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V 

Single Particle Inclusive Spectra Resulting from 
the Collision of Relativistic Protons, Deuterons, 
Alpha Particles, and Carbon Ions with Nuclei 

ABSTRACT 

James C. Papp 

We have measured the yields of positive and negative 

particles resulting from the collision of 1.05 GeV/ mcleon 

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 it", p, d, 

H, He, and He at 2.5° (lab) were obtained. 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 

up 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 terras of the Fermi momentum of the constituents of 

the projectiles or is some other kind of collective ef­

fect necessary? 

2) Arc- the ideas of limiting fragmentation and scaling, 

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 

\. 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 t!:e 

average value of the transverse momentum, p. : 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 

available goes into longitudinal momentum. So if we consider 

a reaction of the form 

a • b •* c + anything (1) 

we can write the Lorentz invariant cross section as 

ab , c c, 
— n - <s- P„' P J 
dp-5 

This cross section depends on the beam and target particles 

a and b; on the produced particle c; on the energy in the center 

of aass /s~ ; and on the longitudinal and transverse momenta of 
c c particle c, p and p A- 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 u « (m2 + p 2 ) 1 / 2 is called the longitudinal mass. From 

the definition it follows that, at fixed px, dy * dp,/E so the 

cross section can be written as 

d p 3 dpfd2i>f 
dMh 
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ve obtain 

V(r) ~ v / d 3 r 2 P l ( 7 2 - r") p 2(r* 2) 

I t caQ be shown that the appropriate constant in the l imit of high 

energy nucleus-nucleus scattering i s 

2TTft C / _ . 

v- - - j f * £(o) 

where H i s the nucleon mass and f (0 ) i s the complex forward nucleon-

nucleon scat ter ing amplitude evaluated at the incident lab energy per 

nucleon. This then y ie lds our f i r s t and simplest approximation to the 

lowest order opt i ca l potential for ion- ion interactions 

Vopt(V) - - *g- f(0) /dV P l (? ' - v) pz(?') «*) 

Tt i s already clear that t h i s farm of the model ignores the spin 

and i sospin degrees of freedom of the nucleons though the above treatment 

i s e a s i l y generalized to this l e v e l . Howhere did the spin s t a t i s t i c s 

enter so the Paul! principle has been ignored except to the extent i t 

part ic ipates in the one body density d i s t r ibut ions . Dispersive e f f e c t s 

due t o , among other things, the po lar izab i l i ty of the two dis tr ibut ions 

have not entered. Indeed, the analogy with Coulomb potentials c lear ly 

neglects a l l rearrangement processes. The internal Fermi notion of the 

const i tutents and binding effects ( o f f - s h e l l e f f ec t s ) a l so remain to be 

included. Theoretical adjustments to £(0) that approximately correct 

for some of these inadequacies w i l l be introduced and studied. 

We explain in more detai l below an extension Co Include f i n i t e 

(4) 

<5) 
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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 heavy 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. 

(41 Two ideas that have generally been confirmed at NAL and 
the ISR are limiting fragmentation and scaling. The hypothesis 
"f limiting fragmentation (HLF) ' states 

• — C P.C- pf) - E< - ^ (P.C. tf> 
d p 3 s •* • d p 3 

pC fixed 

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 or. he 

reaction. For example, in the case of p + p •* IT" + X limiting 
behavior has been seen at energies as low as 13 GeV. l ' 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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(21 The scaling hypothesis, which is generally formulated in 

the center of mass frame, states 

E Cd 3o« E cd 3o= 
— c PS*. pf) st. - r r t f . *>• d?3 - " - — s~ d j 3 

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

bas*d originally on the similarity of the reaction p + p • i • X 

to a brerastrahlung reaction, that in the region near x - 0 

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

target fragmentation. 

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

equivalent central plateau in the rapiditv 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 articles1 ' 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 consider^ the reaction (1) in term? of the rapidity 

y, then the correlation length hypothesis states that there is 

no correlation between two particles whose rapidities y and y. 

are separated by an amount large compared to some correlation 

length 1,, that is if |y. - y.j >> L. Here L is not a length in 

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

particular, if y , y. , and y are the beam, target, and produced 

particle rapidities, then there should be no correlation between 

the beam and produced particles as long as jy - y | >> L. 

Similarly there should be no correlation between the target and 

produced particles if |y. - y | >> L. If the rapidity gap 

between beam and target is large enough, |y - y. ] >> 21 then 

both ly. - y | >> L and \y - y j >> L can be satisfied simul­

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 Fij;. 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 Mueller 

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 

E c - — • I A(s, t, u) 
dp 3 s 

where t and u are given by the usual relations 

t • (Pb " P c ) 2 

u * (Pa - P c ) 2 

and p , p. , and p are the 4-momenta of the indicated particles. 

A precise difinition of 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 

and u 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 

E C ^ r ( s . p,?'pr) = s a R ( 0 ) " l f abCp H

c . pA

c) 
dp J 

If the leading Regge trajectory is the Pomeron, aD(0) » a (0) = 1 
K p 

we get 
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E° - $ (». rf. Pf) »1 b(PS- Pf>-dp 5 

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 shown in Fig. 2c. One finds the amplitude 

for this process is 

A(s, t, u) = t at<°> u a " ( 0 ) f' b (pC) 

which together with the result that tu - u's gives for the 

invariant cross section 
d 3 a c 

dp** a b P i 

If we have Pomeron dominance and a(0) = 1, the si.igle particle 

spectrum is independent of p c 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. •* 

In the target fragmentation region, if a trajectory a R 

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

cross section becomes 
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dp 

£h ,. a_(0)-l 
r (*> P.?' P!) - fab<P.C' P ? * s 8abtP.C> ft <3> 

If the vector meson trajectories contribute, a_(0)«l/2 
and the approach to limiting behavior is like s" 1' 2. 
In the central plateau region, one can have a contribution 
from the Pomeron on one side of Fig. 2c, and a secondary 
trajectory on the other side. The result is a slower 
approach to the limit, given by 

|(c C0)+aR(0)-l) ; 
s v = s 

It is necessary here to be careful regarding units. 
In the above equations, such as (3), one must really write 
— Ifor s. The constant s sets the energy scale and is usually 
chosen to be about 1 GeV 2 for elementary particle reactions. T« 
express this approach to limiting behavior in terms of the 
correlation length L, we write the second term in eq. (3) as 

[i-f '"'"^CPS. tf> • $fm\<4. P|> 

• e r •-"•** * 
i u 

where L = •: 5jrr- a 2 i s the correlation length and Y = In— 
1 " V 0 }

 p2 
is the total length of the rapidity plot. So since L = 2, in order 
to see a limiting distribution one needs Y * 3 - 4, or 
ELAB * 3* S G e V ^ o r a r e a c t i o n l i k e P + P + T + X . A central 
plateau would not develop until Y J 6 - 8 giving E . = 200 GeV. 
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But now suppose we consider instead a heavy ion reaction 
such as 

a * A •* p + X. (4) 
Here A is some nuclear target and the a particle is the projec­
tile. What value do we choose for s for such a reaction? It 

o 
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 /p 2) will then be small, making the second term in 
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 tne 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 Ay * 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 ; Ay, 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 exploring 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 types1 ' ' ' which try to describe 

heavy ion-nucleus reactions in terms of macroscopic parameters 

of the system such as impact parameters and temperatures, to 
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raicroscopic types which involve descriptions in terms of 
fl21 constituents, to Regge and particle type models. 

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 c&-

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 •* IT + X, where A is some target nucleus, can be found 

by considering the mass of the system X: 

m x 2 = ( P P
 + PA ' P J 2 

where the p's are the- 4-momenta of the indicated particles. 

If the pion is observed at 0° to the incident beam, neglecting 

m compared to |p |, and taking account of the inequality 

m * ra • m. - m X p A it 
we get that 

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

energy. Thus protons cannot produce pions with momenta greater 

than the incident kinetic energy. 
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What about heavy ion projectiles? If they are treated 

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

nucleon is T, one expects p s 2T for deuterons and p i 4T 
TT n 

for alphas. If instead we consider these projectiles to be 

assemblages of semi-free nucleons and that u production proceeds 

via the usual nucleon-nucleon interaction then one expects 

p < T + T' where T* is some contribution due to the Fermi 

momentum in the projectile. 

The question of whether pions produced with momenta 

p > 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 

• function 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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With the help of a rather simple constituent type model 
we can calculate the spectral shape for * production by heavy 
ions assuming the mechanism is nucleon-nucleon collisions modi­
fied by Fermi momentum. Suppose p is the average incident 
•omentum per nucleon and p is the 1' u momentum of the nucleon 
of interest inside the projectile. The momenta p and p differ 
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 nucleons. The process can be visualized 
as in Fig. 3. If we let W(p ,p) be the probability that if 
p is the beam momentum, then p is the momentum of the nucleon, 
we can write the cross section as 

o„(p 0. h « NHj{Zo"(p, it) • (A - Z)o^(p, t)) 

x K H(p„. p)d 3P (5) 

where the superscript - means ir" production and the subscripts 
stand for the reactions 

H: (d,a, or C) • nucleus •* n + X 
p: proton • nucleus •* * • X 
n: neutron • nucleus •* n • x 

while a stands for the invariant differential cross sections 
o • E d 3o/dk 3. The factor N., takes into account shielding effects 
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(N„ - 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 

°n"(P' *> ' V ( P ' S ) 

a nice simplification since the reaction p • A + n » \ is 

easier to measure than n * A - * n " * X . 

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

(S) depends on three quantities: |p|, |k|, and 6, the angle be­

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

the integrations involved in eq, (S) 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 

|p| and |k| were variable; the production angle was fixed at 

2.S* (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 ( 1 3 ) 

• ; . . « . ft-«i,(i?i. I ' D - • } . . « » 
where Q 2 « k 2 - t-p/p2 is tha magnitude of the component of k* 

perpendicular to p. We further assume that g' (Q) = c"c * 
p,n 

where C is an adjustable constant. Higher energy data suggest 

this is a reasonable parameterization with C ; S(GeV/c) . In other 
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words, we have assumed that the cross section a can be written 
as a 0° cross section times some exponential function of transverse 
momentum. 

The function W(p„.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) = |$(q)| 2. Conservation of 
probability and Lorentz invariance require that W(q)d3q = 
W(p,p )d 3p, or equivalently E'W(q)= EW(p,p ) where E is the 
nucleon energy in the lab while E* is the energy in the rest 
frame of the projectile. So finally we can write 

V ( P o . *) - NHf{fp-(|?|,|iT|) • y ( | ? | , |t|)j 

x e " c Q I' w|ql((p, Po). <U(P» Po)| d 2P* dP»-

The functions f are obtained from our measured proton induced 
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 
aay 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, tirae-of-flight, 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 septus channel--one of 
three main external beams from the accelerator. Typical 
fluxes on the targets were l-3xl011protons, lO^-lO 1 1 dcuterons, 
10 9-10 1 0 alphas, and l-3xl06 carbon nuclei per pulse. There 
were approximately ten pulses per minute with a maximum spill 
length of about 1.2 seconds. 

The primary beam intensity was monitored by a scintillation 
counter telescope consisting of three scintillators in coincidence. 
For most of the running the telescope was placed about 2 meters 
from the production targets at about 90* to the incident beam. 
Typically there were 200 counts in the monitor for 1 0 1 0 
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particles incident on the targets. Because the intensity of the 
carbon beam wss so much lower than the intensity available with 
the other three typ^s of beam particles, it was necessary to 
bring the monitor muoi closer to the target during this part 
of the experiment. As a result, the telescope was placed within 

12 six inches of the targets for the C 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 I0 7 up to 10 x 1 0 1 0 

incident charges per pulse. The charge produced in the ion chamber 
is proportional to Z 2 where Z is the charge of the beam particles. 
Mien a C 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 \ 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 857S phototubes. 

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

disc, v.ere 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 mai.i 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 bean 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 th--. 

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 bean 

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

About one minute was required to l go targets. During running 
12 with the C beam we used only two targets, C and Cu, each .32 cm 

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 CH9 

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 focusing spectrometer. The elements of the spectrometer 

are shown in Fig. 4. Particles produced at 2.5° 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, Ap/p, of the detected particles. Magnet M4 provided 

further •omentum selection and brought the particles to the second 

focus where our detection apparatus was located. Typically we ran 

with a slit width cf S cm for a Ap/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 Ap/p = ±3/8%. The 

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

is shown in Fig. 5a. The linearity of the data points verifies 

the linear dependence of Ap/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 collimator set at either 4 inches or 5 

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

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

12 all abundantly produced. If the beam is C, 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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experiraents. Let me finish ray remarks by showing an ex ĵaple of how 

straightforward such an analysis might be- I choose the projectile 

fragmentation case and for simplicity attempt to naively estimate the 

inclusive cross section for 

A + B - (A-l) *X (12) 

where thu A-l system is detected intact. We shall assume that a surface 

nucleon has been removed suddenly leaving the (A-l) system, most of the 

time, in the ground state or some low lying excited state so that i t 

does not subsequently break up. Actually, if we only desire the behavior 

of the inclusive cross section as a function of the target nucleus i t 

is only necessary to assume that the population of the states of the 

(A-l) system is independent of the target. This seems reasonable. On 

the other hand, the more restrictive assumption permits the assignment 

of an absolute cross section to the theoretical results . A simple 

semi-microscopic analysis with the additional assumption that fi, the 

previously mentioned ratio of real to imaginary nucleon-nucleon ampli­

tude, is negligibly small proceeds as follows: we define a mean free 

path function, A(b,Z), for two interacting heavy ions in the impact 

parameter scheme by 

lA(b,z) = cT(b,z) (1": 

where T(b,Z) is given by Eq. (10). Thus the total number of nucleon-

nucleon collisions when two heavy ions collide at impact parameter b is 

N(b) given by 
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The outputs from the Cerenkov's two photomultipliers were added 
together; then the triple coincidence S2-OS3 was generated 
with the two scintillators imediately in front of and behind the 
Cerenkov. Fig. 7 shows a typical plot of S2'OS3/10 3 MONITORS 
as a function of gas pressure, clearly showing contributions of 
e , y , and ir . Since the maximum pressure allowed in the 
counter was 330 PSI, the minimum momentum at which we could 
detect \i~ 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 SI and S3, 
separated by about 50 Feet. The signal from S3 was used as a 
"start" pulse to a time- to-amplitude converter. SI, 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 1 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 v 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 
counter set to fire on IT but not protons, a pulse from the 
Cerenkov would generate a high channel routing sipnal while 
its absence would generate a low channel routing. 

Very often, especially when running with carbon and alpha 
beans, it was useful to take dE/dx spectra rather than TOF 
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 
6 i 0.9, and the MNPC 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]' 
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[S1«S3]'[C. , t eJ» that is correct time-of-flight as determined 
by S1-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 g a s.S3].[Sl.S3].[C l u c. t el. 

Finally, the MWPC systea consisted of an X and Y plane 
located about one foot upstreaa of the final focus. The chamber 
generated an X-Y scatter plot on an oscilloscope display on a 
pulse by pulse basis. He used this to Monitor the position and 
shape of the secondary bean at the final focus. 

IV. Acquisition and Analysis of the Data 

A. Data Acquisition 
Our data taking was essentially done in three nodes 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 noaentua of the channel, 
we cycled through the four targets recording the various scalers 
by hand for a fixed nuaber of aonitor counts. When we were 
looking at positive particles we set the relative tiaing of SI 
and S3 to select the particular particle of interest and counted 
51«S3 coincidences. 

Most of our data on positive fragments cane fron analyzer 
runs. In this aode we took tiae-of-flight and/or dE/dx spectra 
in the pulse height analyzer for a particular nuaber of monitor 
counts for each target and moment ins. Each run was read out onto 
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•agnetic 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 ru.n. This consisted 
of calibrating the Monitor telescope counts «£»'"st the ton 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 fom of time-of-f1ight and 

dE/dx spectra from the p'jlse 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 ' >ually 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/dddk is given in terms of our counts/monitor by 

do _ counts „ p _ p - * » _J 
3ndT Monitor " 1 x 2 x pNL * 355dT 
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where the factors on the right hand side of the equation are 

defined as follows: the quantities dn and dk are the solid angle 

and momentum acceptance of the system; A, p, and L are respectively 

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

Avogadro's number, 6.022 x 10 2 3; F. is the ratio (monitor counts)/ 

(ion chamber reading) while F- is (ion chamber reading)/number of 

particles incident. 

The quantities dd 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 dfl and dk, though 

we were able to verify experimentally that the flux at our 

detectors varied linearly with the collimator slits (Figs. 5a 

and 5b). Uncertainty in the solid angle and momentum acceptance 

of the system constituted the major source of error in the 

absolute normalization of our data. 

The factor F, was measured directly during our calibration 

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

determination of F-. 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 Fy = z 2F'(E) Fj where F '(E) is the 
energy dependent factor which reduces to 1 at the "calibration" 
energy, and F- takes into account the error in the ion chamber 
reading at the "calibration" energy. F '(E) can be calculated 
from standard energy loss tables; this is done in Appendix A. 
F. 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 
number of pions produced in the target, N(x) be th? 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) = N Q e " t / Y T 

Noting that t = x/v = x/Bc = Ex/pc = mYC2x/pc, we get 

- - w 
N(x) - N 0 e C T U * -I 

Numerically, if x is in meters and p in MeV/c 
N(x) = N 0 e - 1 7 - 8 9 x / P c 
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so N 0 • N(x)e 1 7- 8 9 X / P c 

In addition to the decay correction there is a correction 

due to lepton contamination. A muon which results fruw 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 

it l total lepton 

where N • is the total number of particles detected, while 

N, is the number that were leptons. The appropriate value 

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 Cu and Pb targets, as much as 1 A at 500 MeV/c, 

most likely because of conversion of Y'S from *° 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 

L - A e-aeP • A ue* aMP e v 

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 

•omentum 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 is a 14% effect for 7S0 MeV/c 
3 H and alMOst a 20% effect for 3He at 1000 MeV/c. 

In contrast, absorption is a Much smaller effect. The 
fraction of particles that are absorbed is given approximately 
by pNL/2A o . where o . is the absorption cross section. 
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. II IB), 

since there was eseentially 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 101-201 

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 IC 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 rates in 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 beam strikes the target, and second the 

production angle might be changed. We did several things to 

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

the beam condition 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/1C 

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 it 

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 it'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 
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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 bean and fragment is multi­
ple scattering. The effect is greatest for the case of slow heavy 
fragaents. For deuterons and alpha fragments with p/z = 1 GeV/c the 
R.M.S. multiple scattering angle ( 8 2 ) 1 / 2 varies from .25° for Be 
and C targets, up to 2.5* for a Pb target. The angle ( 6 2 ) 1 ' 2 decreases 
With, momentum so that, when p/z » 2 GeV/c, ( 8 2 ) 1 / 2 has decreased by a 
factor of 3. Multiple scattering is significant if ( 6 2 ) 1 / 2 is 
compilable 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 

r 211 of multiple scattering. Heckman, et al. ' have found that in the 
rest frame of the beam, fragmentation of heavy projectiles, such as 
*°0 into various nuclear fragoents is given approximately by the form 

e-P2/V. If we assume a similar form for the cross sectio. .way 

from the fragmentation peaks, then for our case the angular depr..-
dence is essentially e" p . If p - 1 GeV/c the distribution is 
e" 6 ' 9 ° with 6 0

2 - 1/25 or 9 0 » 1/5 = 11.4°. 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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was the introduction of background into the TOF spectra. Since 

momentum selection by magnet M4 occurred after counter SI, the 

rate in SI was significantly larger than in S3, especially in 

regions where the cross sections were very momentum-dependent; that 

is, near the fragmentation peaks which were the regions of high 

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

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

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

from the start pulsp, 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 siie 

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

ratio for 3II could ba 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, the 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 p?.-oton beams, only negative produced 
+ ± 

particles were measured. Also, e" and \i 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 fragments. 
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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 
12 13 for a C beaa. All the corrections discussed in Section IV 

above, lepton 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 1.05 GeV 

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 GeV, 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 Lorenti invariant cross sections E/k2 d2o/dndk for these 

processes are plotted against the scaling variable x' in Figs. 

17, 18, and 19. Here x' is the usual x' « kV(k*) „„, where the 
f i max 

asterisk denotes center-of-mass. Tha quantity (kjj) is found 

by calculating the Missing mass for the reaction beam • target • n + 

*M 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 it" 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 
and compares them with results of other experiments ' ' 
higher energies (12, 19, 24 GeV) the agreement is quite good. 

One must remember in looking at these data that the 
Measurements were made at fixed angle in the lab, 2.5°, rather than 
fixed transverse momentum. Consequently k x varies from 22 MeV/c 
at k ' 500 MeV/c to k « 210 MeV/c when k = 4.8 GeV/c. If we 

IT * IT 

assume a transverse momentum dependence ' of e ^ we would 
expect an effect of the order of a factor of 2 when comparing data 
from two energies at fixed x 1 near x' * 1. For fixed x', the 
larger the beam energy the larger is k x. As a result one would 
expect that the cross section for pion production at fixed x' 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 *" data in Fig. 17 show approximate scaling, 
the ir data does not. This might be expected since at higher 
energies the reaction p + p -»• w" + x scales much earlier than 
p • p •+ ir • 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 x' 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 

•ight expect protons and light nuclei to behave similarly at 

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

for the ratio 

jjj™- (d.a • C * IT" • X) 
R. (X1) = di2£ 

d'° d 2a , 

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

rapidly over the range .25 i x 1 i .7. This disagrees with the results of 

a recent Russian experiment in which Baldin et al. ^ report 

RCx') is a constant over the range 0.7 < x' s 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 W,(p,p_) was derived from a standard Hulthen wave 

function *(q) - C j l / C q ^ a 2 ) - l / (q 2 +B 2 ) ] with a = 45.7 MeV, 

3 * 5.2a. C. 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 font factor for 
electron scattering off He. This i c in turn related to the charge 
distribution of the alpha particle by way of a Fourier transform. 
In order to find a function W ( p , p ) we made the following 
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 
f 191 neutrons in the alpha. We then took the measured form factors v ' 

and numerically performed the necessary Fourier transforms to 
calculate +(q). 

The data for the reaction d + C •* it" + 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 
•omentum, but there is only qualitative agreement at the higher 
•omenta. 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 
would 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, where Baldin, et al. measured pion production at 180° 
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 1 2 C 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 Lu:„,.<i experiment1 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 the cross section for it" 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 

particles 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 A 1/ 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 

that of charge symmetry. Since deuterons, alphas, and C are 

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

with carbon, equal numbers of it and ir~ would be produced if 

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

ratio of IT /W~ production for 2.1 GeV/nucleon beams. There is no 

evidence of violation of charge independence to the level of 

precision of the data, ±10%. 

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 
12 energetic pions; after all, the kinetic energy of C 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 beaas, soaething for which we see no evidence 
using deuterons and alphas, the available flux is so low that the 
prospect of getting usable beaas by such a means seems very remote. 

C. Baryonic Frag—nt Production 
Thr heavy fragaent production cross sections are summarized 

in Tables 16-47. Unmeasured cross sections are listed as zero in 
the tables. The aoaentum listed in these tables is the momentum 
setting of the spectroaeter and does not include energy loss in 
the target. Table 48 shows the correspondence between the 
aoaentun setting of the channel and the momentum with which the 
particle is produced. The difference is rather small and the 
fornat of the data tables would make it very cumbersome to include 
the effect there. 

The Lorentz invariant cross section for 1.0S GeV/nucleon 
alphas fragmenting into p, d, He, 5H, and He 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 fragaent into protons, but there is significant 
production of deuterons, tritons, and He. 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 
•omentum is about 75 MeV/c per nucleon, comparable to the Fermi 
aoaentum of the nucleons in the alpha. Also the factor E/k 2 

lowers the deuteron peak by a factor of 2 relative to the proton 
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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 ra'io 1:3.5:11.4. 

If instead of plotting the data as a function of laboratory 
•omentum 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. 

3 3 Here the production of H and He decreases rapidly with momentum, 
as one would expect if 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 1.7S 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. 

It is 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 of charge exchange, 

°HPCP0. h • zJ°pP(P. *) W(Po. P) d 3P (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 
o^£. 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 • 7.5e6S*(barns/(GeV7c)2). Since this 
cross section falls very rapidly with momentum transfer, we 
can make the approximation that kj, • p n and that the energy 
of the incoming and outgoing protons are the same. Then t 
reduces to t • -(p, - k ^ ) 2 . Then after inserting a 6-function 
in (p - k a) under the integral in eq. 7 it reduces to 

a • Z j^i%9», Px. po) 7.5e-(PA-ka)26S 

- z |pxdP,w(k. h . P o J e-«iP^fo i*'1****0* 

The integral over + is the modified Bessel function — l0(130p,k,). 
The remaining integral over n 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 
production, the agreement between the calculation and the data is 
•uch 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 implias 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 
•omentum 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 Uniting fragmentation and scaling. Since in 

this experiment we look at particles in the lab with momenta 

i.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 • J where A is some nucleus in the region of 

the peaks of the proton distributions at 1.0S and 2.1 GeV/nucleon. 

Unfortunately, since the lab angle is fixed at 2.5°, 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 k, variation. We assume again that for 

protons elastically scattering off carbon that do/dt = 7.5e 6 5 t. 

The proton peaks occur at 1.7S GeV/c and 2.875 GeV/c for 1.05 

and 2.1 GeV/nucleon deuterons or alphas incident. Then 

t • -2k2(l-cos8) where k is the proton momentum and 6 = 2.5° 

(43.6 milliradians). Since 8 is small, t = -k 26 2, and we get 

that at k* 1.7S GeV/c, tj = -62.0 x lO"1* and at k = 2.875, 

t_ = -167 x lO'1*. Therefore the ratio of the invariant cross 

sections o 1 < Q S G e V/ nucleon / a2.1 GeV/nucleon = ^ ^ ^ ^ " 2-° 
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Ke can compare two reactions: d + C •* p + X and 
a + C •+ p + X. Table 49 shows this comparison for various 
targets at y * Yy.eam- Th e average for all targets is 
2.67 t 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 k.) 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 with this, 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 •* it + 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 

energy, 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 

nuclcons 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 oe greater 

for reactions like a + C -»- He + X than for a + c -*• p + X. 

Figs. 23 and 29 bear out this expectation. We are again faced 

with non-constant k , which produ;es the same effects, so no 

certain conclusions can be drawn about scaling. 

