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Single Particle Inclusive Spectra Resulting from
the Collision of Relativistic Protons, Deuterons,

Alpha Particles, and Carbon lons with Nuclei

ABSTRACT

James C. Papp

We have measured the yields of positive and negative
particles resulting from the collision of 1.05 GeV/iucleon
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 nt, p, d,
3H, 3He, and 4He 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,

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

ions.



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)

2)

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 caergy
per nucleon? If so, can this production be understood
in terms of the Fermi momentum of the constituents of
the projectiles or is some other kind of collective ef-

fect necessary?

(n (2)

Are 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?



3) What can we learn about internal momentum distributions

and correlations among nucleons in these projectiles?

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

thing in the region where the proton's velocity is
about the same as the deuteron velocity as providing
a sort of snap-shot of the deuteron structure at the
time of the collision?
The results of this experiment certainly do not settle all
of these questions though they do give some idea of what physics
is involved in this type of reaction and point out the directions

in which to seek more complete answers.

II. Theory and Phenomenology

A. Kinematics

Different sets of kinematic variables are useful for
describing different physical phenomena. In this section we
discuss those variables that have proved useful in the descrip-
tion of inclusive reactions.

The choice of variables is suggested by the experimental
fact that transverse momenta in high energy multiparticle
reactions are severely limited compared to longitudinal
momenta. In high energy "elementary'" particle reactions tiie
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 Ecm' 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
ESd3s°

(s, p,?u P‘C)

>

dp

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 mass vs ; and on the longitudinal and transverse momenta of
particle c, p: and pi. Furthermore, in dealing with unpolarized
beams and targ:ts there is no azimusthal dependence,

A particularly elegant chcice 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

y=% ln[:—:%:] - sinh"'[E']

where y = (m? + 23)1/2 is called the longitudinal mass. From
the definition it folliws that, at fixed p,, dy = dp,/E so the

cross section can be written as
cq34C Cc 43 C
Etd Yab ¢ o E-d %b
3 (s, Py P‘_) =

(Y
——dp,cdz-ﬁf (sy pus B

4p
3.C
d aab

dzﬁfdy

(s, S, ¥)
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we obtain
V@ ~ y /d3:2 0@ - D 8, &) @)

Ic can be shown that the appropriate constant in the limit of high
energy nucleus-nucleus scattering is

2111‘12
"M

v~ £(0) (5)

vhere M is the nuclecn mass and £(0) is the complex forvard nucleon-
nucleon scattering amplitude evaluated at the Incident lab emergy per
nurleon. This then ylelds our first and simplest spproximation to the

lowest order optical potential for ion-iom interactions
v @ - -2 ey [ o@D 0@ 6a
opt N P (rf- 1) pp(r’) (62}

Tt is already clear that this form of the model ignores the spin
and isospin degrees of freedom of the nucleons though the above trestument
is easily generalized to this level. Nowhere did the spin statistics
enter so the Pauli principle has beea ignored except ta the exteat it
participates in the one body density distributions. Dispersive effects
due to, among ether things, the polarizability of the two distributions

have not entered. Indeed, the analogy with Couloch potentials clearly

neglects all rearrang; P The internal Fermi cotion of the
constitutents and binding effects (off-shell effects) also reasin to be
included. Theoretical adjustzents to £(0) that approxicately correct

for some of thase inadequacies will be Introduced and studied,

We explain in covre detail below an exteasion co faclude finite
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B. Energy Dependence of the Cross Seciions

One aspect of tzhis experiment was the determination of
the energy dependence of certain heavry ion inclusive reactions.
In particular we were interested in whether there is any simi-
larity between the energy dependence of these cross sections
in the 1-2 GeV/nucleon region and the energy dependence of
elementary particle reactions at NAL and ISR energies.

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

the ISR are limiting fragmentation and scaling. The hypothesis

~%¥ limiting fragmentation (HLF)(I) states
Ecd30§b d3o¢
—_——— (s, p. P - E€ ab (¢, pt
d$3 (s Py+ P;) s e d§3 ;. p)
pe fixed

That is, as the energy gets large, the cross section for
praducing 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 siow particles
(beam fragments) beccmes independent of the energy.

The energy at which limiting behavior starts depends or "he
reaction. For example, in the case of p + p » n~ + X limiting

s)

behavior has been seen at energies as Jow as 13 GeV. 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.



-6~

The scaling hypothesisfz) which is generally formulated in

the center of mass frame, states

c,3.€ C,3.¢
E*d 9ab ce oy E*d %b c
e (s, Pu » Pg) s+ d_,3 (P*l x).

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

on s and p% but only on x, a combination of the two. In the
beam and target fragmentation regions this statement is
equivalent to HLF. However there is an additional prediction,
bas:cd originally on the similarity of the reaction p + p » 7 + X
to a bremstrahlung reaction, that in the region near x = 0

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

target fragmentation,

ESd 3¢ E°d3o:
x) & .
G B Mad @)

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 rezctions can help
us learn about nuclear structure. Since a multitude of good
review articles(6'7) discuss the various ideas and models

regarding spectral shapes, we mention only two which are also
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applicable to the question of approach to limiting behavior:
(1) the short range correlation hypothesis, and (2) the Mueller
Regge analysis.

If one consider; the reaction (1) in terms of the rapidity
y, then the correlation length hypothesis states that there is
no correlation between two particles whose rapidities ¥ and yj
are scparated by an amount large compared to some correlation
length L, that is if iyi - yjl >> L. Here L is not a length in
the usual sense but rather a certain amount of rapidity. In
particular, if Yar Ype 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 iyc - ya] »> L.
Similarly there should be no correlation between the target and
produced particles if be - ycl >> L, If the rapidity gap
between beam and target is large enough, lya - yb} >> 2L then
hoth |yb - ycl >> L and ]ya - yc] >> 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 Fig. 1.

The correlation length idea gives no method for determining
the magnitude of L and hence says nothing about how fast the
asymptotic region is approached, which is one of the major con-
cerns of this experiment. A different approach, due to ‘lueller
overcomes this difficulty. The method hinges on a theorem that

relates the cross section for the single particle inclusive



reaction (1) to the discontinuity of the forward amplitude for
the elastic three-body reaction
a+b+c+a+tbasc (2)
If A(s, t, u,) is the proper absorptive part of the amplitude
describing reaction (2) then the relationship is
3
e d %
pry
dp?

= % A(s, t, u)

where t and u are given by the usual relations
t= (p, - pJ)?
u=(p, - p)?
and P,s Py Qnd 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 ir the target fragmentation region one his
d3g¢

¢ ab
-

dp?
If the leading Regge trajectory is the Pomeron, uR(O) = ap(O) =1

ag (0) -lfg

E (ss BSs P) = s b(®S» PO

we get



i€
d b

dp3
That is, the distribution is limiting (independent of s).

(s, py» P5) = £5, 05, PS).

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) = 2t (0 (0 fgb (p®)
which together with the result that tu = us gives for the
invariant cross section

c f‘_a_“_gg - 301 ze ey
dp? ab
If we have Pomeron dominance and a(0) = 1, the siagle particle
spectrum is independent of p¢ 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.(s)

In the target fragmentation region, if a trajectory o

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

¢ross section becomes
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E€43¢ (0)-1
g5, (05, P9 (3

ab R

= (s, S, P = £, (8%, PO + s
If the vector meson trajectories contribute, aR(O)-l/z

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
(8]

trajectory on the other side. The result is a slower

approach to the limit, given by
1
7(a, (0 +ag (-1
s =5
It is necessary here to be careful regarding units.
In the above equations, such as (3),one must really write
[5 ]for s. The constant S, sets the energy scale and is usually
"o,
chosen to be about 1 GeV2 for elementary particle reactions. To
express this approach to limiting behavior in terms of the

correlation length L, we write the second term in eq. (3) as
aR(O)-l

a,(0)-1 2
S R - |uce C (¢ e
[E;] g:b(pS' pjc.) = [ 5 ] gab(P" p‘.)
s y1/2

_{o -Y/Lc ;¢ ¢

= [u—2] € gab(P.- P‘_)
where L = ———— 3 2 is the correlation length and Y = 1n2
1 - GR(O) pz

is the total length of the rapidity plot. So since L = 2, in order
to see a limiting distribution one needs Y 2 3 - 4, or
ELAB s 3.5 GeV for a reaction like p + p » m + X. A central

plateau would not develop until Y 2 6 - & giving Ejap = 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
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 (SO/uz) 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 reiaction (4) from a slightly different point of
view. Suppose the beam kinetic energy is 1 - 2 GeV/nucleon and
suppose the produced proton is in the beam fragmentation region.
What we are describing is the familiar process of stripping.
Physically we have a picture of an alpha particle moving toward
a target nucleus which strips off one proton and two neutrons
while the remaining proton proceeds ahead virtually undisturbed.
So one might expect to find a peak in the spectrum of (4) when
the proton rapidity equals the beam rapidity. The Fermi momentum
in the alpha particle spreads out the peak somewhat, giving it a
width typical of the momentum of the proton in the alpha. This
is typically of the order of 100 MeV/c while the lab momentum of

the proton is = 1.75 - 3 GeV/c depending on the incident beam
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energy. So the width of the beam fragm=ntation 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 fragmemts 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,

. . (9,10,11) _. . .
ranging from macroscopic types 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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microscopic types which involve descriptions in terms of
constituents, to Regge and particle type models.(lz)

We are concerned primarily with microscopic models of
pion production, and in particuiar 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 ca~
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+ 1+ X, where A is some target nucleus, can be found

by considering the mass of the system X:

2

= 2
m* = (pp * P " Py)

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

If the pion is observed at 0° to the incident beam, neglecting
m_ compared to IE%I, and taking account of the inequality

> -
My~ Mg * My - My

"p
we get that
E -p
p, ¢ Tl - -B——R,A }

where the second term is at most 3% and Tp 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, < AT
for alphas. If instead we consider these projectiles to be
assemblages of semi-free nucleons and that n production proczeds
via the usual nucleon-nucleon interaction then one expects
P, < T+ T' where T' is some contribution due to the Fermi
momentumn 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 1s not
clear cut. For example, in the case of the deuteron, when
the internal momentum is large, the nucleons tend to be close
together and so correlated in space. The important question
is whether there is any way to distinguish the effects of Fermi
momentum from collective effects. The answer would seem to
be yes. If we consider projectiles with A > 4 then to a fair
approximation the internal momentum distributions are the same
for all nuclei. So if we look at pion production spectra as
a 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 m production by heavy
ions assuming the mechanism is nucleon-nucleon collisions modi-
fied by Fermi momentum. Suppose Eo is the average incident
momentum per nucleon and E is the 1' ¢ momentum of the nucleon
of interest inside the projectile. The momenta E and Bo 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 I by a heavy ion knowing the cross ssction
for pion production by nuecleons. The process can be visualized
as in Fig. 3. If we let W(p_,p) be the probability that if
;o is the beam momentum, then B is the momentum of the nucleon,
we can write the cross section as

op(Bo, K) = N,J(Zo;,(i. K+ (- 2)07 (3, k)
x Wy(Po, P)a%p (5)

where the superscript - means 7~ production and the subscripts
stand for the reactions

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

p: proton ¢ nucleus + n + X

n: neutron + nucleus » 7 + X
while o stands for the invariant differential cross sections

o=E dac/df3. The factor N" takes into account shielding effects
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(NH = 1 if there is no shielding). The quantities A and Z are
the usual nucleon number and charge of the projectile in units
of the proton charge. Furthermore, if the target is carbon,

an isospin singlet in its ground state, charge symmetry allows
us to replace
o @ B =06, 0

a nice simplification since the reaction p + A » " X s
easier to measure than n + A + 1 + X,

If the beams are unpolarized, the cross section in ey.
(5) depends on three quantities: |p|, ||, and 8, the angle be-
tween % and E. As a result, in order to explicitly carry out
the integrations involved in eq. (5) it is necessary to measure the
proton-induced pion production cross sections as functions of beam mo-
wentum, pion momentum, and production angle. In this cxseriment only
|p] and |X| were vuriable; the production angle was fixed at
2.5°% (lab). So in order to proceed some approximation to the
transversc momentum dependence of the cross sections must be made.

We assume that we can write the cross sections in the

following forn(ls)

% - b4 - 4
op,n(Ps K = £ (Bl 1KD « g (@

where Q2 = k? - K+p/p? is thz magnitude of the component of &

perpendicular to 3. We further assume that g; Q@ = c'cQ
(14

where C is an adjustable constant. Higher energy data suggest

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

The function H(SO,E) can be obtained by using the momentum
space wave functions ¢(E) which describe the iiternal momentum
of the nucleons in the projectiles. Here H 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)d’q =
H(;.;o)dap, or equivalently E'W(E): EW(;,po) 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

o Gor B = W {€,7(BLIKD + 231, 1¥D)]
X Q-CQ ':" w[q"(sn Eo)n q;(ﬁ. 50)] dzP;dPr

The functions f; are obtained from our measured proton induced
plon production cross sections. With suitable choices of W
the integral can be performed numerically.

Since this is a rather general constituent type of model,
it allows us to make a preliminary investigation of whether collec-
tive effects, that is deviations from this type of model, are
important in pion production by heavy ions. In addition, the model
may be applicable to baryon fragment production in reactions such

as d + A > p + X, as discussed below in Section V-C
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III. GZxperimental Method

The experiment essentially consisted of a single arm
double focusing spectrometer which transported particles
produced in our targets to our detection system and provided
momentum analysis. The detection equipment identified the
produced particles by momentum, time-of-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 septum channel--one of
three main external beams from the accelerator. Typical
fluxes on the targets were 1-3x10}lprotons, 1019-10!! dcuterons,
109-1010 alphas, and 1-3x10® carbon nuclei per pulse. There
were approximately ten pulses per minute with a maximum spitl
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 bcam.

Typically there were 200 counts in the monitor for 1010
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particles incident on the targets. Because the intensity of the
carbon beam was so much lower than the intensity available with
the other three types of beam particles, it was necessary to
bring the moniter mucihh closer to the target during this part

of the experiment. As a result, the telescope was placed within
six inches of the targets for the 12C runs. This was the
minimum distance allowed by the geometry of the target box.

The monitor of course only provided a relative nrormalization.
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
scintiliation 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 sdjusted from a maximum sensitivity of 3 x 107 up to 10 x 101?
incident charges per pulse. The charge produced in the ion chamber
is proportional to 22 where Z is the charge of the beam particles.

1

When a 2C 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 10%® per pulse was within the range
of both the ion chamber and scintillation counters. We used
two scintillators 1/8 inch thick with RCA 8575 phototubes.

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

disc, vere 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. control room for the accelerator operating crew. The
position of the beam was checked every time the targets were changed,
approximately every 5 minutes. The low intensity of the carbon
beam, however, made the use of a scintillation screen impossible.
Instead a multiwire proportional system was used. For our
particular application the MWPC system had the advantage that the
profile of each beam pulse was displayed on a scope while data
taking was going on. With the scintillator we could not take
data and check the beam position at the same time because 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 beam
line, or it was possible to have no target in the beam line.

About onz minute was required to ‘~-ge turgets. During running
with the 12C beam we used only two targets, C and Cu, each .3Z cm
thick, 3.2 c¢m high, 4.4 cm wide. During the remainder of the
running we used 4 targets, each .64 cm thick except for a CH2
carget 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 Transnort 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 momentum selection and brought the particles to the second
focus where our detection apparatus was located. Typically we ran
with a slit width ¢f 5 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 M1 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.
We used a pre-existing beam which was designed so that there
is virtually no access to the beam line between the production
targets and the intermediate focus. Consequently it was impossible
to directly measure the acceptance of the channel in momentum and
solid angle. Instead it was necessary to measure the various
magnetic elements and then to use the LBL computer program

TRANSPORT to calculate the angular and momentum acceptances.

C. Detection System

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

3He, SH, and alpha particles are

pions, protons, deuterons,
all abundantly produced. If the beam is 12C, 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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experiments, Let me finish my remarks by showing an exanmple of how
straightforward such an analysis might be. 1 choose the projectile
fragmentation case and for simplicity attempt to naively estimate the

inclusive cross section for

A+B — (A1) +X (12)

where thi A-1 system is detected intact. We shall assume that a surface
nucleon has been removed suddenly leaving the (A-1) system, most of the
time, in the ground state or some low lying excited state so that i.
does not subsequently break up. Actually, if we only desire the behavior
of the inclusive cross section as a2 fuaction of the target nueleus it
13 onrly necessary to assume that the population of the states of the
(A-1) system is independent of the target, This seems reasonable. Oa
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 §, the
previously mentioned ratio of real to imaginary nucleon-nucleon ampli-
tude, is negligibly small prcceeds as follows: we define a mean free
path function, A(b,Z), for two Interacting heavy ions in the impact

parameter scheme by

1/A(b,z) = oT(b,z) (¢

vhere T(b,Z) is given by Eq. (1G}. Thus the cotal number of nucleon-
nucleon collisions when two heavy ions collide at impact parameter h 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-C+S3 was generated

with the two scintillators immediately in front of and behind the
Cerenkov. Fig. 7 shows a typical plot of S2+C<53/103 MONITORS
as a function of gas pressure, clearly showing contributions of
e, 1, and . Since the maximum pressure allowed in the
counter was 330 PSI, the minimum momentum at which we could
detect u~ was 850 MeV/c, while electrons could easily be measured
at all momenta studied in this experiaent.

When the spectrometer was set to transport positively charged
particles, complete identification of the various types of
particles required measurements of both time-of-flight and energy
loss (dE/dx). The system to do this is shown in Fig. 8.

Basically time-of-flight was provided by counters Sl and S3,
separated by about 50 Feet. The signal from S3 was used as a
"start" pulse to a time- to-amplitude converter. Sl, after a
suitable delay, acted as the stop pulse for the TAC. The negative
TAC output went to a 400 channel pulse height analyzer for storage.
The TAC output was routed into either channels 0-200 or 200-400
according to whether or not the pulse height in counters S4 and

S5 excesded 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 =" from protons abrve 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 7' 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
beams, 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 mormsntum 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
g 2 0.9, and the MWPC system. The Cerenkov counter was used
in conjunction with the gas Cerenkov to distinguish protons from

deuterons up to 3.5 GeV/c. We defined a deuteron by [SZ-Cgas-SS]-
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[51'53]°[c1uc‘tel‘ that is correct time-of-flight as determined
by S§1+S3, no pulse in the lucite counter, and no pulse in the

gas counter, which fired only on pions. Then a proton was
[§T-Ezas-53|-[Sl-SS]-[Clucite].

Finally, the MWPC system consisted of an X and Y plane
located about one foot upstream of the final focus. The chamber
generated an X-Y scatter plot on an oscilloscope display on a
pulse by pulse basis. We used this to monitor the position and

shape of the secondary beam at the final focus.

IV. Acquisition and Analysis of the Data

A. Data Acquisition

Our data taking was essentially done in three modes which
we referred to as electronic runs, analyzer runs, and calibration
runs. The data taken with the channel set for negative particles
was all electronic. After setting the momentum of the channel,
we cycled through the four targets recording the various scalers
by hand for a fixed number of monitor counts. When we were
looking at positive particles we set the relativn timing of Sl
and S3 to select the particular particle of interest and counted
81+83 coincidences.

Most of our data on positive fragments came from analyzer
runs. In this mode we took time-of-flight and/or dE/dx spactra
in the pulse height analyzer for a particular number of monitor

counts for each target and momentux. Each run was read out onto
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magnetic tape for later computer analysis. In general, electronic
and analyzer running went on simultaneously for the positive
particles. Since we took the same data in several different ways,
we have many cross checks.

Our last type of run was a calibration run. This consisted
of calibrating the monitor telescope counts agsinst the ion cham-
ber rcadings for each target, heam particle, and beam cnergy.

In addition, there was one run in which we calibrated the ion
chamier against a pair of scintillation counters placed directly
in the beam, and some runs to determine effects of target sizc and

beam steering on our data.

B. Determmination of the Cross Sections from Measured Quantities

The bulk of the data came in the form of time-of-flight and
dE/dx spectra from the pulse height analyzer. Typical spectra
are shown in Fig. 10. The particles were identified and counts
in each peak were added manually and combined with electronic
dsta 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 parrowness 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/didk is given in terms of our counts/monitor by

do counts . o A 1
dndk "~ monitor ~ 'l T "2 " oNL " dadk
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where the factors on the right hand side of the equation are
defined as follows: the quantities d2 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 1023; F, is the ratio (monitor counts)/
(ion chamber reading) while FZ is (ion chamber reading)/number of
particles incident.

The quantities df and dk were controlled by the collimators
at the intermediate focus and at the exit of the first bending
magnet. As mentioned above (sec. I[II-B) it was necessary to use
computer calculations to determine values for d? and dk, though
we were able to verify experimentally that the flux at our
detectors varied linearly with the collimator slits (Figs. 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

1
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 particie 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



-29-

time it was calibrated or an incorrect initial calibration.

