROR 5.31t6£+02 3. 166E+01 O. 1.990E+01 o. 
CROSS SECTION 2.250 2. 199E+03 5. 211E + 02 1.217E-01 1.fl11E+QJ O. 
C~OSS SECTION ERROR 1.113E-0 2 It. nSE+ 01 7.031E+OO 7.810e+Ol O. 

CROSS SeCTION 2.500 6.169E_0 2 9. 7&5E+ 02 2. 190E+01 6.91JE+U O. 
CROSS SECTION ERROR 3.628E-Ol 1t.1S3E-U 6.31t2E+00 1.751E+02 o. 
CROSS SECTION 2.625 3.755E+02 1.533E_03 6.953E+00 1.889E+03 O. 
CROSS SECTION ERROR 3.803£+01 1.1'''E+01 • 1t.922E-00 2.156E-02 G. 

CROSS SECTION 2. 75~ O. 2. 1t06E- III ".llt8E-00 ".211E+03 O. 
CROSS SECTION ERROR o. 5. IUE- D1 1.85£E+00 1.861£+01 O. 

Table 50. 
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1.05 GEV/NUCLEON CARSON BEAM 
TARGET It C 

PUSIZ PROTONS DEUTERONS H-3 HE-3 HE-It a 
C~OSS SECTION 2.800 o. 2. nOE+ 03 O. 2.738E+0] o. C CROSS SECTION fR~OR O. 6. 56ltE+01 O. 5."68E+01 o. 
C~OSS SECTION 2.900 o. 1t.056F.+03 O. 1."65E+03 O. ... .., .. + 

CROSS SECTION ERROR O. 1.709E+02 o. 6.672£+01 O. 
( 

C~OSS SECTION 3.063 O. It. 1t19E+ C3 3.278E+Cl 6.lt37£+02 3.828E+03 
CROSS SECTION E~ROR o. 1.279E+02 7.027E+00 2.620£+01 1.009£+02 Q. ...... 
CROSS SECTION 3.125 O. 8.96ltE+03 3.501t£+01 ".Z13E+02 3.756E+03 ~ 
C~OSS SECTION ERROR O. 2. Ji) 8E + DZ 1.196E+00 1.991E+:J1 Cj.966E+Ol 

CROSS SECTION 3.250 O. 1. 321E+ Olt ...212E+01 O. «:.755E+03 C: 
C~OSS ~ECTION E~ROR O. 3.2&&E+32 1.7It8E+00 G. Z.333£+02 

I c: 
CROSS SECTION 3.315 O. 1.8UE+01t O. O. 1.8lt6E+0 .. ...... 

0\ CROSS SECTION ERPOR O. 6.161E+~2 o. O. 6.0lt6E+02 VI 0;:; 
I 

CROSS SECTI ON 3.500 O. 1.7 Z 3E+0" O. O •. 1.699E+0" i\: CROSS SECTION ERPOR O. 5. 81t6E+ 32 O. O. 5.5hE+02 

CROSS SECTION 3.625 O. 1.3&6E+01t 8.560E+01 O. 7.911E+03 
c...;, 

CROSS SECTION ERPOR O. 3. 32 .. E+ 02 1.056E+Ol O. 1.9]ltE+02 

CROSS SECTION 3.750 o. • ".11"E+'33 1.071E+02 O. I.TitJE+03 
CROSS SECTION ERROR o. 1.IUE+02 1.166E+01 O. 5.079E+01 

CROSS SECTION 3.850 o. 1.903E+OJ 1.517E+02 O. 2.133E+C2 
CROSS SECTION ERROR O. 9.019E+Ol 1.956E+01 O. 1.721E+Ol 

Table 50 (continued). 



1.05 GEV/NUCLEOH CARRON dEl" 
TARGET. CU 

PUBIl P"OTONS DELlTEltONS H-3' HE-3 HE-It 

.C~OSS SECTION 1. GOD 1t.319E.03 ... 2&6E+02 O. 1t.000£.01 O. t, 
C~OSS SECTION ERROR 2.525E+02 1.581E+Ol O. 1.635£.01 II. 