Ke turn ne\t to the question of target dependence. For 

Be, C, and CH- 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. 

In the regions near the '-->aks, the spectra have the same 

shape for all targets. If one assumes a power law behavior where 
N the cress section is proportional to A where A is the atomic 

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

H " 1/3 for all fragments as for the case of pion production. 
(211 This differs from the results of Heckman et al. ' who found 
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that with heavier beams, such as 0 that the target dependence 

was approximately A 

At lower momenta the poxer 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 3 

{p, d, He) + anything. One caa see that in the case of II 

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

geometric 

Finally, we examine the results on fragmentation of 1.05 
12 GeV/nucleon C on carbon and copper targets. Tables 50 and 

3 3 SI list the cross sections for production of p, d, H, He, and 
4 
He 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 ai ' 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 
3 3 particles. On the other hand, the H- He peak is significantly 

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

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-nucleon can recoil against 9 nucleons allowing 

a wider spread while still conserving momentum. Also, in the case of 
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C there is much more H and He 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 ii. Fig. 32, 
where again the invariant cross section is plotted against the 
lab momentum. Here the 2.5° production angle is very significant. 
In the area of the Li peak, near 10 GeV/c the transverse 
•omentum is about 440 MeV/c while for Be and B it is about 
525 MeV/c and 760 MeV/c. So to produce these fragments at 
2.5 s requires cither very large Fermi momentum or large 
•omentum 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 projectile 
nucleons are very small—beyond the level of precision of this 
experiment. Pion production by deuterons can be well understood 
in terns 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 n~ production by protons, 
deuterons, or alphas, scaling is approximately valid down to 
energies of 1 GeV/nucleon—not the case for n production by 
protons. Charge symmetry has been verified: the ratio of 
production cross sections of TT and n~ is 1 for deuteron and 
alpha beams on a carbon target. The target dependence for fast 
pion production is approximately A 1/ 3, increasing toward A 2/ 3 

for pion momenta near 500 MeV/c. 
As for production of particles with baryon number i 1, 

the data is consistent with limiting fragmentation of the 
projectile. This conclusion, along with all others here, is 
IT.del 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 prediction of a flat region at fixed k, , though our inability to sepa­
rate out the k x 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 alphas fragmen­
ting into protons. This may again be due to a poor choice of the 
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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 
BOO mm Hg at a temperature of 22°C, giving density p = 1.737 x 
10" 3g/cm 3. The distance x traversed by a particle passing 
through the chamber was 3.175 cm. 

If we define £ • px, then £ * 5.515 x 10- 3g/cm2. Furthermore, 
if dE/d? is the rate of energy loss of the incident particle, then 
the total energy loss per particle is AE = dE/d€>£. So the number 
of ion pairs produced in the argon by each beam particle is 
N. • AE/€ » dE/d£«£«l/« where* 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 

1 2 1 — x Q « 2.S4 x 10-3 § c l 
6.3 x lO" 9 d 5 € 

(221 Using C > 26.4 eV v ' 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 z 2F 2'(E) = (i0n chamber 

reading)/(number of particles traversing ion chamber), which is the 
same function as that calculated above, Z 2F '(E) = .531 dE/d£. 
This function is tabulated in Table A-1 for various beam particles 
and energies using standard values for dE/d?. 

Z 2F 2' (E) 
for 

KineticV 
Energy ^ 

Beam 
Particle P d a 1 2C 

per 
Nucleon 

1.05 .876 .828 3.37 30.3 

1.73 .823 

2.1 .818 .791 3.21 

2.66 .818 

3.5 .823 

4.2 .834 

4.8 .839 
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The factor F3 defined in section V-B was determined by 

placing two thin (1/8") scintillation counters in the beam 

downstream of the ion chamber. The scintillators, 

equipped with RCA8575 photomultiplier tubes, showed 

no pulse sagging even at rates of 1.7 x 106/second. Using 

a 1.0S GeV/nucleon C beam we counted scintillation counter 

coincidences and compared them with the ion chamber reading. 

From Table Al one 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 = 0.87. 
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MOMENTUM 
(GeV/c) LEPTON 

TARGETS MOMENTUM 
(GeV/c) LEPTON 

Be 1/4" C 1/4" Cu 1/4" Pb 1/4" 

0.5 
0.9 
1.0 
1.25 

0.9 
1.0 
1.25 

e" 
e" 
e" 

e" 

u" 
u" 
v" 

1.73 GeV Proton Beam 
0.5 
0.9 
1.0 
1.25 

0.9 
1.0 
1.25 

e" 
e" 
e" 

e" 

u" 
u" 
v" 

5.16±0.23 
2.64+0.16 
1.49+0.12 
0.69x0.08 

5.33±0.32 
5.24*0.27 
4.7110.24 

5.7310.23 
2.9710.17 
1.6010.13 
0.6810.08 

4.9110.33 
5.3610.29 
4.9910.44 

24.710.5 
5.4410.23 
3.90+0.20 
1.2110.11 

5.5610.40 
4.6610.31 
4.85+0.27 

29.9+0.6 
6.90±0.26 
4.16+0.20 
1.44+0.12 

4.39+0.43 
4.85+0.36 
4.50+0.26 

0.5 
0.75 
0.9 
1.0 
1.25 

0.9 
1.0 
1.25 

e" 
e" 
e" 
e" 
e" 

v~ 
v~ 

3.5 GeV Proton Beam 

0.5 
0.75 
0.9 
1.0 
1.25 

0.9 
1.0 
1.25 

e" 
e" 
e" 
e" 
e" 

v~ 
v~ 

10.8±0.3 
5.39±0.23 
4.43±0.21 
3.39±0.18 
1.5010.12 

8.7010.42 
8.5510.38 
7.0010.31 

12.010.4 
6.2710.25 
5.1510.23 
3.8010.19 
1.9410.14 

8.6010.43 
8.2510.39 
7.4U0.33 

44.2+0.7 
24.710.5 
18.610.4 
14.010.4 
7.31+0.27 

6.65+0.66 
7.08+0.59 
7.21+0.47 

54.1+0.7 
31.410.6 
23.3+0.5 
19 610.4 
9.50+0.31 

7.07+0.73 
5.23+0.66 
7.44+0.51 

Table 1. Percent Lepton Contamination in it" Signal 
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MOMENTUM 
(GeV/c) LEPTON 

TARGETS MOMENTUM 
(GeV/c) LEPTON 

Be 1/4" C 1/4" Cu 1/4" Pb 1/4" 

O.S e" 
4.2 GeV Proton Beam 

O.S e" 11.310.3 12.8+0.4 41. 5±().<> 50.7+0.7 
0.75 e" 6.81±0.2b 7.60+0.27 27.2+0.5 35.0+0.6 
0.9 e" 5.23+0.23 5.8910.24 21.4±0.5 28,5+0.5 
1.0 e" 3.73+0.19 4.8010.22 17.5+0.4 22.8+0.5 
1.25 e" 2.09+0.14 2.09+0.14 10.3+0.3 1.1.9+0.4 

0.9 y 8.83±0.43 8.67+0.45 6.24+0.70 --
1.0 y 8.14+0.39 6.4510.40 6.8210.60 5.91+0.72 
1.25 y 6.48+0.32 6.5410.32 5.39+0.51 5.83+0.57 

MOMENTUM 
(GeV/c) 

0.75 

LEPTON 
TARGETS MOMENTUM 

(GeV/c) 

0.75 

LEPTON 
Be 1/4" C 1/4" CH 2(0.52") Pb 1/4" 

MOMENTUM 
(GeV/c) 

0.75 e" 

2.1 GeV/nucleon Alpha Bej im 

MOMENTUM 
(GeV/c) 

0.75 e" 1.6710.13 2.12+0.14 2.0310.14 10.3+0.32 
1.0 e" 1.49+0.12 1.7110.13 1.8210.13 4.4310.21 
1.25 e" 0.62+0.08 0.7110.08 0.53+0.07 2.02+0.14 
1.5 e" 0.6010.35 0.9010.15 0.6010.35 1.60+0.29 
1.75 o" 0.42+0.10 0.6010.35 0.6010.35 1.05+0.20 

1.0 y" 6.37+0.30 6.67+0.32 6.4810.32 5.73+0.38 
1.25 y" 5.52+0.26 5.4810.26 5.6110.26 5.58±0.31 
1.5 y" 3.50+0.57 3.4010.35 4.3010.60 4.2010.61 
1.75 y" 3.63+0.33 4.3510.60 4.15+0.60 4.0510.54 

Table 1. Continued. 
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MOMENTUM 
(GeV/c) LEPTON 

TARGETS MOMENTUM 
(GeV/c) LEPTON 

Be 2" C 1" Cu 3/8" Pb 1/4" 

1.0 
1.25 

e" + M" 
e" + v' 

1.05 GeV/Nucleon Deuteron Beam 

1.0 
1.25 

e" + M" 
e" + v' 4.13+0.56 

5.5810.23 
3.67+0.42 3.94+0.82 5.95+1.24 

1.0 
1.5 
2.0 
2.5 

e" + u" 
e" + u~ 
e" + p" 
e" * u 

2.1 GeV/Nucleon Deuteron Beam 

1.0 
1.5 
2.0 
2.5 

e" + u" 
e" + u~ 
e" + p" 
e" * u 

8.14+0.06 
4.55±0.15 
3.52±0.13 
1.76±0.09 

8.03+0.06 
4.41+0.15 
3.49+0.13 

9.1410.07 
5.1410.16 
3.62+0.19 

I 
S.35±0.07 
«.2310.16 
3.39+0.18 

1.0 
1.5 
2.0 

e" + v~ 

e" + v~ 

e" + u" 

2.1 GeV/Nucleon Alpha Beam 

1.0 
1.5 
2.0 

e" + v~ 

e" + v~ 

e" + u" 

8.48±0.29 
5.1310.23 
3.79+0.19 

8.16±0.28 
5.1710.23 
3.95+0.20 

10.2+0.32 
5.35+0.23 
4.0810.20 

11.3+0.34 
5.2110.23 
4.74+0.22 

Table 1. Continued. 
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I'ion n" Production n + Product ion 
Momentum 
(GeV/c) 

Target ^(mb/sr/GeV/c) j^jj7(mb/sr/CeV/c) 

O.S Be 10.7 ± 0.2 50.4 t 0.9 
0.5 C 11.1 ± 0.5 63.3 i 1.2 
O.S Cu 24.0 i 0.6 110. ± 2. 
O.S Pb 45.2 ± 1.2 140. t 2. 

0.6 Be 8.34 i 0.15 
0.6 r S.06 i 0.17 --
0.6 Cu 16.3 i 0.4 --
0.6 Pb 30.4 i 0.8 --

0.6S Be -- 40.2 + 1.5 
0.6S C — 51.4 + 1.1 
0.6S Cu — 82.3 ± 1.8 

1 
0.6S Pb — 102. ± 3. 

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 --

0.7S Be 2.53 ± 0.12 14.9 ± 0.3 
0.7S C 2.07 ± 0.12 18.7 * 0.4 
0.7S Cu 4.66 ± 0.24 30.6 t 1.0 
0.75 Pb 6.98 ± 0.42 41.2 t 1.2 

0.9 Be (2.92 ± 0.3DX10' 1 1.69 t 0.04 
0.9 C (3.06 ± 0.39)xl0 _ 1 2.04 i 0.06 
0,9 Cu (6.40 ± 0.27)xl0*1 3.52 ± 0.13 
0.9 Fb (8.80 ± 0.45)xl0 _ 1 4.03 ± 0.19 

Table 2. Pion Production cross-sections 
Beaa -1.05 GeV Protons 
Errors quoted are statistical only. 
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Pion 
Momentum 
(GeV/c) 

Target 
n" Production 

do j^jj-Cmb/sr/GeV/c) 

T* Production 
do 
d»dk (mb/sr/GeV/c) 

.95 

.95 

.95 

.95 

1.0 
1.0 
1.0 
1.0 

Be (2.88 t 0.50)xl0 
C (2.81 ± 0.61)xl0~ 
Cu (5.42 ± 1.06)xl0" 
Pb (8.34 ± 1.86)xl0" 

Be (4.84 ± 1.96)xl0" 
C (3.70 t 2.13)xl0" 
Cu (7.71 ± 3.14)xl0 
Pb (19.3 ± 8.6)xl0 

-3 

(1.29 ± 0.64)xl0 
(0.987 ± 0.700)xl0 
(2.93 ± 0.67)xl0 
(3.70 ± 1.07)xl0 

-1 
1 

-1 

Table 2. Continued. 
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P i on 
Momentum 
(GeV/c) 

Target 
n" Production 

do 
aadTl-W»r/CeV/c) 

IT* Product ion 

do 
d»2dk (mb/sr/i'icV/c) 

O.S 
0.5 
O.S 
0.5 

0.75 
0.75 
0.75 
0.75 

1.0 

1.0 

1.0 

1.0 

1.25 

1.25 

1.25 

1.25 

1.5 

1.5 

1.0 

1.5 

1.625 
1.625 
1.625 
1.625 

Be 
C 
Cu 
Pb 

Be 
C 
Cu 
Pb 

Be 
C 
Cu 
Pb 

Be 
C 
Cu 
Pb 

Be 
C 
Cu 
*b 

Be 
C 
Cu 
Pb 

21.1 + 0.3 
24.9 ± 0.4 
60.4 ± 1.0 
112. ± 2. 

17.0 ± 0.2 
18.6 ± 0.3 
39.1 ± 0.6 
69.8 ± 1.2 

8.02 ± 0.12 
8.60 i 0.14 
17.1 ± 0.4 
29.9 ± 0.6 

3.23 t 0.05 
2.96 t 0.06 
6.48 ± 0.15 
11.9 ± 0.3 

(4.59 ± O.lSJxlO"1 

(4.19 ± 0.173X10"1 

1 
-1 

(10.1 • 0.4)xl0 
(18.1 + 0.7)xl0 

(4.46 ± 0.30)xl0 
(5.02 ± 0.25)xl0" 
(7.88 ± 0.41)xl0" 
(17.7 ± 1.7)xl0 -2 

44.3 i 0.8 
57.1 ± 1.1 
112. ± 2. 
161. ± 4. 

66.3 ± 0.9 
85.6 i 0.8 
149. i 2. 
209. i 4. 

39.7 t 0.5 
51.7 ± 0.4 

81.9 ± 1.0 
112. ± 2. 

9.97 + 0.18 
11.9 ± 0.2 
19.5 ± 0.4 
28.1 ± 0.9 

1.48 * 0.05 
1.78 ± 0.07 
2.99 t 0.17 
4.16 ± 0.30 

Table 3. Pion Production Cross-Sections 
Beam =1.73 GeV Protons 
Errors quoted are statistical only. 
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Pion 
Momentum 
(GeV/c) 

Target 
it* Production 
do ^(mb/sr/GeV/c) 

n* Production 
da 

dadk (mb/sr/CeV/c) 

1.75 
1.75 
1.75 
1.75 

Be 
C 
Cu 
Pb 

(4.05 ± 1.20)xl0~J 

(6.84 ± 1.97)xl0"3 

(21.2 t 4.5)xl0"3 

(20.2 t 6.7)xl0"3 

Table 3. Continued. 
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J'ion ii" Production n* Production 
Momentum 

(GeV/c) 
Target 

d f e m b / s r / G e V / c ) d £ k ( . b / s r / G e V / c ) 

.5 Be 24.5 + 0.2 37.7 ± 0.7 

.5 C 28.9 ± 0.2 47.8 ± 1.0 

.5 Cu 68 .2 ± 0.6 78.6 ± 2 .0 

.5 Pb 122. ± 1. 118. ± 4 . 

.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 
1 

60.1 + 0.8 

.75 C 26.9 + 0.2 97.4 + 1.1 

.75 Cu 57.4 ± 0 .4 131. + 2 . 

.75 Pb 100. ± 1. 194. ± 4 . ! 
j 

.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 -- 76.9 ± 0.7 

1.0 C -- 97.4 ± 0 .9 

1.0 Cu -- 157. ± 2 . 

1.0 Pb -- 227. ± 3 . 

1.25 Be 7.69 t 0 .05 28.7 ±0.3 

1.25 C 8.32 ± 0.06 36 .0 ± 0 .4 1 

1.25 Cu 15.9 ± 0.2 59.8 ± 0.8 ' 

1.25 Pb 27.7 ± 0.3 86.2 ± 1.3 

Table 4. Pion Production Cross-Sections 
Beaa * 2.1 GeV Protons 

Errors quoted are statistical only. 
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Pion 
Momentum 
(GeV/c) 

Target 
n~ Production 

do 
dOdk (mb/sr/GeV/c) 

it* Production 
do 

dQdk (mb/sr/GeV/c) 

1.5 
1.5 
1.5 
1.5 

1.75 
1.75 
1.7S 
1.75 

1.875 
1.875 
1.875 
1.875 

2.0 
2.0 
2.0 
2.0 

Be 
C 
Cu 
Pb 

Be 
C 
Cu 
Pb 

Be 
C 
Cu 
Pb 

Be 
C 
Cu 
Pb 

4.08 i 0.03 
4.25 ± 0.04 
8.08 + 0.09 
15.2 ± 0.20 

2.08 ± 0.02 
1.91 ± 0.02 
3.48 t 0.06 
6.53 ± 0.12 

(4.75 i 0.08)xl0" 
(4.63 t 0.10)xl0 
(7.48 i 0.24)xl0" 
(13.1 t 0.5)xl0 " 

(1.09 t 0.12)xl0" 
(1.10 ± 0.15)xl0 
(2.90 ± 0.45)xl0" 
(3.32 ± 0.76)xl0 

-1 

-2 

-2 

11.3 ± 0.1 
13.4 + 0.2 
21.4 + 0.4 
30.2 ± 0.7 

4.59 ± 0.10 
5.31 t 0.12 
8.28 ± 0.28 
12.6 t 0.5 

Table 4. Continued. 
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Pion ii" Production 
Momentum 
(GeV/c) Target d J | k { . b / s r / G e V / c ) 

.5 Be 25.9 ± 0.1 

.5 C 31.7 ± 0.2 

.5 Cu 73.8 + 0.4 

.5 Pb 134. ± 1. 

.75 Be 25.1 ± 0.1 

.75 C 30.9 ± 0.1 

.75 Cu 67.1 + 0 .3 

.75 Pb 125. ± 1. 

.9 Be 24.0 ± 0.1 

.9 C 29.0 ± 0.2 

.9 Cu 60 .3 ± 0 .3 

.9 Pb 111. ± 1. 

1.0 Be 22.8 ± 0.1 • 

1.0 C 27.2 ± 0.1 

1.0 Cu 55.6 ± 0.2 

1.0 * Pb 99.4 ± 0.5 

1.25 Be 15.6 ± 0.1 

1.25 C 17.8 ± 0.1 

1.25 Cu 33.9 ± 0.2 

1.25 Pb 60.4 ± 0.3 

1.5 Be 9.11 ± 0.04 

1.5 C 10.31 ± 0.04 

1.5 Cu 19.5 ± 0.1 

1.5 Pb 33 .9 ± 0.1 

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

Errors quoted are statistical only. 
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Pion 7i- Production 
Momentum 
(GeV/c) Target ^(mb/sr/GeV/c) 

1.7S Be 5.98 ± 0.02 
1.75 C 6.55 ± 0.03 
1.75 Cu 12.2 ± 0.1 
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 

2.25 Be 1.23 ± 0.01 
2.25 C 1.11 i 0.01 
2.25 Cu 1.96 t 0.02 
2.25 Pb 3.83 ± 0,04 

2.375 Be (3.02 + 0.033X10"1 

2.375 C (2.93 + 0.04)xl0"1 

2.375 Cu (4.88 ± O.OgjxlO"1 

2.375 Pb (9.82 ± O.aOjxlO'1 

2.5 Be (1.33 + 0.06)xl0"2 1 
2.5 C (1.62 ± 0.08)xl0"2 | 
2.5 Cu (2.71 ± 0.20)xl0"2 

2.5 Pb (6.03 ± 0.48)xl0"2 

Table 5. Continued. 
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Pion 
Monentun 
(GeV/c) Target 

it- Production 
do 

dfidk (mb/sr/GoV/c) 

2.625 
2.625 

Cu 
Pb 

(1.39 ± 0.98)xl0 
(2.45 ± 1.73)xl0~ 

Table 5. Continued. 
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Pion TT~ Production 

Momentum 
(GeV/c) Target d 2 k C « b / s r / G e V / c ) 

.5 Be 39 .0 t 0 .3 

.5 C 50.5 ± 0.4 

.5 Cu 126. ± 1. 

.5 Pb 216. ± 2. 

.75 Be 39.7 ± 0.2 

.75 C 50.2 ± 0.2 

.75 Cu 116. ± 1. 

.75 Pb 218. ± 1. 

1.0 Be 37.7 i 0 .2 

1.0 C 47.7 ± 0.2 

1.0 Cu 102. + 1. 

1.0 Pb 186. ± 1. 

1.25 Be 31.8 ± 0.1 

1.25 C 39.8 ± 0.2 

1.25 Cu 81.2 ± 0.4 

1.25 Pb 141. ± 1. 

1.5 Be 27.2 ± 0.1 

1.5 C 32.4 ± 0.1 

1.5 Cu 63.4 ± 0 .3 

1.5 Pb 108. i 1. 

2 .0 Be 13.7 ± 0.1 

2 .0 C 15.9 ± 0.1 
2 .0 Cu 29.5 ± 0 .2 
2 .0 Pb 50.5 + 0.4 

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

Errors quoted are statistical only. 
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Pion 
Momentum 
(GeV/c) Target 

n" Production 
do ^(mb/sr/GeV/c) 

2.S 
2.5 
2.5 
2.5 

3.0 
3.0 
3.0 
3.0 

3.25 
3.25 
3.25 
3.25 

Be 
C 
Cu 
Pb 

Be 
C 
Cu 
Pb 

Be 
C 
Cu 
Pb 

6.05 ± 0.03 
6.48 + 0.04 
12.0 ± 0.1 
21.8 ± 0.2 

1.00 + 0.01 
.986 t 0.012 

1.75 ± 0.03 
3.48 ± 0.07 

(5.74 ± 0.22)xlO~ 
(5.86 ± 0.28)xlO" 
(11.8 ± 0.8)xlO"2 

(21.4 ± 1.7)xl0"2 

Table 6. Continued. 
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Pion 
Momentum 
(GeV/c) 

Target 
n" Production 

da 
dndk (mb/sr/GeV/c) 

n* Production 
da 

dS2dk (mb/sr/GeV/c) 

.5 

.5 

.5 

.5 

.75 

.75 

.75 

.75 

1.0 
1.0 
1.0 
1.0 

1.25 
1.25 
1.25 
1.25 

1.5 
1.5 
1.5 
1.5 

1.75 
1.75 
1.75 
1.75 

Be 
C 
Cu 
Pb 

Be 
C 
Cu 
Pb 

Be 
C 
Cu 
Pb 

Be 
C 
Cu 
Pb 

Be 
C 
Cu 
Pb 

Be 
C 
Cu 
Pb 

50.4 + 0.3 
65.7 ± 0.4 
166. ± 1. 
314. ± 2. 

53.0 ± 0.3 
68.3 t 0.3 
158. ± 1. 
308. ± 2. 

54.2 + 0.2 
68.8 ± 0.3 
146. ± 1. 
253. ± 1. 

42. i ± 0.2 
52.2 ± 0.2 
99.4 + 0.5 
81. + 1. 

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. 

150. ± 1. 
182. ± 1. 
315. ± 3. 
493. ± 5. 

Table 7. Pion Production Cross-sections 
Beam =4.2 GeV Protons 
Errors quoted are statistical only. 



-76-

Pion IT" Production it4 Production 
Momentum 
(GeV/c) 

Target ^(•b/sr/GeV/c) gg^mb/sr/GeV/c) 

2.0 Be 29.0 ± 0.1 95.6 ± 0.7 
2.0 C 34.7 + 0.1 118. ± 1. 
2.0 Cu 60.7 ± 0.3 197. ± 2. 
2.0 Pb 110. ± 1. 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 | 
?,5 Pb 53.1 ± 0.4 1^9. ± 2. ! 

3.0 Be 7.90 ± 0.04 i9.9 ± 0.4 
3.0 C 8.90 t 0.05 25.1 ± 1.0 
3.0 Cu 15.5 ± 0.1 40.8 ± 2.1 
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 J 0.8 
3.5 Pb 6.20 + 0.10 35.6 ± 1.5 

3.75 Be (2.13 ± 0.04)xl0"2 --
3.75 C (1.92 ± 0.05)xl0"2 — 
3.75 Cu (3.98 ± 0.14)xl0"2 --
3.75 Pb (7.45 ± 0.33)xl0"2 --

4.0 Be (1.42 ± 0.33)xl0"3 __ 
4.0 C (1.30 ± 0.28)xl0"3 — 
4.0 Cu (4.89 ± 1.07)xl0"3 --
4.0 Pb (10.3 ± 2.7)xl0"3 

Table 7. Continued. 
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Pion n" Production 
Momentum 
(GeV/c) Target ^-(mb/sr/GeV/c) 

.5 Be 69.8 ± 2.9 

.5 C 89.0 + 4.0 

.5 Cu 244. + 11. 

.5 Pb 415. ± 21. 