So we should write the factor FZ = zze'(E) F3 where Fz'(E) is the
energy dependent factor which reduces to 1 at the 'calibration"
energy, and F3 takes into account the error in the ion chamber
reading at the "calibration' energy. Fz'(E) can be calculated
from standard energy loss tables; this is done in Appendix A.

F3 was measured by directly counting the beams with scintillation

counters and comparing to the ion chamber.

C. Correction Factors

The important correction factors were rather different for
the pion data and the baryon data. For pions, corrections for
decay in flight and contamination by muons and electrons were
most important.

To calculate the effect of pion decay, we let N° be the
number of pions produced in the target, N(x) be the number
remaining a distance X from the target, t be the pion proper
lifetime, and p the momentum of the pion. Since the lifetime in
the lab is yt, the number remaining after a time t is

N(t) = Noe‘t/‘rT

o

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

x_ [me?
et (pc

N(x) = Npe
Numerically, if x is in meters and p in MeV/c

N(X) = Noe-l7.89x/pc
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so No . N(x)el7'89 x/pc
In addition to the decay correction there is a correction
due to lepton contamination. A muon which results fruwm the
decay of a pion after the Cerenhov counter will strike S5 and look
exactly like a pion, so we ignore them. Consequently we can write
for the number of picns created

17.89 x/pc

N = (N Je

" total = Nlepton

where N is the total number of particles detected, while

total
is the number that were leptons. The appropriate vilue

Nlepton
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 ! A at 500 MeV/c,
most likely because of conversion of y's from n0 decay. Unfortu-
nately, the data being rather sketchy, it was recessary 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 o
beams, we can try a parameterization of the form

L=Ae %P o p WP
for the electron and muon parts. liere p is the momentum. Fig. 11
shows a plot of lepton contamination as a function of momentum for

3.5 GeV protons on various targets. An exponential decrease with

momentum seems to be reasonable.
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Two additional corrections need to be mentioned:
absorption and energy loss in the targets. For slow, heavy
secondaries, energy loss is the major correction factor. For
Be and C targets this effect is only about 7% in the worst case,
but for Pb and Cu targets there is a 14% effect for 750 MeV/c
34 and almost a 200 effect for JHe at 1000 Mev/c.

In contrast, absorption is a much smaller effect. The
fraction of particles that are absorbed is given approximately
by oNL/2A %.bs where %abs is the absorption cross section.
This is about S% for pions in copper and about 1% in Be. For
the case of baryons, absorption is at worst about 8% for o

partictes 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



-32-

in determining the incident flux. As mentioned above (scc. 111-8),
since there was eseentially no access to the secondary beam line
between the production targets and the intermediste 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 t20% in determining acceptances.

Most experiments that utilize high intensity primary beams,
that is intensities which make it impossible to count individuai
beam particles, suffer from errors in the range of 10%-20%
associated with the necessary ion chambers or secondary emission
monitors. For us this was not a great problem because we were
able to calibrate our ion chamber against a pair gf scintillators
in the beam. By using a carbon beam with a charge of six proton
charges, we found that the intensity ranges o the ion chamber
and ccintillators 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 axperiments; they do not cause any internal
variaticn in the data and so are perhaps less troublesome than
the types that do. Among these more troublesome kinds are
stesring and focusing of the primary beam on the targets,

inaccurate setting for the spectrometer magnets, dead time
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effects in the control electronics, and problems associated
with high ratesin the detection system.

Steering and focusing of the primary beam affect the
data in two possible ways. First it is possible that not all
of the incident 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 turget change, typi-
cally every 5-10 minutes. When the Bevatron seemed exceptionally
unstable we recorded both monitor und ion chamber readings
during running and checked each run for consistent monitor/IC
ratios, Finally, in order to get some quantitative feeling
for the problem, during one of the calibratirn runs we made
some measurements of the effects of intentionally missteering
the beam. We found that for the case of 300 MeV/c n~
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 n'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 beam and fragment is multi-
ple scattering. The effect is greatest for the case of slow heavy
fragments. For deuterons and alpha fragments with p/z = 1 GeV/c the
R.M.S. multiple scattering angle (82)!/2 varies from .25° for Be
and C targets, up to 2.5° for a Pb target. The angle (82)1/2 decreases
with momentunm so that, when p/z = 2 GeV/c, (82)}/2 has decreased by a
factor of 3. Multiple scattering is significant if (62)1/2 js
compsrable to some angle which characterizes the angular dependence
of the cross section. Since our data was taken at only one angle,
we must assume some angular dependence to estimate the significance
of multiple scattering. Heckman, et al.(ZI) have found that in the
rest frame of the beam, fragmentation of heavy projectiles, such as

160 into various nuclear fragments is given approximately by the form

-p?/am_? . .
e m . If we assume a similar form for the cross sectio.. .iway

from the fragmentation peaks, then for our case the angular depe..-

oEn2a2
25p°8°  1¢ b = 1 GeV/c the distribution is

dence is essentially e

_82/8.2
0~%"/%0 11.4°. This is larger than the

with 892 = 1/25 or 89 = 1/5
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 Sl, the

rate in Sl was significantly larger than in S$3, especially in

regions where the cross sections were very momentum-dependent; thut
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 S1 provided the stop pulse, with high rates there was

4 chance that the stop pulse wus generated by a different purticle
from the start pulse, thus producing background. Gererally our

TOF spectra were very clean, as Fig. 10 shows. However, in certain
instances this background was very significant. For example, the pro-
ton production cross section by 1.05 GeV/nucleon alpha particles is
very large at a momentum of 1,75 GeV/c, more than 1500 times the size
of the 31 production cross section. As a result, the signal-to-noise
ratio for 3H could be as bad as 1:1. This effect differs from those
mentioned above in that the presence of background is obvicus 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 proton beams, only negative produced
particles were measured. Also, ¢ and ut were measured only to the ex-
tent uecessary 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 " 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

lZC beam. All the corrections discussed in Section [V

13 for a
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 [I-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 Lorentz invariant cross sections E/k? d2¢/dadk for these
processes are plotted against the scaling variable x' in Figs.
17, 18, and 19. Here x' is the usual x' = k;/(k:)max' where the
asterisk denotes center-of-mass. Tha quantity (k:)Inu is found
by calculating the missing mass for the reaction beam ¢+ target » n +
MM and then finding the pion momentum which corresponds to

minimum missing mass consistent with baryon conservation. One finds

the rather remarkable result that all the n~ spectra tend to fall
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on top of each other. Scaling is familiar from higher energies,
though here the cross sections show approximate scaling all the
way down to 1 GeV. If one plots the data taken with a Be target
and compares them with results of other experiments(ls'lb’l7) at
higher energies (12, 19, 24 GeV) the agreement is quite good.

One must remember in looking 2t these data that the
measurements were made at fixed angle in the lab, 2.5°, rather than
fixed transverse momentum. Consequently k, varies from 22 MeV/c
at k1r = 500 MeV/c to k, = 210 MeV/c when k“ = 4,8 GeV/c. If we
assume a transverse momentum dependence(ld) of e"s k we would
expect an effect of the order of a factor of 2 when comparing data
from two energies at fixed x' near x' = 1. For fixed x', the
larger the beam energy the larger is k, . 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 »' data does not. This might be expected since at higher
energies the reaction p + p + n~ + X scales much earlier than
p+p-~+ n* + 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
might expect protons and light nuclei to behave similarly at
equal total kinetic energy. We show in Table 14 the results

for the ratio

-1r- daa+C+1" +X)
PR @c 0

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

RO

rapidly over the range .25 £ x' £ .7. This disagrees with the results of
a recent Russian experiment in which Baldin et al.(la) report

R(x') is a constant over the range 0.7 < x' < 1.0 and that this

result cannot be explained in terms of the Fermi motion of the
projectile. It must be remembered that their experiment was

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

unlikely that these differences alone could account for the

disagreement.

To understand the effects of Fermi momentum we compare the data of
this experiment with the results of a calculation based on the model
discussed in Section II-E. Using eq. (6) we have inserted in the right

hand side our measured proton induced pion production cross sections.
The function Hd(s,ﬁo) was derived from a standard Hulthen wave
function ¢(q) = <, 1/(q%+a?) - 1/(q2*82)] with o = 45.7 MevV,

B = 5.2a, C, is chosen to give the right normalization.

1
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Wave functions for alpha particles are much harder to
come by. The usual measured quantity is the form factor for
electron scattering off He. This ie in turn related to the charge
distribution of the alpha particle by way of a Fourier transform.
In order to find a function Hu(;,§6) 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
neutrons in the alpha. We then took the measured form factors(lg)
snd numerically performed the necessary Fourier transforms to
calculate o(a).

The data for the reactiond + C + »~ + 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
momentunm, but there is only qualitative agreement at the higher
momenta. When interpreting these results it must be kept in mind
that the predictions of the model for high momentum pions are
very dependent on the high Fermi momentum components in the
function W which are not very well known. Considering strong
assumptions involved in the above method for determining wa, 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 inveking 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 laige collective effects invoived.

These conclusions also disagree with some recent results from

(20) where Baldin, et al. measured pion production at 180°

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

to see much more pion preduction than could be explained by Fermi
momentun 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 12¢ 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

(20) where, by looking at backward pions,

check the Lu:..c experiment
they have essentially reversed the roles of beam and target.
We next examine the target dependence of these reactionms.

Fig. 22 shows the cross section for n~ production by 2.1 GeV/nucleon
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alphas on four targets: Be, C, Cu, and Pb. The shapes of the
cross sections as a function of momentum is essentially indepen-
dent of the target at momenta 2 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 Al/3 dependence, suggesting a sort of periphcral 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 12C are
all isospin 0 nuclei, in collisions of deuteron and alpha beams
with carbon, equal numbers of nt and 7 would be produced if
charge independence is valid. Table 15 lists the results of the
ratio of = /»" 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
energetic pions; after all, the kinetic energy of 12C at 2
GeV/nucleon is 24 GeV. If there are no collective effects, only
the Fermi momentum is available for making super-energetic pions, and

that alone is not enough. Even if there are significant collective
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effects with heavier beams, something for which we see no evidence
using deuterons and alphas, the available flux is so low that the

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

C. Baryonic Fragment Production

Thr heavy fragment production cross sections are summarized
in Tables 16-47. WUnmeasured cross sections are listed as zero in
the tables. The momentum listed in these tables is the momentum
setting of the spectrometer and does not include energy loss in
the target. Table 48 shows the correspondence between the
momentum setting of the channel and the momentum with which the
particle is produced. The difference is rather small and the
format of the data tables would make it very cumbersome to include
the effect there.

The Lorentz invariant cross section for 1.05 GeV/nucleon
alphas fragmenting into p, d, 3He, 3H, and e is plotted in Fig.
24 as a function of lab momentum for a carbon target. The
structure of the alpha particle is clearly indicated. Not only
does the alpha fragment into protons, but there is significant
production of deuterons, tritons, and 3He. Since the data were
taken at fixed angle in the lab (2.5°), care must be taken when
interpreting the height of the peaks, where the transverse
momentum is about 75 MeV/c per nucleon, comparable to the Fermi
momentum of the nucleons in the alpha. Also the factor E/k?

lowers the deuteron peak by a factor of 2 relative to the proton
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peak, while the 3He and 3H peaks are down by a factor of 3. Neverthe-
less, the invariant cross sections for fragmentation into 3He, deuteroas,
and protons are within about an order of magnitude of each other. They
are approximately in the ratio 1:3.5:11.4,
If instead of plotting the data as a funciion of laboratory
momentum one plots it as a function of rapidity y, Fig. 25
results. Several features stand out:
1) The peaks of the distributions all occur at the same
rapiditytthe rapidity of the bsam particle,
2) The widtls of the distributions decrease as the mass of
the fragment increases. One expects this since in Fig. 24
all the distribntions 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 regicn and stands out
clearly from the central region.
Similar features are evident in the fragmentation of
deuterons. Fig. 26 shows the Lorentz invariant cross section
for the fragmentation of 1.05 GeV/nucleon deuterons on carbon.
Here the production of 3H and 3He decreases rapidly with momentum,
as one would expect &f these particles were being punched out
of the target. Pick-up processes are infrequent since in order

for them to occur the momentum of the nucleon in the target
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“picked up" would have to be comparable to the momentum per
nucleon of the beam particle, in this case about 1.75 GeV/c.
The probability for such a large Fermi momentum is very low.

In the figure the proton peak is evident and is narrower than
in the case of an alpha beam, due to the fact that a deuteron
is more loosely bound than an alpha. The deuteron distribution
is similar to spectra from other inelastic scattering processes.
There is a sharp elastic peak, a quasi-elastic shoulder, and a
"deep inelastic" region.

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 thie possiblility of charge exchange,
ouf (o, K) = z[op"(ﬁ. ) w@Bo, B) 0% @)

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

ohc

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

In other words, we visualize the peaks to be the result of

functions for W as in the pion case. The elastic p + C scattering
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cross section is do/dt = 7.5e85%(barns/ (GeV/c)2). Since this
cross section falls very rapidly with momentum transfer, we
can make the approximation that k, = py and that the energy
of the incoming and outgoing protons are the same. Then t
roduces to t = '(éb - i;)z. Then after inserting a 6-function

in (p. - kg) under the integral in eq. 7 it reduces to
-k;) 265

o=2 jmdzsa.'(k- Py» Po) 7.50"(Pa o

z IP;dPa."(k. Py» Po) e'6s(p"z’k"2)jo dge ORkatO%8
The integral over ¢ is the modified Bessel function % 10(130p*k‘).
The remaining integral over p must be done numeri-

cally. The results of the calculation for deuteron and alpha
beams are shown in Figs. 27 and 28. As in the case of pion
production, the agreement between the calculation and the data is
much better for the deuterons than the alphas, suggesting that our
choice of alpha particle wave function is not very good. The
model of cours: 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
momentum distribution of the alpha. If carried out in a
systematic way with measurements not limited to lab angles of
2.5%, experiments of this type could prove to be very useful for

determining wave functions of many nuclei.
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We next turn to the energy dependence of these spectra
and questions of limiting fragmentation and scaling. Since in
this experiment we look at particles in the lab with momenta
2.75 GeV/c, the applicable statement of limiting fragmentation
is that the cross section for production of slow particles in
the rest frame of the beam is independent of the energy.
Therefore we need to compare the cross sections for processes
such as d + A+ p + x where A is some nucleus in the region of
the peaks of the proton distributions at 1.05 and 2.1 GeV/nucleon.
Imfortunately, 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 = 7.5e85%,
The proton peaks occur at 1.75 GeV/c and 2,875 GeV/c for 1.05
and 2.1 GeV/nucleon deuterons or alphas incident. Then
t = -2k2(1-cos8) where k is the proton momentum and 0 = 2.5°
(43.6 milliradians). Since 8 is small, t = -k262, and we get
that at k = 1.75 GeV/c, t, = -62.0 x 10°* and at k = 2.875,

t, = -167 x 10°%. Therefore the ratio of the invariant cross

2
65(t,-t,)

sections ¢ = 2.0

1.08 GeV/nucleon/°2.1 GeV/nucleon ~
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We can compare two reactions: d + C +p + X and

o+ C+p+ X. Table 49 shows this comparison for various
targets at y = Ybeanm' The average for all targets is

2.67 * 0.48. The result is hardly undeniable proof of the
validity of limiting fragmentation but it is certainly
consistent with the idea, considering the size of the error.

In the regions of the rapidity plots away from the peaks,
the fragmentation cross sections are much flatter but still
decrease as k (and hence ky) 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 k; dependence makes any strong
statement impossible. Performing the experiment at a2 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 » n + 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
nucleons in th? 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 c¢ross sections in the central plateau
region to decrease with energy, and the effect should pe greater
for reactions like a + C » e + X than for a + C > p + X.
Figs. 23 and 29 bear out this expectation. We are again faced
with non-constant k . which prodv:es the same effects, so 1no
certain conclusions can be drawn about scaling.

We turn next to the question of target dependence. For
Be, C, and CH2 targets the shapes of the spectra are virtually
identical, as would be expected since these targets are very
similar. The only very different target we can compare to is Pb.

In the regions near the ~~aks, the spectra have the same
shape for all targets. If one assumes a power law behavior where
the cress section is proportional to AN where A is the atomic
mass of the target an¢ N is some power, then near the peaks,
N = 1/3 for all fragments as for the case of pion production.
1_(21)

This differs from the results of Heckman et a who found
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that with heavier beams, such as 160 that the target dependence

was approximately A0'26.

At lower momenta the power N increases, especially for the
heavier fragments. We have plotted in Fig. 30 the power N as
a function of momentum for the three reactions a + Nucleus -+
{p, 4, SHe) + anything. One can see that in the case of 3
production, the power N is about 2 at 750 MeV/c, greater than the
geometric A2/3,

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

SH, 3

S1 list the cross sections for production of p, d, He, and
4He while Tables 52 and 53 give the results for Li, Be, B, and
C fragments.

Fig. 31 shows a plot of the invariant cross sections for
carbon on carbon vs. laboratory momentum. It is very reminiscent
of the results on fragmentation of alphas. In the peak region
the proton spectra from a ar ! 12¢ beams are essentially identical,
as are the deuteron spectra, implying that the momentum distribu-
tions of nucleons are very similar in the two types of beam
particles. On the other hand, the 3H-3He peak is significantly

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

wider in the case of a
This is reasonable since in an alpha particle a triton or 3He can
only recoil against a nucleon, limiting its momentum. Inside a

12C 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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lzC there is much more 3H and 3He production in the central region

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

would be interesting to study as a function of energy and angle.
The production of the heavier fragments is shown i1 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 6l.i peak, near 10 GeV/c the transverse

momentum is about 440 MeV/c while for 7Be and lOB it is about

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

2.5° requires either very large Fermi momentum or large

momentum transfer; the first is very unlikely while the second

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

interesting to study these fragments as a function of energy and

angle and thereby to directly measure transverse momentum effects.

VI. Summary and Conclusions

A vast amount of data was collected during this experiment.
In this section we try to briefly summarize the results and
their implications.

First, in pion production by deuterons and alphas, we find
that effects due to *collective’ behavior of the projectile
nucleons are very small--beyond the level of precision of this
experiment. Pion production by deuterons can be well understood
in terms of an independent particle model with Fermi momentum.

In the case of an alpha particle beam, the lack of a good wave
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function for the alpha makes it impossible to rule out collective
effects, but if they are involved, they are too small for this
experiment to detect.

We have also found that for m production by protons,
deuterons, or alphas, scaling is approximately valid down to
energies of 1 GeV/nucleon--not the case for nt production by
protons. Charge symmetry has been verified: the ratio of
production cross sections of n* and 77 is 1 for deuteron and
alpha beams on a carbon target. The target dependence for fast
pion production is approximately A}/?, increasing toward A2/3
for pion momenta near 500 MeV/c.

As for production of particles with baryon number 2 1,
the data is consistent with limiting fragmentation of the
projectile. This conclusion, along with all others here, is
r.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, 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 slphas 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 ieasurements of both pion production and beam
fregmentation cross sections could result in a powerful new
technique for determining nuclear wave functions. Measure-
ments of fragmentation of light nuclear projectiles into
deuterons, tritons, etc. should lead to new information about
correlations inside nuclei.

Certainly the questions raised in the introduction to this
thesis have not been completely answered. Nevertheless, we hope
that it has been a useful introductory survey of this kind of
physics which has a great potential in helping us understand

particles and nuclei.
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Appendix

Ion Chamber Calibration

In order to determine the flux through the ion chamber and there-
by the flux on the target, it is necessary to relate the flux
of particles to the charge collected by the ion chamber. The
characteristics of the chamber are as follows. The gas in the
chamber was argon, atomic weight A = 40, The gas pressure was
800 mm Hg at a temperature of 22°C, giving density p = 1.737 x
10-3g/cm3. The distance x traversed by a particle passing
through the chamber was 3.175 cm.

If we define £ = px, then & = 5.515 x 10-3g/cm?. Furtheruore,
if dE/d§ is the rate of energy loss of the incident partiele, 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
NI = AE/€ = dE/df<E-1/& 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

108

dE _ 1
= 2.54 x 10-3
6.3 x 10-2 *Q * E 4

2
Using € = 26.4 v(?2) 45 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/df is in units of MeV-cm?/g.
In the text we defined the function zze'(E) = (ion chamber
reading)/ (number of particles traversing ion chamber), which is the
same function as that calculated above, Zze'(E) = 531 dE/dE.

This function is tabulated in Table A-1 for various beam particles

and energies using standard values for dE/dE.(zs)
2%F,' (E)
for
Beam 12
Kineti Particle P d a c
Energy
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




-60-

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 10%/second. Using

a 1.05 GeV/nucleon 12C 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 ratin R = 26.4 ¢ 0.5; so

F3 = 26.4/30.3 = 0.87.