CItOSS SECTION 1.250 1.805E+03 9.595E+02 a. 3.199£+01 G. 
CP.OSS SECrION ERROR S.513E+Q2 1.77SE+02 O. 2.265£+01 G. 

CItOSS SECTION 1.SOC 3. 220EtOlt 7.991E+1)2 O. 6.f:6SE+01 G. 
CROSS SrcTtON ER~OIl 1.371E.0 3 1. 1t82E. 02 O. 2.988£+01 O. 

CROSS SECTION 1.625 6.213E+01t 7. 87"E+02 1t.9UE+Ol 9.8 .. 3£.01 O. 
CROSS SECTION ER~OR 2.321E+03 1 ... 1 .. £+02 3."8"E+Ol 3 ... 9,.:+01 G. 

C~OSS SECTlON 1.150 8.3 .. 3E.III. 8. 1t5 .. E.1I2 6.855E+C1 7. 991E.+01 O. 
CROSS SECTION ERROR 2.978£+03 1."15E+02 3.963£·01 3.033£+01 o. 

I 

CROSS SEeTI.oN- 1.875 5.83"E+0" 8.316£.02 6.391£.01 1.279£.:12 O. ...... 
C]\ 

CROSS SECTION ERROR 2.156E.n 1.351E.02 3.699E.01 3.716E.Ol o. ~ 
I 

CROSS SECTION 2.000 2.lt15E.0 .. 7.796E.02 9. 996E+01 1.999£+02 O. 
CROSS SECTION ERRO~ 1.032E+03 1.273E.02 ..... 81E.01 /t.515£+01 O. 

CROSS SECTION 2.250 ".122E.03 5. UltE+ 02 1.1C8E+01 3.D12t.n o. 
CROSS SECTION ERROR 3.0hE+02 1.281E+'l2 3.561£+01 1.89.5E+02· O. 

C~OSS SECTION z.soc 1.007E+03 1.591E.33 1.599E+01 1.091E+0" O. 
CROSS SECTYON ERROR 9.251E+01 1.U1E+OZ 1. 131E.01 3.21.2£+02 O. 

C~OSS SECTION 2. (:25 6.101E+OZ 2.&D/th03 1t.569E+Ol . 1.10 9E.QIt 0. 
CROSS SECTION ERROR 1.032E+02 2. 155E.02 2.6 .. 2E.01 ... 55/t£.02 O • 

CROSS SE.CTlON 2.150 O. 3.823£+03 O. 5.732£+01 O. 
CROSS SECTION E~ROR O. 1.325E+02 o. 1.365£+02 O. 

Table 51. 
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1.a~ GEV/NUCLEON CARBON 8EA" 
TARGET .. CU 

C 
PLAB/Z PROTONS DEUTERONS H-J HE-3 HE-It 

C 
CROSS SECTION 2.800 O. It. sasE+n O. ".016E+03 O. 
C~OSS SECTION E~ROR O. 9.202E+"1 o. 6.693E+01 c. 
C~OSS SECTION 2.900 O. £ .. "93E+03 8.211E+01 1.elt1E+Ql O. <. 
C~OSS SECTION ERP.OR o. 3.629E+02 1. 387E+01 1.271E+02 o. 
CQOSS SECTION 3.063 o. 1.216E+!)" 6.005E+01 1.063E+Ol ".2f)3E+OJ ~ 
CROSS SECTION ERR'OR o. 2 • ..,6(+ 02 1. 255E+0 1 ".016E+01 9.5~2E+01 

(..,~ 
CROSS SECTION J.125 o. 1.lt19E+CIt 8.699E+01 7.01OE+02 6.057£+03 
CROSS SECTION ERROR o. 2.168E+02 1."97E+01 J.155E+01 1.228E+02 C 

C~OSS SECTION 3.250 O. 1. 995E+ 'lit 9.021E+01 O. ,- 1.527Et-Oct C C~OSS SECTION ERROR O. It. &31E+02 1.93OE+01 O. 3.303E+02 I ...... 
0' 0: CROSS SECTION 3.315 o. 2.5"1E+01t O. o. 2.627E+O" V1 

CROSS SECTION ERROR o. ".352E+02 D. Oo' ".113E+02 
I 

~. 
I ...... 