1.0 Be 71.9 + 0.8 
1.0 C 93.5 ± l.i 
1.0 Cu 237. ± 3. 
1.0 Pb 389. ± 5. 

1.5 Be 63.0 ± 0.6 
1.5 C 79.5 ± r.9 
1.5 Cu 170. + 2. 
1.5 Pb 274. ± 3. 

2.0 Be 52.0 ± 0.5 
2.0 C 61.9 ± 0.7 
2.0 Cu 140. ± 2. 
2.0 Pb 188. ± 3. 

2.5 Be 27.7 ± 0.3 
2.5 C 33.9 ± 0.4 
2.5 Cu 66.8 ± 0.8 
2.5 Pb 102. ± 2. 

3.0 Be 17.5 ± 0.2 
3.0 C 21.9 ± 0.2 
3.0 Cu 44.0 ± 0.6 
3.0 Pb 61.7 ± 1.0 

Table 8. Pion Production Cross-sections 
Beam =4.8 GeV Protons 
Errors quoted are statistical only. 
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Pion 
Monentua 
(GeV/c) Target 

IT" Production 
do ^• (mb/s r /GeV/c) 

3.5 
3.5 
3.5 
3.5 

Be 
C 
Cu 
Pb 

9.45 ± 0.11 
10.7 ± 0.1 
22.1 i 0.3 
36.2 ± 0.7 

4.0 
4.0 
4.0 
4.0 

Be 
C 
Cu 
Pb 

1.89 t 0.03 
1.83 t 0.03 
3.4S t 0.10 
6.23 i 0.23 

4.5 
4.5 
4.5 
4.5 

Be 
C 
Cu 
Pb 

(3.13 i 0.19)xl0 
(4.12 ± 0.19)xl0" 
(10.8 + 0.5)xl0" 2 

(15.8 t l . l ) x l 0 " 2 

4.75 
4.7S 

Cu 
Pb 

(8.43 ± 4.22)xl0 
(6.62 t 6.62)xl0 

-4 
-4 

Table 8. Continued. 
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Pion 7i" Production n* Production 
Momentum 
(GeV/c) 

Target ^(nb/sr/GeV/c) ^•(•b/sr/CeV/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 ] 

.6 Pb 112. i 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 3S.5 t 0.9 | 

1.0 Be 1.09 ± 0.04 .887 • 0.040 
1.0 C 1.06 ± 0.05 1.35 t 0.07 
1.0 Cu 1.85 t 0.13 1.97 ± 0.12* 
1.0 Pb 2.95 ± 0.25 2.32 ± 0.21 

1.25 Be (1.11 ± O.lUxlO"1 (1.11 ± 0.17)xl0"1 

1.25 
1.25 

C 
Cu 

(1.31 ± 0.16JX10*1 

(2.36 ± 0.40)xl0"1 

(1.23 ± 0.24)xl0_1 

(2.50 t 0.37)xl0"1* 
1.25 Pb (3.13 ± 0.70)xl0_1 (1.99 ± 0.75)xl0_1 

1.5 
1.5 

Be 
C 

(7.98 ± 1.54)xl0"3 

(11.6 ± 2.1)xl0"3 

— 

1.5 Cu (17.3 ± 3.0)xl0"3 — 
1.5 Pb (27.9 ± 5.8)xl0"3 

Table 9. Pion Production Cross-sections * * 2 
Bean « 1.05 GeV/Nucleon Deuterons 
Errors quoted are statistical only. 
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Pion 
MoaentuM 
(GeV/c) 

«' Production 
Target do ^(•b/sr/GeV/c) 

»* Production 
do 
drtdk (wb/sr/GeV/c) 

1.7S Be (1.44 1 I.02)xl0 
1.7S Pb (13.2 ± 6.6)xl0"4 

-4 

Table 9. Continued. 
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Pion ii" Production »* Product ion 
MoaentuM 
(GeV/c) 

Target ^•(ab/sr/CeV/c) ^.(mb/sr/GeV/c) 

0.5 Be 104.2 i 0.4 76.8 ± 1.5 
0.5 C 110.0 ± 0.4 84.8 i 1.9 
0.5 Cu 250. • 1. 121. ± 2.* | 
0.5 Pb 544. • 2. 276. i 8. 

0.75 Be 101.9 1 0.2 107. t 2. 
0.75 C 117.9 • 0.4 114. 1 2. 
0.75 Cu 482. t 2. 135. ± 2.* 

0.75 Pb 616. i 2. 289. • 7. 

1.0 Be 92.8 * 1.0 104. t l . | 
1.0 C 109. + 1. 112. • 2. 
1.0 Cu 213. • 3. 173. t 2.* 
1.0 Pb 336. + 5. 277. ± 6. 

1.25 Be 45.6 • 0.5 48.0 ± 0.7 
1.25 C 50.6 1 0.6 51.8 i 0.8 
1.2S Cu 97.0 t 1.4 78.8 ± 1.1* 
1.25 Pb 157. ± 2.8 119. ± 3. 

1.5 Be 17.2 t 0.2 18.5 i 0.3 
1.5 C 19.4 • 0.3 18.9 ± 0.4 
1.5 - Cu 33.1 t 0.2 28.6 ± 0.5* 
1.5 Pb 54.0 ± 0.4 44.9 t 1.6 

1.75 Be 6.0' ± 0.11 8.17 i 0.28 
1.75 C 8.29 ± 0.13 8.64 i 0.22 
1.75 Cu 19.4 ± 0.4 12.9 ± 0.3* 
1.7S Pb 29.3 i 0.6 18.9 ± 0.9 

•Target • CH„ Table 10. Pion Production Cross-sections 2 
Beaa • 2.1 GeV/Nucleon Deuterons 
Errors quoted are statistical only. 
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Pion 
Momentum 
(GeV/c) 

Target 
IT" Production 

do g^OA/sr/GeV/c) 

TI* Production 
do 
drtdk (mb/sr/CeV/c) 

2.0 
2.0 
2.0 
2.0 

2.S 
2.5 
2.5 
2.5 

3.0 
3.0 
3.0 
3.0 

3.5 
3.5 

Be 
C 
Cu 
Pb 

Be 
C 
Cu 
Pb 

Be 
C 
Cu 
Pb 

Cu 
Pb 

2.25 ± 0.05 
2.59 ± 0.07 
4.56 1 0.06 
7.84 ± 0.12 

(2.37 ± 0.13)xl0~ 
(2.55 • 0.18)xl0 
(4.61 ± 0.15)xK}"1 

(7.98 t 0.34)xl0"1 

(1.40 * 0.09)xl0"2 

-1 

(1.77 • 0.13)xl0 
(2.56 i 0.32)xl0 
(4.87 ± 0.74)xl0" 

-2 

(19.7 t 8.1)xl0 -S 
(9.48 t 9.48)xl0 -5 

2.95 ± 0.14 
2.76 ± 0.11 
4.74 ± 0.16* 
6.83 ± 0.10 

•Target * CH2 
Table 10. Continued. 
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Pion 
Momentum 
(CeV/c) 

Target 
n" Production 

do g^-Cmb/sr/GeV/c) 
v* Production 

do 
dfldk (mb/sr/GeV/c) 

.5 

.S 

.5 

.5 

.65 

.65 

.65 

.65 

.75 

.75 

.75 

.75 

.9 

.9 

.9 

.9 

1.0 
1.0 
1.0 
1.0 

1.1 
1.1 
1.1 
1.1 

Be 
C 
CH 2 

Pb 

Be 
C 
CH 2 

Pb 

Be 
C 
CH 2 

Pb 

Be 
C 
CM, 
Pb 

Be 
C 
CM, 
Pb 

Be 
C 
CH 2 

Pb 

99.7 ± 4.0 
112. ± 5. 
110. ± 5. 
340. ± 19. 

61.0 ± 2.4 
63.2 t 2.8 
62.6 ± 2.U 
201. ± 12. 

45.0 i 1.8 
47.4 t 2.1 
46.8 ± 2.1 
137. ± 8. 

13.4 i 0.7 
13.9 + 0.8 
13.9 ± 0.8 
34.8 ± 3.2 

7.21 ± 0.42 
6.27 ± 0.47 
7.60 ± 0.53 
20-.7 ± 2.2 

3.52 ± 0.18 
3.13 ± 0.21 
3.22 ± 0.21 
8.99 ± 0.95 

78.4 ± 5.1 
105. t 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 

Table 11. Pion Production Cross-sections 
Beam = 1.05 GeV/nucleon alphas 

Errors quoted are statistical only. 
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n" Production 
do 

d n d T ( m b / s r / G e V / ' c ) 

71 

do 
dftdk 

Product ion 

r(mb/sr/GeV/c) 

Be 1.12 ± 0.07 

C 1.13 ± 0.09 

CH, 1.16 ± 0 .09 
Pb 3 .00 t 0 .40 

Be (2 .26 ± 0 . 2 1 ) x l 0 ' 

C (2.11 + 0 .26)x l0" 

CH, (2 .06 ± 0 .26)x l0" 

PB (6.55 ± 1.26)xl0" 

Be (4 .49 ± 1 .67)x l0 

CH, (3 .39 ± 0 .94)x l0" 

Pb (5 .89 ± 3 .40)x l0" 

(9 .18 t 0 . 1 1 ) x l 0 
(13 .9 ± 0 . 2 ) x l 0 " 1 

(17.4 ± 0.25X10" 1 

(26 .8 ± 0 . 7 ) x l 0 _ 1 
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Pion 
Momentum 
(GeV/c > 

Target 
ii" Production ii* Production 

do 2jjjj£-(mb/sr/GeV/c) da ^Cmb/sr/GeV/c) 

.5 

.5 

.5 

.5 

.75 

.75 

.75 

.75 

.3 

.9 

.9 

.9 

1.0 
1.0 
1.0 
1.0 

1.25 
1.25 
1.25 
1.25 

1.5 
1.5 
1.5 
1.5 

Be 
C 
Cu 
Pb 

Be 
C 
Cu 
Pb 

Be 
C 
Cu 
Pb 

Be 
C 
Cu 
Pb 

Be 
C 
Cu 
Pb 

Be 
C 
Cu 
Pb 

168. i 2. 
237. + 3. 
439. i 6. 
703. ± 11. 

205. ± 2. 
276. ± 3. 
486. ± 6. 
746. ± 7. 

211. ± 2. 
282. t 3. 
454. ± 6. 
714. ± 7. 

196. ± 2. 
256. ± 2. 
455. ± S. 
644. ± 6. 

109. ± 1. 
142. ± 1. 
234. ± 3. 
347. ± 5. 

51.0 ± 0.6 
64.6 ± 0.8 
101. ± 2. 
164. ± 3. 

192. ± 9. 
274. ± 14. 
493. ± 29. 
652. ± 87. 

168. i 8. 
268. ± 12. 

380. ± 27. 

582. ± 41 . 

95.7 ± 5.2 

13S. ± 7. 

191. i 14. 

40-.. ± 30. 

47.8 ± 3 .3 

65.2 ± 4 .7 

93.6 ± 8 .9 

157. ± 16. 

Table 12. Pion Production Cross-sections 
Beaa » 2.1 GeV/nucleon alphas 

Errors quoted are statistical only. 
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Pion H" Production n* Production 
Momentum 
(GeV/c) 

Target ~(nb/sr/Ge\l/c) ^.(mb/sr/GeV/c) 

1.75 Be 26.5 ± 0.2 25.2 ± 1.6 
1.75 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 t 1.2 80.7 t 10.0 

2.0 Be 11.1 ± 0.1 11.3 ± 1.0 
2.0 C 14.8 t 0.2 15.3 ± 1.2 
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 i 0.04 — 
2.S C 2.94 ± 0.06 --
2.5 Cu 4.55 ± 0.12 --
2.5 Pb 6.56 ± 0.24 --

3.0 Be (3.77 ± 0.12)xl0" 1 — 
3.0 C (5.09 ± 0.19)xl0" 1 — 
3.0 Cu (7.69 ± 0 .37)xl0' 1 — 
3.0 Pb (11.9 ± 0 .72)x l0 _ 1 --

3.5 Be (2.26 ± 0.27)xlO" 2 - . 
3 .5 

3 . 5 

3.5 

C 
Cu 

Pb 

(2.67 ± 0.31)xl0" 2 

(4.47 ± 0.57)xl0" 2 

(8.58 ± 1.25)xl0" 2 

--

4.0 
4.0 
4.0 
4.0 

Be 
C 
Cu 
Pb 

(8.99 ± 4.02)xl0" 4 

(23.9 ± 10.7)xl0" 4 

(7.43 ± 5.2S)xlO' 4 

(18.8 ± 13.3)xl0" 4 

— 

Table 12. Continued. 
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Pion it" Production 
MoMentun 
(GeV/c) 

Target ^JJ- (nb/sr/GeV/c) 

0.75 Be 115 t 1 

0.75 C 147 t 10 

0.75 Cu 390 ± 31 

0.75 Pb 394 ± 37 

1.0 C 26.8 ± 3.1 

1.0 Cu 100 t 12 

Table 13. Pion production cross sections 
12 Beaa * 1.05 GeV/nucleon C 

Errors quoted are statistical only 



"N. Mo«entu« 
>s. GeV/c 

R >v 
.5 .75 1.0 1.5 2.0 2.5 3.0 

2.1 deuterons 1.67 1.73 1.58 0.37 7.46xl0-2 1.67x10-2 1.99x10-3 

4.2 protons 1.67 1.73 1.58 0.37 7.46xl0-2 1.67x10-2 1.99x10-3 

1.05 alphas 
4.2 protons 1.70 0.694 9.11xl0-2 4.04x10"3 — — — 

00 
CD 
I 

Table 14. Ratios of the cross sections for IT' production by protons, deuterons, and alphas 

of equal total kinetic energy 



Momentum 
GeV/c 

R 
.75 1.0 1.25 1.5 1.75 2.0 Avg 

d + C •* IT* .966 1.03 1.02 .974 1.04 1.07 1.02 ± .03 

+ 
O + C •+ IT .993 1.05 — 1.01 1.08 1.03 1.02 ± .04 

Table 15. R a t i o R f o r ,•,„- p r o d u c t i o n fay ^ ^ ^ ^ 



l . t f CCV PROTONS 
TMCET - t € 

PkM/Z 

CROSS SECTION . * ! • 
CROSS SECTION ERROR 

C'/OSS SECTION .750 
CROSS SECTION ERROR 

CROSS SECTION . M l 
CROSS SECTION ERROR 

CROSS SECTION l . l l t 
CROSS SECTION ERROR 

CROSS SECTION 1.2SI 
CROSS SECTION ERROR 

CROSS SECTION 1.590 
CROSS SECTION ERROR 

CROSS SECTION 1 . 9 t 3 
CROSS SECTION ERROR 

CROSS SECTION 1.625 
CROSS SECTION ERROR 

CROSS SECTION 1.751 
CROSS SECTION ERROR 

CROSS SECTION 1.T99 
CROSS SECTION ERP-.1R 

CROSS SECTION 2 .619 
CROSS SECTION ERROR 

Table 16. 

PROTONS OEUTERONS N-I NE-S 

S. t«2E»l l 
A . T t t E r l l 

t . 
a. 

a . 
a . 

ii 

l . i t ? £ * l 2 
2.15<»E»M 

s.%z5E»aa 
1.579E-ai 

*.i<>3E-az 
i .azaE-az 

1.575E>ai 
z.ze^E-az 

l . t79£»12 
S. I7t£»SI 

« . i t t F la 
2 .9 I3E-11 

i . i a 7 E - a i 
Z.977E-aZ 

i .%atc-ai 
2.36%E-I2 

Z.«71F»IZ 
T.«19E»ta 

l-a31E»Sl 
5.9aaE-oi 

a . 
a . 

9.az<»E-az 
3.29ZE-aZ 

2.731E»S2 
a.otJE»M 

i . t i z E » a i 
5 .7S9E-U 

Z .56 |E-a i 
5.61«iE-a2 

a. 
a . 

3. I1£E»I2 
S.19«E»II 

i . «a i£»a i 
S.t72E-Bl 

z.aaaE-at 
».a«7E-(Z 

a . 
a . 

2.1C7EM2 
e.M%E»ai 

a. 
a. 

a . 
a . 

a . 
a . 

i .asaE*i2 
6.as2E»aa 

a. 
a. 

a . 
a . 

a . 
a . 

r . f6>E»IZ 
«.5«ae»ai 

1 .161E01 
i.az6E»aa 

a. 
a . 

a . 
a . 

9.%S3E»gS 
1.091E*a5 

a. 
a. 

a . 
• a . 

a . 
a . 

i .a i9E-az 
*.17SE-93 

2.979EM1 
3.W«7£>ai 

i . z a u - a t 
1.1ZIE-IZ 

a . 
a . 



l . l f SEV PROTONS 
TM6CT « K 

PIM/Z PROTONS OEUTERONS * - « 
CROSS SECTION t , „ , »™T«ONS M-J « _ , ^ 
CROSS SECTION ERROR '*"' J.»ltC-tJ 1.76K-II 1.UIE-I2 • 

i.»«-« ...ifE-u J:Jj;i.!l J: •. 
Table 16 (continued). 



1 . 1 5 CEV PROTONS 
TMGET ' C 

CROSS 
CROSS 

SECTION 
SECTION ERPOft 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CSOSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CHOSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERF OR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

PUB/Z PROTONS 

. 580 7 .*2 |E»01 
9.8<>6E-01 

.750 1.55<tE»0 2 
2.89VE»01 

.900 2.191E«02 
3.503E»00 

1.000 2.632E»0£ 
9.363E»00 

1.250 3 .75iE»02 
7.536£«90 

1.500 3 .095EO2 
8.2S2E»00 

1 .563 2.7dOE»02 
4.9O6E»00 

1 .625 2.567E»02 
S.3»8E»tl 

1.750 1.171E*03 
6 .583EH1 

1.790 7.75«E*0'» 
8.959E»«3 

2 .000 3.659E-02 
7.J28E-01 

Table 17. 

0EJTERONS H-3 HE-3 NE-d 

9. 
0 . 

0 . 
0 . 

0 . 
a. 

0 . 
0 . 

5.37M-*00 
2.SS0E-01 

7.W70E-02 
2.626E-C2 

2.721E-01 
3.038E-02 

0 . 
0 . 

9.330E*00 
2 .923E-31 

1 .99*S-01 
3.7SOE-02 

2 .706E-01 
3.131E-02 

0. 
0. 

l.*i29E»01 
B.356E-01 

1.638E-91 
7.3«.7£-02 

1 .638; -
5.21SE' 

• e i 
•02 

0 . 
0. 

1.926E»91 
5.5S2E-01 

<>.627E-01 
6.I.Z0E-02 

0 . 
0 . 

0. 
0 . 

1.75i»£»0l 
S.205E-01 

3 .396E-01 
5 .286<-02 

0 . 
0 . 

0 . 
0 . 

0. 
0. 0 . 

0 , 
0 . 

0 . 
0 . 

0. 
0. 0 . 

0 . 
0 . 

0 . 
0. 

1.7JSE»81 
1.332E»09 

0 . 0 . 
0 . 

0 . 
0 . 

0. 
0. 

0 . 
0 . 

f . 
0 . 

0. 
0 . 

1- 1.6^-1)1 
i s . H t E - 0 1 

1.739E~01 
1.61SE-02 

0 . 
0 . 

0 . 
0 . 



1.99 CEV PROTONS 
TARGET • CU 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

PLAB/Z 

.511 

. 7 f t 

.990 

1.090 

1.299 

1.900 

1.S63 

1.625 

1.790 

1 .790 

2 .000 

Table 18. 

PROTONS OEUTERO^S M-J HE-3 

2 .677E»0 2 
2 . * 3 2 E O I 

0 . 
9 . 

0 . 9 . 
9 . C . 

%.21<>E+9 2 
&.S5BE»99 

2.%t>7E»01 
• . g r » E - i i 

3 . 8 9 0 E - 9 1 6 . 
9 . V . 9 E - 0 2 B. 

0 6 3 E - 9 1 
370E-02 

3 . 0 0 9 E O 2 
6 .127E»99 

3 . * 2 9 E « 9 1 
7 . J 6 1 E - 0 1 

9 . 3 2 3 E - 9 1 3 . 
1 . 0 S 9 E - 0 1 <•. 

7 1 6 E - 0 1 
C96E-C2 

9 .357E»92 
7 .S39E»99 

3 . 6 9 2 E » 0 i 
9 . 2 5 2 E - 9 1 

1 .399E»09 1< 
1 . 9 3 9 E - 9 1 3 

832E-01 
913E-B2 

6.97<tE»0 2 
1.79BE>91 

t . 2 3 1 E » 0 1 
1 .703E»00 

1.35<i£»99 0 
J . I .S5E-B1 9 

7 .86«E»92 
l . « 3 2 E » l l 

3 .68TE»11 
1.33BE»SC 

1.035E»B0 0 
1 . 7 9 0 E - 9 1 9 

6 . 8 0 9 E * 9 2 
2.2<iOE»ai 

9 . 
9 . 

9 . 9 
a . 9 

5 .772E»82 
1 .908E»01 

0. 
9 . 

9 . 9 
e . o 

6 . 8 6 6 E M 3 
3.90&E»92 

3 .91«E»91 
3.199E*BB 

0 . i) 
0 ( 

1 .112E»06 
1.927E»0S 

0 . 
0 . 

. 0 . 9 
9 . 0 

3 . 9 9 B E - 9 1 
3.7<»9E-02 

» . 7 0 7 E * 9 1 
6 . 7 1 6 E - 0 1 

3 . S 0 2 E - 0 1 0 
t . 0 8 7 E - 9 2 0 



l .Of GEV PROTONS 
TMfiCT « CU 

CROSS SECTION 
CROSS SECTION ERROR 

PLABSZ 

2.ZSI 

PROTONS 

a , 
o . 

OEUTERONS 

I.Z65E-0Z 
<t.2l7E-93 

H-J 

<>.<»27E-I2 
7.955E-I3 

HE-J HE-* 

I . 

Table 18 (cont inued) . 



L I S ce» MK>?C» 
TARGET « PS 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

pue/z PROTONS 

•soe S.1I>6E«C2 
5.19»E»00 

.750 6.96»E*0 2 
«.615E»00 

.910 7.721E»02 
9.36<>E*00 

1.100 *.0»7E*02 
9.265E+00 

1.250 «.053E»03 
2„265E»01 

1.500 1 .190EO3 
2,65«E»01 

1 .563 9.050E»02 
3.290E«01 

1.625 9.6<>SE»02 
2.276£«01 

1.750 1.60JE*0% 
0.959E»02 

1.790 2.721E«06 
3.773E»05 

2 .000 3.193E«00 
1.7*7E-01 

Table 19. 

OEUTERONS H-I HE-3 HE-". 

0. 
0. 

0 . 0 
0 . 0 

0 . 
0 . 

5 . 1 t l E * 1 1 
1.312E*00 

1.3*5E»00 0 
1.9<t7E-01 1 

.269E-01 

.0S0E-01 
0 . 
0. 

1.3B7E»02 
2.256E»00 

3 .M*E»00 '. 
2.800E-01 9 

.532E-01 

.079E-02 
0 . 
0 . 

6.<>3«E»01 
1.30SE»0O 

3.625E»tO 2 
2 .702E-01 * 

.370E-01 

.060E-02 
0 . 
0 . 

6. 3!2E»fll 
2.331E»J0 

2.7C2E»00 0 
» .065E-01 0 

0 . 
c. 

5.ttOE»01 
2.I77E»90 

1.776E»00 0 
3 .163E-01 0 

0 . 
0 . 

0 . 
0. 

0 . 0 
9 . 0 

0 . 
0 . 

0. 
0. 

0 . 0 
0 . 0 

s. 
0. 

S . 2 9 9 E 0 1 
5.006E»00 

0 . 0 
0 . 0 

0. 
0 . 

0. 
0. 

0 . C 
0 . 0 

0 . 
0 . 

5.0<t2E»U 
9.500E-11 

S.87JE-01 • 
9.2<>SE-02 0 

0 . 
0. 



1 . 7 3 GEV PROTONS 
TMGET * K 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERPOR 

PUB/Z PROTONS 

. i l l t .272E»01 
5.07OE-01 

.750 7 . 1 S 3 E H I 
S.3Z5E-01 

1.100 1.03<iE«e2 
1.126E»0t 

1.250 1 . 5 7 7 E 0 2 
1.651EO0 

1.S00 2.197E»02 
2.Z59E»0S 

lo750 2.681E*02 
2 .735E»(t 

2 .100 3.7ME»0Z 
S.97»E*00 

2.250 S.030E»02 
5 .073E.00 

2 .375 2.093E»02 
<i.569£fe0 

2.1.35 3.689E»0 2 
3.6t»0£*08 

2 .625 6 .739E-81 
2 .31JE-02 

Table 20. 

OEUTERONS H-J ME-3 H E - * 

1 . 
1 . 

f . 
1 . 

1 . 
t . 

t, 
1 . 

Z . 6 7 * E t 0 t 
8 . S I 1 E - 3 2 

S . 
0 . 

1 . 1 5 S E - 0 1 
1 . 2 2 3 E - 0 2 

A. 
0 . 

3 . S l 9 E » t l 
8 . 9 2 8 E - 1 2 

1.63EE-
1.782E-

•11 
• • 2 

9 . 5 2 T E - 0 2 
9 . 6 2 2 E - 3 J 

0 . 
0 . 

k. S39E»U0 
9 . 0 7 3 E - 0 2 

1 .355E-
1.<•$!£• 

• 1 1 
•0 2 

* . 6 9 6 E - 0 Z 
6 . 0 3 1 E - 0 3 

0 . 
0 . 

6 .300E*C0 
1 . 1 9 6 E - 0 1 

1 . 1 9 3 E - 8 1 
1 .2H3E-82 

t . 1.16c 
2.C30E 

-03 
-0 3 

0 . 
0 . 

7 .8»2E»00 
1 . Z 1 8 E - 0 1 

1 .056E 
1 .883E 

• 0 1 
• • 2 

8 • 0 . 
1 . 

t . * 1 2 E » 0 0 
1 . 9 3 C E - 3 1 

t . 
0 . 

V • 0 . 
0 . 

9 .692E»00 
1 . 3 2 0 E - I 1 

0 . 
1 . 9 * 

0 . 
0 . 

6 . 1". » £ • « • 
2 . I 0 1 E - 0 1 0 . 

• • 
D • 

0 . 
0 . 

1 . 
1 . 

t . 
• 1 . 

0 • 
6 • 

1 . 
0 . 

6.0&<>E»30 
8 . 9 9 9 E - 1 Z 

1 . 
0 . D • 

0 . 



1.73 CEV PROTONS 
TARGET « SE 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

Table 20 (continued). 