-61-

MOMENTUM TON TARGETS
(Gevsc) | LEP
Be 1/4" C 1/4" Cu 1/4" Pb 1/4"
1.73 GeV Proton Beam
0.5 e 5.16320.23 [5.73+0.23 124.7+0.5 29.940.6
0.9 e 2.64+0.16 |2.97£0.17 |5.4440.23 | 6.90+0.26
1.0 e 1.49£0.12 {1.6020.13 |3.90t0.20 | 4.1620.20
1.25 e 0.69:0.08 [0.68+0.08 11.21+0.11 | 1.44+0.12
0.9 w 5.33+0.32 |4.91£0.33 |5.5640.40 | 4.39+0.43
1.0 Mo 5.24+0.27 |5.3610.29 [4.66%0.31 4.85+0.36
1.25 uo 4.71+0,24 |4.99+0.44 [4.85+0.27 4,50%0.26
3.5 GeV Proton Beam
0.5 e 10.8£0.3 |12.0%0.4 |44.2¢0.7 54.10.7
0.75 e 5.3940.23 |6.27+0.25 [24.7%0.5 31.4%0.6
0.9 e 4.4340.21 [5.15%0.23 [18.6%0.4 23.3%0.5
1.0 e 3.394£0.18 [3.80%+0.19 [14.0%0.4 19 6£0.4
1.25 e 1.50£0.12 [1.94£0.14 17.31%0.27 | 9.50%0.31
0.9 u 8.70%0.42 {8.60%20.43 |6.65+0.66 7.07+0.73
1.0 - 8.55+0.38 |8.25£0.39 [7.08+0.59 | 5.23+0.66
1.25 - 7.00£0.31 |7.41£0.33 [7.21%0.47 | 7.44+0.51
Table 1. Percent Lepton Contamination in m~ Signal
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MOMENTUM | | oo TARGETS
(GeV/c) PTO
Be 1/4" C 1/4" Cu 1/4" Ph_1/4"
4.2 GeV Proton Beam
0.5 e |11.3:0.3 12.8:0.4 | 41.5:0.6 50.7+0.7
0.75 e {6.8120,26 | 7.60¢0,27| 27.240.5 [35.0+0.6
0.9 e 15.23+0,23 | 5.89%0,24] 21.4+0.5 |28.5+0.5
1.0 e 13.,73:0.19 | 4.80%0.22| 17.5:0.4 [22.8+0.5
1.25 e |2.09+0,14 | 2,09:0.14] 10.3:0.3 {13.9:0.4
0.9 u | 8.83:0.43 | 8.67+0.45| 6.24+0.70 .-
1.0 y 18.14:0.39 | 6.45+0.40| 6.82+0.60!5.91:0.72
1.25 u |6.48:0,32 | 6.54+0.32| 5.39:0,51|5.83+0,57
MOMENTUM TARGETS
GGV/C) LEPTON 1" t t "
( Be 1/4 C 1/4" |CHp(0.52")| Pb 1/4
2.1 GeV/nucleon Alpha Beam
e
0.75 e |1.67:0.13 |2.12:0.14 | 2.03:0.14| 10.3£0.32
1.0 e |1.49:0.12 |1.7120.13 | 1.82:0.13| 4.43:0.21
1.25 e (0.62:0.08 {0.71:0.08 | 0.53:0.07{ 2.02:0.14
1.5 e |0.60£0.35 [ 0.90£0.15 | 0.60+0.35] 1.60:0.29
1.75 e [0.42£0.10 | 0.60£0.35 | 0.60+0,35| 1,05+0.20
1.0 o 16.3720.30 | 6.67+0.32 | 6.48:0.32] 5,73:0.38
1.25 o |5.52£0.26 |5.48:0.26 | 5.61+0.26| 5.58:0.31
1.5 uw [ 3.50+0.57 | 3.40%0.35 | 4.30£0.60| 4.20:0.61
1.75 u [3.63+0.33 |4.35+0.60 | 4.15:0.60] 4.05+0.54
Table 1. Continued.




-63-

MOMENTUM TARGETS
(GeV/c) LEPTON
Be 2" Cc 1" Cu 3/8'" Pb 1/4"
1.05 GeV/Nucleon Deuteron Beam
1.0 e” + u- -- 5.5840.23 -- --
1.25 e” + u”~| 4,13+0.56| 3.67+0.42] 3.94+0.82( 5.95+1.24
2.1 GeV/Nucleon Deuteron Beam
!
1.0 e + u [ 8.14%0,06, 8.032(.06 ) 9.14%0.07 | ©.3520,07
1.5 e +u | 4.5520.15| 4.4120.15( 5.1420,16 | 5,23%0.16
2.0 e + p | 3.52¢0,13| 3.49%0.13( 3.62+0.19 | 3.39+0.18
2.5 e +u | 1.7620.09 -- -- --
2.1 GeV/Nucleon Alpha Besnm
1.0 T ey 8.48%0.29| 8.16+0.28 | 10,2%0.32 11.3+0,34
1.5 e + u | 5.1340.23] 5.17%0.23| 5.35+0.23 5.21%#0,23
2.0 e + u | 3.79%£0.19{ 3,95+0.20| 4.08+0.20] 4.74#D.22
Table 1. Continued.
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Pion n~ Production m* Production
Momentum | Target do do S

(Gev/c ) dﬂdk(mb/sr/GEV/C) m(mb/:r/heV/g )

0.5 Be 10.7 £ 0.2 50.4 + 0.9

0.5 c 11.1 ¢ 0.5 63.3 + 1.2

0.5 Cu 24.0 + 0.6 110. + 2.

0.5 Pb 45.2 + 1.2 149, & 2.

0.6 Be 8.34 + 0.15 -

0.6 c 8.06 + 0.17 -

0.6 Cu 16.3 + 0.4 .

0.6 Pb 30.4 + 0.8 .

0.65 Be -- 40.2 + 1.5

0.65 c -- 51.4 ¢ 1.1

0.65 Cu -- 82.3 + 1.8

0.65 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 -

0.75 Be 2.53 + 0.12 14.9 + 0.3

0.75 c 2.07 £ 0.12 18.7 + 0.4

0.75 Cu 4.66 + 0.24 30.6 + 1.0

0.75 Pb 6.98 + 0.42 4.2 + 1.2

0.9 Be (2.92 + 0.31)x107} 1.69 + 0.04

0.9 c (3.06 + 0.39)x107} 2.04 + 0.06

0.9 Cu (6.40 ¢ 0.27)x10°} 3.52 ¢ 0.13

0.9 ib | (8.80 ¢ 0.45)x107} 4.03 + 0.19
Table 2. Pion Production cross-sections

Beam = 1.05 GeV Protons
Errors quoted are statistical only.
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7~ Production

m* Production

Pion

N

k?g:$7:3 Target dg;k(mb/sr/GeV/c) dggk(mb/sr/(ic\'/c)
.95 Be (2.88 £ 0.50)x107% -
.95 c (2.81 * 0.61)x10°2 --
.95 Cu (5.42 + 1.06)x10™2 --
.95 Pb (8.34  1.86)x10™> -
1.0 Be | (4.8¢ ¢ 1.96)x10"> | (1.29 & 0.64)x107}
1.0 c (3.70 + 2.13)x10"% f0.987 ¢ 0.700)x107}
1.0 cu | (7.71 £ 3.14)x10°% | (2.93 £ 0.67)x107"!
1.0 Pb (19.3 ¢ 8.6)x10 -3 (3.70 ¢ 1.07)x10'l

Table 2. Continued.
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Pion 1~ Production n* Production
Momentum | Target da . do .
(Gev/c) aaai{mb/sr/GeV/c) aﬁai{mb/sr/hoV/c]
0.5 Be 21.1 + 0.3 44.3 + 0.8
0.5 c 24.9 + 0.4 §7.1 + 1.1
0.5 Cu 60.4 + 1.0 112, ¢ 2.
0.5 Pb 112, + 2. 161. + 4.
0.75 Be 17.0 ¢ 0.2 66.3 + 0.9
0.75 c 18.6 + 0.3 85.6 + 0.8
0.75 Cu 39.1 £ 0.6 149, + 2.
0.75 Pb 69.8 ¢ 1.2 209. ¢ 4.
1.0 Be 8.02 ¢ 0.12 39.7 + 0.5
1.0 c 8.60 + 0.14 S1.7 + 0.4
1.0 Cu 17.1 + 0.4 81.9 + 1.0
1.0 Pb 29.9 + 0.6 112, + 2.
1.25 Be 3.23 + 0.05 9.97 + 0.18
1.25 c 2.96 ¢ 0.06 11.9 + 0.2
1.25 Cu 6.48 ¢ 0.15 19.5 ¢ 0.4
1.25 Pb 11.9 ¢ 0.3 28.1 + 0.9
1.5 Be (4.59 + 0.15)x10°} 1.48 ¢ 0.05
1.5 c (4.19 ¢ 0.17)x107} 1.78 ¢ 0.07
1.5 Cu (10.1 ¢ 0.4)x107} 2.99 + 0.17
1.5 b (18.1 ¢ 0.7)x107! 4.16 + 0.30
1.625 Be (4.46 + 0.30)x10™% .-
1.625| ¢ (5.02 ¢ 0.25)x1072 --
=7
1.625 Cu (7.88 ¢ 0.41)x10°° --
1.625| Pb (7.7 £ 1.7)x10 2 --
Table 3. Pion Production Cross-Sections

Beam = 1.73 GeV Protons

Srrors quoted are statistical only.
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- . + .
Pion n~ Production n¥ Production
Momentum | Target do do .
(GeV/e) dndk(mb/sr/GeV/c) dek(mb/sr/GeV/c)
1.75 Be (4.05 + 1.20)x10"3 --
1.75 C (6.84 * 1.97)x10°> --
1.75 Cu (21.2 ¢ 4.5)x10”3 --
1.75 Pb (20.2 + 6.7)x1073 -
Table 3. Continued.
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Pion n~ Production n* Production
Momentum | Target d
(GeV/c) ge ﬁi-(mb/sr/ﬁeV/c] a—g—gi-(mb/sr/(‘.evlc)
.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 --
.65 C 27.0 + --
.65 Cu S8.4 ¢ -
.65 Pb 108, + 1. --
.75 Be 22.7 + 0.1 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. ‘|
I
Be 19.7 £ 0.1 --
C 22.3 + 0.1 --
. Cu 44,6 £ 0.3 --
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 + 0.05 28.7 ¢+ 0.3
1.25 C 8.32 £ 0.06 36.0 £ 0.4
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

Beam = 2.1 GeV Protons
Errors quoted are statistical only.



-69-

Pion n~ Production w* Production
Moment Target d A

(GeV/cl:u)n rg Eﬁ(mh/sr/GeV/c) I‘g—k(mb/sr/ucwc)
1. Be 4.08 + 0.03 11.3 + 0.1
1. c 4.25 + 0.04 13.4 + 0.2
1.5 Cu 8.08 + 0,09 21.4 + 0.4
1.5 Pb 15.2 ¢ 0.20 30.2 £ 0.7
1.75 Be 2.08 £ 0.02 4.59  0.10
1.75 c 1.91 £ 0.02 5.31 ¢ 0,12
1.75 Cu 3.48 ¢ 0.06 8.28 ¢ 0.28
1.75 Pb 6.53 £ 0.12 12.6 ¢ 0.5
1.875 Be (4.75 + 0.08)x10°} -
1.875 c (4.63 ¢+ 0.10)x107} -
1.875 Cu (7.48 ¢ 0.24)x107} .
1.875 Pb (13.1 £ 0.5)x10 ! -

2.0 Be (1.09 £ 0.12)x1072 -

2.0 c (1.10 £ 0.15)x10"° -

2.0 Cu (2.90 + 0.45)x10"% -

2.0 Pb (3.32 £ 0.76)x10"2 :

Table 4. Continued.
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Pion n- Production
Momentum do
(Ge¥/c) Target Jadi(mb/sr/GeV/c)
.5 Be 25.9 + 0.1
.5 c 31.7 + 0.2
5 Cu 73.8 + 0.4
.5 Pb 134,
.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 o 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
.o~ 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 t 0.3
1. Be 9.11 + 0.04
1. c 10.31 + 0.04
1. Cu 19.5 + 0.1
Pb 33.9 + 0.1

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

Errors quoted are statistical only.
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X n- Production
Pion d

Momentum _Jo '

(GeV/c) Target Tadk b/ sT/Gev/c)
1.75 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 t 0.03
2.125 Pb 8.72 + 0.07
2.25 Be 1.23 ¢ 0.01
2.25 c 1.11 * 0.01
2.25 Cu 1.96 + 0.02
2.25 Pb 3.83 + 0.04
2.375 Be (3.02 £ 0.03)x10"!
2.375 c (2.93 + 0.04)x10™}
2.375 Cu (4.88 + 0.09)x10"!
2.375 Pb (9.82 £ 0.20)x10"!
2.5 Be (1.33 + 0.06)x10"2
2.5 C (1.62 ¢ o.oss)xlo'2
2.5 Cu (2.71 ¢ 0.20)x1072
2.5 Pb (6.03 + 0.48)x10™2

Table 5. Continued.
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|
Pion n= Production ‘
Momentum J
Gev o ;
(Gev/c) Target dgdk(mb/sr/GLV/c]
2,625 Cu (1.39 ¢ 0.98)x10™°
2.625 Pb (2.45 ¢ 1.73)x10™°

Table 5. Continued.
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i m= Production
Pion
Momentum do
(GeV/c) Target aﬁay(mb/sr/GeV/c)
-5 Be 39.0 + 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. Be 37.7 + 0.2
1. C 47.7 £ 0.2
1. Cu 102. + 1.
1. 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.
L. Be 27.2 + 0.1
1. c 32.4 * 0.1
1. Cu 63.4 ¢ 0.3
1. Pb 108. + 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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n~ Production

Pion
Momentum _do__ ,
(GeV/c) Target Tndk (mb/s1/GeV/c)
2.5 Be 6.05 + 0.03
2.5 c 6.48 + 0.04
2.5 Cu 12.0 * 0.1
2.5 Pb 21.8 ¢ 0.2
3.0 Be 1.00 ¢ 0.01
3.0 c 986 ¢ 0,012
3.0 Cu 1.75 ¢ 0.03
3.0 Pb 3.48 ¢+ 0.07
3.25 Be (5.74 + 0.22)x10"°
3.25 c (5.86 + 0.28)x10°°
3.25 Cu (11.8 + 0.8)x107°
3.25 Pb (21.4 + 1.7)x1072

Table 6. Continued.
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Pion n~ Production n* Production
ooy | Tareet | Lo (ub/sr/Gev/c) | gao(mb/sr/Gev/c)
.5 Be 50.4 + 0.3 53.3 + 0.7
.5 C 65.7 + 0.4 78.6 £ 1.0
.5 Cu 166, + 1. 164, + 2
.5 Pb 314, + 2. 278. * 4,
.75 Be 53.0 + 0.3 78.8 + 0.8
.75 C 68.3 + 0.3 105. + 1
.75 Cu 158. + 1. 211, ¢ 2,
.75 Pb 308, + 2. 389, ¢+ 5.
1.0 Be 54.2 + 0.2 99.1 + 0.8
1.0 C 68.8 + 0.3 128. ¢
1.0 Cu 146. = 1 241, + 2,
1.0 Pb 253, ¢ 1. 411. ¢ 5.
1.25 Be -- 117. + 1.
1.25 C -- 146. * 1.
1.25 Cu -- 266, £ 2.
1.25 Pb -- 445, + 5,
1.5 Be ' 42., ¢ 0.2 146. + 1.
1.5 C 52.2 £ 0.2 183. + 1,
1.5 Cu 99.4 £ 0.5 305. + 3.
1.5 Pb “81. t 1. 522. £ S,
1.75 Be -- 150, * 1.
1.75 C -- 182. 1.
1.75 Cu - 315. + 3.
1.75 Pb -- 493, + S,
Table 7. Pion Production Cross-sections

Beam = 4.2 GeV Protons

Errors quoted are statistical only.
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Pion n~ Producticn n+ Production

Momentum | Target d

(Gev/e) 8L | JS(mb/st/Gev/c) | gao-(mb/sT/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.
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 20.7 % 0.2 84.9 ¢ 1.2
2.5 Pb 53.1 * 0.4 229, & 2,
3.0 Be 7.80 t 0.04 i9.9 + 0.4
3.0 c 8.90 ¢ 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.
3.5 Cu 3.33 + 0.04 24.0 : o.
3.5 Pb 6.20 ¢ 0.10 35.6 + 1.5
3.75 Be (2.13 ¢ 0.04)x107% -
3.75 c (1.92 + 0.05)x1072 -
3.75 Cu (3.98 + 0.14)x10°° --
3.75 Pb (7.45 + 0.33)x10"> --
4.0 Be (1.42 o.ss)xlo'3 --
4.0 c {1.30 ¢ o.za)xlo'3 --
4.0 cu | (4.89 ¢ 1.0myx1073 --
4.0 Pb (10.3 ¢ 2.7)x10™3 --

Table 7. Continued.
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Pion n~ Production
Momentum da
(Gev/c) Target Joqk(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 + 1.1
1.0 Cu 237. + 3.
1.0 Pb 389. + 5.
1.5 Be 63.0 £ 0.
1.5 C 79.5 £ 1,
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. t 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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n~ Production

Pion g
Momentum o
(Gev/c) Target dndx (Mb/sr/Gev/c)
3.5 Be 9.45 ¢+ 0.11
3.5 c 10.7 + 0.1
3.5 Cu 22.1+0.3
3.5 Pb 36.2 ¢ 0.7
4.0 Be 1.89 ¢ 0.03
4.0 c 1.83 ¢ 0.03
4.0 Cu 3.45 ¢ 0.10
4.0 Pb 6.23 + 0.23
4.5 Be (3.13 ¢ 0.19)x1072
4.5 c (4.12 + 0.19)x1072
4.5 Cu (10.8 ¢ 0.5)x1072
4.5 Pb (15.8 ¢ 1.1)x1072
|
]
4.75 Cu (8.43 + 4.22)x107%
4.75 Pb (6.62 + 6.62)x10”%

Table 8. Continued.
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Pion - Production * Production
Momentum | Target do
=———(mb/sr/GeV/c) | s—(mb/sr/GeV/c)
(GeV/e) 3nax dndk
.5 Be 45.6 ¢ 0.7 --
) 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. : 3. -
.75 Be 15.5 ¢ 0.3 12.6 ¢ 0.2
.75 c 15.8 + 0.3 18.8 + 0.3
.75 Cu 26.1 £ 0.7 32.5 + 0.4*
.75 Pb 42.9 ¢ 1.3 35.5 ¢ 0.9
1.0 Be 1.09 * 0.04 .887 + 0,040
1.0 c 1.06 ¢ 0,05 1.35 ¢+ 0.07
1.0 Cu 1.85 ¢ 0.13 1.97 ¢ 0.12*
1.0 Pb 2.95 ¢ 0.25 2.32 ¢ 0.21
1.25 Be (.11 ¢ 0.11)x10° | (1.11 ¢ 0.17)x10”}
1.25 c (1.31 + 0.16)x107! | (1.23 ¢+ 0.24)x107}
1.25 Cu (2.36 * 0.40)x10°! | (2.50 ¢ 0.37)x10"}
1.25 Pb (3.13 ¢ 0.70)x10™} | (1.99 ¢+ 0.75)x107!
1.5 Be |(7.98 : 1.54)x1073 --
1.5 c (11.6 ¢ 2.1)x10™3 -
1.5 cu (7.3 ¢ 3.0x1073 -
1.5 Pb | (27.9 + 5.8)x1073 -
Table 9. Pion Production Cross-sections “Target = CHZ

Beam = 1.05 GeV/Nucleon Deuterons
Errors quoted are statistical only.
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Pion - Production w* Production
Mz):::/t:)u Target '«%g_k(-b/ sr/GeV/c) a%%i(lb/ sr/GeV/c)
1.75 Be (1.44 ¢ 1.02)x10™% -
1.75 Pb (13.2 ¢ 6.6)x10™* --
|
Table 9. Continued.
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n~ Production

»* Production

]
Pion '
Momentum | Target do Jo
===-(mb/sr/GeV/c mb/sr/Gev/c) |
(Gev/c) andk ¢ /) | Gadx @b/ ) |
0.5 Be 104.2 £+ 0.4 76.8 £+ 1.5 ,
0.5 c 110.0 + 0.4 84.8 + 1.9 l
0.5 Cu 250. ¢ 1, 121. & 2.+ i
0.5 Pb 544, :+ 2, 276. ¢ 8. !
0.75 Be 101.9 2 0.2 107. ¢ 2.
0.75 C 117.9 ¢ 0.4 114, ¢ 2,
0.75 Cu 482. ¢t 2, 135, ¢+ 2.+
0.75 Pb 616. ¢ 2. 289, ¢ 7.
f
1.0 Be 92.8 ¢+ 1.0 104, ¢ 1. {
1.0 c 109. ¢ 1. 112, ¢ 2 '
1.0 Cu 213, ¢ 3, 173, ¢+ 2.*
1.0 Pb 336. ¢ 5 277. ¢ 6.
1.25 Be 45.6 ¢+ 0.5 48.0 ¢ 0.7
1.28 [ 50.6 ¢ 0.6 51.8 £ 0.8
1.28 Cu 97.0 ¢ 1.4 78.8 ¢ t.1*
1.28 Pb 157. ¢ 2.8 119. ¢ 3.
1.5 Be 17.2 £ 0.2 18.5 + 0.3
1.5 [ 19.4 + 0.3 18.9 ¢ 0.4
1.5 - Cu 33.1 £ 0.2 28.6 * 0.5*
1.5 Pb 54.0 = 0.4 44.9 ¢t 1.6
1.75 Be 8.0 % 0.11 8.17 £ 0.28
1.75 c 8.29 ¢ 0,13 8.64 *+ 0.22
1.75 Cu 19.4 £ 0.4 12.9 £ 0.3*
1.78 Pb 29.3 £ 0.6 18.9 + 0.9
. =
Table 10. Pion Production Cross-sections Target CHZ