C~OSS SECTION 3.500 o. 2. &27E+0" o. o. c.lt52E+0It 
CROSS SECTION ERROR o. 3.1"1E+C2 o. c. 2.122E+02 & 

C~OSS SECTION 3.625 o. 1.914E+34 1.059E+02 o. 9.935E+03 
CROSS SECTION ERROR o. 3. H8E+ 02 1.535E+01 o. 1.152E+~2 

CROSS SECTION 3.150 o. 1.UltE+01t 1.599E+0 2 o. 2.D1~E+03 
CROSS SECTION ERROR o. 2.,UE+02 2.lt02E+01 O. 7.012E+Ol 

C~OSS SECTION J.SSI! o. 1.50ItE+!l1t • 3.530E+02 O. 2.8:.5E+03 
CROSS SECTION ER~OR o. 6.182E+02 6.151E+01 o. 1.512E+02 

Table 51 (continued). 



1.as G£V PlR NUCLEON CARlON - "ElV' ftA'"ENTS 
tARGET • CU 

pUln LX IE I C 

CROSS SECTION 2."0 o. 1.1I1E.U 1 ..... E .. l o. 
CROSS SECTION ERROR G. l.noulO 2. ItJ9U 10 ·0. 

CROSS SECTION 2.1' a a. 1.losua2 2. 199E+ 01 ,. 
CROSS SECTION ERROR a. 7.129EUG 3.00 .. uaa o. 
CROSS SEcrION 2.910 o. ".IOIE·OZ 2 ... 11£+01 G. 
CROSS SECTION ERROR o. 1.lt16E.U 2. 12ltE+OO G. 

CROSS SECT ION I.IU a. ... ZiSun 1.216E+" ,. 
CROSS SECTION ERROR o. 1.291'+" 3.11I,+a, G. 

CROSS SEcnON I.U' 1.n6E·gz 2.2U'.02 1. ItftE.02 G. 
CROSS SECTION ERROR '.UIE.'~ 9 •• "' ... 5.606,.aa o. 
CROSS SECTION 1.21' 5.106E.12 •• a. o. I 

CROSS SECTION ERROR 1.57.E+U o. a. o. ~ 

0\ 
0\ 

CROSS SECTION I •• ,. 1.191E.n G. 1.157£.02 6.ZJ1'." 
I 

CROSS SECTION ERROR 2.5Z.E.01 G. 7.1 .. 0E.00 •• 721E.0I 

CROSS SECTION I.' .. 1.11tlE+Ol a. 1.01t.E." ...591£.11 
CROSS SECTION ERROR 2.a7aE.01 a. ".527E ... I.U1E .... 

CROSS SEcrlON I.i25 2.162E.02 o. G. a. 
ieROSS SECTION ERROR 1.h6U01 a. a. o. 
CROSS SECTION I.r .. 1.575UOl ... 2"'E.01 5.711£+01 G. 
CRO~S SECTION ERROR 7.155E.1O 1.587EUI •• 671£+ .. G. 

CROSS SECTION I.UI 2. 765£+ G2 7 ... "E.11 6. "6E.81 I. 
CROSS SECTION ERROR z.un.u 1.UftE.U ••• 11'.01 o • 

Table 52. 
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1.15 GEV PER NUCLEON CAR.ON - ",aVY FlAGMENTS 
TARGET • C 

PLlI/Z LX 8E 8 C 0 
CROSS SECTION z.na a. ... 0I6E.'11 5.077EtOO O. C CROSS SECTION ERROR O. 3.050UOO 9."61E-01 I. 