PUB/Z 

2.750 

2.825 

MOTONS 

1.03SE-I1 
S.53*E-«3 

7.<)«.5E-C2 
7.357E-I3 

OEUTERONS H-3 ME-3 ME-* 

3.52SE»0« « . c , . 
6.SS2E-I2 | . J,.' J) 
l.«96E.B0 t . I . . 
*.655E-12 t . J*. «• 



1.T3 GE« PROTONS 
TARGET • C 

CROSS SECTION 
CROSS SECTION 

CROSS SECTION 
CROSS SECTION 

CROSS SECTION 
CROSS SECTION 

CROSS SECTION 
CROSS SECTION 

CROSS SECTION 
CROSS SECTION 

CROSS SECTION 
CROSS SECTION 

CROSS SECTION 
CROSS SECTION 

CROSS SECTION 
CROSS SECTION 

CROSS SECTION 
CROSS SECTION 

CROSS SECTION 
CROSS SECTION 

CROSS SECTION 
CROSS SECTICX 

ERROR 

ERROR 

ERROR 

ERPOR 

ERROR 

ERROR 

ERROR 

ERROR 

ERROR 

ERROR 

ERPOR 

PLAB/Z PROTONS 

. 5 1 0 6 . 2 2 9 E * t l 
6 . 1 S S E - 0 1 

. 7 5 0 1 .094EMI2 
1 .27«E«00 

1 .800 1 .360E+02 
1.50tE«SO 

l . f i f i 1 .926E»02 
2 . 0 I . 2 E O 0 

1 .500 2 . 7 6 3 E » 0 2 
3.960E»O0 

1 .750 3.2<t2E«H2 
3.32CE«0> 

z.tot <t.6S3Ef02 
6 . 1 3 6 E » 0 I 

z.zse 6 . 8 6 7 E 0 2 
6 . 1 3 3 E « t S 

2.<>35 S .667E*£Z 
5 .728E«08 

2 . 6 2 5 1 .899E«0 t 
5 . 0 0 8 E - 0 2 

2 . 7 5 0 1 . 6 9 i i E - « l 
1 .363E-9Z 

Table 21. 

OEUTERONS H-I' NE-J HE-* 

•• «• I. I. <• 
8* t. 8. 0. 
<i.978E»30 
1.<»95F-«1 

8 . 
t . 

2 . B 9 0 E - 0 1 
2 . . 6 S E - 0 2 

5 . 6 » 6 E * M 
l . * 2 3 £ - 9 1 

2 . 5 0 2 E - 8 1 
2 .7SBE-82 

1 . 5 2 Z E - 0 1 
1 .5ZZE-9Z 

6.963E»Q3 
l . f »67E- l ) l 

2 . 6 5 3 E - 8 1 
Z .S i i3E-02 

6 . 8 7 3 E - 0 2 
9 . 1 3 0 E - 0 3 

« .539E»00 
1 . 5 6 7 E - 0 1 

2 . « . 1 2 £ - 0 1 
2 . 2 1 5 E - 0 2 

l . « . 0 7 E - 0 2 
3 . 7 6 2 E - 0 3 

9 . S50EKJ0 
1 . 6 3 0 E - 0 1 

2 . 2 8 S E - 0 1 
1 . 9 6 1 E - 8 2 

8 . 
0 . 

l . Q 1 5 £ » 0 1 
2 . 0 & 0 E - U 

0* 0 . 
8 . 

l . G 9 1 E » 0 1 
1 . 6 2 6 E - 0 1 

Km a. 
0 . 

8 . 
8 . | . 

8 . 
f . 

6 .878E»80 
1 . 1 2 1 E - 8 1 

• • 8. 
e. 

• > . 3 Z 2 E 0 8 
8 . 1 8 8 E - 1 2 

*• 8 . 
a. 



1.73 CCV PHOTONS 
THCET » c 

MOSS SECTION ' " ' " " " ^ «»««« «-. •""•a SCCTICN »«-.».» n-j Mr.* 
CROSS SECTION EKROR *•»" i.»e«-tt *.«.«.„ . *"• 

Table 21 (continued). 

1.IJM>»J J.S39E-Q2 J* •• «. 



1 . 7 3 CE» PROTONS 
TARGET •> CU 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERPOR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

M . A I / Z PROTONS 

. M l 2 . 3 1 9 E * 0 2 
2 .230E»10 

. 7 * 0 Z.ZK>E*tZ 
3 . m £ » i t 

t.oot 3 , % * 7 E 0 2 
3,929E»Sa 

1 .250 •>.229E*0Z 
» . 6 C 7 f » U 

l .sea S . 2 0 7 E H 2 
S .606E*00 

1 . 7 5 1 S. I> t7E«IZ 
S.7fc2£»00 

2 . 9 0 1 « .3Z7E»tZ 
» . 5 7 0 £ . | l 

2 . 2 5 0 l . U I £ » t 3 
1 . 1 M E M 1 

2 . J 7 5 5.292E»0 2 
9 . < 6 » E » I 0 

2 . M S 1 .07 l>EO3 
i.09<>£»01 

2 . 0 2 5 " . . 1 3 k t . l l 
1 . 3 1 3 E - I I 

Table 22. 

OEUTEROHS M-J ME-3 HE-". 

1 . 
1 . 

t . 
9 . 

1 . 
1 . 

0 . 
0 . 

2 . 1 1 2 E » 0 1 
0 . 3 2 6 E - 0 1 

t . 
t . 

l . C 0 2 £ » « 0 
0 . 3 2 t E - 0 ? 

0 . 
0 . 

2 , t i t E « l l 
S . 1 5 2 E - 0 1 

2 . . • < . • £ » • ! 
l . S J O E - 9 1 

3 . 0 S 6 E - 0 1 
• . .1.75E-02 

fi. 
0 . 

Z . i>76E»* l 
5 c t J 5 E » 3 1 

2 .135E»tO 
1 . J J 9 E - 0 1 

1 . 1 0 6 E - J 1 
2 . 2 0 6 E - 0 2 

e. 
a. 

2 . 2 0 9 E O 1 
fc.fcJ9E-l>l 

1 .202E»01 
9 . * 3 5 E - 0 2 

1 . 7 C » £ - 3 J 
7.62<.u' -0 I 

0 . 
0 . 

1.9<t3E>01 
3 . 0 6 6 E - 0 1 

I . 6 I . 9E 
7 . 1 * 2 E 

• 1 1 
-0 2 

C.76OE-0J 
5 . 0 6 2 E - C 1 

0 . 
c. 

1 .770E»01 
j . k m - n 

».5«OE 
» . i l t £ 

- 0 1 
-02 

0 . 
0 . 

a. 
0 . 

z . « 6 i E » e i 
•>.130E>01 

1 . 
t . 

0 . 
0 . 

0 . 
a. 

9.<>reE»SS 
3. i s i E - a i t . 

0 . 
1 . 

0 . 
0 . 

1 . 
1 . 

f . 
0-

s . 
1 . 

1 . 
0 . 

9 . i5«iE»00 
2 . 1 7 9 E - 0 1 

1 . 
3 . 

t . 
0 . 

a. 
e. 

http://13kt.ll


1.73 « ¥ PROTONS 
TARGET • CO 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

Table 22 (continued). 

PIM/Z 

2.751 

PROTONS 

* .951E ' *1 
<..2»*e-«3 

2.ez* 

OEUTERONS M~J HE-J HE-» 

t.%tlE»l( I . I . 0. 
1.66SEO! I . t . I . 
2.«29E«H 1 . t . I . 
l.SfcIE-11 ( . I . ». 



i . 73 GCV PROTONS 
TARGET « M 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

PLAB/Z PROTONS 

. 5 0 0 5.67%E»02 
7 . 6 7 * E * 0 S 

. 7 5 0 6.<t73E«02 
7.S«7E»00 

3 . 0 0 1 5 .925E»02 
7 . 0 8 3 E O 0 

t . 2 5 « 7 .060E«92 
7.9<.5E»00 

1 .500 S .3SJE.52 
8 . 8 0 2 O I 0 

1 .750 9,9<iSE«02 
1 . 0 5 9 E * I 1 

2 . 0 0 0 1 . 2 7 0 E O 3 
1 .328E«»1 

2 . 2 5 9 1 . 7 7 7 6 * 0 3 
l . S 2 8 £ » 0 t 

2 . 3 7 5 1 . 0 9 3 E O 3 
1 . 9 3 3 E « I 1 

2 . * 3 * 2 . 279E»»J 
2 . 3 1 S E » I 1 

2 . 6 2 5 S . 6 0 1 E » 0 I 
2 . 9 0 6 E - 0 1 

Table 23. 

OEUTERONS H-3 HE-3 HE-* 

1. 
0. 

1 . 
0 . 

1. 
t . 

0. 
0. 

8.58k£*81 
I . I 6 5 E O 0 

fl. 
0 . 

2.999E»00 
2.225E-81 

0. 
0 . 

5.97SF»01 
lo337E*00 

6.590£< 
<>.057E-•ot 

6.930E-
9.2C5E-

•01 
•02 

0 . 
c . 

5. 8 97E»0i 
1.112E»00 

6 . S « E » M 
S.I.72E-C1 

1.167E-
3.371E' 

•01 
•82 

0. 
0. 

3.*01E»01 
S.39I.E-01 

2.<>e<tE' 
2.01OE' 

• s o 
-01 

2.»J2E' 
1.<.CE' 

-02 
-02 

0. 

3 . S I I E « O I 
7 . 7 4 . E - 8 1 

1.<.<>5E' 
l.t.2«.E< 

.00 
-01 

0 . 
0 . 

0. 
0 . 

2 . 875E»U 
6.535E-01 

1. 
8 . 

0 . 
0 . 

s. 
0. 

3.I.06E.51 
6 .919E-01 

0 . 
0 . 

1 . 
a. 

0. 
c. 

1 . 5 5 6 E 0 1 
7 .19*E-01 

0 . 
0 . 

t . 
t . 

0. 
0 . 

t. 
0. • 1 . 

i . 0. 
0. 

1.5&OE»01 
"..093E-01 

t . i . 
t . 

A. 



I.T3 GEV PKOTONS 
TARGET « n 

CROSS SECTION 
CROSS SECTION ERPOR 
CROSS SECTION 
CROSS SECTION ERROR 

RL»B/Z PROTONS JEUTERONS 
Z.TSQ 1. 

1 . lttE-01 
t.(5IEO« 
t.9tit-ti • 

2.825 1 . 
1 . 

h, taOE»l« 
z.tt(E>ai 

t * 

M-J ME-3 M£-|, 

». 

Table 23 (continued). 



Z.l GEV PROTONS 
TARGET « BE 

CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 

PL»B/Z OROTOHS 

. 900 J.9B3£»01 
5.S32E-S1 

. 7 5 0 6.17Zt*Bl 
7 . 3 e i f - 0 1 

1.000 8.883E*01 
9.S2SE-01 

1.250 l.Z8B£*0Z 
1.365E*00 

1.500 Z.038E»0Z 
1. <.»«£'0 0 

1.750 2.Sl<tE»0Z 
2.870E»00 

2 .000 3.168E»0Z 
3.218E»00 

2 .250 W.Z89EOZ 
<».333E»08 

2 .500 6.136£*0Z 
1.9S3E+01 

Z.750 Z.496f»t>2 
8 .007EO0 

3 .000 1.71SE.00 
3.78<.E-0Z 

Table 24. 

BEUTEROrvS M-3 M6-J h£-<» 

3. 8<i3E-0! 
J. 941E-9Z 0 . 

l .*09E-0Z 
5.329E-G3 

0 . 
G. 

Z.276E»D0 
8. 120E-02 

0. 
0 . 

0 . 
0 . 

0 . 
0. 

3.575E*00 
9.1S3E-0Z 

1.731E-
1.875E-

•11 
•02 

8.9S9E-02 
9.539E-03 

0 . 
0 . 

•>.070E*OS 
9 . I M E - 0 2 

1.530E-
1.577E-

•01 
•02 

5 .679E-02 
6..906E-0I 

0 . 
0 . 

•>.733E»00 
O.SK.E-OZ 

1.302E-Ci 
9 .393E-03 

1 . < I 7 6 E - S 2 
Z.ZZ8E-03 

0 . 
0. 

5.9Z6E»00 
l .Oli .E-01 

1.Z08E-01 
1.185E-0Z 

3.*51E-0J 
l.<i09E-03 

0 . 
0 . 

6.3Z7£fC3 
1.017E-01 

1.037E' 
1.027E' 

-01 
•OZ 

0 . 0 . 
0 . 

6.579E»00 
1.009E-01 

S. 
1 . 

0 . 
0 . 

0 . 
0 . 

5.5iii.E.aa 
Z.776E-31 

0 . 
0 . 

0 . 
0 . 

0. 
8 . 

3.7S5E»00 
2 .017t~Ol 

0 . 
0 . 

0 . 0 . 
0 . 

J . 6 3 9 E 0 9 
6.126E-02 

s. 
0. 

0 . 
0 . 

0 . 
0. 



2.1 GEV PROTONS 
TMGET * 8E 

CROSS 
CROSS 

CROSS 
CROSS 

SECTION 
SECTION 

SECTION 
SECTION 

CSOSS 
CROSS 

CROSS 
CROSS 

CROSS 
CROSS 

CROSS 
CROSS 

CROSS 
CROSS 

SECTION 
SECTION 

SECTION 
SECTION 

SECTION 
SECTION 

SECTION 
SECTION 

SECTION 
SECTION 

ERROR 

ERROR 

ERROR 

ERROR 

ERROR 

ERROR 

ERROR 

PLAO/Z 

3 .125 

2.125 

2.375 

.625 

2.6875 

2.812S 

2.875 

PROTONS 

1 . 6 3 U - I 1 
1 .I32E-02 

4.020E+02 
1.206E+01 

6.231E+02 
1.869E+01 

8.242E+02 
2.472E+01 

8.040E+02 
2.412E+01 

4.530E+02 
1.360E+01 

3.234E+03 
9.V02E+01 

Table 24(continued). 

9EUTERONS H-3 HC-3 HE-% 
2.779E»00 S. I. C. 
$.»>>7E-t2 t. I. C. 

o 



2.1 CEV PROTOKS 
TARGET « C 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

secTie.. 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

PLftB/Z PROTONS 

.500 6.2*1E»11 
8 . 9 2 S E - U 

• 7«0 0 .891EO1 
i.or?£»ti 

l.aoo 1.2".1F»02 
1.38SE»>S 

1.2SI 1,699E»02 
1.819E*00 

1.980 2.532E»02 
2.53<iE»91 

1.758 3.*17E»02 
3.59SE*80 

2 .118 3.797E»0Z 
3.8?*E»99 

2.250 5 .130EH2 
5.198E*09 

2 .580 7.162E»9Z 
1.61IE»B1 

2 .750 3 . 6 8 6 E 0 2 
1.184iE»9l 

3 .101 2.999E»99 
6.326E-02 

Table ?">. 

OEUTERONS H-3 HE- 3 

7 . U 2 E - 0 1 
6 . 7 2 0 E - 1 2 

1 . 
0 . 

t i . 
1 . 

119E-02 
143E-B2 

0 . 
a . 

3 . * 9 5 E H 0 
1 . 2 6 9 E - 8 1 

0 . 
1 . 

0 . 
0 

c . 
9 . 

5.9<i5E*C6 
1 .< .91E-01 

3 . 
3 . 

6<H»E-l'l 
M 7 E - I 2 

1 . 
1 

Ii26=-
518E 

•01 
•92 

0 . 
0 . 

6.<»98E»00 
l . < t S 5 E - l l 

3 . 
2 . 

092E-
817E-

•01 
•92 

6 
9 

971E-0? 
* 2 5 E - 0 J 

0 . 
c . 

6 .S82E»01 
1 . 3 6 9 E - 9 1 

1 . 
1 * 

6<>8E-01 
873E-02 

1 795E-02 
3585 -03 

9 . 
0 . 

7 . 9 9 9 E O 0 
l . k J O E - a i 

2 . 
2 . 

35%E-91 
S 7 8 E - I 2 

3 .621E 
811E 

•03 
•93 

0 . 
9 . 

6 .187E»89 
1 . 3 9 9 E - 8 1 

1 . 
1 . 

6 1 6 E - 0 1 
6 0 8 E - 0 2 

3 
0 

9 . 
9 . 

».«13E»(lO 
1 . 3 2 S E - 9 1 

0 . 
8 . 

0 
0 

G. 
0 . 

6 . 2 7 5 E * 0 0 
2 . «.JJE-(H 

8 . 0 
0 

0 . 
0 . 

<».9&6E»00 
Z . 8 5 5 E - 9 1 

1 . 
1 . 

t 
• 

• 0 . 

3 .853E»C1 
7.<»3<>E-02 

0. 
0 . 

1 
0 Q 

1 . 
0 . 



2.1 GEV PROTONS 
TARGET * C 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 

pue/z PROTONS 
3.125 2.3Z6E-01 

l.SitlE-12 

2.125 3.620E+O2 
6.S16E+00 

2.375 5.330E+02 
9.594E+00 

2.625 7.930E+02 
1.427E+01 

2.6875 9.398E+02 
2.819E+01 

2.8125 4.591E+02 
1.377E+01 

2.875 3.484E+03 
3.832E+01 

Table 25 (continued). 

9EJTER0NS H-3 HE-3 HE-". 

2.S6IE»0I 8. 8 . 0. 
6.JM.E-D2 t . I . 0. 

o 



2 . 1 CEV PROTONS 
TARGET * CO 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

c«oss 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERPOR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

P IAB/Z PROTONS 

. 5 0 * 2 .< i7 lE+02 
J .376E+00 

. 7 5 1 2 .795E»02 
3 .436E»0« 

1 . 0 0 1 3 . i a O E * 0 2 
3 . G 7 6 E * * 0 

1 .256 3.056E+0 2 
<t.263E»S0 

1 .500 5 .127E»02 
5.*»73E»00 

1 .750 6 .230E»02 
6 . 5 2 S E » ( 0 

2 . 0 0 0 6 .596E»0 2 
6 .858E»S0 

2 . 2 5 0 8 .850E»02 
9 . 0 8 5 E * 0 8 

2 . 5 0 0 1.220E»C3 
1 . 2 * 2 E » 0 1 

2 . 7 5 0 T .241E»02 
Z .3S1E»91 

3 . 0 0 0 3.2BTE*<J0 
1 . 1 3 2 E - 9 1 

Table 26. 

OEUTERONS H-3 NE-3 

3 . 5 1 7 E H I 
2.79<t£-01 

0 . 1 . 
0 . <.. 

OBTE-01 
580E-02 

0 . 
1. 

2.0 39E»01 0 . 0 . 
* . 0. 

0. 
0 . 

2.93SE»31 
6 .378E-31 

3.1<ilE»00 «.. 
1.893E-C1 5, 

773E-01 
1696-02 

0 . 
0 . 

2.526E»01 
S.H63E-J1 

2 .619£»00 1 
i . 5 * 7 E - 0 1 2 

6*3E-0l 
706E-02 

0. 
0 . 

2.027E*01 
».3<HE-01 

1.369E*00 5 
1 .016E-01 1 

920E-02 
I.81E-02 

0 . 
0, 

1 . 8 7 3 E O ! 
3.898E-01 

8.9I.3E-01 0 
7.58I.E-02 0 

0. 
0. 

l . t23E»t ) l 
3 .391E-01 

6.32EE-01 0 
S .959E-02 0 

a. 
0 . 

l . fc l lE»01 
2 .973E-01 

0 . 0 
0 . 0 

0. 
0 . 

1.071EHU 
2.I.1VE-01 

0 . 0 
0 . 0 

0. 
0 . 

7 . U 0 E O 0 
S.770E-01 

0 . 0 
• 0 . 0 

0 . 
0. 

9 .8*3£-02 
0 . 0 
0 . S 

0. 
0. 



2.1 GEV PHOTONS 
TMCET • CU 

CROSS SECTION 
CROSS SECTION ECTOR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

PUS/Z PROTONS 

3.12B 9.113E-I1 
S.661E-I2 

2.125 8.107E+02 
1.21SE+01 

2.375 " 1.138E+03 
1.698E+01 

2.62.5 1.555E+03 
1.710E+01 

2.6875 1.346E+03 
5.384E+01 

2.81.25 1.195E+03 
3.58SE+01 

2.875 2.062E+04 
2.269E+02 

Table 26(continued). 

OEUTERONS H-3 NE'I HE-* 
•.•zvrEMi •. o. a. 
1.290E-01 9, 0. 0. 

o 



2.1 CEV PROTONS 
TMGCT ' Pfl 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

P IAB/Z PROTONS 

.soc 6 .3S0E»02 
6.6S1E+00 

. 7 5 0 5 .837E»02 
7.<»23E»00 

1 .000 5.89BE+02 
7 .122E»90 

1.2S0 6 .616E»12 
7 .620E+09 

1 .500 8 . 5 2 5 E * 3 2 
9 .382E»30 

1 . 7 5 0 1 . 0 H . E O 3 
1 . 0 8 9 E M 1 

2 . 1 0 0 1 . 1 3 3 E » ! 3 
1 . 1 9 9 E M 1 

2 . 2 5 0 l .<t09E»93 
1,<»68E»01 

2 . 5 0 0 1.92<tE»03 
6 . 2 5 1 E » 0 1 

2 .7S0 1 . 2 0 8 E O 3 
3 . 9 7 3 E * 0 1 

3 .000 1.39«.E»01 
3 . 0 0 7 E - 0 1 

Table 27. 

OEUTERONS M-J ' HE-3 HE-ii 

l.t»6<»EHl 
9 . I93E-01 

0. TOtE-Ol 
370E-01 

0. 
0. 

7 . I 1 8 E H 1 
1.751E»eO 

0. 
0 

0 . 
0; 

S.<tl6E»0l 
1. 739E»00 

1 
6 

>2»0E«tl 7 
01SE-01 1. 

96&E-01 
057E-01 

0 . 
0 . 

5.736E*31 
1.262E»80 

7 .508EH0 h, 
16<iE-01 6. 

13<iE-81 
809E-02 

c. 
0. 

3 .9J1E*H 
9.<><>lE-ai 

3 
2 

91S£»00 1. 
•727E-01 1 

862E-02 
3176-02 

0. 
0. 

3.20<>E»«1 
7.787E-S1 

2 
1 

.OllEtOO 0 

.803E-01 0 
0 . 
0 . 

2.768E»01 
6 .763E-81 

1 
1 

173E»00 0 
.285E-G1 0 

0 . 
0 . 

2.l<t2E»01 
5.5I.9E-01 

0 
0 

0. 
0 . 

l . fSSEtOl 
1.413E*00 

0 
0 

0. 
0. 

1.051E»01 
i . S 7 « £ * 0 t 

1 
t 

0. 
0 . 

8.676E»00 
2 .951E-01 

0 
0 

0. 
0 . 



2.1 6EV PROTONS 
TARGET • PB 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

PIAB/Z PROTONS 
3.125 2.26SE»M 

i,%iee-ti 

2.125 1.335E+03 
1.468E+01 

2.375 1.939E+03 
2.132E+01 

2.625 2.496E+03 
2.746E+01 

2.6875 2.151E+03 
6.363E+01 

2.8125 2.296E+03 
4.174E+01 

2.875 2.413E+04 
1.340E+03 

Table 27 (continued). 

OEUTERONS H-3 HE-3 HE-* 
6.5%2E»0I t. t. fi. 
2.tS7E-tl I. t. t. 



%.z CEV Morons 
TMGCT * K 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERXOR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION £R»OR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTTON ERROR 

RUte/z RROTOMS 

. S l l 3.<>77E«|1 
5 . < . 9 » f - t l 

.7sa S . S « Z E » t l 
7 . 0 * 7 F - t l 

1 . 1 3 1 7 . t « 7 E » S l 
« . 2 « 6 E - I 1 

1 . 2 5 1 7 . 9 7 6 E » I 1 
9 . « 7 E - t t 

l . S O t 1 . I 0 2 E * 0 2 
i.tasE*ot 

1.750 1 . Z 7 7 E M Z 
1 . 3 * 9 E » t t 

2.toe l .t>5ZE»0Z 
l . S 1 5 E » l l 

3 . t O t 3 . I 5 3 E O Z 
l . Z 3 Z E » l l 

3 . 510 <>.SS6£*IZ 
1 . 0 2 7 E H 1 

k . t t l 5 .79%E»t2 
5 . S 2 6 E « S I 

<. .50t 7.3<.8E»IZ 
7 . 3 7 7 E » l t 

Table 28. 

OEUTERONS H-3 HE-3 HE-* 

3 . Z 9 » E - 1 l 
fc.lktE-BZ 

». Z . 1 8 6 £ - 0 Z 
7 , f c 5 t r - 0 J 

t . 7 » E * 4 t 
8 . I 2 Z E - S 2 

t . 
t . 

Z . l O t f - t Z 
6 . I X . E - 0 J 

Z. J79E.G0 
• . 2 O 3 E - 0 Z 

1 .185E-
1 . 7 7 I E -

• • l 
•cz 

l > . « 7 l £ - t Z 
8 . 0 Z 3 E - 0 3 

Z . 1 1 S £ « 0 I 
t . 9 E 3 E - 8 Z 

9 . 9 0 I E -
t .M iOE 

• • 2 
• • z 

i».e<»5E-02 
7 . 1 6 0 6 * 0 3 

Z. 1 6 t E » 3 t 
6 . 5 1 5 E - I Z 

6.8<»6E 
1 . I 9 8 E 

-0 2 
•02 

2 . 7 Z I E - 0 Z 
i i . 89 i .E -03 

2 . 3 6 3 E * 0 0 
S . 3 3 f E - t 2 

<>.St<i£ 
t . Z 5 3 E 

-oz 
-03 

1 .73QE-02 
3 .C1ZE-S3 

2.ZS9E»09 
5 . 9 3 3 E - J 2 

* . 2 1 3 E 
7. I .S9E 

-ez 
•0 3 

1 . 5 K . S - 0 2 
3 . 1 6 1 E - 9 I 

2 . 6 t t E » < « 
1 .716E-C1 

t . t . 
1 . 

1 . 
1 . 

t . 
e. 

t . 
a. 

1 . 
1 . 

i . 
t -

t . 

1 . 0. 
t . 

0 . 
i . 

http://ii.89i.E-03


» . 2 CEV MtOTONS 
TMCET * K 

CROSS 
CROSS 

CROSS 
CROSS 

MOSS 
CROSS 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

SECTION 
SECTION FRROR 

SECT.ON 
SECTION ERROR 

SECTION 
SECTION ERROR 

RL»B/Z PROTONS 

<».«25 6.9<»6E»12 
6 . 9 7 l . E » 0 ) 

% . 7 M S . 3 3 I E 0 2 
5 . S 5 S E H 0 

H.tTf » . 5 « « E » I 2 
S .S73E+I0 

5 . l i t <t.390E»03 
<>.392E»I1 

Table 28 (continued). 

OEUTERONS H - I HE-3 H E - * 

I . 
I . 

0 . 
3 . 

a. 
e . 
i . 
o . 

i . 
0. 

c . 
c. 
0 . 
0 . 

0 . 
0 . 