Beam = 2.1 GeV/Nucleon Deuterons
Errors quoted are statistical only.
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Pion - Production n* Production
Momentum | Ta
(Gev/e) FBE | Lo (mb/sr/GeV/c) | Tao(mb/sr/Gev/c)
2.0 Be 2.25 ¢+ 0.05 2.95 + 0.14
2.0 c 2.59 + 0.07 2.76 + 0.11
2.0 Cu 4.56 t 0.06 4.74 * 0.16*
2.0 Pb 7.84 £ 0,12 6.83 ¢ 0.10
2.5 Be (2.37 ¢ 0.13)x10°! --
2.5 c (2.55 ¢ 0.18)x107} --
2.5 Cu (4.61 ¢ 0.15)x16°! .-
2.5 Pb (7.98 ¢ 0.34)x107! --
3.0 Be (1.40 : 0.09)x10°° -
3.0 c (1.77 ¢ 0.13)x1072 -
3.0 Cu (2.56 ¢ 0.32)x1072 -
3.0 Pb (4.87 t 0.74)x10™2 --
3.5 cu | (19.7 ¢ 8.1)x10"3 -
3.5 Pb (9.48 ¢ 9.48)x10™° --

*Target = CHy

Table 10. Continued.
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Pion n= Production n* Production
Momentum | Target do , do
(GeV/c) aﬁar(mb/sr/GeV,c) dek(mb/sr/GeV/c)
.5 Be 99.7 + 4.0 78.4 + 5.1
.5 C 112, ¢ 5. 105. + 7
.5 CH2 110. ¢ 5. --
.5 Pb 340, + 19. --
.65 Be 61.0 + 2.4 --
.65 C 63.2 + 2.8 --
.65 CH2 62.6 + 2.8 --
.65 Pb 201, * 12. --
.75 Be 45.0 + 1.8 --
.75 C 47.4 + 2.1 53.6 + 3.6
.75 CH2 46.8 * 2.1 77.1 ¢ 3.9
.75 Pb 137. ¢ 8. 99.6 + 4.6
Be 13.4 + 0.7 -
[ 13.9 + 0.8 -
CH2 13.9 + 0.8 --
.9 Pb 34.8 + 3.2 --

. Be 7.21 ¢ 0.42 6.15 + 0.35
1. C 6.27 * 0.47 8.59 + 0.53
1, CH2 7.60 + 0,53 12.8 + 0.7
1. Pb 2007 ¢ 2.2 18.3 + 0.8
1.1 Be 3.52 ¢+ 0,18 .-

1.1 C 3.13 ¢+ 0.21 -

1.1 CH2 3.22 £ 0,21 --

1.1 Pb 8.99 * 0.95 --
Table 11. Pion Production Cross-sections

Beam = 1.05 GeV/nucleon alphas

Errors quoted are statistical only.
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+

Pion 7~ Production 7 Production
t
Nomemen | TaTBSt | e (nb/sr/Gev/c) | qho-(mb/st/Gev/c)
1.25 Be 1.12 + 0.07 (9.18 + 0.11)x107}
1.25 c 1.13 + 0.09 (13.9 ¢ 0.2)x107}
1.25 CH, 1.16 ¢ 0.09 (17.4 + 0.2)x10°}
1.25 Pb 3.00 ¢ 0.40 (26.8 + 0.7)x10°}
Ls Be (2.26 ¢ 0.21)x10" -
Ls C 2.11 £ 0.26)x10" " --
Ls cH, | (2.06 ¢ 0.26)x107} -
PB | (6.55 + 1.26)x10™ -
1.5
L7s Be (4.49 + 1.67)x10"2 -
) CH (3.39 + 0.94)x10"2 -
1.75 2 2
175 Pb (5.89 * 3.40)x10 -
Table 11. Continued.
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Pion n= Production n* Production
Momentum | Target do do
(GeV/c \ dadk (mb/sr/GeV/c) m(mb/sr/GeV/c)
.5 Be 168, + 2. --
C 237. = 3. -
. Cu 439, + 6. --
Pb 703, ¢ 11. .-
.75 Be 205. + 2. 192, ¢+ 9.
.75 c 276. + 3. 274. t 14,
.75 Cu 486. ¢ 6. 493, + 29.
.75 Pb 746, ¢ 7. 652. + 87.
.9 Be 211. + 2, .-
.9 C 282, + 3. -
.9 Cu 454, t 6, .-
.9 Pb 714, + 7, -
1. Be 196. t 2. 168. + 8.
1. C 256, ¢ 2, 268, + 12.
1. Cu 455, ¢+ 5. 380. £ 27.
1. Pb 644. t 6. §82. + 41.
1.25 Be 109. ¢ 1, 95.7 + 5.2
1.25 C 142, t 1. 135. t 7,
1.28 Cu 234, + 3, 191. t 14,
1.25 Pb 347. £ 5, 40-., ¢ 30.
1.5 Be 51.0 £ 0.6 47.8 + 3.3
1.5 C 64.6 £ 0.8 65.2 + 4.7
1.5 Cu 101. * 2, 93.6 + 8.9
1.5 Pb 164. * 3. 157. % 16.
Table 12. Pion Production Cross-sections

Beam = 2.1 GeV/nucleon alphas

Errors quoted are statistical only.
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Pion n” Production m* Production
Momentum | Target do do
(GeV/e) dndk(mb/sr/GeV/c) aﬁai(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 + 1.2 80.7 + 10.0
2.0 Be 11.1 ¢ 0.1 11.3 ¢ 1.0
2.0 c 14.8 £ 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 ¢ 0.04 -

2.5 c 2.94 ¢ 0.06 --

2.5 Cu 4.55 + 0.12 -

2.5 Pb 6.56 + 0.24 --

3.0 Be (3.77 ¢ 0.12)x10"} --

3.0 C (5.09 ¢ 0.19)x10°" -

3.0 Cu (7.69 £ 0.37)x10"} -

3.0 Pb (11.9 ¢ 0.72)x107 -

3.5 Be (2.26 + 0.27)x10™2 -

3.5 c (2.67 ¢ 0.31)x10"2 --

3.5 Cu (4.47 £ 0.57)x10"2 -

3.5 Pb (8.58 ¢ 1.25)x102 -

4.0 Be (8.99 + 4.92)x10™4 .

4.0 c (23.9 ¢ 10.7)x10"% --

4.0 Cu (7.43 & 5.25)x10™% -

4.0 Pb | (18.8 £ 13.3)x1074 -

Table 12. Continued.
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n~ Production

Pion

Momentum Target do

(GeV/c) Indk (mb/sr/GevV/c)
0.75 Be 15 ¢ 7
0.75 c 147 ¢ 10
0.75 Cu 390 ¢ 31
0.75 Pb 394 & 37
1.0 c 26.8 ¢ 3.1
1.0 Cu 100 ¢ 12

Table 13. Pion production cross sections

Beam = 1.05 GeV/nucleon ®

Errors quoted are statistical only




Momentum
GeV/c
.5 .75 1.0 1.5 2.0 2.5 3.0

R
2.1 deuterons| , o, 1.73 1.58 0.37 |7.46x10-2 [1.67x10-2 | 1.99x10~3
4.2 protons * ‘ ) : . - .

1.05 alphas .2 -3 ——-

s | 170 0.694 |9.11x10-2 |4.04x10 - —

Ratios of the cross sections for n~ production by protons, deuterons, and alphas

Table 14.
of equal total kinetic energy

—88_



Momentum
GeV/c
.75 1.0 1.25 1.5 1.75 2.0 Avg
R
d+Cn| .96 1.03 1.02 .974 1.04 1.07 [1.02 .03
a+C+n| .993 1.05 - 1.01 1.08 1.63  |1.02 + .04

Table 15.

Ratio R for n*/n~ production by 2.1 GeV/nucleon beams

_68-



1.05 GEV PROTONS

TARGEY

CROSS SEC

cross

C+0SS
CROSS

CROSS
CROSS

CROSS
CROSS

- CROSS
CROSS

CROSS
CROSS

cr0ss
CROSS

cROSS
CROSS

CROSS
CROSS

CR0SS
CROSS

CROSS
CR0SS

TION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECYION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECYION

Table 16.

ERROR

ERROR

ERROR

ERROR

ERPOR

ERROR

ERTDR

PLAB/Z
500

«750

1.000

1.250

1.590

1,583

1.62%

1.750

1.790

PROTONS

$+162E+01
6. TARE=C1

141072+02
20186E+00

1.879E+02
3.376£0 00

2e071E02
Teh19E400

2.T731€492
8.063E+N0

3+018E002
B8e4194E400

24107E+82
Go QOMEL DD

1.850E402
6.052E+20

T+86-E402
§.550E001

9.453E408
1.891C+8%

1.019€-42
4e1748E-93

OEUTERONS

Jo425Ee 08
1.579E-01

6 580F 0
2.533€-81

1-031E+ 03
$.908E~-01

L. 012E¢
% 789€-11

1.603E¢81
5.672€-01

1.163E¢ 71
1. 026E+00

2,979E+91
3.487€-01

.
[ 1Y
5.143€-02
1,820E-02

1187601
2.97T7E~02

2.560€-01
5.630€-02

2.009E-01
$.007E-€2

$1.289E-91
1.125E-02

L g
0.

1.87SE-01
2.264E-82

14684€-01
2.364€-92

9.824€-22
3.2925-82

HE=4

-06 -



1.05 GEV PROTONS
TARGET = g

CROSS SECTION
CROSS SECTION ERROR

Table 16 (continued).

PLAB/T
20259

PROTONS

3.518E-03
1e201€~03

DEUTERONS

1.765€-03
S 027E=-00

1.110E-02
2. 221€-43

Ga
[ B

HE-%

—IG_



1,85 GEV PROTOMS

TARGET = €

CRQSS SECTION
GROSS SECYLON

CROSS SECTION
CROSS SECTION

CROSS SECTIOW
CROSS SECYION

CROSS SECTION
CROSS SECTION

CROSS SECYION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTYION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

Table 17.

€aroR

ERROR

ERRCR

ERROR

ERROR

ERROR

ERROR

ERROR

ERFOR

ERROR

ERROR

PLAB/Z
«560

« 750

«900

1.000

1.250

1.500

1.563

1.62%

1.750

1.79¢

2.000

PROTONS

T.h20Ee01
9. 846GE=-01

1.550E¢02
2. 894E 400

2.191E+02
3.503€000

2.632€+402
9.363E000

3.7535E02
7.,536E490

3,095€e02
8.202E¢00

2.Th0€402
deJuEECRD

2.567€002
8.,388E+00

1.171€6+¢03
6.583E¢91

TTH6ECQN
8.959E+83

34659€E-02
T.3528€-22

OEUTERONS

5. 3T&E+B0
2.550€-01

9.330£+00
2,9323E-91

1.629€401
8.356€-01

1.926E+21
5,552E-01

1. 756€098
5.,205€~01

1, 70AE« 01
1. 332E¢00

T L65F 01
e 191E-01

He3’

T.4T0E-02
2.826E-02

1.994E-01
3.780E-82

1.638€-01
T.30TE-D2

Lob2TE-01
B.b208E-92

34396E~01
S.z8ec-92

f,
'.

1.739E-01
1.618E-02

HE~3

2.721E~01
3.838E~02

2,.706E~01
3.131E-02

1.6383-81
$.210€-02

HE=4§



1.05 GEV PROTONS

TARGEY = CU

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CR0SS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTIONW
CROSS SECTIONM

GROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

Table 18.

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

PLAB/Z
<580

758

1.000

1253

1.500

1.563

1.625

1.750

1.799

2,000

PROTCNS

2.6TTE+Q2
2.432E408

S.210E092
G.553E+008

3.009E32
6.127E+0D

5.35TE4R2
7.033E+08

6.9T4E02
1.790£01

T.868E¢02
1.632E¢01

6.809E¢02
2.200E¢Y

5.7T2E+02
1.908E+01

6.,866€043
3.905€¢02

1.112€406
1.527€+08

3.,058E~-01
3.749E~02

DEUTEROAS

2. 48FEe 81
8.973E-02

3.425€¢01
T.561€-32

3, 692€+ 01
9.252E~91

bs231E001
1.703E+ 00

3.687E+01
1. 338E¢GC

3.518E+ 01
3. 105E+ G0

4o TOTE L
6. 716E-01

H=3

3,890E-01
J.469€E-82

9, 323E-01
1,089€=-01

1.399E+00
1.530E-01

103546008
2.455E-01

1.035E+86
1.790E-81

0.
el

0.
a
e,
[ B

3,502€-81
4. 087E-02

HE=3

6.0636-01
8.370€-02

3.716E-01
b, 256E-82

1.832E-01
3.913E~82

Je
.

0.
9.

0.
Co

HE=h

-€6-



HE=-4

1.0% GEV PROTONS
TARGET = Cu
PLAB/Z PROTONS NECTERONS H=-3 HE=-T
2,258 [ B 1. 265E-02 bok27€E-02 0. [0
a. 40 2L17E-13 T.955E~-83 0. 0.

CROSS SECTION
CROSS SECTIUN ERROR

Table 18 (continued).
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185 GEV PROTOM;

TARGET = @B

CROSS SECTION
CR0SS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECVION
CROSS SECTION

CROSS SECTION
CR0SS SECTION

CROSS SECTION
CROSS SECVION

CROSS SECYION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

€R0SS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

Table 19.

ERROR

ERROR

ERROK

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

PLAB/Z
308

750

<900

1.000

1.250

1.%00

1.563

1,628

1.758

1.790

2.000

PROTONS

S.t1h0EeC2
5.194E+00

6. G64ECR 2
8.615E+0¢

T.721E¢02
9.364E*ND

8.087E¢02
9.265E+00

2.053E403
2.265E¢01

14190003
2.654E001

3.850E¢02
3.290E+012

F.60IEE2
2.276£¢01

1.609E+04
8.959€+02

2.T21E406
3.773E00S

3.193C+00
1.7647€~-01

DEUTERONS

5.101E+91
1.312E+08

1.307E+02
2. 256E+G0

6.438E+02
1. 303E+00

6. 382E¢01
2. 331E+ 00

S.040E0 08
2.0TTE D0

5.299€+¢ M
S.006E+00

[ B
L0

5.8042E08
9.500€-01

1.345C 20
1.94TE-01

3.480E00
2. 880E-01

3.825€¢+00
2.T82E-81

2.TCZE+08
8. 065E-01

1.776E+80
3.163€-01

%
[ 13

8.873E-01
9. 268E-02

HE=3

B84269E-01
1.680E-02

2«8326=01
S.079E~-02

2.3T9E-01
6. 068E~02

0.
[

Co

0.
0.

HE=&

-G6-

»



1.73 GEV PROTONS
TARGET = ©OF

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CR0SS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

ce0Ss
CROSS

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTiION

SECTION
SECTIOK

SECTION
SECTION

SERTION
SECTION

SECYION
SECTION

SECTION
SECTION

SECYION
SECTION

Table 20.

ERROR

ERROR

ERRAQOR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERFOR

PLAB/L
<S80

+«750

1.000

1.258

1,530

1,750

2.800

2.250

2375

o035

2.62%

PROTONS

be272E001
5.074E-01

To153E+01
8,325€-01

1.036Ee02
1.126E+00

1.8577€+02
1.651€+90Q

2.197€«02
2.259E+0%

2,681E¢02
2.73%5E+00

3.761€402
$.978€200

5.0306402
5.0T72E+00

2.,093€¢02
8.569E¢00

3.6069E¢02
3.648E¢00

6.739E-01
2.313E-82

OLUTERONS

2.5ThEC DD
8. 6015-32

3.519€+ 00
8, 928E~-32

&, 839E+ U0
F.873E-02

6. 300Ee CQ
1.096E-01

Te882E+00
1. 218€E~02

8,612€400
1.930E-31

9. 692E+00
1.328E-01

6a166EcQD
2.D04E=-01

6.064E+ 30
8.939€-82

H=3
..
[ B
°.
ol
1.63€E-01
1.782E-92
1.355€E~-01
1.651£-02
1.,193E-01
1a263E-82
1.056E-01
1.883E~02
Q.
0.
Se
L 1
0.
n‘
L 0
..

HE=3

1.155€-01
1.223E-02

9.52T€-02
9.622E-03

4.696E-02
6.031E-03

6 616E-03
2.£30E-03

‘l
0.

C.
'l

e,
[0}

[0
[

HE-&

-9~



373 GEV PROTONS
TARGET = B

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERPOR

Table 20 (continued).

PLAB/2
2,750

2,028

PROTONS

1.038E-81
8.530E-03

T« 945E-02
T+357€-93

DEUTERONS

3.528E¢ 00
6.082E~82

1, 836E¢ 00
R I55E-92

HE-3

NE=&

=16~



1.73 GEV PROTYONS
TARGET = €

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CRQSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

Table

SECTION
SECTION

SECTION
SECTION

SECYION
SECTION

SECTION
SECTION

SECTYION
SECTION

SECTION
SECTION

SECTION
SECYION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTIC™

21.

ERROR

ERROR

ERFOR

ERPOR

ERPOR

ERROR

ERROR

ERROR

ERROR

ERROR

ERTOR

PLAB/Z
508

750

1.000

1,750

1. 500

1.75¢0

2,008

24250

2.435

2,625

2,750

PROTONS

6.229E081
64155€-01

1.095€¢02
1.278E400

1.360E402
1.501£00

1.926E¢02
2.042E400

2.T7T63E0902
2.860E+00

3.202E¢02
3.320E400

Le683E02
6.136E408

6.067€E4)2
©64133E400

5.667E4%2
5.T28E+08

1.899E¢00
5.808E-02

1.694E-01
1.363E-92

OEUTERONS

L 3T8E+D0
L. 495F~01

5.6%6E+ 30
1.623E~01

6.963E+07
1. 46TE~01

8,533€400
1.567E=-01

9,850E¢00
4.630E-01

1.015E+01
2.060E-71

1.03iEe91
1. 626E-01

°.
L.

6.878E+ 00
1.121E-01

he 322E¢70
8.108E-32

He3

2.502E-01
2.75BE-02

2.653E-61
2.543E-02

2.512E-01
2.215€-02

24205E-01
1+961E-02

Ce
Ge

HE=3

24090€-01
2.69E-02

1.522¢€~-01
1.522€-92

64873502
9.130£-~03

1.607E-02
3.762E~03

L B
'S

.0
[ Y

0.
8.

HE=&

-86~



173 GEv PROTONS
[

TARGEY =
PLAD/Z PROTONS
CROSS SECTION 2,828 L.809c-9¢
CROSS SECTIGN ERROR Le034E-p2

Table 21 (cont inued),

GEUTERONS

2.586C¢ 09
5.839€-02

h-3 HE=-3 HE=&

‘. .. .l
9. L 0.

-66-



173 GEv PROTONS
TARGET = Cu

CR0SS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CR0SS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

C0SS
CROSS

CRroSS
CROSS

CROSS
cao0ss

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTINN

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SCCYION

SECTION
SECTION

Table 22.

ERROR

ERPOR

ERRGR

ERROR

ERROR

€ RROR

ERROR

ERROR

ERROR

ERROR

PLARZ
«500

o730

1.000

1,250

1.5049

1.750

2,908

2,250

2,375

2,438

2,625

PROTONS

2.319E+02
2.230E¢89

3.204€082
3.805E000

3. 667€032
3.929E+40

8.229€082
b, 6CTER

3.287€002
5.606E+03

S.607€¢02
S.762E+00

0.327E%02
8.579E+00

1.1208083
12160E081

$.292€002
9. 868Ee N0

1.078E¢33
1.096E08L

b 1366080
1.383€E-02

DEUTERONS

2.512E+08
6.326E~02

2.636E+08
5, 852E~01

2.60T6Eely
5.105€-01

2,209€+11
8, 439E~21

1,930 81
3,066E-08

1.,778E¢ 01
3. 080E-01

2, h6REe0Y
4.130€~01

9o T8E DY
3.980E~-01

S.054EeC0
2.179€~82

2.760E008
1.530E-01

2.135€+00
1. 335€~01

1.202E+00
9. 835E-02

8.649E-01
T.162E-02

~.580€-02
b 010E-02

HE-3

1.8825+908
8.326E-02

3.086E~08
8.0?5E-Q2

1.4068-01
24206€E-02

1.760€-02
Teb20:-03

C.T766E~03
5.062E-03

€. ‘
0.