,~ 

CROSS SECTION Z.IIO O. 1.110Etl1 ,.za9U01 a. .~ 

CROSS SECTION ERROR I. ... 527EUO 1.503E.oO O. 
(, 

CROSS SECTION Z.III I. 2.ltUEt02 1.262Et01 O. 
CROSS SECTION ERROR I. 1. 151Et01 2.066Etoo a. lI' .. ~~ 
CROSS SECTION 3.113 a. Z.11ltEtaz 2.012U01 O. ,(.-.2 CROSS SECTION ERROR a. 7.557E .. 0 1.616E.00 o. 
CROSS SECTION a.U5 9.719Etll1 1.3UE •• 2 3.lt66E." •• 'C 
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Figure Captions 

Fig. 1. Expected general shape of single particle inclusive 

cross sections showing three kinematic regions. 

Fig. 2. Regge exchange diagrams applicable to (a) beam frag-

mentation region. (b) target fragmentation region. 

(c) central region. 

Fig. 3. Illustration of the model used to calculate pion 

production by heavy ions. 

Fig. 4. Set-up of spectrometer and detection system. 

Fig. 5. Effect of (a) intermediate focus collimator and (b) 

upstream collimator on the flux of particles at the 

spectrometer's final focus. 

Fig. 6. Logic system for measuring negative particle production. 

Fig. 7 .. Gas Cerenkov counter pressure curve showing separation 

of pions and leptons. 

Fig. 8. Logic system for identification of positive fragments 

by time-of-flight and dE/dx. 

Fig. 9. 

Fig. 10. 

Logic system for measuring dE/dx spectra. 

Typical time-of-flight spectrum showing 3H near 

channel 113. deuterons and alphas near channel 

149, 3He near channel 166. protons near channel 

179, and pions near 191. Vertical scales are 

logarithmic. 

Fig. 11. Electron fraction of negative produced particles from 

3.5 GeV protons on various targets. 
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Fig. 12. Range of parameters involved in the experiment. 

Fig. 13. Negative pion production by proton beams with a carbon 

target. 
"~ . 

Fig. 14. Positive pion production by proton beams with a carbon 

target. 

Fig. IS. Negative pion production by LOS GeV/nucleon deuterons, 

alphas, and protons on carbon. 

Fig. 16. Neg"ative pion production by 2.1 GeV /nucleondeuterons, 

alphas, and protons on carbon. 

Fig. 17. Negative pion production by protons on carbon as a 

function of the scaling variable Xl. 

Fig. 18. Negative pion production by deuterons on carbon as a 

function of the scaling variable Xl. 

Fig. 19. Negative pion production by alphas on carbon as a 

function of the scaling variable Xl. 

Fig. 20. Comparison of the data for n- production by 1.05 and 

2.1 GeV/nucleon deuterons with the predictions of the 

model described in the text (solid line). 

.. Fig. 21. Comparison of the data for n production by 1.05 

and 2.1 GeV/nucleon alphas with the predictions of 

the model described in the text (solid line). 

Fig. 22. Negative pion production by 2.1 GeV/nucleon alphas as 

a function of the atomic mass of the target. 

Fig. 24. Fragmentation cross sections of 1.05 GeV/nucleon alphas 

3 3 4 into protons, deuterons, H, He, and He. 
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Fig. 25. Fragmentation cross sections of 1.05 GeV/nucleon 

alphas as a function of fragment rapidity y. 

Fig. 26. Fragmentation cross sections for 1.05 GeV/nucleon 

deuterons on carbon. 

Fig. 27. Comparison of data on fragmentation of deuterons 

into protons with the predictions of the model 

described in the text (solid lines). 

Fig. 28. Comparison of data on fragmentation of alphas into 

protons with the predictions of the model described in 

the t~Xt (Solid line)~ 

Fig. 29. Fragmentation of alphas into 3He at two energies. 

Fig. 30. Plot of the exponent N obtained from· fitting the 

target dependence of various cross sections with an 

AN type function. 

Fig. 31. Fragmentation of a 1.05 GeV/nucleon carbon beam on a 

carbon target. 

Fig. 32. Fragmentation of a 1.05 GeV/nucleon carbon beam into 

heavy fragments (A > 4). 
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