».Z SE» PROTONS 
TMCCT « C 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION EWOR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CR0S3 

SECTION 
SECTION ERROR 

C<tOSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

RLM/Z PROTONS 

.510 5.857E»81 
9.117E-81 

.7*0 S .966EH1 
l . l<tlE»88 

1.811 1.85?E»IZ 
l .Z«tE»8l 

t.zst i . i * i E » e z 
I.Z97E»8I 

1.510 1.397E»0Z 
l.S30E»88 

l.TSC 1.661E»8Z 
1.796E»IB 

Z . M t 1.95IE»IZ 
Z.85ZE»88 

3 . M l 5.ZZ7E»BZ 
1.67SE»01 

3.518 S.388EOZ 
9.79SE»B8 

• . . I I I 7.787E»0Z 
7 .839EOS 

*.»•! B.8Z1E»DZ 
8.867EOB 

Table 29. 

OEUTERONS H-3 1 HE-3 

S . 7 1 9 E - I 1 
6 .95BE-1Z 1 . 

1 . 2 7 I E - 9 Z 
7 . 3 3 * E ' I 3 

0 . 
t . 

7 . a i t 7 E « l l 
2 . 1 0 9 E - 8 1 

1 . 
1 . 

e . 
e . 

c . 
t . 

fc.fctSEOI 
1 . V 7 6 E - 0 1 

Z . 7 1 I E -
3 .398E-

• • 1 
•12 

1 .89BE-R1 
1 .S16E-3Z 

1. 
e . 

3 . ) 6 6 E » 8 t 
I . Z Z 1 E - 8 1 

Z . B 6 6 E - 8 1 
Z . 6 5 3 E - 0 Z 

* . 7 « S E - B Z 
9 . 8 9 1 E - 0 3 

0 . 
c. 

3.8Z<tE»8fl 
1 . 10<>E-01 

1 . 6 6 5 E - I 1 
Z . 1 7 * E - 8 Z 

i t . S 1 6 £ - a z 
7 . 9 9 6 E - 1 S 

8 . 
1 . 

3 . 7 S 8 E 0 8 
1 . 0 Z 5 E - 8 1 

1 .1 .52E-61 
1 . B S 0 E - I 2 

Z.S<t0c-0£ 
S.S<.9E-13 

8 . 
8 . 

3.fc38£»98 
9 . 1 7 8 E - 8 Z 

1*%18E< 
1 .739E' 

- 1 1 
' • Z 

Z .3Z9E-0Z 
» .97BE-B3 

0 . 
8 . 

3.967E»flB 
Z . 6 7 1 E - 9 1 

9 . 
1 . 

1 . 
1 . 

a. 
8 . 

1 . 
0 . 

1 . 
1 . 

8 . 
8 . 

a. 
B. 

1 . 
0 . 

t. 
• 1 . 

1 . 
1 . 

8 . 
a . 

1 . 
1 . 

«. 
8 . 

8 . 
t . 

8 . 
a. 



».Z CE» MOTONS 
TMCCT • C 

MOSS 
MOSS 

SECTION 
SECTION E*»OR 

MOSS 
MOSS 

MOSS 
MOSS 

MOSS 
CROSS 

SECTION 
SECTION EWDft 

SECTION 
SECTION EftWOK 

SECTION 
SECTION EWWft 

PLftB/Z PHOTONS 

•>.*2* 
r.9t«E»«; 

S.TSt 6 .«t lE* | ; 
6.9Z5£«lf 

"..i/5 1.336E»83 
1.3*tE»tl 

S.IK V.TUEHJ 
*.ri;E«>i 

Table 29 (continued). 

3EJTER0NS H-3 HE-J HE-* 



* . 2 GEV PROTONS 
TARGET » CU 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERPOR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

PLAB/Z PROTONS QEUTERONS H-3 • HE-3 

. M O Z . 6 5 8 E * a Z 
3 . 9 t f i E « * a 

3.359E»aO 
3.3>>3E-31 

a . 
e . 

2 . 6 7 7 E - 0 1 
6 . 6 9 8 E - I 2 

. 7 5 0 3 . * U E * a Z 
i . . 3 5 6 £ » t l 

Z .635E» l f . 
S . t t 9 E - 0 1 

a . 
a . 

a . 
a . 

l . a n 3 . 3 6 9 E M Z 
* . I 9 8 E » 0 8 

3 .Z97E»81 
8 . 1 7 2 E - 0 1 

3 .263E* f la 
2 . 3 5 9 E - 8 1 

S . 5 2 2 E - U 
6 .S19E-0Z 

l . z s a 3 . 1 1 2 E H 2 
3 . r o i E » a a 

2 . I . 6 9 E H 1 
6 . 2 1 t E - 9 1 

2 . 6 3 7 E * * a 
1 . S 9 7 E - I 1 

2.7«>*E-01 
* .29<tE-02 

l . s e e 3 .Z«6E»82 
3.786£»<U 

l . S S 5 E » M 
* . 8 7 9 E - B 1 

l . S 2 9 E » 0 a 
i . t t a E - a i 

8 . 3 6 6 6 - 0 2 
2 , 1 6 2 5 - 0 2 

1.7S0 3.9<»»E»aZ 
•>.38ZE»00 

1 . 6 9 1 E » 8 1 
«., 3 3 2 E - 0 1 

1 . 2 S 3 E H 0 
1 . 1 0 1 E - H 

7 .1T1E-D2 
1 .S53E-02 

z . a a a 3 .976E»aZ 
<t .3«iE»ae 

i . 2 i i E » a i 
3. 3 S Z E - M 

i . a a * e » o o 
9 . 2 1 9 E - 0 2 

1. .601E-02 
1 . 3 8 8 E - 8 2 

3 . « l l 7 .718E««2 
2 .52< iE*» l 

r . 0 2 6 E » a a 
6 . S 9 6 E - I I 

0 . a . 
a . 

3 . 5 * 0 9 .858E«02 
1.S<>1E»01 

1 . 
a . 

a . 
9 . 

a . 
0 . 

<>.aao loZ19E<a3 
1 . 2 3 9 £ » 0 1 

a . 
a . 

9 . 
a . 

c. 
a . 

t .SBC l . * 2< iE *e3 
i . » * 2 E « » i 

a. e . 
0 . 

0 . 
a . 

Table 30. 



h.t CEV PROTONS 
TARGET « CU 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

MOSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION CRROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

PIta/z PROTONS 

* . « 5 1.3<i*E»*J 
1.361E»«l 

».TS0 1.18*E»I3 
1 .201EH1 

fc.875 3.232E»B3 
3.2kK*U 

s.gio 
1.817E»I2 

Table 30 (continued). 

OEtlTERONS H- H f - 3 H E - * 



h.Z CCt OROTONS 
TARGET • P0 

PLAB/Z 

CROSS SECTION . S I ? 
CROSS SECTION ERPOR 

CROSS SECTION . 7 5 8 
C<«OSS SECTION ERROR 

CROSS SECTION 1.800 
CROSS SECTION ERROR 

CROSS SECTION 1 ,250 
CROSS SECTION ERROR 

CROSS SECTION 1.500 
CROSS SECTION ERROR 

CROSS SECTION 1 .750 
CROSS SECTION ERPOR 

CROSS SECTION 2 . 0 0 0 
CROSS SECTION ERROR 

CROSS SECTION 3 .000 
CROSS SECTION ERROR 

CROSS SECTION 3 .500 
CROSS SECTION ERROR 

CROSS SECTION <».00G 
CROSS SECTION ERROR 

CROSS SECTION "i .500 
CROSS SECTION ERROR 

Table 51. 

PROTONS 0EUTEK3NS H-3 HE-3 

8 .885E»02 
1 .27UE»« l 

l . M » 8 £ * 0 1 
l . 2 0 7 E » 0 8 

8 . 
1 . 

1 . 
3 . 

813E»00 
026E-G1 

9 .823E»02 
l .26f>E»01 

1 .321E + 02 
3 .238E»00 e. 

3 . 
3 . 

827E»00 
60I.E-Q1 

8.0«.1E*02 
1 . 0 1 9 E » l l 

l . 2 M E » 0 2 
2 . 7 7 2 E * « 0 

2 . 1 1 I E » l l 
l . » 2 £ » « l 

1 . 
1 . 

•>85£»00 
939E-01 

6 . 9 6 2 E M 2 
8.69<»E*00 

8 . 3 0 * E » C 1 
1<996E»P3 

1 . 6 1 1 E + 0 1 
8 . 2 1 6 E - 0 1 

8 
1 

8 6 2 E - 0 1 
339E-01 

6.7«.9E»02 
»»213E»00 

5 . 3 1 7 £ » U 
t .< .28£»00 

8 .862E«C0 
5 . 5 2 6 E - 0 1 

3 
7 

357E-01 
513E-02 

6 . 8 H t £ » 0 2 
8 . 0 8 7 E O I 

3 . 9 3 1 E » 0 1 
1 .126E»00 

V .719E 
3 .715E 

• 0 0 
• 0 1 

0 
0 

7 .363E>02 
8.<»9i>E»00 

2 . 6 5 3 E » 0 1 
« .53« .E-01 

2 . 5 1 8 E 
2 . 5 3 0 E 

• 0 0 
- 0 1 

8 
3 

. 611E-02 

.332E-D2 

1 . 5 3 5 E + I 3 
3 . 6 1 0 E O 1 

1 .273E»01 
1.065£»0C 

0 . 
0 . 

0 
0 

1.71SE»03 
3 . 2 6 1 E » 0 : 

0. 
0. 

0 . 
0 . 

0 
0 

2.065E»B3 
2 .125E+01 

0. 
1 . 1 . 

0 
0 

• 

2.395E»0 3 
2.<»<>8E*0I 

1 . 
0 . 

1 . 
0 . 

t 
0 



t.2 6EV PROTONS 
TARGET * PB 

CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERP.OR 
CROSS SECTION 
CROSS SECTION ERROR 

PL»B/Z PROTONS 

t .625 ?.388E*01 
Z.*32E*ai 

<t.75C 2.CSFXJ3 
z.a96E»ai 

<*.*?* 5.3SfcE+a3 
5.<>9<tE»ai 

s.aae 
<J.16JE»B2 

Table 31 (continued). 

BEUTERONS KE-3 HE-* 



l . l f CEV/NUCLEON OEUTERONS 
TARGET « BE 

P t » B / 2 

CROSS SECTION . 7 5 6 
CROSS SECTION ERROR 

CROSS SECTION . 7 5 1 
CROSS SECTION ERROR 

CROSS SECTION . 7 5 0 
CROSS SECTION ERROR 

CROSS SECTION l . l l l 
CROSS SECTION ERROR 

CROSS SECTION 1 .100 
CROSS SECTION ERROR 

CROSS SECTION 1 . 2 5 1 
CROSS SECTION ERROR 

CROSS SECTION 1 . 5 1 1 
CROSS SECTION ERROR 

CROSS SECTION 1 .750 
CROSS SECTION ERROR 

CROSS SECTION 1 .875 
CROSS SECTION ERROR 

CROSS SECTION 2 . 0 0 1 
CROSS SECTION ERROR 

CROSS SECTION 2 .125 
CROSS SECTION ERROR 

Table 32. 

MOTONS OEUTERONS H-J NE-3 

1.«I7E*I2 
1.53%£»0I 

l . M 6 E » 8 2 
1 . 5 < I < I E + 0 0 

1.392E»02 
1.519E+II 

2 . < > 3 < I E » I 2 
2 . 5 3 2 E » 0 I 

2 .3 *7E»9 2 
2 . I . « » 5 E * 0 I 

* . 6 7 K + I 2 
< i . m E » 0 l 

1.8*«.E*»3 
2.6*6E»I1 

1.138£*0* 
3.599E*I2 

<».10SE*I3 
1.301E*B2 

1.17<tE+l3 
3 .727£««1 

1 . 8 0 7 £ « 0 2 
5 . 8 6 2 E H 0 

6 . 5 9 8 E M I 
l .M%E-01 

6.657E»00 
1.W92E-01 

6 .523E»00 
1-.«>7»E-I1 

1.50<»E*91 
2 . 2 9 8 E - I 1 

1 .3926 .11 
2 .175E-01 

2 . 1 3 3 E » I 1 
2.62<»E-01 

2 . 3 1 3 E » 0 1 
» . 1 0 9 E - 0 1 

2 . 7 l < t E M l 
1.02%E»00 

<>.283E»01 
1.5l*E»00 

2 .65SE+01 
9 . 8 6 5 E - I 1 

1 . 8 2 l E » 0 l 
6 . H I . 9 E - 0 1 

9 . 6 9 J E - 0 2 
1 . 6 1 8 E - I 2 

9 . 6 9 3 E - 0 2 
1 . 6 1 8 E - I 2 

9 . 6 9 3 E - 0 2 
1 . 6 1 I E - I 2 

6 . 7 8 5 E - 0 1 
3 . 7 6 3 E - 0 2 

O.O<t3E-01 
3 . 0 2 8 E - 0 2 

5 . I 8 9 E - I 1 
2 . 9 1 2 E - 0 2 

5 .30< tE -0 l 
3 . 8 5 3 E - I 2 

I..039E-C1 
6 .9*5£-02 

I . 
0 . 

5 . H 9 E - I 1 
7 . 3 9 2 E - I 2 

t . 
I . 

2 . 8 6 7 E - 3 1 
1 . 9 6 6 E - 0 2 

2.B67E-01 
1.986E-02 

Z.867E-01 
1 .9866-52 

5 . 9 3 7 E - 0 1 
2 . S 1 9 E - 0 2 

2.9I.BE-01 
1 .750E-I2 

2.552E-S1 
l .".58£-32 

2 .639E-01 
1.921E-02 

l . M > 2 E - 0 l 
2 . 9 2 1 E - 0 2 

0 . 
I . 

9. l87e- l2 
2.161E-I2 

I . 
I . 



1 .85 GEV/NUCLEON DEUTERONS 
TARGET « BE 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

csoss 
CROSS 

SECTION 
SECTION ERROR 

PLAB/Z PROTONS 

z . z s t 6 . 2 2 1 E * 8 1 
2 .1S3E»00 

2 . 3 7 5 3 . 7 8 1 E * 8 1 
i . 3 z z £ » a a 

2 . 5 8 1 2 . 0 9 9 £ » 0 1 
7 . 7 9 7 E - B 1 

2 . 7 5 0 6 . 9 6 7 E - B 1 
7.<t<><tE-0 2 

3 . t i g a . 

3 . 129 6 . 
0 . 

3 .258 a . 
a . 

3.25C a . 
a . 

3 . 3 1 3 a . 
a . 

3 . 3 7 5 a . 

3 . 4 3 8 w . 
V . 

Table 32 (continued). 

OEUTERONS H-3 

l . 2 5 8 E « U 
5 . 1 7 5 E - 9 1 

2 . 9 6 2 E - C 1 
$ . 2 < i t E - l 2 

1 . 2 7 6 E * 0 1 
5.20<»E-f>t 

1 . 
0 . 

2 . 1 3 9 E » 0 1 
7 . 9 3 3 E - J 1 

1 . S 9 6 E - H 
3 . 7 » a E - 8 2 

6 . Q S 2 E . 0 1 
2 . 3 J 5 E . 0 0 

3 . 1 5 T E - 0 1 
k .918E-SZ 

l . S 5 2 E » 0 2 
5 . 1 0 7 E . O I 

3 . 3 6 E E - 0 1 
<t .877E-02 

2 . 7 7 1 E » 0 2 
8 . 8 6 4 E O 0 

a . 
0 . 

3 . 137E*B2 
l . B 0 2 E » M 

J . 3 5 5 E - 8 1 
k . 6 8 7 E - » 2 

3 . 1 1 7 E * 9 2 
9 .953EH10 

J . 5 k 2 E - P l 
* . 8 Z 3 E - 0 2 

2 .333E»02 
7.<i7< >E»aa 

0 . 
a . 

<>.a5aE»a2 
1.29BE+S1 

a . 
a . 

3 .15*E»B3 
9 . 9 S 2 E » n 

a . 
a . 



l.t% GCV/miCLEON OCUTERONS 
T4RCCT • K 

n*n/z PROTONS 
CROSS SECTION 3 .«6a I 
CROSS SECTION ERROR e | 

CROSS SEC7I0N ] . « • • . 
CROSS SECTION ERROR I* 

CROSS SECTION J . f j i . 
CROSS SECTION ERROR | * 

Table 32 (continued). 

OEUTEROttS 

.7StE»«l 

. t21E»!2 

. f l l E * 0 k 
•tJ3E»03 

H-S ME-J HE-* 

. 372E»f l 



l . t « CCV/NUCIEOH OCUTCROttS 
t»RCET « C 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECT 101 
SECTI0.4 ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

R U I / Z PROTONS 

,n» Z . l t 3 £ » a Z 
2 . 4 * Z E » I I 

. 7 5 6 2 . 2 1 « r * D 2 
2 .<>tTE»l l 

.r»» Z . 1 M E X Z 
2 . < i t l E » l l 

1 . I M 3 . » t t £ * a Z 
J . • $ • £ » < ! 

i.aa« 3 . 3 M E » a 2 
J . S M £ » a t 

i . » e * . 3 » a E » 3 Z 
4 . f 2 I E * l t 

1 .9M Z . 3 3 K M 3 
k . 2 t t E » t l 

1.7*1 

l . t rs 9 . « 0 I E * I 1 
1 .711E>«2 

2 . M l 1 . 9 I « E » I ] 
t . l O l C t l l 

2 . 1 2 9 Z . t l * E « a 2 
7 . 4 2 3 E * I I 

Table 33. 

OEUTEROW H-3 H£»3 

l . l l f E t l l 
2.9ME-11 

l.I*tE»Cl 
2.««3E-tl 

t . 3 ( S E * l l 
3.t%3E-U 

2. !2«E»I1 
3.I33E-I1 

2.31*E>» 
I. I M ' - a i 

3.272E»ai 

t .sm-ai 
3.17U*I1 
f.l»IE>«l 

3.9SfE«*l 
1.<.".JE»II 

>.l31E«tl 
2.1S3E»iC 

J.S*IE»II 
i.tatE»aa 
z.eaasm 
a.TME-at 

3.3I1E-C1 
t.ZltE-a2 

3.309E>tt 
t .ZltE-92 

3.3ME>I1 
%.2t«E-t2 

i.i2*E»aa 
*.19<>E-az 

t . i k i e * a a 
t . a * *E -a2 

t.2<.1E»tt 
t.k*t£>az 

«.rafE-«i 
«.*41E-t2 

* . * 3 t i ' t l 
1.53ZE*ai 

a. 
a. 

a .»ar£*a i 
1.3»<E-tl 

a. 
t . 

5.177E-I1 
3.753E-a2 

9.177E-H 
3-7S3E-a2 

9.177E-01 
J.75JE-aj 

».7«»e-at 

3.131E-a2 

5.Z»*£-tl 
J.ZME-IZ 
3.t27E-at 

z.sasE-a2 
2.a*i£-ai 
3.t29E'a2 
i.9»*£-ai 
* . m c - i z 
a. 
a. 

l . t a u - a i 
*.M3£-»tZ 

a . 
a . 



l . i y KV/HUCLEON OCUTEftOttS 
TARGET « C 

PL*0/7 

CROSS SECTION 2.290 
CROSS SECTION ERROR 

CROSS SECTION 2.290 
CROSS SECTION ERROR 

CROSS SECTION 2.379 
CROSS SECTION ERROR 
CROSS SECTION 2.900 
CROSS SECTION ERROR 

CROSS SECTION 2 .7 f t 
CROSS SECTION ERROR 

CROSS SECTION 3.129 
CROSS SECTION ERROR 

CROSS SECTION 3.290 
CP.OSS SECTION ERROR 

CROSS SECTION 3.£90 
CROSS SECTION ERROR 

CROSS SECTION 3.313 
CROSS SECTION ERPOR 

CROSS SECTION 3.375 
CROSS SECTION ERROR 

CROSS SECTION 3.*30 
CROSS SECTION ERROR 

Table 33 (continued). 

PROTONS OEUTCROMS X-J NI-3 HE-* 

9 . t r i E » u 
3.13tE»00 

1.013E»C1 
I.OSOE-II 

O.27IE-01 1 . 
0 . • £ • £ - • 2 0 . 

S . tME»01 
2.9*7E»00 

1.570E»01 
7.2K9E-11 

2.0*7E*01 f. 
7 .17JE-02 1, 

<>.0I»9£»91 
1.77tE»0.9 

1 . 0 1 9 E » t l 
7 .997E-01 

t . 0 . 
t . • 

3 .333E»I1 
1.299E»3I 

3.131E»81 
1 .2 l tE*03 

* . * * » E - t l 1. 
S .7WE-I2 t . 

1.179E 
1.39IE--01 

0 .190E»I1 
2.012E*00 

« . 0 7 t £ « l l 1. 
7 . 0 1 I E - I 2 0. 

1 . 
1 . 

3.»33E»02 
1 .109EM1 

t . 1 
0 . 1 

1 . 
1 . 

3.997E»J2 
1.271E»01 

3.071E-01 t 
9 .239E-I2 1 

t . 
1 . 

l..203E»C2 
1,J%iE»«l 

9 . I 9 I E - 0 1 t 
0 .9*7E-02 • 

1 . 
0 . 

3.397E»02 
1.393E»I1 

t . 0 
1 . ( 

t . 9 . 0 9 9 E O 2 
1.376E + 01 

I . • 
9 . 1 

1 . 
e. 

%.916E»93 
l . 5 5 6 £ » 0 i 

0 . 0 
r. o 



l .OS GEV/NUCLEON OEUTERONS 
TARGET * C 

PUS/2 
CROSS SECTION 3.1.69 
CROSS SECTION ERROR 
CROSS SECTION 3.SOD 
CROSS SECTION ERPOR 
CROSS SECTION 3.531 
CROSS SECTION ERROR 

Table 33 (continued). 

PROTONS OEUTERONS H-3 HE-S ME-* 
7.67JE»6J 
2.<»2SE»t2 

8 . 
9 . 

».358E»9"» 
1.376E»C3 

1 . 
0. 

9 . t l tE»82 
2 .992E* i l 

0. 
8. 

en 



1.19 CEW/NUCLEOM OEUTERONS 
TARGET « P» 

CROSS 
CROSS 

SECTION 
SECTION ?RROR 

CROSS 
CROSS 

SECTION 
SECTION ERR^R 

CRCSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERPOR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
C*OSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

PLAB/Z PROTONS 

. 7 $ ! ».6C«.E»Q2 
1 . II1E+I1 

.751 S.661E««2 
1.1I6E»01 

. 7 5 1 ».716E»02 
l . U 2 E * t l 

1 . I M 1.113E»I3 
l»121E»9l 

l . l l l 9.936E*12 
1.991E»(1 

1.2*1 1 .67SEHJ 
1.76*E»I1 

1.511 5.9<»<>E«g3 
t . l l ? £ * ; i l 

1.751 1.95SEMS 
3.3«9E»I3 

1.675 1 . •<•<•£*!<> 
5.951E»92 

2 . 1 ( 1 *.1B3E»(3 
1.31SE»12 

2 .125 5.967E»12 
2 . t l l E » 9 1 

Table 34. 

OEUTEROM* H-3 ME-J 

l o l l f c E » l 2 
2 . 1 5 3 E O I 

3 . < . l * E » t ( 
3 . 2 9 2 E - I 1 

2 . 5 l 7 £ » t l 
2 . B 3 1 E - 9 1 

1 .126E»02 
2 . 1 7 t £ » l l 

3 » 6 1 « E » M 
3 . 3 « ? c - l i 

2 . « 6 2 E * 1 ( 
1 . 9 t ( E > 0 1 

1.13SE»C2 
Z . 1 9 J £ » l t 

t . 
1 . 

1 . 
1 . 

1 . 1 9 2 € * 0 2 
2 . l % 6 E » t l 

1 . * • > £ » • ! 
t . (<•«£-« 1 

l . t S k E O I 
1 . 1 3 9 E - I 1 

1 . 16»E»92 
2 . I 1 2 E 0 9 

1 . 3 t l E » 9 1 
5 . 9 7 9 E - 9 1 

1 . 3 2 9 E » I « 
1 . 2 5 7 E - B I 

1 . !*<»£» 92 
1.7 39E»«1 

9 . S ( 2 E » e i 
fc.33«E*91 

» . I 2 1 £ - C 1 
7 . 5 5 I E - i 2 

• . 3 5 t E » M 
1. *19E»9C 

fc.(«SE«9* 
2 . 5 5 1 E - I 1 

h . 3 1 2 E - l f 
5 . 9 3 9 E - 9 2 

I . 6 7 1 E O ! 
fc.3S9E»M 

3 . 3 « t E * 0 l 
t . ( 0 3 £ - t l 

2 . 6 B 9 E - 0 1 
1 . 3 1 7 E - I 1 

l . » t 3 E » 9 2 
L t M E M t 

1 . 
1 . 

1 . 
I . 

7 . 7 7 3 E > 1 1 
3 . 9 7 9 E » ( 9 

2 . « < • ( £ « ( ( 
5 . 9 5 3 E - 9 1 

1 . 1 7 6 E - I 1 
1 . 3 2 » £ - 0 2 

* . & 2 3 E » ( 1 
2 . 6 7 9 E » 9 I 

1 . 
B. 

1 . 
B. 



l . l f CEVSNUCLEON OEUTERONS 
TARGET • P8 

P U 9 / Z 

CROSS SECTION 2 . 2 5 0 
CROSS A C T I O N EPROR 

CROSS SECTION 2 .37S 
CROSS SECTION ERROR 

CROSS SECTION 2 . I l l 
CROSS SECTION ERROR 

CROSS SECTION 2 . 7 5 J 
CROSS SECTION ERROR 

CROSS SECTION 3 . I t « 
CROSS SECTION ERROR 

CROSS SECTION 3 . 1 2 $ 
CROSS SECTION ERROR 

CROSS SECTION 3 . 2 5 1 
CROSS SECTION ERROR 

CROSS SECTION 3 . 3 1 3 
CROSS SECTION ERROR 

CROSS SECTION 3.37S 
CROSS SECTION ERROR 

CROSS SECTION 3.1.38 
CROSS SECTION ERROR 

CROSS SECTION 3.%69 
CROSS SECTION ERROR 

Table 34 Ccontinued). 

PROTONS OEUTERONS N-3 

1 . 9 » E * t 2 
7.61JEtlO 

3.B61E»C1 
2.33SE»08 

1.673E»II 
« . 2 1 5 E - I 1 

•>.876E«I2 
l.l>32E»ei 

l . l t 6 E » 0 2 
I. .931EO0 

1 . 