Ce
8.

0.
C.

HE=§&

-001~
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173 GEV PROTONS
TARGEY = CU

GROSS SECTION
CROSS SECTION ERROR

CROSS SECTIIN
CROSS SECTION ERROR

Table 22 (continued).

PLAD/Z
2,730

2,028

PROTONS

8e953€E- «1
o207 c-02

-
X

DEUTERGNS

BeMMLEC D
1, 665E~01

2, 829€+ 08
1. 643E-01

.'
.

S
e

HE=3

[ 2%
[ 1Y

HE=&

-[1ot-



1.73 GEV PROTONS
TARGEY = P8

CR0SS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

Table

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

23,

ERROR

ERROR

EQROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

PLAB/Z
+»500

«750

1,008

14250

1.590

14750

2,000

2,259

2,375

24835

2.625

PROTONS

5.674E¢02
7.674E200

6.473E002
7.887€E+09

5,925€+02
T.003E400

7.060€002
7.945€e 00

8.953€+32
8.802C«00

9.543E402
1.059€e81

1-2T0E¢03
1.3268E¢61

1.T77€«03
1.8268€¢01

1.,0893E+03
1,933€+01

2,270€+43
24318E48)

8.60LE+D8
2.906E-01

DEUTERONS

8.588E+01
1.865€¢30

$,976F+02
1. 337€+ 90

5.037E+02
1.112E+00

3.601E¢01
8.336E-01

3.531E¢01
7.79.E=01

2. 875€e01
6,%35€-01

3. 406E+71
6.919E-81

1.555€+91
TolIWE~0L

1.560E4+01
8, 083E-01

H-3

§.590€E+60
4o 05T7E-01

6.8118+08
3.672€-C1

2.b64Ee20
2,014E-01

Le&5EeC0
L. h20E=-D1

HE-3

2.999E¢00
2.225€-01

6.,930¢6-01
9.205c-02

1.167£-08
3.371€-32

2.432€-02
1okGoE-02

0.
C.

c.
t.

[0
0'

-Z0i-



.73 GEV PROTONS
TARGET = pp

CROSS SECTION
CROSS SECTICN ERPOR

CROSS SECTION
CROS3 SECTION ERFOR

Tatile 23 (continued).

PLAB/2
2.750

2.02%

PROTONS

Lebl2Echt
1.100€-01

JEUTERONS

9. 858E+ 30
2.951€-01

& 9G0E+ DY
2. 118E-01

9.
8.

=3

NE-3

C.
.

HE~-b&

-£01-



241 GEV PROTONS
TARGEY = @8F

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

£ROSS
CROSS

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

Table 24.

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROKR

ERROR

ERPOR

ERROR

PLAB/Z
«%500

o750

1.000

1.250

1.50¢C

1,750

2.000

24258

2,500

2,750

3.0o00

PRATONS

3.983E401
5.5326-01

6o1722¢01
T.301E-01

8.863€E+01
9.829E-01

1.288£¢02
1.3655¢00

2.038E¢02
1.488E<00

2.810E002
24870E400

3.160Ee02
3.218€000

4.289E¢32
fe333€4080

64136E¢32
1.953E¢01

24496€002
8.607E¢00

1.716E:00
3.780E~02

DEUTEROAS

3. 843E~-01
Je F41E~92

2.276E+DD
8,120E=-032

3.575E¢00
9.183E~D2

%.070E¢DQ
9 Vei1E-D2

8. TI3E¢+ Q0
6.514E-02

5.926E+00
1.01%E-01

6e327€¢0C3
1.017€-01

6.579E200
1, 009E=08

5.60L4EeN0
2.77T6E=-21

3. 765€+00
2.08Te~01

3.639E+39
6.126E~-82

He3'

1.731E-01
1.875€-02

1.530E-01
1.577€-02

1.302€-01
3.393E-03

1.208E-01
1.185€E-02

1.037€-01

Le027€~-02

HE=3

1.409€-02
5.329E-C3

8.959E-02
9.539E-03

5.879E-02
6,906E-03

1o4T76E-12
2.228€-03

3.451€-03
1.4092-03

0.
[ 2

0.
8.

Q.
Ge

0o
0.

0.
Q.

0.
a.

a.
L

HE=%

-v01-



2.1 GEV PROTONS
TARGET = @

CROSS
CRO3S

CROSS
CROSS

CR0ss
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

Table

SECTIOM
SECTION ERROR

SECTION
SECTINN ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERRCR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROK

24 (continued).

PLAD/Z

3.125

2.125

2.375

2.625

2.6875

2.8125

2.875

1.
"

4.
1,

6.
1.

8.
2.

8.
2.

4.
1.

3
9.

2
4
v

PROTONS

630E-01
832€-02

020E+02
206E+01

231E+02
869E+01

242E+02
472E+01

040E+02
412E+01

530E+02
360E+01

34E+03
02E+01

DEUTERDONS He3 ME-3 HE=&
2.TT5E«00 0. t. c.
S.OnTE-C2 0. . Ce

-501-



201 GEV PROTOKS
TARGEY = ¢

CROSS
CROSS

CR0SS
CROSS

CROSS
GROSS

CRCSS
CROCSS

CROSS
CROSS

€R0S8
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

SECTION
SECTION

SECTION
SECT10M

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECYION

SECTION
SECTION

SECTIC.
SECTION

SECTION
SECTYION

Table 25.

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

PLAB/2
«500

+TE0

1.900

1.2%0

1,500

1.758

2.000

2,250

2580

2.750

PROTONS

6. 241E¢21
8,82%€E~-01

8.091E+31
1.077€¢88

2.201F¢02
14388E¢ad

1,699E¢02
1.813E¢00

2.532€6¢02
2.334E208

3.017E002
3.505€¢00

3.79TEeD 2
3.0T4ECDD

" 5.130E482

5.198E430

T.182E¢02
1,61TE¢DY

3.686E¢02
1.104E481L

2.989€+00
6, 326E~02

DEUTERONS

T.112E-02L
6.726E-92

3.095€+00
1. 260E-01

5,94SE+ (6
1. bNE-01

6.430E+ 00
L.435E-31

6.582E+Q8
1.360€-01

7.900E+39
1.633€E-01

8.187E+00
1.399€E-21

8.013E+U0
1.323€E-91

6. 275E« 00
2, 433E=04

e 966E+00
2, 855E-11

3,853E+ 00
T.434E~02

H=3

[
.'

3.604E-91
3oa1TE=02

3.092E-01
2.817E-0¢2

1.648E~01
1.873E~82

20 35HE-~D1
2.GT8E~S2

1.616E£~01
1.608€~02

0.
-

E)
8.
[ N

HE=3

8.119€-02
1.143E-02

1,4265-01
1.510E-02

6,971E~02
G 425E~-03

1,795€E-02
4,3588~03

3.6216-03
“o811E=93

1,
[

L.
Q.

nl
Ce

0.
' DS

HE=&

-9CI-



2¢1 GEV PROTONS
TARGET = C

CROSS
CROSS

CRCSS
CRUSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

Table

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERRCR

SECTION
SECTION ERROR

25(continued).

PLAB/Z
3.125

2,125
2.375
2.625
2.6575
2.8125

2.875

PROTONS

24 326E~01
1.541E-02

3.620E+02
6.516E+00

5.330E+02
9.594E+00

7.930E+02
1.427E+01

9.398E+02
2.819E+01

4.591E+02
1.377E+01

3.484E+073
3.832E+01

DEYTERONS H=3' HE=3 HE=%
2.858€E«00 .13 9. Cs
64 0b1€E-02 [N [ 1Y 0.

-L0T~-



2.1 GEV PROVONS
TARGEY = CU

CROSS
CROSS

€<0SS
CROSS

CROSS
CRASS

CROSS
CRQOSS

CROSS
CROSS

CROSS
CROSS

CROSS
CRGSS

CRQSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
€8S

SECTION
SECTYON

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

Table 26,

ERROR

ERROR

ERRAR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERFOR

ERROR

PLABSZ
500

o758

1.008

1.25¢

1.500

1.7%0

2.000

2,250

2.508

2.750

3.000

PROTONS

2o bTLESDR
3.376E+00

2.795E¢02
J.436E+00

3.180E¢02
3.676E4 00

3.856E+02
be263E2C

5:127€¢02
54736600

60.230E402
64528E¢00

6.596E+02
6.858E¢50

B.B50E402
9085EeDD

1,220E03
14262E091

Te241E¢02
243S1E+91

3.287€400
1.132€-01

DEUTERGONS

3.517E+8D
20794E-012

2.039E¢ 01
5. 01 8E-171

2.938E+ 91
6.378E-31

2.526E+ 01
5. 483E-J1

2.027E+ 91
&, JebE~D4

1. 873E¢3Y
3. 898E-01

1.623e+M1
3. 331E-DL

1.6411E+01
2.973E-01

1.071E+04
20 014E-01

T.110€+ 00
S.770E-01

2.631E+ 00
9.863E~02

3.101E08
1.891E-01

2.6192+00
1.,567E-01

1.369€+00
1.016E-D1

8,963E-01
T.584E~02

6.326€-01
S.959E-02

8.
e,

| B
n.

HE~3

1,807€-01
h.580E-92

Lo TTIE-S1L
$.169E-02

1.,643E-01
24T08E-02

$.920£-02
1,481E-02

e,
ﬁl

Y
[

0.
0,

0.
0.

| N
0.

HE=4

-801[~



204 GEV PROTONS

TARGET = €u
PLABZZ © PROTONS DEUTERONS H~3 HE-3 HE=-4

CROSS SECTIOMN 3125 9.113E-01 e 247Ce 80 [ D 0. a.

CROSS SECYION ERROR 5.661E-02 1.290€E-01 9, a. Qe

CROSS SECTION 2,125 8.107E+02

CROSS SECTION ERROR 1.215E+01

CROSS SECTION 2.375 °* 1.138E+03

CROSS SECTION ERROR 1.698E+01

CROSS SECTION 2.625 1.555E+03

CROSS SECTION ERROR 1.710E+01
1
—

CROSS SECTION 2.6875 1.346E+03 3

CROSS SECTION ERROR 5.384E+01 '

CROSS SECTION 2.81.25 1.195E+03

CROSS 3ECTION ERROR "~ 3.585E+01

CROSS SECTICH 2,874 2.062E+04

CROSS SECTION ERROR 2.269E+02

Table 26(continued).



2.1 GEV PROTONS
TARGET + P2

CROSS
CROSS

CROSS
CROSS

C€R0SS
CrosS

CROSS
CROSS

CROSS
CROSS

CROSS
cross

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CrROSS

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

Table 27,

ERROR

ERROR

ERROR

ERROR

ERROR

CRROR

ERROR

ERROR

ERROR

ERROR

ERROR

PLAB/Z
«500

«750

1.000

1.250

1.500

1.750

2.000

2.250

2.500

2,750

3.000

PROTONS

6.330€¢02
8.,681E¢00

5.83TE+02
T.e23E¢00

5.898E¢92
T.122€+90

6.616E+92
T.620E¢00

8.52%€+02
9.382E420

1.016E023
1.009€+482

1o133E453
1.199E+94

1.40%E+93
1,468€¢01

1.924E¢03
6+251E¢01

1.208E+33
J.973E408

1.394E+01
3.,007E~G1

OEUTERONS

1. 466E¢01
S, 093€-02

Te818Ee 1
1.751E+ 00

8.416E¢01
1.739€+ 00

5.736€¢91
1.262€+00

3.331E+ 71
9e b 1E-01

3.204E001
T.T8T7E-GL

2. T68E+ 0L

6. T63E~-01

2.142E¢01
$.549E~01

1.5385E+01
1,613 00

1.051E+01
1.Q78E+08

8,676E+ 00
2.951€-01

1+240E¢01
6.015E-01

To504E+00
o 166E-01

J.910E+00
2472TE-01

2.011€+00
1.803E-01

1.1T3E+00

1.285E~C1

HE=3

6.704E-01
1.370E-01

T+964E-01
1.087€-01

bo136E-01
6.8092-02

1.862E-02
1.317€=-02

HE=&

~011-



2.1 GEV PROTONS
TARGEY = PB

CROSS SECTION
CROSS SECTION ERROR

CROSS
CROSS

CRJSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

Table

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

27 (continued).

PLAB/Z
3.129%

2,125

2.375

2,625

2.6875

2.8125

2.875

PROTONS

2.265€E+00
1.618t-01

1.335E+03
1.468E+01

1.939E+03
2.132E+01

2.496E+03
2.746E+01

2.151E+03
6.363E+01

2.296E+03
4.174E+01

2.413E+04
1.340E+03

OEUTERONS

6.562€+00
2.487€-01

H-3

HE-3

HE=&

-111-



&o2 GEV PROTONS

TARGET = OF

CROSS SECYION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECYION
CROSS SECTION

CROSS SECTION
CRA0SS SECTION

CAOSS SECTION
CAOSS SECYION

CROSS SECTION
CROSS SECTION

CRDSS SECTION
CROSS SECTION

CR05S SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTYIOM

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

Table 28.

ERROR

ErROR

ERROR

ERPOR

ERROR

ERROR

ERROR

ERROR

rLAR/Z
+She

« 750

1. 830

1,259

1.508

1.75¢

2.800

3. 808

3.990

h 000

4500

PROTONS

JebTTE4RL
S.490€-01

S.562E481
T.007€-01

T.487Eea1
8,206E-01

T.976E¢01
8.957€E-01

1.802E+02
1.805E¢00

1. 277€E¢ 02
1.349E80

1.452E¢82
1.518E¢08

3.053E02
1.232€¢01

be856E002
1.02TEe 0L

SeTeEeN2
S$.826E+00

Te368€082
T.3TTEXRS

OEUTERONS

3.,290€-71
e 1HBE~G2

1. 756Ee 18
8. 022E-02

2.379E+ G0
8.2603E-02

241155+ 00
6.923E-02

2.164E¢30
6.515€-02

24 363E¢ Q0
Se.338E-02

2.289€+09
5.9V3E-32

2.680E000
1. T16E-C1

[0

z
D

1.165€-01
1.770€-02

9.908€-02
Lolb8E-02

§.BebE~D2
1.098E-02

&.516E-02
0.2536-013

h,213E-C2
To59E-03

%.
C.

HE-J

2.1062-02
Teo50E=03

2.106E-02
6008kE-03

4.871€-02
8.023E-03

Lo BLSE-02
T.160E-33

2.7215-02
hoB896E-03

1.730E-02
3.2126-03

1.514E-02
3.161E-038

C.
b.

°'
0.

0.
P

HE~&

-Z1I-


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

&2 GEV PROTONS
TARGEY = o

CROSS SECTION
CROSS SECTION EAROR

CROSS SECTION
CROSS SECTION FRROR

CROSS SECTiON
CROSS SECTION ERROR

CROSS SECTION
C&OSS SECTION ERROR

Table 28 (continued).

PLAB/Z
b,62%

4.750

L 141

PROTONS

64946E¢92
6.974E+ 09

S+530Ee02
5.558E400

8.546E¢02
8.573E+00

8.390E003
4.392E¢01

OEUTERONS

H=-3

HE-3

[
Ge

~¢T1r-



8.2 GEV PROTONS
TARGET = C

CROSS
Ce05s5

CROSS
CROSS

CR0SS
[ [:13:3

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CR0OSS

CR0SS
CROS3

CROSS
cCRo:S

CROSS
CcRo0ss

CROSS
CROSS

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECYION
SECTION

SECYION
SECTICN

Table 29.

ERROR

ERROR

ERFOR

ERPOR

ERROR

ERROR

ERROR

PLAB/T
«500

o 750

1.000

1,250

1.500

1.75¢C

2. 000

3. 008

3.509

H.000

.,508

PROTONS

5.057€¢01
9.117E-01

3.966E¢81
LeibiEe0d

1.055€+82
1.246Ee00

1.141€002
1.297€v00

1,39TEe02
1.530€000

1.608LEeR2
1.796E+00

1.950E002
2.052E+00

5.227E¢02
1.675E¢018

5,308E¢02
9.798E¢08

T«787E00D2
7.033E+00

8.021€¢02
3,05TESDS

QEUTERONS

$.719E-01
6.958€E-32

T.0WT7ES 8
2,109€E-81

4.663E+08
Leu76E-0L

3. 366E +00
1, 221E~-02

3, 824E400
1.104E-08

3.TO0E® D
L. 025€-84

3.30E000
9.1 TRE-D2

3,967E«00
2.671£-91

H=3

%o
[ 1

2.T10E-01
3.3908E-82

2.866E-01
24653€E-02

1.665€-01
24174E-82

1652861
$1.880€E-02

1.4618E~81
1a739E-02

[N
[ Y

HE-3

1e2708-%92
Te334E-3

1.000€-61
1.516E-02

5. 750€E-02
9.891E-03

&oS16E-Q2
T+996E-93

2.560E~02

-5e549E-03

2+ 329€-02
4e9T0E-03

HE=h

-piT-



42 GEV PROTOWS
TARCET =« ¢

CROSS SECYION
CROSS SECTION ER®OR

CROSS SECTION
CROSS SECTION EAPOR

CROSS SECTION
CROSS SECTION ERFOR

CROSS SECTION
CROSS SECTION ERROR

Table 29 (cont inued).

PLAR/Z
h.62%

4,758

LTY 14 S

PROTONS

T.943€e02
T.988Ee0%

6.001E+02
6.925€+ 09

1.336€+23
1.360E001

S TROES ]
6eT12€001

OEJTERONS

[
0.

HE<J

HE=~&

-SIT-



542 GEV PROTONS
TARGET » Cu

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CR0SS
CROSS

GROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

Table

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTICN

SECTION
SECTION

30.

ERROQR

ERROR

ERROR

ERPOR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

PLAB/Z
«500

«750

1.000

1.25¢

1.580

1,750

2.900

3.000

3.580

beBN0

he308

PROTONS

2.650Ev02
J.906EYS

J.611E002
be356Ee00

J.369E¢02
ha098E¢0S

3«112E¢92
3.701E+00

3.285E¢02
3.786E+08

3.965Ee82
hs382E¢00

3.976€E¢02
be3G1E0ND

T-T18EeR2
2.524E¢04

9.0508€E¢02
1.841E¢01

1,219€483
12239€401

1.824E£003
1.4462E401

GEUTERONS

3. 359K+ 00
3. 303€-24

2.635Ee 0!,
8. 8649E~01

3.297ED1
8.072€-08

2466SE 81
6.214E-01

1,855€¢71
b B79E-01

1.691E¢ 014
&y 332E-01

1.211E01
3,382€-31

T. 026E¢ 00
6.596E~01

..
L.

3.263E+08
2.359E-01

2.637E+00
1.827E-01

1.829E+08
1.440E-01

1.253E¢00
1.101E~01

1.004€«00

9.219E-02

Q-
a.

0.
Qs

2.677€-01
6.690E-02

5.522€-01
6.819E-02

2e704E-01
be294E-02

8.366E~02
2,162E-02

T.171€-02
1.853E-02

hoEULE-D2
1.388E-02

€o
6.

4.
%

..
‘l
¢.
t.

HE~-h

-9(1-



442 GEV PROTOMS
TARGET = (U

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

Table 30 (continued).

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

ERROR

ERROR

CRROR

ERROR

PLB/2
4625

k750

4875

PROTONS

1., J46E003
1.361E+312

1.104E+83
1.,201E+01

3,232E403
Je.Zh0E401

1,316€+06
1,817E+82

DEUTERONS

HL -3

HE =4

AR



&e2 GEY OROTONS

TARGET = PO

CROSS SECTION
CROSS SECTIOM

£205S5 SECTION
CRW0WS5S SECTION

CR0SS SECTION
CROSS SECTION

CROSS SECTIOMN
CROSS SECTIONM

CROSS SECTIONM
CROSS SECYION

CROSS SECTION
CROSS SECTION

CROSS SECTION
C20SS SECTICN

CROSS SETTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

Table 31.

ERPOR

ERAOR

ERPOR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

PLAB/Z

758

14000

14250

1.500

1.750

2,000

3,000

3.500

o000

&.500

PROTONS

8,805€¢02
1.2THE*QY

9,823E+02
1.266E¢01

8.0L3€EeQ2
1.019E+91

6.962E+02
8,694E+00

6. TUEeD 2
8,213E400

6.816EeQ2
8.,08TE+00

T.3638002
8.494E+00

1.535€+83

3.610E¢01

1.718E¢03
3.261E¢02

2.065E+03
2.125€+01

2.395€+03
2okbBESDL

OEUTERINS

1eb4BE+ QL
1,207€+08

1.J21E¢ Q2
3. 238E+ 00

1.268€+02
2.772E¢ 60

6. 306E+01
1.996€E+02

5.31TE+OL
L. 028E+00

3, 931€+ 01
1,126E+00

2.653€¢01
8,536E-01

1,273E+04
1.065€¢« 00

H-3

2.118E¢01
18526408

1.611€¢01
8,216E=01%

8.862E¢00
$.526€-01

Mo 713E400
3. TUSE-01

2.518E+00
2.530€-01

HE=)

1.813E+00
3.026E-G1

3.027E¢00
3.600E-Q1

1.8085€¢00
1,919€-01

8.8625-01
1.339E-01

3.3STE-01
7.513E-02

8.811€E-D2
3e332£-02

Be 4
0.

..
L B

ul
€.

HE=4

-811-



6«2 GEV PROTONS
TARGET = PB

CROSS
CROSS

CROSS
CROSS

CROSS
CR0SS

CROSS
CROSS

Table 31 (continued).

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

€RROR

ERROR

ERPOR

ERROR

PLAB/Z

£.625%

4.7%0

4. 87%

S.880

PROTONS

2.360E+03
2.632€401

2.0656¢G3
24096E401

S.356E¢03
Seh94Ee01

6.160E¢06
Lo 16%E+02

BEUTERONS

0.
[0

2.
9.

VE=3

HE=&

611~



1.0% GEV/NUCLEON DEUTERONS
TARGEY = BE

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTIOM
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

CR0OSS SECTION
CROSS SECTION ERROR

CROSS SECVION
CR0SS SECTION ERROR

CROSS SECVION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CRQSS SECTION ERROR

CROSS SECTYION
CR0SS SECTLON ERROR

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

Table 32.

PLAB/Z
o756

750

« 750

il'..

1.900

1. 250

1.500

1.75¢

1.875

2,000

2,12%

PROTONS

1e087Ee02
1.534E¢00

1.416E¢82
1.504E¢00

1.392€002
1.%19€+08

2.036Ee02
2.532E+00

2.36T7EeQ2
2.445€¢00

&.671%¢02
h.770ECOD

1.856E¢03
2.665E¢01

1138E¢04
3.599E¢02

4. 103€E+03
1.301E+02

14474E¢83
3.727€+81

1.807E¢02
S.862E+03

OEUTERONS

6.598E+ 08
1o h86E-01

6.657€+00
1.492E-01

6.523E+00
L-4T6E-01

1.504€¢01
2.298€~01

1,392€+91
2.1 75€E~-01

2:133E+01
2,8249€-01

20313E¢01
®.109€~91

2.T14E+ 0L
1.026E¢00

8, 203E+01
1.514E+00

2.658€+0L
9.865€-01

l.621£¢ 04
6. 44 9E-01

H-3

9.693E-02
1.618€-02

9.,693E-02
1.618E-02

9.693€-02
1.610E-82

6.785E-01
3.763E-02

hobb43E-01
3.628€~02

5.089€E-01
2.912€-02

5.304E-01
3,853€-82

bo039%E-01
6.935€-02

.
0.

5.149E-01
7.392€-02

HE~-Z

2.867E=-31
1.986€-02

2486T7E~01
1.906€-02

2.867E-01
1.986E~0G2

5.937€-01
2+%19€-02

2.940E~01
1.,7505-42

2,5525~01
1.L582-22

2.639E-01
1.924E-02

Lebh2E-01
2.921E-02

9.0076-02
2.161€-02

HE=4

-0Z1-



L.05 GEV/NUCLEON DEUTERONS

TARGEY = 8BE

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CR0SS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CR0SS

CROSS
CROSS

CR0SS
CROSS

CROSS
CROSS

Table

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECYION
SECTION

32 (continued).

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

PLAB/Z
2.258

2.37%

2.508

2.750

3.830

J.12%

3.250

3.25C

34313

3.37%

338

PROTONS

64221E¢018
2.103E+00

3. TO1E+DY
1.322€¢00

2.099E+01
T.7T97E-08

6.,967E~0%
TohbbE~02

Q.
.

DEUTERONS

Le250Ee M
5.175E~0¢

1.276E¢ 02
5.204€-01

20139€+ 04
7,933€-21

6.082€+01
2,035E+¢00

1.532E¢02
5.10T7E«CHE

2.7T1E+02
8, 864LE+IC

3.137€e02
1,002€+01

3. 117E«22
9.953E+9C

2. 333E¢02
TobT4Ee00

he 950E¢82
1.298E+01

3.154E+D3
9. 982€+ 1

H-3

24962E-C01
$.,240E-02

L. $96E-01
3.740E-82

3.157€-01
be918E-02

3.36€E-01
be8TTE-02

3. 355€-01
4.68TE-92

3.562€-01
4. 823E-02

!‘
L1}

.
Q.

HE-3

Co

ﬂ.
[ F]

HE=&

&



108 GEV/NUCLEON OEUTERONS
TARGEY =  @F

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

Table 32 (cont inued).

PLAB/Z
3.469

3.500

3.531

DEUTERONS

S.75¢E+23
1. 821E002

8:531E06
Leb IIEeOT

b 311E0802
1. 372E+01

HE-3

[0
[ N

HE=4

-2Zl-



1.0% CEV/MUCLEON OEUTERONS

TARGEY = C

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
cRgss

Ce05S
CR0SS

CROSS
CROSS

CROSS
CROSS

CROSS
CRISS

Table

SECTION
SECTION

SECTIO
SECTIOM

SECTION
SECTION

SECTION
SECTVION

SECTION
SECTIOM

SECYION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTrOM
SECTION

SECYION
SEGTION

SECYION
SECTION

33.

ERROR

ERROR

ERROR

ERROR

ERFOR

ERROR

ERROR

PLAD/T

758

o750

« 759

t.000

1.009

1.25¢

i.908

1.750

1.079

2,008

2.12%

PROTONS

2.4938e02
2.002E080

2.218F002
2.467E083

2.300£002
2.613E000

Y. 644€C002
J.650E000

3.399E+02
31.5998C+28

6. 3606082
$.523E+0)

2.339E+93
ho296E001

1e994E0 04
Ze000E062

S.600€«03
1.711E+02

13806082
~a001E008

2.4016€002
T.923E0 00

OEUTERONS

1, 309E+ 08
2,936£-01

1, I08E0 Y
T2 993E-02

1. J45E+ N}
3, 863€-21

2, 529€002
3, 033E-01

2,30%€18
3. 009C~01

3.272€« 21
5. 59%E-03

3,179+ 08
T.060€~01

3.550€+ 61
1. 060E0 00

S.8031E+ 08
2,153E+a¢C

3.560E¢ 0}
1.088€00

2.000€+01
8. 799€~-01

W3

3.30%E-01
0. 2166-02

3.309€-01
L. 216E-02

3.399E-01
0. 218E-02

1.123€+830
$.934E-02

1.141E+80
$.050€-82

1.269€+80
G u00E-82

9. Te3E-21
9.499€-02

T.036c-01
1.932E~-01

0.687€-01
1.300E-01

HE-3

S.477€E-01
3.753E-02

$.177E-08
3-753E-82

$.,177¢~04
3.753€-02

[ T4 LIX] 1Y
J.101E-02

5.2604€-01
JeZ280E~02

3. 027€-01
2.595¢€-02

2.891€-31
3.€25€-02

1.9046E-01
weT36E-02

1.2014-01
bR IE-02

‘.
C.

HE~&

~€21-



195 G!VINIECLEOI DEUTERONS

TARGEY =

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CcR0SS
CR0OSS

CROSS
CROSS

CROSS
CROSS

CROSS
Cross

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

Table

SECYION
SECTION

SECTION
SECTION

SECTION
SECTVION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECVION
SECTION

SECTION
SECTION

SECTION
SECTION

33 (continued).

ERROR

ERROR

ERROR

ERROR

€Emon

ERROR

EPPOR

ERROR

ERROR

PLAS/T
2.258

2,378

2.500

2,750

3.12%

3.2%0

3. 250

3.313

3.375

Job30

PROTONS

9.070E004
3.134E000

8.h80€E0 08
2.9 TEN0

4o O0OENSL
1.776E408

3.383E008
1.295E+09

1.175€E+09
1. 350E-01

OEUTERONS

1.043E¢ €1
0. 050E-01

1.570Ce01
T.26%5E-31

1. 008€ 81
T.957E-01

3.431€Ee03
1. 216E+00

S, 190E+01
2. 812E+00

J.633E002
1.105E¢ 01

3.957€¢ 92
t.271Ee01

&, 203E¢82
JERLLIYY } Y

3,337Ee02
1.393E+01

6. 095E+32
1.376E+02

% 916E¢0)
1.556E¢ 02

S 270E-01
8. 020E-92

2. 84TE-01
Ted?73E-082

S bhbE-S1
8. TOTE-B2

S.076€-01
T.818E-02

f.
0.

3.079€-01
6.235€~32

5.058E-01
0. 067€-02

0.
'.

[ 29
[ 18

HE=&4

vZti-



1405 GEV/NUCLEON DEUTERONS
TARGEY = C

CR0SS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERFOR

CROSS SECTION
CROSS SECTIOH ERROR

Table 33 (continued).

PLABZZ .
3,669

3.500

3,531

OEUTERONRS

Te673E4 03
2.428E¢02

&, 350E+ 08
1. 376E+C3

9.L06E+92
2. 992€¢ i1

T4



1.9 GE'INI.PE.I.EG! DEUTERONS

TARGEY =

cROSS
CROSS

CROSS
CROSS

CRCSS
CROSS

CROSS
CROSS

CROSS
CRNOSS

CROSS
CROSS

CROSS
CROSS

CRUSS
CROSS

CROSS
CROSS

CROSS
closs

CROSS
CROSS

Table

SECTION
SECTION

SECTION
SECYION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECVION

SECTION
SECTION

SECYION
SECTION

SECTION
SECYION

34.

TRROR

ERR "]

ERROR

ERROR

ERROR

ERROR

ERROR

ERFOR

E€RROR

ERROR

ERROR

PLAB/Z
o750

o758

« 750

1,088

1.000

1.250

1.500

1.750

1.675

2.000

2.12%

PROTONS

0.6C4EQ2
1.001E+01

8,661E002
1.006E+01

0.716E+02
1.012E201

1.013E+03
1.121€+01

9,0836E002
1.091E¢01

1.675E+83
1.T68E01

S.90uESD]
S.R15E¢UL
1,056E+15
3.349E¢03

1.,840E084%
5.051E+02

4,103€E+03
1,315E422

5.,06TEeN2
2.818€001

OEUTERONS

1:106E282
2.153E+%0

1.126E¢02
2.1T0E+ 808

1.138€+ 02
2.193Ee M0

1.192€+02
Z.006E0 0L

1. 166E ¢ 92
2.012E+71

1. BhoECE2
1.T39E« 080

8.356E+ 171
1. 61 3E+ 00

0.671E+21
® 359E+ 00

1.643E0 92
6. 878E+ %0

T.T73€e 08
3.079E+ 00

0623001
2.6T9E« Q0

H=3

J.010E+00
3. 292€-81

3.638E008
J.397e-01

1.463E001
6 044E-51

1.300€01
5.079€-01

9.582E¢00
0. 336E-01

b 065E400
2,551€-01

3. 360E+00
6.003E-61

2.940€E¢00
5.953E-01

HE-3

2507008
2.031€E~-01

2.662E+00
1.900E-01

1.090E+99
1.139E-01

1.329€+00
1.257%-01

6.021E-01
T.550E~d2

oo 312601
$.830€-02

2.6001~-01
1.30TE-01

1.1T6E-91
8.328E=-Q2

HE=4



1,05 GEV/NUCLEON DEUTERONS

TARGET = P8

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CR0SS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CRaSS

Table

SECTiON
Z€CTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECYION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

34 (continued).

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

PLAG/T
2.250

2.37%

2.590

2,750

3,125

3. N3

3,378

3,030

3,069

PROTONS

1.950E482
T.613E+00

4,076E+82
1.6326401

5.,998E+01
3.009E¢00

1.654E+08
3.736E-01

OEUTERONS

3,061E¢01
2.338E08

1. 146E¢02
®a931E20

6. J05E 02
J.168E08

1.759E¢82
6. THSE 90

4. 336Ee 92
1.608E+01

T.3I57Ee02
20 001Ee 0L

913902
3.000E+91

8. 3642€E+ 82
2.9336E+01

1. T8TE0)
3.093E+21

1.281E¢%
0 808E02

2:.523€¢ 00
Te998E¢02

1.673E00
®.215E~-012

131700
3.545€-01

1.197E+00
3.222€-01

1.093E+00
2.956E-01

S.790E-01
2.055€-01

e.
e

L I
[ 1S

[



1,05 GEV/NUCLEON DEUTERONS
TARGEY = P8

CROSS SECTION
CROSS SECYION ERROR

CROSS SECTION
CROSS SECTION ERROR

Table 34 (continued).

PLAB/Z
3.500

3,531

PROTONS

DEUTERONS

L. S04E+ 05
5.950E003

1. 663E+03
$. 362€eMm

WNE=3



1+8% GEV/NUCLEON OEUTERONS

TARGET = Cn2

GROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

GROSS
CROSS

CROSS
CcR0SS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECYICH
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERFOR

SECTION
SECTION ERROR

Table 35,

PLAB/Z
758

<756

758

1,008

1.258

1,508

1.750

1,078

z.80

2.128

24259

PROTONS

2.679€002
24953E+00

2+697€+02
24972E400

2.757EcR2
3.032e+08

&« 383Ee02
»595E48)

$-256E¢02
8.423E+98

2.905€+03
©:129€+0%

24158€+ 84
6.829E¢02

T7.745E40)
2+453Ee02

2.138E¢D0)
64796E¢01

J.165€¢92
1.832€+01¢

1.270E¢02
ke 309E¢00

OEUTERONS

1 296E408
3 037€-01

10 378E4 01
3. 054E-01

1.337E+ 08
3.896E~912

2.350E+01
3.970E-014

3. 775Eem1
$.230€-01

3.931E+91
7.335e-01

& 999€¢ 02

1.936€+ 20

9.109Ee04
3.228E+ M0

6. 892E01
1.06LE+00

2.695E+ 8L
1.131E+80

2.102€E2 014
9. Z21E-02

2+346E-01
3.716€-02

TeIbEE~TL
3.716E-02

2.366E-01
3. 716E-02

1.138€+00
TeibbE-82

1.004E+00
6.269€-02

J.h60E-01
®,531E-02

3.770E-CL
9.896€-02

8.356E-01
1.331€E-01

[
P}

6. 185E-01
9.851E~-02

S.131E-01
34912692

$.131€~01
3.912E-02

5.1318-71
3.912€-02

S.080E-01
3.380€-22

b.107E-01
2.T6bE-02

ba386E-01
J.087€-02

ho900E-01
T«999€-02

$.0895€-92
3.3136-02

HE=-&

~6Z1-



1.05 GEV/NUCLEON DEUTERONS

TARGET = CH2

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
¢ROSS

CROSS
CROSS

cR5S
CRUSS

[ -3
C: 0SS

Table

SFRTION
SECTIDN

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECYION
SECTION

SECTION
SECTION

SECTYION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECYION
SECTION

35 {continued).

ERROR

ERROR

ERROR

ERROR

ERPOR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

PLAB/Z
2.37%

2.500

2.758

3.128

3. )

3,378

3438

3.469

X.500

PROTONS

2.005€01
B.762€~01

5.615E+81
2.031Ee 80

1.086E+60
1.352E~-014

0.
e

OEUTERONS

8., 074E¢ %0
&0 623E-01

3.907E¢ 02
1. W356E 00

1. 157€¢ G2
3,903E+00

3.080Ee82
2:367€+00

®.832€e 02
1.550€+ 01

6.019E¢ 02
2,LT7ES L

&, 391E+02
16098001

6,531E¢0Q2
1.475E¢ 01

$.960E€+ 63
1, 887E+82

1. 295E v 00
8 097Es 02

T.e95E+ 04
2, IT0E+03

.
Ge
he JF0E~01
8.909E-02

3.198€-01
T.223E-02

8,691€E-01
B, 426E-02

5.007€-01
8.382€-02

8.
‘t
Co
.O

[ D
0.

-0g1-



HE~&

1405 GEV/MUCLEON DEUTERONS
TARGEY = + !
eLAB/L PROTONS DEUTERONS He3 HE-3
1.%31 Q. T.962€+02 2. 0. .
0. 2.537E+81 Q. [ N 0

CRASS SECTION
CROSS SECTION ERPOR

Table 35 (continued).

-1¢1-



2.1 GEV/NUCLEON DEUTEROMS

TARGEY = Bf

CROSS SECTi:um
CROSS SECTL .M

CR0SS SECTIoN
CROSS SECTION

€R0SS SECTIGH
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTIGON

CRGSS SECTION
CROSS SECTION

CROSS SECTYiON
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

Table 36.

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERFOR

ERROR

ERROR

ERROR

ERROR

FLAB/T
500

«75¢

1,080

1290

1,500

1750

2.800

2.250

2,508

Z.750

20878

PROTONS

8.260E+0812
1. 104Ee 00

1.606€092
1.669E¢30

1,919E+02
2.125E+08

2.733E02
2.902E¢D0

3.836E002
3.977€+00

he925€002
T.807E+00

6.372E¢02
e 89ERE

1.161€¢83
1.150E¢01

2,370€¢03
2.379E01

6.226E¢)3
1.971€+02

8.80LEeY
2.T86E82

OEUTERONS

7.899€E-01
T.920€-02

€. 354€¢ 90
2.020E-12

8.206E000
2. 166E~-01

1.032E¢ 01
2,165€=31

1,134€E¢01
20104k~

1.3082€01
3. 585€-51

1.6008¢ 01

3. 606E-01

1.679E+ 22
24 468E-01

1.566E+01
2.278E~-01

1eblbEs QL
6.520E-01

1. 399€+ )
60 396E-J1

Hel '

1.178€-01
24631E-02

5.025€-01
#eT33E-02

3.527E-01
3. 544E-C2

3.262€-01
3.113€-02

3.138E-01
b,373E-02

3.166E-01
3.896E-02

2.861E-01
2,376E-02

%
..

HE-3

2.665E-02
1,080E-82

2.939€-01
2.953E~82

2.380E-01
2,3C3E-02

2.863E-01
1.928€-02

1.102€-31
1.277€~92

9.039E-02
1.656E-32

9.6528-02
1.501E-02

5.3088€-02
7.2855-03

Q.
ﬂ.

t.
o,
0.
n.

HE=&

~Zel-



201 GEV/NUCLEON DEUTERONS

TARGEY = Of

CR0SS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CRrOSS
CRrROSS

Table

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTIONM
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

36 (continued).

PLAB/Y
3.000

3.250

3.580

3.75¢8

s 008

4,000

.. 500

PROTONS

6368403
2.014E092

1.100E+03
3.7S1E+01

2.553€+02
2.615E+08

2.560€E+02
2.626E+00

68.386E¢C1
8.063E-81

JeB65EeN1
bo3HSE-DL

3.929E+01
hobbJE-01

T.512E+400
2e136E-81

DEUTERONS

1.452€+01
6, 503E~01

1,090E+01
S.121E~D3

9,115E+ 00
L. 406E~01

9. 453E+00
1.461E-01

1.118€e 81
1.591E~01

febb79Es 1
1.9%1E-01

1. 390E+N1
1.850E~81

6. 33hECAL
b 796E-01

1.096E+ 02
1.139€¢00

H-3

[
e,

8.816€-02
1.957€-02

1.286€E-01
1.103€-02

..
s

Ce
0.

HE~-3

s

HE=&

~§S T~



241 GEV/WUCLEON DEUTERONS
c

TARGET =

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

€R0SS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

SECYION
SECTION ERROR

SECTION
SECTION ERROR

SECYION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECYION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECYION
SECTION ERFOR

SECTION
SECTION ERROR

SECTION
SECTION E£RROR

SECTION
SECTION ERROR

Table 37.

[$81:144
500

«758

1.008

1.25%6¢

1.500

1.7%¢

2.008

2,580

2750

2.878

PROTONS

1.137E+02
1.657€¢08

1.818€¢02
2.203E+00

2.,277Ee82
2.577E«20

3.037€+02
3,282E+00

3,976k 02
hal82Ce08

Se103Ee)2
5.362E+90

66198082
6.576C+08

2.200€003
2.259E+21

6.613E003
2.095¢¢02

9.300€¢03
2.964E¢02

6,913C+03
2.189€¢02

OEUTETIONS

1.120E+ 3¢
1. 206E-01

1.099E¢ 9
3.262€-01

1. J20E¢ 02
3.200€-01

1.622€¢01
3.038E-01

LebaSEeN
2. 885€E-012

Le619E¢IL
2. 929€-01

L. 704E+ N
2.822€E~-01

1. 661E¢ 01
2.630€-01

1.000EcEY
7.237€-01

1.356E+01
6. 092€-31

H-3

1.303€-01
3. 6C8E-82

9.5936-01
7.943E-02

T.882€-01
G.001E-82

5.531E-01
4.928E-C2

S.809€-01
o 7TOT7E-B2

b.303E-01
3. 7T77C-82

HE~-3

7.130€~-02
2.,151€-02

5,790E~01
$.035€-02

3. 954E-03
3.601E-02

3.407E~01
2.809€~-82

1.091E-04
1.801E-02

9.630€=-32
1.339€E~82

1.200E-01
LebbbE-02

[ *
.

n‘
[

G.
°.
0.

Q.
[

HE=&

~reEl-



2e4 GEV/NUCLEON DEUTERONS
c

TARGEY =

CROSS
CROSS

CROSS
GROSS

CROSS
CROSS

CROSS
CROSS

CRQSS
CROSS

CROSS
CROSS

CroSS
CROSS

Table 37 (continued).