S .996E»t l 
3 .«e9E<i i 

t . 3 8 S E » l l 
3 . 1 6 l E » t f 

1.317E*M 
3 .S*SE- f l 

1.65<iE»tl 
3.736E-81 

1.7S9E»I2 
t . T 6 S E * » 

1.197E*M 
3 .222E-I1 

0 . 
0 . 

%.336E»*2 
1 .<•• •£»• ! 

l . ( 9 8 E » ( t 
2 .9S4E-I1 

t . 
0. 

7 .357E»I2 
2.<|I>1E»01 

t . 
t . 

1 . 
0 . 

9 .139E»I2 
3 . M 0 E » H 

9 . 7 9 I E - I 1 
2 .8SSE-I1 

t . 
1 . 

•.9<»2E»t2 
2 .93 tE*« l 

1 . 
1 . 

t . 
1 . 

1 . 7 I 7 E H J 
3 . 8 9 3 E 0 1 

1 . 
1 . 

1 . 
t . 

1 .2S1EO* 
%.I»IE»S2 

1 . 
. 1 . 

1 . 
0 . 

2.523E»0k 
7.99IE»02 



1.13 GEV/NUCLEON OCUTERONS 
TARGET « Pfl 

PLAS/7 PROTONS 

CROSS SECTION 3.MO I . 
CROSS SECTION ERROR I . 

CROSS SECTION 3.531 I . 
CROSS SECTION ERROR I . 

Table 34 (continued). 

OEUTERONS H-3 HE-3 M£-% 

!.••<•£» OS • . • • • • 
S.45t£»03 t . t . C 

l.t*3E»«3 «. • . • • 
S.36ZE*M I . I . I . 



l . S S GEV/NUCLEON OCUTERONS 
TARCCT « CMZ 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTIOH 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERF OR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

PL*B/Z PROTONS 

.751 Z.679E»9Z 
Z.953£»0( 

.750 Z.697E»0Z 
Z.97ZE»00 

.750 Z.757E»0Z 
3.03ZE»«0 

1 . 1 ( 1 <i.3B]E»0Z 
».59SE»00 

1.Z5I O.Z5*E»9Z 
6.<tZ5E»(0 

1.500 Z.905E»03 
t . l Z 9 E * ( l 

1 .750 Z.150£»0« 
6.0Z9E»0Z 

1 .075 7.7fc5E»03 
Z.*S3E»0Z 

Z.000 Z.138E»03 
6.796E»01 

Z.1ZS 3.165E»0Z 
1.03ZE»01 

Z.Z50 l.Z70E»0Z 
fc.309E»0( 

Table 35. 

OEUTEROMS M-J ME-J 

1.Z96EV91 
3 . I37E-01 

1 . 3 3 S E 0 1 
J . I S t E - t l 

1.337E»01 
3 . I9*E-91 

Z.350E»01 
3.97fcE-01 

3 .775E*(1 
5.Z30E-01 

3.931E»M 
7.335E-01 

k .999E»( l 
1.936E»90 

9.109E»91 
3.ZZ8E + 90 

<t.09Z£»01 
1 . 0 6 1 E O I 

Z.695E»I1 
i . I J I E . « O 

Z.10ZE>01 
9.ZZ1E-01 

Z . 3 « 6 E - U 
3 .71 t£ -0Z 

Z.JkfcE-tl 
3.71IE-0Z 

2 . 3 t 6 E - ( l 
3.716E-0Z 

1.130E»0t 
7.1i>0E-lZ 

1.00<iE»0( 
t .Z69E-0Z 

3.460E-01 
fc.53l£-0Z 

3 .77IE-01 
9.006E-OZ 

0. 
0 . 

0.356E-01 
1.3O1E-01 

t . 
I , 
t . l t S E - l l 
9.051E-0Z 

5 . 1 3 l £ ° 0 1 
3.91ZE-0Z 

S . l l l E - 0 1 
3.91ZE-0Z 

S.131E-IS1 
3.41ZE-0Z 

S.OOOE-01 
3.300E-1Z 

t . l O 7 £ > 0 l 
Z.7I.6E-0Z 

t . 9 8 * E - 0 1 
3.007E-02 

» . 9 I 0 E - ( 1 
7 .999E-92 

I . 
0. 
S.095E-S2 
3.313E-0Z 

I . 
0. 

t . 
0. 



l . t f CEV/HUCLEM DEUTERONS 
TARGET • CH2 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERPOR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CR- i S 
CROSS 

SECTION 
SECTION ERROR 

CIWSS 
C. OSS 

SECTION 
SECTION ERROR 

PIAB/Z PROTONS 

2.irs 2 . I05E» |1 
8 .762E-01 

2 . H I 5 .615E»t l 
2 . I 3 1 £ « I I 

2 .751 l .C86E»M 
1.352E-01 

3 .010 0 . 
0 . 

3 .125 1 . 
0 . 

3 .250 1 . 
0 . 

3 . 3 1 3 0 . 
0 . 

3 .375 0 . 
0 . 

3 .MB 0 . 
1 . 

3 . t « 9 1 . 
0 . 

3 .501 0 . 
a. 

Table 35 (continued). 

OEUTERONS M-3 

l . 07*E»M 
I..62JE-01 e. 
I .9I7E»01 
l . fcl6E»00 

* . 3 9 I E - I 1 
9 . 9 I 5 E - 0 2 

1.157E»S2 
3 .903E»II 

3 .194E-01 
7 . 2 2 3 E - I 2 

3.IS0E+02 
«.967E*00 

« . * 9 1 E - 0 l 
I . * 2 * E - I 2 

%.532E*02 
1 .S50EO1 

0 . 
0 . 

» . I19E»I2 
2<177E»I1 

5 . I I 7 E - I 1 
B.3S2E-I2 

t .391E»02 
l . O 9 E » 0 1 

0 . 
0 . 

6.531E»02 
l .W5E»01 

c . 
0. 

S.96SE»03 
1.687E»«2 

1 . 
1 . 

1.29SE»0<» 
t.1971*02 

1 . 
. 0 . 

T.*95E»B<» 
2.370E»03 

0 . 
0 . 



1.19 CEVSmiClEON OEUTERONS 
T»RS£T » \. • : 

PLA6/Z PRQTOMS OEUTEROKS H-3 HE-J HE-* 

CROSS SECTION J .531 0 . 7 .95JEHZ 0 . t . t . 
CROSS SECTION ERPOR 0 . 2 .537E»U 0 . » . 0. 

Table 35 (continued). 



Z.l CEV/MUCLEOM DEUTEROHS' 
TARGET « BE 

CROSS 
CROSS 

SEcm» 
SECTl ,'N ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ER»OR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

H U / Z PROTONS OEUTERONS H-J HE-J 

.stt a.26tE»«l 
i.ta<>E»aa 

7 . I99E-81 
7 .928E-82 

a. 
a. 

2.61.5E-02 
t.iaoE-az 

.75C l . t B t E o z 
1 .669E*lt 

t . I5 iE»0B 
z . a z a s - s i 

1.178E-B1 
Z.631E-02 

Z.939£-0t 
2 .9S3E-I2 

i,a»o 1.919EH2 
z.iz«E»aa 

a.zo%E»ot 
2 . I46E-81 

5.02SE-B1 
<..733E-02 

Z.388E-01 
2.JC3E-02 

1.Z80 Z.733E»IZ 
Z.90ZEOB 

l . B I Z E O l 
Z.165E-I1 

3 .527E-81 
3.5«.<iE-tZ 

Z.B63E-01 
V.9196-02 

i .saa 3.83<>E»8Z 
3.977E»B8 

i.i3<>E»at 
Z. H W - 3 1 

3 .262E-81 
3.113E-SZ 

l . iozE-ai 
1.Z77E-0Z 

t.TSfl <t.9Z5£*8Z 
7.ao7E«aa 

l . i a Z E t D l 
3 . S 1 S E - U 

3 . 1 3 * E - 0 l 
i».373E-az 

9.839E-0Z 
1 .656t -d2 

z.aae 6.372EOZ 
9.<>89E»aa 

l . t S B E t U 
3.606E-B1 

3.166E-S1 
3 .996E-02 

9,*5ZE-0Z 
1.501E-0Z 

z.zsa 1.1".1E»I3 
1.15l)£»Bl 

1 . 6 7 9 E 0 1 
Z.*68E-8l 

Z .Sd lE-a i 
Z.376E-BZ 

5.3»aE-0Z 
T.Z85E-03 

z.saa Z.37BE»BJ 
Z.379E»(l 

1.56<>E»81 
Z.Z78E-01 

a. 
a. 

8 . 
0 . 

z.rso 6.2Z6E»93 
1.971E»BZ 

l .S l l .E»01 
6.9ZBE-01 

a. 
a. 

8 . 
e. 

2 .975 9.»0OE»93 
Z.786E»8Z 

1 .399EOI 
6 . 3 9 6 E - U 

a. 
B. 

0 . 
a. 

Table 36. 



2 . 1 SE*/NUCLEON OEUTEROHS 
TARGET • K 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

PLA8/Z PROTONS 

3 . 1 0 0 6 . 3 6 I E + I 3 
2 . l l <>E» t2 

3 .250 1.1SOE»03 
3 .7S1E»01 

3 . S I 0 2 .553E»02 
2 . 6 1 S E » 0 I 

3 .SOI 2.S6<>E»I2 
2 . 6 2 6 E » I 9 

3 . 7 f t 8 . 3 0 6 E * a t 
8 . I 6 8 E - I 1 

• • . I I I 3 . l t 5 E » l l 
• . . 3S5E-51 

• • .110 3 . 9 2 9 E » l l 
<!.%•> 9 E - 0 1 

* . M I 7 . S i 2 E » l l 
i . l 3 6 £ - l l 

S . I M 1 . 
1 . 

Table 36 (continued). 

OEUTERONS H-J HE-3 HE-<t 

%;2E»01 
I I3E-01 

0S0E»01 
121E-01 

115E»00 
•.Oi.E-01 

<t53E»00 
Vl.lE-01 

U I E H I 
S91E-01 

»79E»91 
951E-01 

390£»01 
• 5 I E - I 1 

33t£»91 
796E-01 

I96E»I2 
139E»90 

l l t E - 0 2 
IS7E-I2 

294E-01 
1I3E-02 

0 . 



2 . 1 GCV/NUCLEON OCUTERONS 
TARGET • C 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

R U B / * PROTONS 

.911 1.137E»02 
l .«S7E»00 

.751 l .« l«E»0Z 
2.203E»00 

1.000 Z.Z77E»02 
2.S77E»10 

1.ZS0 3.037E»02 
3.zazE»so 

1.510 3.976E»02 
*.18JE»!S» 

1.750 5.1b3E»J2 
5.362E»00 

2 .000 t .M9E»C2 
6.576E»00 

Z.500 2.2t6C»03 
2.259E»41 

£ .750 6.613E»03 
2.09SE»0Z 

2 .<7f 9.3eoE»m 
2.9%<iE»02 

3.000 6.913E»03 
2 . ia9E»02 

Table 37. 

OEUTEtONS M-3 ME-3 HE-* 

1.120EOC 
1.Z06E-91 

0 . 
0 . 

7.130E-SZ 
3.151E-02 

s. 
0. 

1.099E»11 
3 .262E-01 

1.303E-01 
3 . * t « E - 0 2 

5 .790E-01 
5 .035E-02 

0 . 
s . 

1.320EM1 
3.200E-01 

* .593£>01 
7.9%3E-02 

3.95%E-01 
3.601E-0Z 

0 . 
0. 

l.l»Z2E»01 
3 .030E-01 

7 .SI2E-01 
t . M l E - 0 2 

3 . . 0 7 E - I 1 
Z.ai)9E-0Z 

0 . 
0 . 

1.0i»9E»91 
Z.4S5E-01 

S.531E-01 I.H91E-01 
l . ao ic -o? 

a. 
0. 

l . » 1 9 E » U 
2.929E-01 

5.S«9E-C1 
».707E-OZ 

9.630E-1Z 
1.339E-02 

0 . 
0 . 

1.701E*11 
2 .a92E-01 

0 .3D3EH1 
3.777C-02 

1.Z80E-01 
l . t t t E - O Z 

c. 
0. 

l . t f c l E M l 
Z.630E-01 

0. 
0 . 

0 . 
0 . 

0. 
0. 

t . i»0IEt01 
7.ZJ7E-01 

0 . 
0 . 

0 . 
0 . 

0 . 
a. 

a. 
0. 

a. 
0 . 

0 . 
0 . 

a. 
0. 

1 .350EO1 
6 .092E-91 

0 . 
0 . 

0 . 
0 . 

0 . 
0 . 



2.1 6EV/NUCLE0N OEUTERONS 
TMCET » C 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

PL*8/Z PROTONS 
3,250 1.198E»93 

3.81SE»81 
3.588 2.717£»8Z 

2.406E»88 
3.750 8.5<>ze»01 

9.3S*E-91 
<•.!•• V.196E»91 

l».929E-01 
•t.tlB t.lSSEOl 

«t.T87E-91 
4.588 7.518E*08 

1.Z77E-81 
5.9IC 8. 

8. 

Table 37 (continued). 

OE'JTERONS M-3 ME-3 NE-

1. Hi9E»0i 
S.99«E-01 

9.932E»8* 
1.677E-B1 

1.198E+81 
1.769E-81 

1.2S1E»I1 
1.92I.E-11 

1.%<>1E»01 
2.097E-81 

".. 1J<.£H)1 
<t.797E-Bl 

I.I98EOZ 
1.161E + 00 

791E-81 
669E-C2 



2 . 1 CEtf/MUCLEON OEUTERONS 
THCET • n 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SFCTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

PLAB/Z PROTONS 

.510 1.2»2E»03 
1.77tE»01 

.750 1.22*E»03 
1.56SE»01 

1.000 1.200E»03 
l .*65E»01 

1.250 1.193E»03 
l . t 0 9 E » 9 1 

1.501 1.37SE*03 
l .S62£»01 

1.750 1.561E»03 
1.721E»01 

z.ooo 1.903E»03 
2.0*S£«01 

2 .250 3.*90E»03 
3.619E»01 

2 .500 7.«95E»03 
7.612E»01 

2 .500 7.290E»03 
7.M)7E»01 

2 .750 
3.610E»02 

T a b l e 3 8 . 

OEUTERONS 

3.060E»01 
1.9ME»01 

2.557E»02 
5.196E«00 

2.091EO2 
•». IH .EH0 

1.1)1 IE » 02 
2.95BEH0 

9.S25E»01 
2.1S«E»00 

7 . 2 5 6 f » l l 
1.736E»M 

5 . 0 I 1 E O 1 
I . * 7 O E » O O 

S.766EH1 
1.36SE»00 

« .61tE»01 
l.K»9EOC 

t .25IE»01 
1.097E»00 

3.912E»01 
l .C3 3E»00 

H-3 

0. 
0. 

1.560E«C1 
1.13eE*00 

«.»0*E*01 
L696E»00 

2.370E»01 
1.10 3E»00 

1.25lE»01 
7.23tE-01 

6.719E»00 
l>.»()E-01 

3.777E*90 
3 . * U E - 0 1 

2.220C»00 
2.*62E-01 

0. 
0. 

1 . 5 U E » 0 0 
1.925E-01 

0. 
0. 

ME-3 

i.oaoE»so 
3.397E-C1 

7.067E»00 
5.«0%E<>01 

2.0*3E»00 
2.967E*Q1 

1.097E»00 
1.630E-01 

5 .077E-01 
1.C17E-01 

3.029E-S1 
0.173E-02 

3 . S 0 3 E - U 
7.312E-»2 

1.2UE-01 
fc.CelE-02 

0 . 
0 . 

0 . 
0 . 

0 . 
0 . 



2 . 1 GEtf/NUCLEON OEUTERONS 
TARGET « P8 

P IAB/Z 

CROSS SECTION 2 . 1 7 5 
CROSS SECTION ERPOR 

CROSS SECTION 3 . V I S 
CROSS SECTION ERPOR 

CROSS SECTION 3.25C 
CROSS SECTION ERROR 

CROSS SECTION 3 . 2 * 1 
CROSS SECTION ERROR 

CROSS SECTION 3.SOD 
CROSS SECTION ERROR 

CROSS SECTION 3 . 5 9 0 
CROSS SECTION ERROR 

CROSS SECTION I , , I I I 
CROSS SECTION ERROR 

CROSS SECTION • • . • 0 0 
CROSS SECTION ERROR 

Table 38 (continued). 

PROTONS OEUTERONS M-3 ME-3 ME- * 

5 . Z I 6 E » I % 
1.6%9E»J3 

3.339E*!* 
1 . I59EHJ 

"..02SE.53 
1.301E»IZ 

3.9Z0E»t3 
5.671E»S1 

7.479EOZ 
S.6«0E»0I 

7.7Z7EHZ 
I . 5 2 7 E O I 

9.93*E*S1 
1.S7ZEXI 

9 . 9 2 9 E 0 1 
1.565E»II 

3.t%kE»ll 
2.89VE.30 

i . r * t E * t i 
2 .9 t (E»ai 

2.7J3E»I1 
2.I>I7E»BI 

3.193E»01 
1.17dE»9a 

2.572E»I1 
7.121E-01 

2 .512E*t l 
7 . 1 5 J E - U 

S . 1 0 I E O 1 
1 .I13E.00 

3.615E»91 
« .29*E'91 

t 2 2 E - t l 
8BJE-91 

t l l E - l l 
7*6E-I2 

5 I 3 E - I 1 
J12E-I2 



2 . 1 GEV/NUCLECN OEUTERONS' 
TARGET « CH2 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERPOR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

PUB/7. PROTONS 

.511 1.396E»I2 
2.lfll£»00 

.751 1.912E««2 
2.353E»0I 

l . t l l 2.S30E»I2 
3.177f>ll 

1.2SC 3.S51E*I2 
<».135E»II 

1,511 5.656E.02 
5.«96E»II 

1.7SI t.72«£»02 
6.935EOI 

2 . I l l 9.4t2E»t2 
9.53I>E»H 

2.Mt 3.359EH3 
3.370E»«t 

2.75J I.I»65E*I3 
2.681E»e2 

2.B75 1.Z09E*!". 
3.828E»I2 

3.081 B.619E»II 
2.729E»Q2 

Table 39. 

OEUTERONS 

1.1IIE»II 
l.ZBJE-ll 
1.!6<>E01 
3.017E-I1 
1.251E»tl 
I.Z95E-I1 

1.5t«€»tt 
3.36IE-01 

l . i67E»l l 
3.J2ZE-I1 

l . lJ9E»tl 
3.3WSE-I1 

2.163E»0l 
3.566E-91 

2.1<»2E»ai 
3.31IE-01 

l . m e o i 
B.6S9E-U 
1.631EH1 
I.293E-11 

1, S2IE»I1 
B.B7ZE-01 

M-3 
I . 
I . 

Z.39*E-fil 
4.IME-I2 
9.537E-I1 
•.461E-I2 
6.7H.E-II 
*.371E-I2 
7.383E-I1 
6.113E-I2 
5.3SIE-I1 
*.»3IE-02 

3.1.05E-I1 
3.5BSE-I2 

I . 
I . 
I . 
I . 
I . 
I . 
I . 
I . 

HE-3 
6.73HE-I2 
2.2<>6E-02 

5.437E-S1 
S.236E-02 

S.629E-I1 
3.7t3c-02 

3.173S-I1 
3.09BE-I2 

1.17.:€-D1 
1.71i>£-DZ 

1.30I.E-01 
i.67*£-33 

l . l t l E - l l 
t.«.65E-0Z 

I . 
I . 

I . 
I . 

I . 
I . 

I . 
g. 



Z . l GEV/HUCIEON OEUTEROHS 
TARGET • CHZ 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION fc.999 
CROSS SECTION ERROR 

CROSS SECTION fc.999 
CROSS SECTION ERROR 

CROSS SECTION <t.590 
CROSS SECTION ERROR 

CROSS SECTION 5 . 9 8 9 
CROSS SECTION ERROR 

P U 6 / Z 

3.250 

3.Z58 

3.599 

3 ,750 

Table 39 (continued). 

PROTONS 0EUTERONS H-3 

1.519E»83 
<t.83SE»91 

1.19*E»91 1 
t.*l>6E-81 1 

• * • 

1.599E»03 
Z.Z77E»91 

1.511E»01 • 
3 .387E-91 < 

>.37*E-I1 » . 
>.531E-92 I . 

3.89«E+9Z 
3.99S£»99 

1.339EM1 1 
Z.15ZE-91 1 

'• • • 
'• 0 • 

l.Z63E»9Z 
1.3S8EM9 

1.S1IE»01 ( 
Z.Z96E-91 1 1* • • 

6.fc6«iE»01 
7.JZ7E-81 

Z.137E»at 
Z.9Z1E-01 

1 • V • 

6 . 5 9 1 F H I 
7.1.55E-01 

Z . l t t £ » 9 1 
2. 93 IE-01 

L.6Z7E-91 0 . 
1.7SZE-9Z « . 

1.212E»91 
1.8S8E-91. 

».*90E»91 
7 .27IE-01 1 * • m 

9 . 
9 . 

1.739E»9Z 
1.81ZEM9 

1* • • 

HE-3 H E - * 



1 . 1 * CEV/NUCLEON ALPHAS 
TARGET « feE 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION E.;flOR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTIO.i 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

PLAB/Z PROTONS 

. 5 8 9 1 . 2 * 6 E » I 2 
5 .90SE»99 

1 .100 <».99<»E»92 
B.959E»8B 

1 .259 9 .297E«92 
l . * 9 4 E » t l 

1 .589 3 . 7 2 * E * 9 3 
5 .90SE»01 

1 .750 1 . 9 3 1 E H * 
2 .397E»92 

2 . 1 9 0 2 . 6 * 6 E » I 3 
5 . 9 3 8 E » 9 1 

2 . 2 5 0 2 .7?6£«92 
9.9<>5E»I9 

2 . 3 7 5 1 .969E*92 
6 . t 7 6 E « e 8 

2 . 5 9 0 9 . 
9 . 

2 . 9 2 5 9 . 
9 . 

2 . 7 5 0 9 . 
0 . 

Table 40. 

OEl/TEROW 

7.735E-01 
2 . t * 9 E - 9 l 

2.<»5tE»91 
• . 2 2 1 E - 0 1 

) .92IE»91 
I .125E-81 

«.. »32£»01 
9.k55E-91 

».199E»01 
l.S93E»9B 

9.W8JE01 
1 .6HE»99 

9<.202E>91 
2 . 8 5 2 E 0 8 

1.377E»02 
3.653E»aa 

l . l$ tE»92 
3.«9iE*ae 
2 . 0 6 E M 2 
7.933E»99 

k.291E»92 
1.376E»91 

M-3 

9 . 
9 . 

B.623E-91 
9.2<ilE-a2 

1.132E»99 
9 .535E-92 

1.63<tE»99 
1.CS9E-B1 

1.919E»C9 
i.oasE-oi 
l.6«.7E»BC 
1 . 3 U E - 8 1 

l . ( 6 0 E » ( i 
l.85<-.£-91 

2.a<>9E»99 
1.935E-B1 

9 . 
9 . 

9 . 
9 . 

9 . 
9 . 

HE-3 

9 . 
9 . 

1.957E»99 
9.33%E-02 

1.999E*99 
9.S22E-92 

2.157E»99 
9.C17E-52 

3.903E»99 
1.719E-91 

l .S«9c»01 
<>.599£-91 

2.679E»B2 
a.69kc»99 

9 .«I7£»92 
2.6B1E«S1 

2 . 1 O E 0 3 
».769E»91 

2.565E*93 
9.123E»91 

3.66«E»92 
1.17lE»91 

H E - * 

a. 
e . 

7.137E-91 
9 .999E-S2 

<t.28l>E-fll 
«.K>CE-92 

5.777E-91 
< I . < I 2 5 E - 9 2 

7.67BE-81 
B.757E-02 

8.568E-61 
6 .7 36E-B2 

1.917£«S0 
1.39BE-BI 

a. 
a . 
1.1)7E»0B 
1.9D7E-81 

a. 
a. 

a. 



L I S GEV/NUCLEON ALPHAS 
TARGET « BE 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SEC T I M 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
escsss 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

PLAB/Z 

3. eai 

3.125 

3 .125 

3.Z5B 

3 .333 

3.376 

3 .438 

3.1.78 

3 . 625 

•».tae 

* . * 0 0 

PROTONS 

Table 40 ( c o n t i n u e d ) . 

DEUTERONS H-3 

I . I 9 6 £ » C ] 
3 .%36E»0l 

3.a<i9E»aa 
2 . 2 8 6 E - 0 1 

2 . 1 4 5 E H 3 
2 . 1 0 9 E M 2 

t . 
1 . 

2 . J70E»»J 
6.S67E+S1 

1 . 
1 . 

3 .660E»03 
1 . 1 5 9 E 0 2 

< > . l l 9 E * t l 
2 . 5 3 1 E - a i 

a. 
1 . a . 

5 .S13E+93 
5 . 6 1 S E 0 2 

a . 
a . 

5 .898E»03 
1.8&7E«82 

a . 
a . 

7 . 2 ) 6 E * « 3 
2 .280E»02 

a . 
a . 

k. 12HE>03 
1 . 306E»02 

3.%iaE»aa 
2 . 1 9 3 E - 8 1 

1 .792E»02 
5. B16E»t)0 

Z . 5 7 5 E » a i 
9 . 5 5 3 E - 8 1 

1 . 3 7 2 E » I l 
S .52SE-B1 

3 . 3 * i E > 8 2 
l . B 7 I E * 8 1 

HE-3 

a»%E»oi 
2 8 2 E - 0 1 

7 8 6 E * 8 1 
aasE»og 

H E - * 

3 .823E»B1 
i.a$oE»oe 
1 . 2 8 5 E 0 2 
l .?90E»81 

3.175E»02 
1.013E«01 

1.275E»e3 
1.278E»B2 

3.50CE*03 
1.138E*C2 

1 . 0 t 7 E » 0 i . 
3 .310E»B2 

0 . 
a. 

a. 
a. 



1 . 1 5 CEV/NUCLEON ALPHAS 
TARCET • K 

PLAB/Z 

CROSS SECTION < • . » • 
CROSS SECTION ERROR 

CROSS SECTION <i.«75 
CROSS SECTION ERROR 

CROSS SECTION 5 . A I D 
CROSS SECTION ERROR 

CROSS SECTION 3 .563 
CROSS SECTION ERROR 

Table 40(cont inued) . 