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECYION
SECTION ERROR

SECTION
SECTION ERROR

PLASB/2
3.250

3.508

3.750

hol00

4. 980

4500

PROTONS

1.190€+03
3.818E¢01

2.TATER2
24806€E¢00

0,562¢¢01
9. 356E-01

ha196E¢01
h.929E-01

o 058E¢31
boTaTE-0Y

T510E+08
1.27T7E-01

OEUTERONS

1s169€+01
5.996€-01

9. 932E¢09
1.677E-01

1.100E¢02
1. 7T60E-01

1.201€¢01
1.924E-91

1.661E¢04
2.037E-~02

e 134€Ee01
4o 737E-01

1.098E¢22

© 14161E+00

H=3

1.TOLE~01
1,669E-82

HE=-3

HE="

R



2.1 GEV/NUCLECN DEUTERONS

TARGEY »

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CRQ3S
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

Table

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SELTVION

SECTION
SECTION

SECTION
SECTION

38.

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

PLAB/Z
«508

+ 750

1.900

1.250

1.500

1.75¢

2.000

2.258

2.500

2.75¢8

PROTONS

1.262E+83
1.776E001

1.224€¢03
1.568E+01

1.200E+83
1.465E001

1.193€¢63
1.409E+01

1.378E+03
1.562E+01

1.561€+43
1.721€81

1.903E¢03
2.048E¢01

3.490E+83
3.613C¢01

T.495€¢03
T.612E+01

Te290ER3
ToA0TE4OL

3.600€C¢04
3.610€+02

DEUTERONS

3. 060E001
1. 341E¢ 03

2.55TE 02
5.196E¢00

2.091€+02
e 114E+ 00

1. 803E¢ 02
2.95C€000

9, 525E+01
2.186E+ 00

T.256€¢ Q8
1.736Ee M0

6.881Ee 01
1, 470E¢ 03

S.T66E+ 11
1. 360E+00

&, 616E+01
1.149E¢00C

b, 258E001
1.097E+Q0

3.912€¢ 04
1,636+ 00

1.560€+01
1.136E+88

SeotluEely
1,686E+08

2,370€01
1.103E+00

1.251€+01
T.23¢E-01

6.T13E+80
Lo 303E-01

3.TTTE00
Je613E-01

24224C+00
2.662E-01

1.511E+00
1.925€-01

1.880C+00
3.397E-61

T.067€+00
Sebbbc-01

2.063€E400
2.967E-91

1.09T7E«08
1.638€-01

5.077E-01
1.C17E-08

3.829€-01

- 0e173E-02

3.503E-21
Ted12E-02

1.,210€-01
b.C63E-02

HE~&

-9¢1-



2.1 GEV/NUCLEON DEUTERONS

TARGET = o8

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CRoSS

CROSS
CROSS

CROSS
CROSS

CRQSS
CROSS

CROSS
CROSS

Table

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTTION

SECTION
SECTION

SECTION
SECTION

38 (continued).

ERPOR

ERROR

ERROR

ERROR

ERROR

EfRoR

ERROR

ERROR

PLAB/T
2.078

3.002

3,250

3.2%8

3.500

3.530

h.000

. 000

PROTONS

5.206E¢ 04
1,669E¢23

3.339E¢ 04
1.059E+03

6. 025€e25
1.301E¢82

3.320E¢03
5.671E+01

7.879E+02
6. 680E+00

T.T27€002
B.527E00

9.9%4E+01
1.572€+00

9.9268E¢31
1.565E+00

DEUTERINS

ARTYI L]}
2. 894E¢00

Je7T48€001
2.968E+08

2.T33E+9
2460TE+0Q0

3.183E+ 01
1.174E+9)

2.572E+ 01
Te121E-01

2.532E+ 81
T.153€-31

5.100E001
1.013E+08

3, 6156+
8, 204E-01

0.622E~-01
1. 802E~01

2.611E-01
6. TH6E-02

3.503E~-01
7.312€-02

HE-3

.l
0.

HE~b

-LET-



2.4 GEV/WUCLEON OEUTERONS

TARGET = CH2

CROSS
CROSS

CROSS
CROSS

CROSS
GROSS

GROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

Table

SECTION
SECTION

SECTION
SECTION

SECTIuA
SECTION

SECTIDN
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTICA
SECTION

SECTION
SECTION

SECTION
SECTION

39.

ERROR

ERROR

ERROR

ERROR

ERPOR

ERROR

ERFOR

ERROR

ERROR

ERROR

PLAB/T
«588

«758

1.0

1.250

1.500

1.750

2.000

2.500

2,750

2.875

3.000

PROTONS

1.396€+02
2.801€+00

1.912€¢02
2.353E¢00

2.030€e02
3.177€+08

3.851€+02
e 1356000

5.056E02
5.896E+08

6728E002
6.935€+00

Sab82E082
9.384E+02

3.359E¢03
3.374E01

S.465€¢03
2.681E+02

1,209E¢B%
3.828E¢02

8.619E+83
24T29€¢02

DEUTERONS

1.100E+ 08
1.283€-91

1066501
3. 417€E-01

1.251E+ 08
3. 295¢e-81

LeB14Ee 0t
3.368€~01

1.667E+01
3. 322E~01

1.039E+ 01
3. 36501

2.163E¢01
3. 566E-01

20102E¢01
3.310e-01

1.711€¢32
8,689E-31

1.631E+012
8,293E-11

1,828E+ 01
8,872€-01

2,396€-01
2. 094E~-02

$.537€-01
6. MGLE-82

6. 7T04E-01
6.371E-02

T.383E-01
6.113E-92

5.388E-81
ba830€E-02

3.4D5E-01L
3.585E~02

HE=-3

6738E-02
2.206E-02

5.437E-01
$.236E-02

34629E-41
. 783202

3.3735-01
3.098€-02

1.17.:E-01
1.716E-D2

1.306E-D2
1.675€-32

Lel161E-01
1. 665€-02

Y
[T

HE-&

-8¢1-



2.1 GEV/NUCLEON DEUTERONS

TARGET = CH2

CROSS SECTION

CROSS SECTIONK ERROR

CROSS SECTION

CROSS SECTION ERKOR

CROSS SECTION

CROSS SECTION ERROR

CROSS SECTION

CROSS SECTION ERROR

CROSS SECTION

CROSS SECTION ERROR

CROSS SECTION

CROSS SECTION ERROR

CROSS SECTIOM

CROSS SECTION ERROR

CROSS SECTION

CROSS SECTION ERROR

Table 39 (continued).

PLAB/2Z
J.250

3,250

3,780

Lo800

ko008

..500

S.000

PROTONS

1.519E+03
hoB30ECSL

1.599E403
2.277E*01

3.096E¢02
3.998E+00

L.263Ee02
1.3568E¢00

6. LGAESDL
Tr32TE=R1

6.,591E¢01
7.45%5€-01

1.212E¢81

1.050E-01

DEUTERONS

1.194E¢81
6o 446E-01

1.511E008
3. 387E-08

1.338E+01
2.152€-04

$519€¢08
2. 296E~-01

2.137€e 01
2,921E-01

20106€001
2.931€-01

5, 490E0 01
T.270E-01

1.739€+02
1. 812E+ 00

He3

he 370E-01
§.531E-02

1.627E-01
1.752€-02

de
L)

HE=~]3

HE=&

-6¢1-



1005 GEV/HUCLEON ALPHAS

TARGET =

CROSS
CROSS

CROSS
CROSS

CR0SS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

€R0SS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CRoOSS
CROSS

Table

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTIO.!
SECTION

SECTION
SECTION

SECTION
SECTION

SECTIUN
SECTION

SECTION
SECTION

ERROR

ERROR

E+FOR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

PLAB/L
«500

1.000
1.250
1.508
1750
2.800
24250
2,978
2.500
2.625

2,750

PROTONS

1.266E+32
5.008E 80

6o F04ER2
8.050£+00

9.297E¢ 82
L.d0hEeRs

3.724E403
$.900E¢01

1.031E¢04
2.307€002

2.646E403
5.,938E481

2.776€¢82
3. 0u5E4NE

1.,969E+02
GoMT6ESDO

OEUTERONS

T.79%E-01
LA 110}

2. W50E¢01
6. 221£-01

J.023EeM1
0.12%E-01

he832E¢01
9. #55E-81

$e109€+04
1.593E+00

[T LR {X] }Y
1.651E+00

0:202€+01
2. 852E438

1.377E+02
3. 653€+00

1.156E+ Q2
3.891E¢ 00

2. 636E+ 02
T7.933Ee00

e 201Ee 82
1. 3T6E+ 04

M3

8.623E-01
e 201€E-02

11326000
9.53SE-82

1.634E00
1.059€-01

1.019€+08
1.0086€-01

1.66TE+OC
1.31€E-02

1.060E¢00
1.8858=01

2.060€E-00
1.935¢-01

HE=-3

1.657E+00
9.336E~02

1.690€+09
8.522E~82

2.15TE+80
9.017E-22

3.903E+08
1.710E~01

1,589¢+01
b.500E-81

2.6T8E+02
B8.60hEr00

S.637E02
2.681E+01

2.163E¢03
$.T00E0L

2,565€+03
0.123E¢81

3.660€4+02
1.171E+08

HE-A

Q.
T,

To137E-04
$.9088€-02

6,204E-014
ho1GCE-Q2

S.777E~-81
hob25€-02

T.678E~-01
6.,TSTE-02

8.568E-01
Ge7 I6E-D2

1,017€+008
1¢380E-01

1.1317E+08
1.037€-01

“0pI-



1.05 GEV/NUCLEON ALPHAS

TARGET = BF

CROSS
CROSS

CROss
CRasSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CRJSS
CR3SS

CROCS
CROSS

CROSS
CROSS

CRQSS
CROSS

CROSS
CROSS

CROSS
CROSS

Table

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

40 (continued).

ERROR

ERRAR

ERRAR

ERROR

ERROR

EREOR

ERROR

ERROR

ERROR

ERROR

ERROR

PLAB/T
3.600

34125

34125

3.25%0

3.333

34378

3638

3.670

3.62%

b 000

4,500

FROTOMS

DEUTERONS

1. #96E+ 03
3. 486E¢01

2.165€E+03
2,109€+02

2,970E+03
6.567E+ 01

3.660E¢+03
1.159€+32

$5.613E+33
5.618E¢12

5, 0898E+03
1.867E+82

T.216E+03
2,280€¢02

G 126E+ 03
1, 306E¢02

1. 792€+ 02
S.816E¢00

1.372E+ 81
5.528E-01

He3

3.069E+88
2.206E-01

ha019E«08
2.531E-01
Ve
8.

3.010E+80
2.193E-01

2.575E«01
9.553E-01

3.361E+82
1.078E«01

HE-3

1.000Z¢01
&.202€-01

3+786E+01
&.005E+00

HE=%

J.023€+01
1.054E¢00

1.285E¢02
1.290E¢01

J.175E+02
1.013E+01

1.275€03
1.2T8E+§2

3.500E+03
1.138E¢02

1.0u47EeQ%
3.310€¢02

-1vl-



185 GEV/NUCLEON ALPHAS

TARGET = BE

cR0SS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

Table

SECTION
SECTION ERRAOR

SECTION
SECTION ERROR

SECTION
SECTIDN ERRDR

SECTION
SECTION ERROR

40(continued).

PLAB/T
L 750

4. 875

3.563

PROTONS

DEUTERONS

-3

1.256E+03
Yo S86E+ 82

1.068E+83
5.920E+01

3.217€¢01
1.9210E+02

0.0
1.878E+00

-Zvi-



TARGEY =

1.05 GEVINUgLEON ALPHAS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CRCSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
cRoSsS

CR0SS
CROSS

SECTION
SECTION

SECTION
SECTION

SECYION
SECTION

SECTION
SECTION

SECTION
SECYION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECVION
SECTION

SECTION
SECTION

SECTION
SECTION

Table 41.

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

EPROR

ERPOR

ERROR

ERROR

PLAB/Z
580

<750

1.808

1,250

1.580

1.750

2,008

2.250

24375

2,538

2.625

PROTONS

1.686E+02
7.056€¢00

3.064E402
1.343Ev08

S.881€¢02
9.T8TE+0S

1.075€+9)
1.739E¢01

4o 2I2E40)
5.725E¢01

1.102E084
3.616E¢02

2,07TTE+G3
9.3459E+08

3.108€¢02

1.026€+01

2+017€eJ2
6.7608E¢00

6,905€¢01
2.537E+ 00

DEUTERONS

2.06TES N0
5.159€-21

1.634E008
1.379€+08

3.538E¢04
9.373€~01

S.108E001
1.142E+00

5.339€+01
1. 2LTE+ 0D

T.012Ee 21
2.733€« 08

Teo31E0 01
2.811€E¢00

8.912E+01
3,237€E+00

1. 224E402
ke 277EC 00

1.003Ee92
5.586E+08

2.510E¢ 02
8. 315€+08

He3

S.
ﬂ"

3ol 3CE-22
L.721E-83

1.788E+89
1.7206-41

2.074E*00
1.867E-01

2.276E400
1.606E-02

3.092E¢CS
3.513€-01

1.83CE+08
2.500€-02

2+ 205E+00
2.607€-01

248408E00
2.922€~01

HE=3

T.301E-01
1.786E-01

1.908E¢090
1.276E=-01

2.274EDD
1.263E-01

2.T736E+00
1.30Q:2-01

ho62DEcRR
3.261E-01

1.601E¢01
T.439E-01

2,T755E¢02
8.934Ec00

el 8E¢02
3.009E+01

2.255€003
T«150E¢01

3.01TE*03
9.561E¢01

HE-&

1.641E+00
2.715E=-01

T.701E-081
T.99%E-02

S.837E-01
6.221E-02

Tou5E-01
6.672€E-02

1.001E+00
1+3908€E-01

1.151E¢00
lebibE-01

1.802E+30
1.709€E-01

-gpi-



1.05 GEV/NUCLEON ALPHAS

TARGET = C

CRGSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CcROSS

CROSS
CROSS

CROSS
CROSS

CROSS
[V a3

CROSS
CROSS

Table

SECTION
SECTION ERROR

SECTION
SECTION ERPOR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SF TIOM
SELTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

4i (continued).

PLAB/Z
2,750

3J.00¢0

3,225

3.258

3.333

3373

3.638

J.bT0

Le008

h500

[ N
..

0.
.13

PROTONS

DEUTERONS

3, B80Ee 02
1.263E+01

1.158E+23
3. 694E¢ 01

2,167E« 23
6.883Ee 01

3. 648E+ 03
1,996E¢02

5.288E¢23
1.576E0082

$.226€+13
1. 972E+82

€. 601E+03
2.090€+92

&, 3356+ 03
1.376E*02

1.6563E¢ 02
5.547E+M

1. 324E+ 01
6.,019€E-01

2.813E+08
2.616E~01

3. 8458400
3.017E-81

h,T727€+08
3.261€-01

2.831E+01
1.121E+88

31356402
1.014E001

HE~-3

b oSheF a2
1055E+3.

1 1768E+01
5 n3E-01

HE-&

J4809E+RD
2.430E-01

2.976E¢01
1.099E+CD

1.726€+02
5.619E+C0

2.923€E¢02
9.421E¢00

1.,228E¢03
3.899€«01

3.149E¢03
9.973E¢81

9.614E¢03
3.062E¢02

24 %



1.85 GEV/MUCLEON ALPHAS
c

TARGET =

CROSS
CROSS

CROSS
CROSS

CRGSS
CROSS

CROSS
CROSS

Table

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION €RROR

SECTION
SECTION ERROR

41 (continued) .

PLABZZ
4750

4o 875

S.000

3.563

PROTONS

ODEUTE RONS

He3

L. 260E+03
3.956E+01

L.929€+03
6.122E+01

3.092E+03
94798E+81

HE-3

O
0.

0.0
1.413E+00

-Svl-



1.89 GEVINI‘I:QLEM ALPHAS

TARGEY =

CRDSS
CROSS

CcROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CR0SS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

Table

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTICN

SECTION
SECTION

SECTION
SECTION

SECTICN
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

PLABZZ
750

1.000

1.29%8

1.508

1.7%0

2,008

2,250

2.378

2.500

z.&zs

2.75%

PROTONS

1.926E¢03
2.230€+018

2.231E+03
1,559E+01

3. 209E+413
5.375E+01

1.104E¢2%
1.TT2€+22

3.210€¢0&
T.210E¢02

T.688E-9)
2.,457¢¢82

T.943Ee02
2,836E+81

 5.490E432

2.03T7E¢ 01

3. 362E402
1.338E+0¢

2.424E082
1.020E+81

DEUTERONS

3.8 35E¢02
5.42TE+ 0

3. 369E¢02
3. 358E+00

2484 T7EJ2
6:.910E¢88

2.268E+D2
$.63%€+00

2:197€ 402
T.50E«R0

2.097E¢02
9. 810€+ 00

2.551€E+¢02
1. 103Ee01

2, 908E+92
1. 205E¢ 08

8 399€¢02
1.678E¢01

T.294E¢02
2.598E+01

1.050E+03
3,596E¢01

T+281E+01
2.336E+80

5.958E¢01
1.163E+00

4o 2516481
2.184E¢08

2.611E¢08
LebTBE*QE

1.552E+01
1.560€+80

1.672€¢01
1.908E+0E

7.218E+80
1.296E+00

T.265€+00
1.267E+Q0

HE=3

2.900E008
1.040€+019

T.633E+00
2.825E-01

5.3292¢03
5.2695-01

5.079C+01%
S.CT2E-01

1.0302+01
8.9641£-01

3.6325¢01
2.459E20)9

T4597€¢02
2.575E+01

2.622E+03
8.458E¢08

8.6365¢C3
2.TTE2D2

8.,345€283
2.656€402

1.032€¢03
3 4062401

HE=-&

24465008
9.516E~-01

6+551€+00
2.628€E-01

2.06B8E+00
J.580E-01

2465TE* GO
3.400E-01

3,3356£+00
4e903€E-01

S.4TLECOQ
6.T69E-01

3.999€+ 08
6.,877E-01

1.849E¢01
1,251E¢00

-9v1-



1405 GEV/NUCLEON ALPHAS

TARGEY = PP

CROSS
CROSS

_CROSS
cROSS

CcROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CAROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

Table

SECYION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

42 (continued).

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR’

PLAB/Z
3.090

3.125

3,250

3.37%

3.438

3.470

3,625

4,000

he500

4. T50

PROTONS

DEVTERONS

2.AT4E¢ 02
8.705E¢ 21

5.8508E+03
1.875€+92

1 DRBE+ Q4
3. 330E+32

1. 496E¢0b
W 753E4 02

1. 715898
5o 445Ee82

3. J86E+ 04
1.073E+03

1.075Ce 04

3. h20E¢ Q2

4. 096E¢ 82
1. 0808001

3.277€¢01
2, 1T1E+ 00

He3 '

8.458E+08
1. 226E+00

T.163E+00
1.053E+08

1.232E+01

1.370€+00

6.369E+01
3.484EGO

84330E¢02
2.607E+01

3. 216E+03
1.036E¢02

HE-3

2,605€¢01
1.698E+00

..

L.

HE=&

T.337E01
J.433E+00

4.862E¢02
1.663E+01

0.995€+02
2.967€+01

be J28ERT
1.382E¢02

1.237E¢04
3e9246E¢02

4.522E+ 04
1.4J1E+03
0.
°0

SLyi-



1.95 GEV/NUCLEON ALPHAS
TARGEY s g

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SLCTION ERROR

Table 42(continued).