PROTONS DEUTERONS H-J HE-J ME-I. 

1 . 2 I U » I I 
J . 9 A ( E » t l 

I.!»•£»•1 
S . 9 Z t E * * l 

3.217E»I3 
l . l l«E»«2 

0.0 
1.878E*00 



1 .15 GEV/NUCLEON ALPHAS 
TARGET * C 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERPOR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

Tabl e 4 1 . 

PIAB/Z PROTONS 

. 5 ( 0 1.6S6E»9 2 
7 . 0 5 6 E » 0 ( 

. 7 5 0 3 . » * * E * 0 Z 
1.3<t3E*f l l 

1 . ( 0 1 5 . 9 8 1 E K Z 
9 . 7 8 7 E » 0 ( 

1 .250 1 . 0 7 5 E H 3 
1 .739E»«1 

1 . 5 ( 0 t . 2 3 2 E » a i 
6 . 7 2 5 £ » < 1 

1 . 7 5 0 1 . 1 V 2 E » C 
3 . 6 1 6 E » ( Z 

2 . ( 0 ( 2 ,»77E»03 
9 .1<t9E»( l 

2 . 2 5 0 3 . M S E + 9 Z 
l . ( 2 6 E » 0 1 

2 . 3 7 5 Z . U 7 E 0 2 
6 .788E»90 

2 . 5 J 9 0 . 
0 . 

2 . 6 2 5 6 . 9 0 5 E O 1 
2 . 5 3 7 E » ( ( 

OEUTERONS 

2 . (*7E»(0 
5 .159E-I1 

1.83%E»(1 
1.379E*M 

3.53SE»01 
9 .375E- (1 

S.1Q*E»01 
l . U 2 E » 0 ( 

s . ( 3 9 E * U 
t . 2 * 7 E » 0 ( 

7. (12E»11 
Z.735E»0t 

7 . « 3 1 E » ( 1 
2.$iiE»ao 
8 . 9 1 Z E M 1 
3 . Z 3 7 E » 0 t 

l . Z 2 < t E 0 2 
*.277E*00 

1.&>>3E»92 
5.5S6E*C0 

2.51«E»02 
S.315E»00 

H-3 

(. 
e, 
3.<>3CE-(1 
1.721E-01 

1 . 7 8 8 E » ( ( 
1 .72(E-«1 

2 .07*E»( ( 
1.6ft7E-(l 

2.Z76E»0S 
1 . 6 C E - ( 1 

3 .092E»C( 
3 . 5 1 3 E - 0 1 

l . S 3 C E » M 
2 . 5 ( 0 E - ( 1 

Z . Z ( 5 E » ( 0 
Z . 6 0 7 E ' ( 1 

Z .S<t8Et ( ( 
2 . 9 2 2 E - 0 1 

(. (. 
(. (. 

HE-3 

(. (. 
7 . 3 ( 1 E - ( 1 
1.7S6E-01 

1 . 9 M E * 0 ( 
1 . 2 7 6 E - ( 1 

2.27<iE»00 
1.Z63E-01 

2 .786E»0( 
1 .300£ '01 

<».c20Et(( 
3.Z61E-01 

1 .6S1EK1 
7.139E-01 

2 . 7 5 5 E » ( 2 
( .93«E<0( 

9.fc*8E»02 
3 . ( 0 9 £ » 0 1 

2 .2S5£»(3 
7 . 1 5 ( £ * 0 1 

3 . 1 1 7 E » ( 3 
9 . 5 6 1 £ » 0 1 

HE-<» 

0 . 
0 . 

1.6V3EO0 
2.T15E-01 

7.7H1E-01 
7 .995E-02 

5 .837E-01 
6 .221E- (2 

7.9I.5E-01 
6.67ZE-02 

1 .001E.10 
1.398E-01 

1.1S1E»(( 
l .* .H.£-01 

l .S02E»«0 
1.709E-01 

0 . 
0 . 

(. (. 
0 . (. 



1 . 9 5 CEV/MUCLEON »LPH»S 
TARGET • C 

CROSS 
CROSS 

SECTION 
SECTIOM ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERPOR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SFCTION ERROR 

CROSS 
CROSS 

sr TIOH 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
cr?ss 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

PIAB/Z PROTONS 

2 .790 I • 
'• 

3.0CC I . 
* 

3 .125 I * 
# 

3.25S 1 # 
i» 

3 .333 1 1* 
I* 

3 .375 1. 
la 

3.%3t 1* 
5» 

s.tro 1. 
I» 

3.625 1 • 
l# 

t . l M 1 • 
1. 

*.*«« I. 
I. 

Table 4i (continued). 

OEUTERONS H-J ME-J ME-* 

3 . » « » £ • « 
1.2&I£»91 i . l . 

5k***9Z 
*55EOA 

3.«09E»«0 
2 . * J 8 E - i l 

1.159E»?3 
3.69<»E»0l 

Z.813E»M 1 
2 .6H.E-91 5 

t76E»fll 
> « - 0 l 

2.9T6E.C1 
1.099E»G0 

2 .167EH3 
6.»S3E»ai 

0 . «. 
1. t. 

1.726E»02 
5.619E»C0 

3.<>i>eE»t3 
I . I9»E»02 

3 .*»«£*«• 0. 
3 . U 7 E - 0 1 0 

2.9Z3E*9Z 
9.*11E*0C 

1. 
1. 

0 . 1 
i . a 

B. 
1 . 

S.2B9EOJ 
1.670EMZ 

« . i 
1 . 9 

1.2Z«E«03 
3.«99£»91 

».226E»13 
1.97ZE»IZ 

«. i 3.11,9E»03 
9.973E»«1 

t .6DlE>93 
Z.I9IE»IZ 

t . t 
o. e 

9.61<.E*83 
3.S<i2E»02 

*.335E*I3 
l.37iiE*«Z 

t.7Z7E»99 ( 
3.Z61E-91 9 

0. 
e. 

t .663E»t2 
f.iirE»n 

2 . » 3 J E H 1 1 
1 . 1 2 l E » 9 l 1 

0 . 
9 . 

t . 3Z1E»01 
6 .J19E-I1 

3 . 1 K £ * 9 Z f 
1 .0K.EH1 0 

s. 
0 . 



L I S GEV/NUCLEON ALPHAS 
TARGET • C 

PUB/7 

CROSS SECTION I..750 
CROSS SECTION ERROR 
CROSS SECTION <t.875 
CROSS SECTION ERROR 
CROSS SEC'ION 5.IOC 
CROSS SECTION ERROR 

CROSS SECTION 3.563 
CROSS SECTION ERROR 

Table 41(continued). 

PROTOHS OEUTERONS H-3 

1.2<»*E»I3 
3.9S%E»li 

1.929E*03 
6 . 1 2 2 E » t l 

3.092E»03 
9 . 7 9 « E * J l 

ME-3 ME-% 

0.0 
1.413E+00 



1 . 1 J GCV/NUCIEON ALPHAS 
TARGET • PS 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTICN ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

PLABS7. PROTONS 

• 7SQ 1 . 9 2 6 E 0 3 
2 . 2 3 t E » t l 

l.aao 2 .231E+03 
1 . 5 9 9 E * 8 1 

1 . 2 9 1 3 , 2 0 9 E » I 3 
9 . 3 7 5 E » 1 1 

1 . 9 1 1 1 . 1 B » E » I * 
1 . 7 7 2 E 0 2 

1 .790 3 . 2 1 1 E « I U 
7 .210E»02 

2 . 1 1 ! 7.6%8E<8 3 
2,«i57E*»Z 

2 . 2 9 1 7.9<t3E»0Z 
2 .13 feE» l l 

2 .J7S 9.<>91E»]2 
2 . 1 3 7 E H 1 

2 . 9 1 1 3 . 3 6 2 E H Z 
i . j 3 e E * a t 

2 . 6 2 9 2.%2<iE+B2 
1 . 9 2 t E + l l 

2 . 751 1 . 
1 . 

T a b l e 4 2 . 

OEUTERONS 

J.eJSE»02 
5. <•??£• 30 

3.369E»B2 
3 . I 9 S E » I S 

2 . 8B7E*32 
6.91BE»BB 

2.261E»B2 
9.63SE*0B 

Z.l97E*aZ 
7 .dseE»ia 

2.897EHZ 
9 . a i l E » 0 0 

Z.551E»aZ 
1.103E*B1 

2 . 90 IE » 32 
1 .20SE»01 

<i.399E»82 
1.678E»B1 

7 . 2 9 t E » e 2 
2 . 9 9 8 E » 8 t 

i . a i a E » i 3 
3 . 5 9 6 E » e i 

H-J 

7 . 2 U E » 1 1 
2.336EHB 

9.958E*01 
1.163E»BI 

« . Z 5 3 £ » 1 1 
Z . 1 8 I . E H 1 

2. I»11E»81 
l .< .78E»01 

l . S 5 2 E * 8 1 
1.5<iQE*aO 

1.<>?2E»11 
1.988E»9t 

?.Z18£*S0 
1.296E»B8 

7.266E»BB 
1 .267E»88 

a. 
a . 
t . 
t . 

i . 
t . 

ME-3 

Z.9<tOE»l l 
1 .0*BE»09 

T.633E»flf l 
2 . 8 Z 5 E - B 1 

5 . 3 2 9 c » a 9 
S . 2 6 8 E - B 1 

9 . B 7 9 E O J 
5 . C 7 Z E - 0 1 

l .B38£»01 
8.9<>1E-91 

3 . 6 9 2 E 0 1 
2.< >59E>aa 

7 .597£»1Z 
2 .57SE»01 

2.622E+BJ 
a.<isaE»ai 
8.636E»C3 
2.7<>7E»92 

8 . 3 t 9 E » I J 
2.65<.£*B2 

l .032£»G3 
3.i .06£»01 

H E - * 

2.<i69E»ai 
9 . S 1 6 E - 1 1 

6 .S91E»01 
Z . 6 2 8 E - 0 1 

2.<»68E+B0 
3.5SkE-0l 

2.6S7E»BB 
3.1.00E-01 

3.335E»08 
* . 9 8 3 E - 0 1 

3.<.71E»B8 
S . 7 6 9 E - 0 1 

3 .999E>01 
6 . 8 7 7 E - 9 1 

0 . 

a. 
a. 
a. 
a. 
l .*<i9E»ll 
I . 2 S I E » 8 « 



l . t S CEV/NUCLEON ALPHAS 
TARGET * P8 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR' 

PLAB/Z 
3.1)0 

3.125 

3. 251 

3.333 

3.375 

3.1(36 

3.*rt 

3.625 

H.6SI 

4.511 

W.758 

PROTONS 

Table 42 (continued). 

BEUTERONS H-3 

2 . 
6. 

671EOJ 
705E»3l 

8 . 
1 . 

H59E»86 
226E»«8 

i. 
1. 

8S6E»83 
8 7 5 E 0 2 0 . 

1. 
3. 

IhSEtQt 
338E»82 

7 . 
1 . 

i«JE»06 
8S3E+0I 

g. 
8. 

t . 
1. 

i . 
<M 

•>96E»t* 
753E*82 

t . 
I . 

1. 
5. 

715EtS% 
•>i»5E»82 

1 . 
1 . 

3. 
1. 

3S6E»9fc 
•?3£»03 

8. 
8. 

1. 
3 . 

875E*g* 
<>20E»02 

1. 
i . 

232E+01 
376E»S6 

1. 
896EM2 
<t«oE>oi 

6. 
3. 

369EH1 
<>8i>E»ge 

3 277£»8l 
171E*8B 

6. 
2 . 

130E+I2 
807EH1 

1. 
0. 

3. 
1. 

21tE»B3 
83<iE»02 

H£»3 

605£»01 
69SE»0I 

HE-* 

7.3S7E»81 
3.<i33E»00 

662E»02 
,66J£»01 

995£»82 
967E»0l 

J26E»IJ 
381E»g2 
,237E»gt 
92«.E»82 
,522E»0i> 
,«.J1E*03 



1.15 SEV/NUCLEON ALPHAS TARGET • r* 

PLAB/Z 
CROSS SECTION «t.875 
CROSS SECTION ERROR 

CROSS SECTION 5 . 0 0 0 
CROSS SECTION ERROR 

CROSS SECTION 3.563 
CROSS SECTION ERROR 

Table 42 (continued). 

PROTONS DEUTERONS M-J NE-J HE-«t 
0 . 
0 . 

8 . 
1 . 

S . I 7 2 E » t J 
1 . S 7 3 E » I 2 

a . 
i . 

1 . 
1 . 

0 . 
0 . 

0 . 
1 . 

9.«»3»E*03 
2 .996E»0Z 

i . 
0 . 

C. 
0 . 

0.0 
1.231E+01 



L I S CEV/NUCLEON ALPHAS 
TARGET • CH2 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTIP1 ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

PLAB/I PROTONS 

.750 ».339E»02 
1.5C2E.01 

1 .191 7.351>E>I2 
1.213E*01 

1 .25* 1 .375E.IJ 
2.21<iE»01 

1.580 <>.832E»I3 
8. l52E»Bt 

1.75C l.<i37E»0<t 
3.21SE»92 

2.toe 3.35BE»93 
l .067E»82 

2.210 «.32SE»B2 
l.«.13E»81 

2 .375 3.599E»02 
1 .180EH1 

2.910 8.727E»01 
3 .H .2EHI 

2 .825 1 .021EO2 
3 . 5 9 6 £ » l t 

2 .750 0 . 
0 . 

Table 43. 

OEUTERONS H-3 HE-J H E - * 

1.6«BE»01 
1.32*E»00 

1 . 
1 . i . 

7.ii9TE-ai 
1.S31.E-01 

3 .63SE.01 
9.&15E-01 

1 .528E .M 
1.6I2E-01 

1.807E*00 
1.251E-C1 

7.773E-01 
8.110E-02 

5.H>8E*I1 
1.20SE»00 

1.997E.0O 
1.651E-01 

2.352E»B0 
1.298E-01 

7.D12E-01 
6.900E-92 

».709E»M 
l.»29E»00 

2.073E»08 
1 .618E-I1 

3.019E+II 
1.I.39E-81 

7.160E-B1 
6 . 6 9 ' E - I J 

l . 871E*0 l 
2.36<»E»80 

2.0<i6E»00 
2 . I 1 3 E - I 1 

5 .80 l£»09 
2 .678E-01 

1.399E»0G 
l . l U E - 0 1 

8.297E»01 
3 . I 9 7 E O 0 

1.93SE»C0 
2 .597E-01 

2 .285EH1 
9.ii73E~01 

1.025E*IC 
1.3<i2E-01 

1.13BEX2 
•».l32E*9f 

2.365E»CI 
2 .733E-I1 

3.998E»32 
1 .287E«l t 

2.".55E*I9 
2.052E-01 

l.hl<>E»02 
•>.B87E»I0 

3 . m £ » 0 0 
3 .118E-81 

1.332E+I3 
* . 2 3 3 E * U 

0. 
0. 

2.016E»02 
fc. 777E»0I 

• • 
9* 

3.180E»03 
1.008£»02 

0 . 
0. 

2.969E+32 
9.775EM0 • • 

«..131E*83 
1 .308EH2 

2.93tE»00 
2 .136E-01 

5.50BE.S2 
1.779£*01 

V* 5 . 0 0 2 £ » ( 2 
1.601E*0l 

9.81tE»00 
».630E-01 



l . M GEV/NUCLEON Al 
TARGET • CM* 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

PLABSZ PROTOHS DEUTERONS H-3 HE-3 HE-* 

3.tit t 1.5*3E«<3 
t .91SE»01 

*.939E»99 
3 .233E-81 

2 . 
8. 

175E»9l 
<i33E-0i 

* .520E»I1 
1.59»E»89 

3.125 0 3.I3JE»03 
9 .625£»91 

1 . 
t . 

2.535E*02 
S.192E»00 

3.259 0 k.Bk5E»03 
i . 5 3 * e » e 2 

5.9HtE»C9 
3 .5S7E-91 

3.8S2E*02 
1 . 2 3 « » 9 i 

3.333 t i . 
i . e. 

0. 
0. 

3.375 P 7,*35E»93 
2.35<>E»t2 

i . 
9 . 

1.535E»03 
<>.869E»01 

3.<>3« 0 8.912E»93 
2.790E»02 

9 . 
9 . 

<i.557E*93 
l.«.i»3E»92 

3.*7t t 2.279E»9<» 
7.1I1E»12 

0 . 
1 . 

l.<i<t5E+0<> 
*.571E*62 

3.C25 1 5.239EKJ3 
1.6S9E»92 

6.«16E»99 
3 .969E-91 

0 . 
9 . 

o . e t i i 2.578E»«2 
8.W5E»9B 

3.417E*01 
1.186E»00 

Or 
0 . 

t .SM 1 1 . 7 I 1 E 0 1 
7.5S5E-91 

%.%69E»92 
l .*36E»91 

t . 
t . 

O.7S0 ( t . 
0. 

I T15E»I3 
S.**«E*91 

t . 
t . 

Table 43 (continued). 



l.OS CEV/NUCLEON ALPHAS 
TARGET » CN2 

PLAB/Z 
CROSS SECTION 4.975 
CROSS SECTION ERROR 

CROSS SECTION 9.090 
CROSS SECTION ERROR 

Table 43 (continued). 

PROTONS DEUTERONS HE-3 HE-* 

>• 3.127£»S3 I . 0. 
• • 9.909E+01 0 . 0. 

•• 3 . 9 1 6 E H 3 0 . o . 
<• 1.2<i8E»02 0 . 0. 



2 . 1 GEV/NUCICOH »LPH»S 
TARGET • BE 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

PUB.'Z PROTOMS 

.590 1.861E*8Z 
3.566E»80 

.750 2.033E»02 
3.M»6E»aa 

1.480 3.893E+3Z 
•».8Z3E*B0 

1.250 <».3ZZE»8Z 
<>.582E»ae 

1.500 6.177E»82 
6 . 3 9 5 O 0 0 

1.750 S.Z70E»0Z 
1.196E»91 

2 .000 l.l<tTE*03 
Z.601E»81 

2 .250 Z.S39£»83 
6.*95E»81 

2 .500 3.758E»e3 
1.198E*02 

2 .750 7.697E«83 
2.<»38E»aZ 

2 .813 7.70ZE«83 
Z.<i39E»aZ 

Table 44. 

OEUTERONS H-3 HE-3 HE-". 

* . 8 9 8 E - 0 1 
1 . 7 7 9 E - J 1 

0 . 
0 . 

a . 
e . 

a . 
0 . 

7 .1ZZ£*88 
3 . 7 1 8 E - 3 1 

0 . 
0 . 

3 . 2 4 8 E - 8 1 
5 . M 8 E - 0 2 

0 . 
0 . 

1 .21ZE»81 
1.. 3 i Z E - 3 1 

H . 1 8 5 E - 0 1 
7 . 5 M E - 8 ? 

3 . 9 8 3 E - 0 1 
5 . Z 1 6 E - 8 Z 

0 . 
8 . 

l .<t21E»Dl 
3 . 1 0 6 E - 3 1 

S.VOCE-81 
5 . I . Z7E -0Z 

4 . 1 5 9 E - 0 1 
3 .377E-0Z 

0 . 
0 . 

1 .7%7£»J1 
3 . 2 9 6 E - 1 1 

6 . 0 3 0 E - 0 1 
S . Z H E - O Z 

* . 6 3 5 e - 9 1 
3 . 2 6 3 6 - 6 2 0 . 

2 . 117E»01 
S . 0 2 0 E - 0 1 

So<tl)0E-8t 
« . 5 0 0 E - a Z 

5.J.OOS-01 
* t * 2 8 E - 0 Z 

0 . 
0 . 

2 . 5 S 9 E » 8 l 
8 . 7 7 1 E - 8 1 

I . . 89 I .E -81 
9 .15<iE-02 

6 . 7 5 0 E - 0 1 
7 . 6 9 7 E - 0 2 

8 . 
0 . 

3 . 1Z6E+01 
i.3iz£taa 

6 . 3 8 8 E - 0 1 
1 . 3 S 9 E - 0 1 

1 .820E»90 
1 . Z 7 8 E - 0 1 

a . 
a. 

3 .355E»01 
i.i>zi>E»ao 

a. 
a . 

a . 
a . 

0 . 
8 . 

•>.361E»81 
1 .7ZZ£*83 

a . 
0 . 

a . 
a . 

a . 
0 . 

a. 
a. 

a . 
a . 

a . 
a . 

a . 
a . 



Z . l GEV/HUCLEON »LPH»S 
TARGET « SE 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

P L t S / Z PROTONS 

Z . 8 7 5 7 . 
Z . 

8i.SE* 8 3 
<tS*E+8Z 

3.BB0 7 . 
Z . 

a<t3E«B3 
Z31E«3Z 

3 .Z58 Z . 
1 . 

6 3 6 E « I 3 
513E»8Z 

3 .588 9 , 
5 , 

69<tE«8Z 
5 8 7 E » a i 

3 .758 0 
0 

t .aao 
1 

5 B 2 E » B Z 
Z7 3 E » e i 

4 . Z 5 0 8 
0. 

* .»ae 8 
a 

4 . 7 5 0 a 
8 

5 . 0 0 8 a 
a 1 

Table 44 (continued). 

OEUTERONS M-J ME-3 

s. a. 
a. a. 

9 • 8 . 
a. 

3 .617E»81 8. 
1.%S5E.SC 0 . 

0 • 
0 • 

a. 
a. 

3 . 6 1 8 £ * 8 1 8 
Z .588E»89 8 9 • 

a. 
0 . 

•». J91E»3t 8 
3.Z<>6E»aa 8 

w • c. 
a . 

5 .825E»J1 8 
2 . 1 0 6 E . 1 0 1 

. 6 i > t E - 8 t 

.Z77E-B1 
9.<>67E»ei 
3 .133E»00 

a. 
0. 

S. i .85E»01 8 
3 . i84E»G0 8 

3 . 6 6 7 E . 0 2 
l . B 2 8 E » 8 1 

a. 
a. 

a. a 
0 . 8 

6.5<.3E»!JZ 
Z .881E»Bt 

c. 
8 . 

a. s 
8. 8 

1 . Z 7 7 E H Z 
«t.lSI.E»3a 

a. 
a. 

a. a 
o. a 

Z . 8 7 6 E 0 1 
7 .6OSE-01 

a. 
c. 

7.18SE»8Z 8 
Z . Z 9 * E » 8 1 8 

8 . 
0 . 

e. 
a. 

H E - * 

http://8i.SE*


2 . 1 GEV/NUCLE 
TARGET • C 

ON ALPHAS 

CR05S 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERPOR 

CROSS 
CROSS 

SECTION 
SECTION ERPOR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

PIAB/Z PROTONS 

. S i t t .*9SE»02 
3.289E*0« 

.758 2.627E»0 2 
<t.605E«00 

l.toe 3.823E»02 
6.109E»00 

1.250 5.*12E»92 
5 .819E»II 

1 . 5 ( 1 7.*31E*02 
7.775E»90 

1.750 9.705E+02 
1.I.15E»01 

2 .100 1.567Ef03 
3.563E«I1 

2.2*0 2 . 1 9 8 E H 3 
7.02<iE»01 

2 .510 » . 2 5 i i l > l 3 
1.352E»(2 

2 .750 7.115E»03 
2.2S6E+02 

2 .013 9.299E»03 
2.9*6E*02 

Table 45. 

DEUTERCNS H-3 HE-3 HE-«t 

l .*50E»80 
2.H95E-D1 

0 . 
t . 

0 . 
0 . 

0 . 
0 . 

1.55«E»91 
7 . 0 1 ( E - a i 

0 . 
0 . 

0.3IOE-01 
1 .096E-01 

0. 
0 . 

1.930E«S1 
6.970E-S1 

1.22*E»I0 
1 .630E-I1 

0 .69*£-01 
9 .738E-02 

0 . 
0 . 

2 .270£»«1 
<».9SIE-I1 

1.0S2E»00 
9 .699E-02 

0.2S6E-01 
6.022E-02 

g . 
0 . 

2.5S1E»01 
5.000E-01 

1.13BE»00 
9.09<iE-02 

S.121E-01 
5.<»5tE-»2 

0 . 
0. 

2.935E»01 
7.279E-01 

1.3i>9E»00 
1.301E-01 

7.C53E-01 
6.E52E><2 

0. 
0. 

t . l 2 0 E » 0 1 
1.395E»00 

1.15«£»00 
1.778E-C1 

l . t tOE'OI 
1.263E-01 

0 . 
0. 

3.672E»81 
1.757£»00 

1.0<>9£»00 
2 .262E-01 

7 .633E-01 
1.371E-01 

0 . 
0 . 

V.166E»01 
l . trtEtOO 

7 .720E-01 
1.S38E-01 

1 . 
0 . 

0 . 
0 . 

t . (3*E»01 
2.052E»D( 

1 . 
• 0 . 

0 . 
0 . 

0 . 

0. 
1. 

0 . 
0 . 

0 . 
0 . 

e. 
0. 



2 . 1 GEV/NUCLEON ALPHAS 
TARGET * C 

P I A 8 / 2 

CROSS SECTION 2 . 8 7 5 
CROSS SECTION ERROR 

CROSS SECTION J.OOC 
CROSS SECTION ERROR 

CROSS SECTION 3 .250 
CROSS SECTION ERROR 

CROSS SECTION 3 . 5 0 1 
CROSS SECTION ERROR 

CROSS SECTION 3 .756 
CROSS SECTION ERROR 

CROSS SECTION <>.l«0 
CROSS SECTION ERROR 

CROSS SECTION * . 2 5 0 
CROSS SECTION ERROR 

CROSS SECTION <t.500 
CROSS St'CTION ERPOR 

CROSS SECTION * . 7 5 8 
CROSS SECTION ERROR 

CROSS SECTICN 5 . ( 0 1 
CROSS SECTION ERPOR 

Table 45 (continued). 

PROTONS 3EUTERONS 

8 . 5 9 9 E » I 3 
2 . ? 2 5 E * 8 2 

a. t . 
o. « . 

l.l<i9E»>fc 
6 .17CE»42 

S .Sfc lEtB l 8 . 
I . 9 7 1 E » I ( 8 . 

<t.615E»«3 
2.6<>8E»02 

5 .799E»S1 8 . 
< i . l i .8E*00 C. 

l . l< t8E»0 3 
3 . 6 7 6 E » 0 1 

5 .19SE»81 1 . 
2.967E»HI> 9 . 

0 . 
0 . 

6 .9J5EKJ1 8 . 
2.5e«E»0G 0 . 

2.8<t<tE»<l2 
l . « t 2 9 E » U 

S . f Z 7 E » ( l 8 . 
3 .23 I .E*08 8 . 

0 . 
1 . 

8. 8 . 
8 . « . 

0 . 
0 . 

a. a . 
8. 0 . 

0 . 
0 . 

8 . 0 . 
o. a . 

1 . 
8 . 

a. a . 
a. a . 

H-3 KE-3 HE-<t 

a. 
a . 

1 . 1 7 1 £ » I 2 
3.92<tE+08 

I . 9 6 7 E » ( t ' 
1 .939E»01 

6.51D£»02 
3.<>17E»ai 

1.128E»S2 
3.7ZT£*aa 

2.l9lE«0l 
8.5296-01 



2 . 1 SEV/NUCLEON ALPHAS 
TARGET « f t 

CROSS 
CROSS 

SECTION 
SECTION t ^ f ' R 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

PUB/Z PROTONS 

.500 1.98SE»03 
2.936E»ai 

.750 2.<»65E»93 
3.1S5E*ai 

1 .1 (0 2 .328EM3 
2.85SE»(1 

1.25B 2,%<»6E*03 
2.soaE»ai 

1.530 2.736E*03 
3.10<tE»(l 

1.75C 3 .086EOJ 
3 . M 6 E 0 1 

2.001! %.l*7E»a3 
9 . 9 U E » a i 

2.2SC 6 .166EOJ 
2.031E»12 

2 .500 1.292E«i<t 
* .16(E»02 

2 .751 2 . 9 1 « E » 0 
9.2»8E»82 

2 . ( 1 3 3.192E»0<. 
l . H 6 E » a i 

Table 46. 

OEiiTERONS H-3 HE-3 HE-* 

3.555E»01 
2.9*i.E»09 

a. 
a. 

3.292E»St 
6.345E-ai 

(>.377Et02 
9.(tkSE»00 

a. 
a. 

2.260E»81 
1.37<.E»«0 

%. 1I»E»02 
(.237E»00 

8.t70£*81 
3.365E»0fl 

1.85SE»0l 
a.e«9£-Di 

3.»ME»02 
6. 7«9£»0( 

7.27(E»«1 
2.762E»aa 

e.i9SE»sa 
5.532E-I1 

2.50SEO2 
5.135E + 98 

0.935E»«1 
2.a63E»oa 

i».C65E*E0 
*.0«5-:-fl l 

2.063E»«2 
<t.292£»l( 

3.212E»(1 
1.530E»(( 

3.C31EO( 
3.26<iE-01 

1.8»»E*02 
«.»09E*ta 

2.ai2E»ai 
2.5i7E»aa 

1.9«2E*al 
5.5HE-BX 

l.tG7E»02 
1.056EO1 

9.75SE+00 
2.32a£»sa 

<t.C65E»0( 
1.057£«0t 

l . I02E»02 
a.9i7E»oe 

a. 
a. 

a . 
a . 

1.59<»E»a2 
9.7*9£»08 

a. 
c. 

a . 
a . 

a. 
t . 

a . 
a. 

a . 
a . 



Z.i GEV/ttUCLEOM »LfH»S 
TARGET * P8 

C50SS SECTION 
C*OSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERFOR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION EitROR 

PUB/Z PROTONS 

2. 875 2 . 
9 . 

S«6E»a« 
06<tE»a2 

3 000 Z. 
9. 

878E»0t 
162E»8Z 

3 250 1. 
3 . 

196E«8<» 
»«.9E»0Z 

J .509 3 . 
1. 

323E*a3 
103EOZ 

3 750 a. 
s 

<t .aaa 7. 
2 

138E«0Z 
601E»01 

« 250 i 
a 

<. 500 a. 
a. 

* .758 0 . 
a. 

5 900 0. 
a 

Table 46 (continued). 

DEUTERONS N-3 ME-3 

s. a 
9. 9 

a . 
a . 

a. 
0. 

1.317E»92 a 
a.37ZE»oa a 

a . 
a . 

a. 
a. 

1.778E»82 8 
9.86»E»9B 8 

a . 
a . 

a. 
a. 

i.<i52E»az a 
a.<>z8E»9a a 

a . 
a. 

a. 
a. 

1.730E*C2 Z 
6.531E»90 6 

.9Z7E»aa 
.929E-81 

3.863E»a2 
8.*75E»aa 

a. 
0. 

l<>516Et0Z a 
a.278E»oa a 

l.dlSE'OT 
4.719E>01 

c. 
0. 

a. a 
a. t 

2.716EH3 
8.813EH1 

a. 
0. 

a. a 
0. 9 

3.862£*02 
l.B0i.E»91 

a. 
a. 

a. a 
o. a 

6.234E»01 
2.*J9£Oe 

s. 
a. 

Z.5Z1E»03 1 
8.3<»5E»I1 • 1 

0 . 
a . 

a. 
a. 

HE-* 



Z . l SEVSNUCLEOH » I M I S 
T«R6CT • CHZ 

CROSS 
CROSS 

SECTIOK 
SECTION ERROR 

CROSS 
CROSS 

SECTIOK 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CSOSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

PLAB/Z PROTONS 

. 5 0 0 1.5".5E»02 
3 . 3 0 9 E H 1 

. 7 5 1 Z .79SEt«Z 
<t.809E»08 

1 .110 3 .591E»02 
* . 0 6 i E » g a 

1 . 2 5 1 * . J 6 9 E * I Z 
5 .353EX19 

1 .590 8 . 3 3 8 E H 2 
• . 6 5 7 E » I 0 

1 . 7 5 1 1.13<iE»a3 
1 . 6 t 3 E » l l 

z.tte 1 . 5 7 8 E * I 5 
3 . < a < i E » i i 

Z . Z S I 2 . 6 6 7 E . I 3 
8.53<tE»ai 

2 . 5 1 1 I . . 9 1 3 E H 3 
l .S60E»0 2 

2 . 7 5 1 1 . I 3 6 E H * 
3 . Z t l E » I Z 

2 . 1 1 3 1 . I 5 ? E « I « 
3 .333E»62 

Table 47. 

OEUTERONS M-3 HE.3 H E - * 

6.05ZE-01 
1.5ME-01 

1 . 
1 . 

a . 
a . 

1.1Z4.EM1 
5.725E-I1 

t . 
a . 

6.771E*ai 
9.623E-D2 

1.87ZE»9l 
4.712E-81 

1 .3« lE»t l 
1.175E-I1 

7.313E-01 
6.13«E-»2 

Z.Z25E»01 
».786E-01 

i.<>oeE»ii 
1.978E-01 

6.906E-01 
5.3*ZE-0Z 

2.375EH1 
1.6%9E>01 

9.9S3E-81 
8.269E-02 

6.399E-01 
•..698E-0Z 

Z.92*E»ai 
6.965E-91 

1.010E»t( 
t .S92E-at 

7.835E-81 
6.83WE-4Z 

3.667E»01 
t.26<>E»ia 

7.109E-01 
1.353E-11 

9.776E-01 
1.135£>S1 

•>. 1S2E.U 
1.8S3E03 

5.868E-01 
1.638E-01 

1.151E»S0 
1.652E>01 

3.631E»01 
l.S69E»00 

t . 
a . 

a . 
a . 

5.7S2E»01 
Z.3Z8E*9E 

a . 
a . 

a . 
8 . 

1 . 
9. 

a . 
a . 

a . 
0 . 



2.1 GEV/NUCLEON ALPHAS 
TARGET • CH2 

CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 

PLA8/Z PROTONS 

2 . 8 7 5 1.003E»a<. 
3 . 1 7 6 E 0 2 

s.oao 6.<t l8E»83 
3 .679E+02 

3 . 2 5 0 2 . 6 6 6 E * 8 3 
l .S36E»B2 

3 .510 1 . 3 5 3 E * 0 3 
<..32<iE*01 

3 . 7 5 1 0 . 
a . 

t . a a a 3.171E»B2 
l .a<iZE»81 

". .250 a . 
a . 

*>.sae a . 
a . 

"».7sa a . 
a . 

s.aaa a . 
a . 

Table 47 (continued). 

DEUTERONS 

a. 0* 

a. fa 

z . 
2 . 

5 6 8 E 0 1 a . 
226E»aa a . 

3. 
2 . 

7i>5E»ei a . 
9ae£»aa a . 

5. 
2 . 

8 3 3 E 0 1 a. 
255£*0B t . 

7 . 
2 . 

i ] Z E » n a. 
637E»ac a 

7 . 
2 . 

O f c l E O l a 
60 IE » 30 a 

a. 
a . 

I . 

a. 
a. 
l . 
3 

I J B E * 0 3 a 
353E»V& 3 

ME-3 H E - * 

306E.82 
339E*8B 

882E*02 
56«.E»at 

209E»e2 
615£c01 

27SE02 
zi7E»ai 
3S8E«B1 
9 9 1 E - 3 1 

0 . 
a. 



-16U-

Cu or Pb Target 1/4" Thick 

x- Fragment 

Observedv 
Momentum \ . 
(MeV/;) \ 

P d 3H 3He 4He 

1250 1250 1266+13 1285±28 1269+16 1281+25 

1000 100U 102S±20 10S3±35 1028±22 1050+41 

900 909t7 93U24 970+57 933+27 954144 

750 762±10 793+33 857+87 796+37 832+65 

500 521rl7 594+77 -- 597+80 666+54 

Be or C Target 1/4 ' Thick 

\ fragment 

Observeilx P d 3H 3He 4!.e 
Momentum ^v 
(MeV/c) \ 

1250 1250 1250 1250 1250 '250 

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 50S+4 526+21 -- 526+21 536±29 

Table 48. Momentum of Observed Particle Corrected for Energy 
Loss in Target (MeV/c) 



- 1 6 1 -

Rcact ion 

d + Be + p + X 

d + C •+ p + X 

d + P b -»• p + X 

d + C I I , •* p + X 

A v e r a g e 

a + Be •* p + X 

a + C ->• p + X 

a + Pb -* p + X 

a + CM, -+ p + X 

A v e r a g e 

— T T r r U - 0 5 G e V / n u c l e o n ) , 2 iisMk 

E d 2 o ( 2 . 1 d e V / n u c l o o n ) 

2 . 29 

3 . 0 4 

3 . 6 0 

3 . 1 6 

3.02 ± .47 

2.33 

2.35 

2 .00 

2.54 

2 . 3 1 + . 1 0 

Overall average 2.67 i 0.48 

Table 49. Ratio of invariant cross sections at two energies ;it 

the proton peak 



1.8i CEV/MUCLEON CARBON BEAN 
TARGET » C 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION EfVOR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

PLAB/Z PROTONS 

l . o a e Z.03SE«I3 
a .7zaE»ei 

1.258 t.<t70E»D3 
Z . 2 9 7 E 0 2 

1.588 1.767£»0<» 
6.«.80£»0Z 

1 .62* 3.aeaE»a<> 
1.315E»83 

1.790 S.B96E»8i. 
1.692E»8 3 

1.875 3.52SE»0<» 
1.189E»03 

2 .888 l.<i78£»8<» 
5.JI.6EOZ 

Z.Z50 2 . 1 9 9 E 0 3 
1.17JE»02 

2 .58a 6.169E+B2 
3.62SE»ai 

2.6Z5 3.755E»8Z 
3.8C3E*01 

2 .751 
a. 

fable 50. 

OEUTERONS H-3 HE-3 

9 . 5 0 E 0 1 
1 .723E»01 

8 . 
0 . 

i.eaiE»oi 
t.c9iE»aa 

a. 
0 . 

Z .Z03E»a2 
I» .883E*C1 a. 

1 .839E»01 
a.z<>6i»oa 

a. 
0 . 

Z .875E*BZ 
3 . 6 1 8 E 0 1 

t . 
a . 

3 . 0 5 l E » a i 
9 .70SE»08 

a. 
0 . 

z.z5a£»az 
3.as5E*ei 

a . 
a. 

3 .939E»B1 
i.oeoE»ai 

a. 
a. 

Z. 8 1 8 E 0 2 
3 . 9 3 7 E » a i 

a. 
a. 

•> .176E»ai 
l . C 5 Z £ » 0 1 a. 

3 .165E»02 
» . » 5 i £ » e i 

l.9«.8E»ai 
9.7S9E»aa 

9. i>96E»ei 
1.5SBE»81 

0 . 
a. 

Z.9Z1E»BZ 
3 . 766E»01 

a . 
a . 

1 .629E«a2 
1 . 9 9 0 £ » » l 

0 . 
0 . 

5 . Z 3 3 E * 0 Z 
* . » 9 5 E » C 1 

1 . 2 1 7 E » a i 
7 .837E»88 

l .S71E»83 
7 . 8 7 g £ » 0 1 

a. 
0 . 

9 . 7 & 5 E O Z 
<t.753E»81 

2 . 1 9 1 E » 8 i 
6.3<>ZE»aa 

6 . 9 7 3 E » 8 3 
1 .751£«aZ 

a. 
0 . 

1 .533E»a3 
a.7s«E»ai 

6 . 9 5 3 £ » 8 8 
• *>.9ZZE»aa 

7 .889E»B3 
2 .756E»e2 

a. 
0 . 

Z. fct6E»«3 
S . 8 ( 8 E » 8 1 

«.i<>aE»aa 
1 .85EE*0a 

I . . 2 U E K H 
7 . 8 6 1 E 0 1 

0 . 
0 . 



1.IS GEV/NUCLEON CARSON BEAN 
TARGET « C 

CROSS SECTION 
CROSS SECTION ERPOR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERPOR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERPOR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 

Table 50 (continued). 

PIAB/Z PROTONS 

2.SOS 0 . 
0 . 

2 . 9 0 0 0 . 
0 . 

3 . 0 6 3 8 . 
8 . 

3 . 1 2 5 0 . 
0 . 

3 .250 8 . 
0 . 

3 . 3 7 5 0 . 
0 . 

3 . 500 0 . 
0 . 

3 . 6 2 5 0 . 
0 . 

3 . 7 5 0 0 . 
0 . 

3.S50 0 . 
0 . 

OEUTERONS H-3 HE-•3 HE-* 

2.830E»03 
6. S6".£»01 

0. 
8. 

2.738E»03 
5.fc6«E»01 

t . 
0 . 

*.056E*03 
1.769E*02 

0 
8. 

1 . < I 6 5 E » 0 3 
6.672E»01 

0 . 
0 . 

<t.i»19£»C3 
t .279E»02 

3. 
T 

270E»C1 
027E»»0 

6 .<i37E02 
2 . 6 2 0 E O I 

3.B2BE»03 
1.089E>02 

e.96i»£»C3 
2.338E»02 

3 
7 

50<>E»«1 
.196E»00 

I..213E 
1.991c 

• 02 
>11 

3.7S6E»03 
S.966E»6! 

1. 327£»B«. 
3 . 2 6 6 E 0 2 

k 
7 

.212E»01 

.7<>aE»00 0 . 
?.755£»03 
2.333E»f2 

l.B18E»0<> 
6 . 1 6 1 E H 2 

0 
8 0 . 

1.8<i6E*0<i 
6.0<(6E»02 

1.723E»0<» 
5.at6E»82 

0 
0 a. 1.699E»0«. 

5.57<.E>02 

1.366£»0<> 
3. 32t£»02 

a 
I 

.560E»0l 

.0S6E»01 o. 
7.911E»03 
1.9)<>E»02 

<».11<IE»;3 
1.1SIE+02 

i 
I 

.B71E»02 

.166£*S1 0 . 
1.7«3£»03 
5.079£»01 

1 .903EO3 
9.019E»01 

l 
I 

.517E»02 

.956E»81 
8 . 2.133E»C2 

1.727E»01 



1.05 GEV/NUCLEON CARBON tCM 
TARGET • CO 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

CROSS 
CROSS 

SECTION 
SECTION ERROR 

PLA8/Z PROTONS 

1 .000 t . 3 1 9 E * 0 3 
2 . 5 2 5 E . 0 2 

1 . 2 5 1 7.8Q5E«03 
5 . 5 7 3 E 0 2 

1 . 5 0 0 3.220£«0% 
1.377E»03 

1 .625 6 . 2 1 3 E « 0 t 
2 .321E*0 3 

1 . 7 5 0 6.3<i3E»8* 
2 . 9 7 8 E * 0 3 

1 .075 5.83iiEt0i> 
2 .156E»03 

2 . 0 0 0 2.<»lSE*0t 
1 .032E*03 

2 . 2 5 0 <».122E»03 
3.0G<tE»02 

2.50C i . 0 0 7 E « 8 3 
9 . 2 5 3 E 0 1 

2 . 6 2 5 6 .701E»02 
1 .032E«02 

2 . 7 5 0 0 . 
0 . 

Table SI. 

DEJTERONS M-3 HE-3 

l..266£*0Z 
7.5SIE»C1 

9.598E»0Z 
1.778E»02 

7.997EHZ 
l .«6Z£»02 

7. 87V£»02 
l.M<»£»02 

8.<t5«E»32 
l»".t5E»02 

8. J16E»82 
1.357E + IZ 

7 .796E.02 
1.273E*02 

8.«8%£»02 
l .Z87E»82 

1.591E + 13 
1.1S3£»0Z 

Z.60«£»03 
2.15S£>0Z 

3 .023£»03 
1.325E»92 

0. 
0 . 

0 . 
0 . 

0 . 
0. 

t.9ZZE»01 
3.«.8»E»01 

6.8S5E.C1 
3.963E»01 

6.397E»01 
3.699E*01 

9.996E»01 
<>.l»61E+01 

7.1C8E»01 
3.S61E»01 

l .S99E»0t 
1.131E»01 

<>.569E»01 
Z.6<tZE«01 

0. 
0 . 

*.000E»0S 
1 . 6 3 S E 0 1 

3.199E»01 
Z.Z6SEOI 

6 .665E»0l 
Z.988E»01 

9,0I»3E»01 
3.i.9*E»01 

7.997£»81 
3.033E»01 

1 . Z 7 9 E 0 2 
3 .716£»8 l 

1 .999E.02 
*.515E««1 

3.012E»03 
1.893E»02 

1.091E»0O 
3.212£»02 

1.109E»9O 
%.55<iE»02 

S.732£»03 
1.365E*02 



1.05 CEV/NUCLEON CARBON BEAM 
TARGET « CU 

CSOSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

PLAB/Z PROTONS 

2.800 0 . 
0 . 

2 .900 1 . 
0 . 

3 .063 0 . 
0 . 

3 .125 0 . 
0 . 

3.250 0 . 
0 . 

3 .375 0 . 
0 . 

3 .500 0 . 
9. 

3 .625 0 . 
0. 

3 .750 0 . 
0 . 

3 . 850 0 . 
0 . 

Table 51 (continued). 

OEJTERONS H-3 HE-3 HE- * 

t . 5 8 8 E » 0 3 
9 . 2 8 2 E * 0 1 

1 . 
0 . 

<>.016E»03 
6 . 6 9 3 E + 0 1 

0 . 
c . 

6.1.9 J E . 03 
3 .629E»32 

8 . 2 7 1 E H 1 
1 .387E»01 

l.e*>7E»03 
1 . 2 7 l E » 0 2 

0 . 
0 . 

1 . Z 1 6 E O * 
2 . t 7 6 E » 0 2 

6 . 0 0 5 E * 0 1 
1 . 2 S 5 E . 0 1 

l .C63c»03 
<>.016E»01 

<>.2*3E»03 
9 .592E»01 

l.<tl9£*C<» 
2 .7&8E*02 

8 . 6 9 9 E « 0 1 
l - i . S 7 E . 0 1 

7 . 0 1 0 E 
3.1S5E 

• 02 
• 01 

6 . 0 5 7 £ * 0 3 
1 .228E»02 

1 .995E .0 * . 
>>.631E»92 

9 . 0 2 1 E . 0 1 
1 .930E»D1 

0 . 
0 . 

1.527E«0't 
3.3S3E»8Z 

2.5I»1E.0<» 
•». 3S2£«02 

0 . 
8 . 

0 . 
0 . 

2.6?7E*0<> 
< t . l l 3 E « 0 2 

2. 6 2 7 E O * 
3.1%7E»C2 

0 . 
0 . 

0 . 
c . 

<.<t$2E«0<i 
2 . 7 2 2 E . 0 2 

1.9lliE»3<» 
3 . 3 9 8 £ » 0 2 

1 .059E»02 
1 . S 3 5 E . I 1 

0 . 
0 . 

9 . 9 3 5 E * 0 3 
1 .752E.C2 

1.08dE»0<» 
2 . 788E+02 

1 .599E»02 
2 . * 0 2 E » 0 1 

0 . 
0 . 

2 . 0 U t * 0 3 
7 . 0 1 2 E * 0 1 

1.53<>E»9<» 
6 . 1 S 2 E . J 2 

. 3 .530E»02 
6 . 1 5 7 E . 0 1 

0 . 
0 . 

2.S4SE»03 
1.512E«02 

http://l-i.S7E.01


L I S CCV PC* NUCUOH C«MON 
TARGET • CU 

H C m FRAEKENTS 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CRC3S SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

CROSS SECTION 
CROSS SECTION ERROR 

Plt l /Z 

z.rtt 

2. M l 

Z .9 I I 

I . I tS 

J . l l f 

S.2II 

j . i r * 

1 . H I 

i.«e* 

J . M l 

J . I l l 

Table 52. 

LI •E 
1. 
1. r.r»E»n 

f . f t lEMI 
! . ••*£»11 1 
2.419EMI 1 

• 
• 

1. 
1. 

1 .MKM2 
r.r29E»n 

2.I99E»II 1 
3.II%E»II 1 

• 
• 

1. 
1. 

t.MIEMZ 
1.01KH1 

2.«71E*I1 1 
2.72*E»tl 1 

• 
m 

1. 
1. 

* .2»E»I2 
1.2IIE»I1 

«.21«E»ll 1 
j . i r i E » n i 

• 
• 

1.7MEM2 
*.iriE»i3 

2.2%1E»I2 
9. IMC* II 

1.I9*E»I2 1 
S.6I«E«II 1 

• 
• 

f . l l iEMZ 1. 
1. 

1. 1 
1. 1 

• 

1.111EM1 
2.S2IE»li 

1. 
1 . 

i . ifrc»iz i 
7 . I « I E » I I J 

>.2Sr£»lt 
t.7ZTg**9 

».7kXZ*U 
2.irOE»ll 

1. 
1 . 

l.l%3E»ll < 
*>.927E»II i i.izre+M 

2.lt2E»l2 
l.S<»6EMl 

1. 
1 . 

1. < 
1. 1 

r.KSEMt 
«.2*9E»I1 
S.SirEMI 

*.711£»ll 
j . t r i E t i i 

2 .WEM2 
2.J33E»I1 

r . M K H l 
l . t J tCt l l 

t . l f t C M l 
I .I f lEMI 

I* 



I. IS GCV PER HUCLEOH CARtON - HUVV FRASHCNTS 
TARCET • C 

CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 
CROSS SECTION 
CROSS SECTION ERROR 

PLM/Z LI •E t 
2 . r*i 1 . 

1 . 
t . U I E H l 
3«05IE»II 

I . 
9 . 

177E»II 1 . 
* t l E - U 1 . 

2 . i n 1 . 
1 . 

l . 7 1 l £ » l l 
* .527E»II 

1 . 
1 . 

2I9E»I1 1 . 
SI3E»M 0 . 

2 . 911 0 . 
1 . 

2 .«7JE»I2 
1.191EM1 

1 . 
2 . 

2t2E»Cl 1 . 
IME»II 1. 

3 . 113 1 . 
1 . 

2 .714E»I2 
7 .SS 'E»II 

2 . 
1 . 

I12E»I1 S. 
t l tE»IO 1 . 

3 , 125 9.719EHJ1 
5 . 1 9 2 E H I 

1.333E»I2 
9 . t 7 2 E » l l 

3 . 
2 . 

* t « E » l l 1 . 
375E»0I 1 . 

3 . 211 2.769E»02 
1.31tE»01 

l « 
1 . 

1 . 
1 . 

3, I f f t.693E»l>2 
3.279EMI1 

1 . 
1 . 

1 . 
1 . 

3 i l l f . «95E»!2 
2.I97E»01 

1 . 
1 . 

1 . 
1 . 

3 I2S 2.B90EM2 
1.063E»C1 

1 . 
1 . 

1 . 
1 . 

3 711 9 . * 6 t E » t l 
* .21*E»M 

1»I96E»I1 
l . * 9 I E » l l 

2 . 
1. 

IS*E»I1 1 . 
%I1E»II 1 . 

> I I I 1 .4MEMS 
6.I%IE*II 

2 .9ME»*1 
2.S2»C»II 

2. 
2 

*I*E»I1 1 . 
I*JE»II 1 . 

Table 53. 
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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. Logic system for measuring dE/dx spectra. 
3 Fig. 10. Typical time-of-flight spectrum showing H near 

channel 113, deuterons and alphas near channel 

149, He near channel 166, protons near channel 

179, ana 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. 15. Negative pion production by 1.05 GeV/nucleon deuterons, 

alphas, and protons on carbon. 

Fig. 16. Negative pion production by 2.1 GeV/nucleon deuterons, 

alphas, and protons on carbon. 

Fig. 17. Negative pion production by protons on carbon as a 

function of the scaling variable x'. 

Fig. 18. Negative pion production by deuterons on carbon as a 

function of the scaling variable x'. 

Fig. 19. Negative pion production by alphas on carbon as a 

function of the scaling variable x'. 

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 IT 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 text (solid line). 

Fig. 29. Fragmentation of alphas into He at two energies. 

Fig. 30. Plot of the exponent N obtained from fitting the 

target dependence of various cross sections with an 

A 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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Beams 

Protons: 1.05, 1.73, 2.1, 2.66, 3.5, 4.2 GeV 

Deuterons: 1.05, 2.1 GeV/nucleon 

Alphas: 1.05, t.l GeV/nucleon 
1 2C: 1.05 GeV/nucleon 

Targets 

Be, C, Cu, Pb, CH 2 

Fragments 

e", M". »", p, d, 3H, ^He, <He 

Li, Be, B, C 

Fragment moaentum/charge 

0.56 GeV/c S k S 5 GeV/c 

Production angle 

6 « 2.5s (lab) « 43.6 ailliradians 

Fig. 12. Range of Parameters 
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