PLAB/2
Le875

5.000

3.563

PROTONS

DEUTERONS

H-3

5.872E+038
1.873€E+82

Fe630E403
2.998E+02

HE-3

HE=&

L.
0.

9.0
1.231E+01

~8p1-



105 GEV/NUCLEON ALPHAS

TARGEY = CH2

CR03S
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

Table

SECTZON
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTIMN

SECTION
SECTION

43,

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERFOR

ERROR

ERROR

ERROR

ERROR

PLAB/Z
«750

1.990

1.25¢

1,500

1,75¢

2.000

2. 280

2,375

2.508

24625

2.750

PROTOMS

4.339€402
1.5C2E+01

T.350E#02
1.213E+01

1.375€+03
24216E401

he832€083
8.0%52€01

1.L37E¢ 06
J.218E+02

3.358E+03
1.067€+02

ba328E002
1e413€+01

| 3.599E+82

1.180E+01

84T2TEC0L
Jo142Ec08

1.,021€+02
3.596E+00

DEUTERONS

1.680€+01
1, 328E+60

3.638E 401
9.615€-01

S.eh8Ee 01
1,205E+ 00

6.709E¢ 01
1, 829E¢ 00

. 87T1E+ 01
2.3bEND

8,29TE+ 0L
3.097Ed0

1. 138E+02
4 032E+026

1.616Ee 02
ko 86TE+ R0

2.016E¢02
E. TTTELOR

2,969€+92
9. T75E+00

$.500€¢ 02
1, 779E+01

H=3

1.528E+88
1.682€-01

1.997€+08
1.651€-01

2:.073E+08
1.618E-81

2.066E000
2.913E-01

1.938€+00
2597€-01

2.365E+00
2.733E-01

3.154E¢00
3.118E-01

1,807E¢00
1.251E~-C1

2.352E¢08
1,298E-01

J.0195¢08
1.439€-01

5.801E409
2,670E-01

2,285€+01
I+ 473E~01

3.998€+92
1.287E¢01

1,332E+03
®,233E+91

3.180E+03
1.008E¢02

ho131E003
1,308€+82

S.002E+82
1.601E+01

HE~4

Te697€-01
1.834E-01

7.773E-01
8.110E-02

7.012E-01
€.990E-032

7.160E-01
6.697€-02

1.399E+0C
1.131E-01

1.02%E+0C
1e 342E-01

2.655€4 80
2.052€-81

2.936E+ 80
2,136E-01

F.0814E¢00
he630E-01

-6P1-



1.05 GEV/NUCLEON ALPHAS

TARGEY s CH2

CROSS
CROSS

CRoOSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CRoOSS

CROSS
CROSS

CROSS
CROSS

CRrRoSS
CRosS

Table

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTIONM

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION
SECTION
SECTION

SECTION
SECTION

43 (continued).

€ERROR

ERROR

ERROR

ERROR

EAROR

ERFOR

ERROR

ERROR

ERROR

ERROR

.

PLAB/Z
3.408

3.12%

3.250

3.333

3. 375

Jeb28

J.470

3. €25

“. 000

4.508

4. 750

PROTONS

DEUTERONS

L, 5436+ Q3
&.9185E+ 01

3.033E+03
9.628E+01

&, 845E4 03
1.535Ee82

T.35€¢03
20350E0 82

8,812E+83
2.790E¢02

2:270€E¢ 3%
To101E402

5.239€+03
1.659€¢02

2.578E+92
8. H0SECO

1.781€E+01
TeS83E-81

H=3Y

4. 038E480
3.233E-01

S.014E+00
3.557E-61

6.416E00

3.960E-01

3.017€401
1.186E+00

S.460E0 02
1.6436E¢01

i T1SE03
S.006ELIL

HE-3

2.275€+01
8.433E-05

9.
f.

.'
8.

HE~&

4.520E¢ 081
1.594E¢08

2.535E¢402
8.152E¢00

3.852E¢02
1.236E01

1.535€¢03
4.869E¢01

4.557E+812
L.ob3Ee02

LeoW5Ee0b
§.571E¢02
8.
0.

Qe
°.

-0sT1-



105 GEV/NUCLEON ALPHAS
TARGET = CH2

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

Table 43 (continued).

PLAB/ZZ

&,875

5.000

PROTONS

OEUTERONS

K=-3

3.127€+03
9.909E+01

3.916E+83
1.260E¢02

HE-3

HE~-&

=181~



2.1 GEV/NUCLEON ALPHAS
.3

TARGEY =

CROSS
CROSS

CROSS
CROSS

CROSS
GRASS

CROSS
CROSS

CROSS
CRosS

CROSS
CROSS

CROSS
CROSS

CROSS
CR0OSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

Table

SECYION
SECTION

SECTION
SECTION

SECTION
SECYION

SECTION
SECYTION

SECTION
SECYION

SECTION
SECYION

SECTION
SECTION

SECTION
SECTIONR

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

44,

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

€RROR

ERROR

ERROR

ERROR

PLABZ2
+%00

«750

1.%00

1.250

1.500

1.750

240080

2.250

24500

247580

24813

PROTONS

1.061E¢82
3.566E+08

2.033Ee02
3.hib6ECON

3.093E+432
b.823E400

he322€402
4a582E400

6.177E¢02
6.335€+08

8.270E+02
1.196E¢01

1.14TE03
2.601E¢81

. 2.039€¢23

6e495€e01

3.750€¢03
1+190E¢02

T.697¢E+83
24630E402

ToTO2E¢03
2.039E¢82

DEUTERONS

&e BIBE-0L
1, 779E=31

Toe122€¢00
3.710E-01

1. 2126401
&, 392E-11

1.h21E4¢01
3. 106E=-21

1.TeTE+2
3, 296E~-11

2, 117E+01
5. 020E-01

2.589E¢82
8.771E~01

3. 126€E+01
1. 392E+ 00

3.353€E¢01
Le824E¢00

b JOLE+OL
1. 722E+ 08

4a185E-01
T.S50RE-QQ

S.400E-01
Se027E-B2

6,035E-01
S.204E-02

5.400E-81
5.,500€-02

ho894€E-01
9.154€-02

§.3808€-01
1.389E-01

HE-3

3.2408E-21
$.620E-02

3.9835-01
5.216€-42

he150E-01
3.377E~02

bob358-01
3.263E-52

5.4605-01
&.628E-02

6.7508~01
T.697E-02

1.020E¢00
1.276E~01

..
0.

e.
g.

0.
0.

HE-&

-ZS51-



2.1 GEV/WJCLEON ALPHAS

TARGET = B¢

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

' CROSS
CROSS

Table

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTYION
SECTION ERROR

SECTION
SECTION ERROR

SECYION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

44 (continued).

PLAB/2
24875

3. 000

3.250

3.508

3.750

4. 000

250

4500

4,750

5.000

PROTONS

T8645E+03
2.404E¢02

T.043E+03
2.231E422

2.6356E+43
1.513E+02

F.694E402
5.507E01

2.502E¢02
1.273€+01

DEUTERONS

3.617E+01
1. 455E+0C

3.610E001
2. 508E+09

he BFLES DL
3, 246E+00

5.825E¢
2.106E+10

5.435E¢ 01
3.088E4+00

T.1688E+02
2. 2960E+01

H=3

B8.6L1E-01
1.277€-01

G.H6TE+CL
3.133€+00

3.667E¢02
1.828E+01

6.543E¢12
24081E+08

1.2TTESI2
o 154E+3]

2.076E+31
7.605E-01

Ce
‘l

HE=&

~E£ST1-


http://8i.SE*

201 GEV/WUCLEON ALPHAS

TARGEY = €

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

crosSS
CROSS

CROSS
CR0SS

CROSS
CROSS

CRGSS
CROSS

CROSS
[ {1134

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

Table

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

ERROR

ERROR

ERROR

ERPOR

ERPOR

CRROR

ERROR

ERROR

ERROR

ERROR

ERROR

PLAB/Z
500

« 758

1.080

L1250

1,500

1.758

2.800

2.25%0

24500

2,758

24813

PROTONS

1. 498E+02
3.289E¢080

2e862TE+Q2
e 605€400

3.823E002
6+4109E+00

S.012E002
5.819€+80

Tek3I1Ee82
TJT75E¢08

9.705E+D2
1.k15E+01

1.567E+03
3.563E+01

24198E+03
T.026E¢01

#o 25601403
1.352€02

TeliBE+ 03
2.256E+82

9. 299E+03
2.946E+02

DEUTERGNS

1. 450€+00
2. 695E~-01

1,558E¢01
T.028E-08

1330E+01
6.970€E-01

2. 272€E01
& 93LE-N1

2.581E+01
S«000E-01

2.938E+ 01
T.2T9E-D4

& 120E+01
1. 395E+00

3.672E+ 81
1.757E+80

be166E¢0D1
Le874E+ DO

& 836E401
2.052€+08

1.224E+00
1.6309E-81

1.082E+08
9.699€E-02

1.138E+0D
9.094E=-02

$0369E+00
1,301E-01

1.154E¢80
1.778E-C1

1.0492+00
2.262E-01

Te720E-81
1.839E-01

8,300E-02
1.096€-01

8.69E-01
9.738£-92

8.286E-01
6.0225-02

8,121E-01
Seb5LE=R2

7.053E~-01

- 6o652E~82

1.160E+00
1.263E~01

T.633E-01
1.3T1E-01

0.
[

HE=k

-pS1-



241 GEV/NUCLEON ALPHAS

TARGET =

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CR0SS

CROSS
CROSS

CR0SS
CROSS

CROSS
CROSS

CROSS
CROSS

Table

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTIGN
SECTION

45 (continued).

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERPOR

ERROR

ERPOR

PLAB/Z
2.07%

3.25¢0

3.508

3.750

4000

0250

4.500

4,758

5.000

PROTONS

8,599E+83
2.725€+02

1.1469E¢04
6.170E402

4.615E+03
2.648E¢02

1.148E+03
3.676E¢01

2¢8406EWN2
1.4629€E401

OEUTERONS

5.8k1E¢01
3.971€E+ 99

5.799€+ 01
. 168E+00

5.19%E+01
2.967E+n0

6.885E+01
2.588E+00

S5.527Ee 01
3, 234E+00

.
0.

1.171E¢82
3,924500

3.96TE+ QL
1.939€+02

6.510E+02
3.617E+QL

1.120€402
3.T2TE¢20

241491E+01
8.529€+01

HE~&

-§ST1-



203 GEV/NUCLEON ALPHAS
[ ]

TARGEY »

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CRO3S

ceoss
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

Table

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTIOM

SECTION
SECTION

SECTION
SECTION

SECYION
SECTION

SECTION
SECTION

SECYION
SECTION

SECYION
SECTION

SECTION
SECTION

46.

ER7OR

ERROR

ERROR

ERROR

ERROR

ERPOR

ERROR

ERROR

ERROR

PLAB/Z
+500

«7%0

1,900

1.250

1,530

1.75¢

2.080

2,250

2,308

z.'s.

24012

PROTONS

1,985E+03
2:936E¢81

2.465€¢13
3.455E«01

2.328E+03
2.858E+01

2.606E¢03
2.800E¢88

2+736E+03
3.104Ee81

3.086E¢33
3.406€001

&.147E403
9.911E+01

6.,166E¢03
2.031E+82

1.,292€004
Lo 168E002

2.916E¢ B4
9.2008€+02

3.192E¢04
1.846€¢03

DEUTERONS

3.555€+01
20 FuHELD

0. 3TTE+ 02
9 BECDD

he 105€002
0.23TE¢ 00

3. b€+ 02
6. T09E 08

2.508€92
5.133%E+00

2. 963E¢ 72
642925420

L. 880E¢02
8.839E« 00

1.607E«0Q2
1.956€¢01

1.322E+02
8.917E+00

1.5946€¢02
3.Te9E 08

8.870E+01
3.365E¢08

T.278E+81
2+ TH2E+00

©e33ISEcNL
2.063E+08

3.212E01
1.530C+00

2.012€+01
2.517E+89

9.75%5E«00
2.320E+08

0.
€.

HE=3

32928409
6.348E-01

2.260E+01
L.37HER0

£.055E+01
8.089&-01

64195E¢00
5.532e-01

8.065C¢CD
L,885:-01

3.031E¢208
3.264E=014

1.982E+00
5.516E~01

4.065E00
1.057c+a0

.l
.

[
0.

'.
Q.
n.
ﬂ-

9481~



2.1 GEV/NUCLEOM ALPHAS

TARGET = P8

C0SS SECTION
CR0SS SECTION

CRNSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTIAN

CROSS SECTION
CROSS SECTION

CR0SS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECYION
CROSS SECTION

CROSS5 SECTION
CROSS SECTIONM

Table 46 (continued).

ERROR

ERROR

ERROR

ERROR

ERROR

ERFOR

ERROR

E€AROR

ERROR

ERROR

PLAB/T

2.87%

3. 000

3,250

3.750

h.000

&.250

k.500

. 750

5,000

PROTONS

2.006E¢0%
9.064Ee92

2.878E¢0%
S:162E+02

1.196E+06
3.360E002

3.323€+403
1.103e¢02

7.130C¢02
2.601E401

‘.
LB

DEUTERONS

1.317E#J2
8.372E+00

1.770E4Q2
G.864E¢ 130

1. 452E¢02
8. 520E+28

1.T30E¢ (2
6+531E¢ 30

1o 516E+02
8. 278E+08

2.521E+03
$.365E¢01

2.927€+08
6.929E-01

HE=3

..
9.

3.063E¢02
8.475E400

1.610E+03
@a719€201

2.716E+Q3
8.813E¢%1

3.862E202
1.006E¢8Y

6.238E+01
2.439E400

°‘
Q.

d'
0.

HE=&

~LST-



2ol GEV/NUGLEON ALPHAS

TARGEY a CH2

CRGSS
CROSS

CROSS
CROSS

CROSS
CROSYF

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
C0SS

CROSS
CROSS

CROSS
CROSS

Table

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECYION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

47.

ERROR

ERROR

ERROR

ERROR

ERAOR

EQROR

ERROR

ERROR

ERROR

ERROR

ERROR

PLAB/L
«500

750

1.080

1,250

1,500

1.758

2,080

2. 250

2.500

2,758

2,013

PROTONS

1.545E¢02
3.309E+00

2.798E002
4.,609E+00

3.591C¢82
ha061E000

bs369F¢02
5.353E+00

8.330€+02
8.G5TE+00

1.134E4D3
1,663E¢01

1.570€¢83
3.584E001

 2,667E003

8.506E001

891360403
1.560€002

1.036E+00
3.201€082

1.052E4 06
3.333€402

OEUTEROMS

6. 052E~01
1. 568E~01

16 124E0 3L
5.725€~91

1,072€+ 01
ke 7I2E~01

2, 225E+ 012
. T86E~01

2,375E+01
4.669€E-01

2.826E001
6. 965E~81

3.667€+01
1.266E¢ 00

8 152Ee 01
1.853E+ 02

3.631E+01
1.669€+ 00

$.752E+01
2,3208E+ 96

H=3

1.341€000
1.175E-01

1.406€+98
1.078E-01

9.953E~-01
8,269€-02

1.010E«50
1.092€-01

T«109€E-D1
1.353E-01

5.086CE-01
1.638E-01

6.771E~01L
9.,623E~02

T.313E~01
6.239E-82

6.906E-01
5.3k2802

6.399€-91
L,698E-02

7.0835€-01
6.834E-g2

9.,776E-01
1.135€-81

1.151E+00
1.652€E-01

8. ’
G

Q.
C.

Qe
é.
C.
9.

HE~&

-8%1-



201 GEV/NUCLEON ALPHAS

TARGET = CHZ

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CRYSS
CROSS

CROSS
CR0SS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

Table

SECVION
SECTION ERROR

SECTION
SECTION ERFOR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECYION ER50OR

SECTION
SECTION ERROR

SECTION
SECTION ERFOR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

47 (continued).

PLAB/Z
2,875

3.250

3.500

3.758

ba008

o250

590

4,750

PROTONS

1+,803E+06
3.176E402

6eb10E¢93
3.679€E+82

2.666E¢03
1.536E+02

1.353E¢03
be3264E¢01

3.171E¢02
1.842E+01

DEUTERONS

2,560E¢01
2., 226E+90

3. 76301
2. 900£+00

5.8336¢M
2.255E+ 00

Tei)2E491
2.637E¢0C

T2 861E+31
2. 601E+28

1. AS0E+03
3.353E+ 5L

0.
Q.

H=3

HME-3

1-306E«02
ko 339E+00

b,882€+02
1.564E¢J1

8,209€+02
2.615c¢31

1.2785¢02
Lo21TEQ

2+ 358E401
8,991€~-92

-
S.

0.
Ce

C.
a'

HE=&

-6S1-
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Cu or Pb Target 1/4" Thick

Fragment
32;:33“] p d 34 *He e
(MeV/:)
1250 1250 126613 1285228 |1269+16 |1281+25
1000 1000 1025£20 {1083+35 [1028+22 {1050+41
900 909+7 931+24 970+57 Q33+27 Y5444
750 762+10 | 793+33 | 857+87 | 796%37 | 832465
500 521=17 594+77 - 59780 666154
Be or C Target 1/4" Thick
Fragment
Observe p d 3H 3He 4He
Momen tum
{(MeV/c}
1250 1250 1250 1250 1250 1250
1000 1000 1000 1013+11 {1000 1000
900 900 900 917+14 |907:6 914+11
750 750 76048 776+21 760+9 770£16
500 505+4 526421 -- 526+21 |53€+29

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

Reaction

+ Be +p+ X
+ C->p+X
+ Pb+p+X

+ CHy »p + X
Average

+ Be » p + X

+C—>p+)(

+Pb-»p+X

+ CH, » p+ X

Average

420
dndk

=~ |[m
[N]

(1.05 GeV/nucleon)

k—; dadk

(%]

o

(2.1 GeV/nucleon)

.04
.60

.16

.33
.35
.00

.54

.10

Table 49,

Overall average 2.67 * 0.48

Ratio of invariant cross sections at two energies at

the proton peak



103 GEV/NUCLEON CARBON BEAM
TARCEY

CROSS
CROSS

CROSS
CRaSS

[ {+£33
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

co0s$s
CROSS

CROSS
CROSS

CROSS
CROSS

CRroSS
CROSS

lable 5

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

ERROR

ERROR

ERROR

ERROR

ERROR

EPoR

ERAROR

ERROR

ERROR

ERROR

PLAB/Z

1.00¢

1.2%0

1.500

1,629

1.7%0

1.873%

2.908

2,250

2.%500

2625

2.75¢C

PROTONS

24035E+03
8.7208E+01

hohT7QEDI
2.29T7EQ2

1.767€¢0%
6.6080€¢02

3.080E¢00
1. 315E¢83

5.096E¢84
1,692E+03

3.525E+04
14189€¢03

1.470E¢08
S.3u6E¢02

2.199€¢03
1.173E002

64169E¢02
3.620€+81

3.755E+02
3.803E¢01

OEUTERONS

9.563€+71
1.723€+08

2,203€E+02
4983E¢ 21

2. 073E+ 02
3.618€E+91

2.250E¢02
3.6Z3E¢01

2. 818E¢ 72
3,937e¢01

3.165E+ 02
GeB051E001

20921E¢ 02
3.766E+01

5. 233E¢ Q2
64,8355 08

9. 765€E¢ R
4 TS3E 0L

1.533€+03
S.T66EC QL

2.606E¢083
5. 868E+ 81

1.948E 004
9.75%€¢08

1.217€¢01
7.837E+C0

2.190€E+01
6.342€+00

6.953€E+80
e J22E¢00

helGOE00
1.85€E+00

HE=3

1.081E+04
&,C91E+03

1,839E+01
8,2065¢03

T.054E¢81
9.T705E+00

3.939€¢01
1.0605+01

he176Ed1
1.,C52E+01

9.496€¢01

- 1e550E81

1.620€+02
149906401

1.673E¢R3
T7.870c¢01

6.9T3E01
1.TS1E+G2

T+089E«03
2.756E¢02

8e211E¢03
T.061€E¢01

HEeu

291~



1,05 GEV/NUCLEON CARSON BEAM

TARGEY = [

CR0SS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CcR0SS

CROSS
CR0SS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROS3S
CROSS

Table

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

50 (continued).

ERPOR

ERROR

EQROR

ERROR

ERROR

ERPOR

ERFOR

ERPOR

ERROR

ERROR

PLAB/2
2,800

2.900

3.063

34125

3,259

3.37%

3,500

3.625

34750

QI
2.

8.
t.

PROTONS

DEUTERONS

2,830E+Q3
6. 56LE+01

4, 056F¢03
1. 769E+02

by b19E¢ L3
L.273€+02

8.964E¢03
2.328€¢02

1. 327E+ B4
3,266€¢+32

1,818E¢+ 0k
6.161E+%2

1.723E+ 06
5.806€+32

1.366E¢ 04
3. 326E+02

e 114E®23
1.151E¢02

1.,903E+033
9.019€E+01

H-3

3.270€¢61
T.02TEMSY

3.506E201L
7.196E+00

he212E401
T«T48ECOO

8.560E¢01
1.056E+01

1.071E+02
1.166E¢88

1.517E¢02
1.956E+012

HE=-3
24T30E¢03
S5.468E401
1,465E¢03
6,672E¢01
Bok3I7ES]2
2.620E01
ko213E002
1.9915+21
0.

G,
8.
0.
0.
0.
0.
0.
0.
0.
0. .
0.

HE=&

3.828E+03
1.009E002

3.796E+03
Se9E6EFD L

C.755€+03
e JIJENC2

1. 846Ee O
€.0ubEC02

1.6939€+ 04
SaSTLESD2

T«911E+03
1.934E+02

1+7+3E403
5.079€01

2.133€E¢C2
1.727E+01

-¢91-



1.05 GEV/NUCLEON CARBON BEAM

TARGEY = Cu

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CcROSS

[ 14133
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
cR0SS

CROSS
CROSS

CR0SS
CROSS

CROSS
CROSS

Table

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECYION
SECTION

SECTION
SECTION

SECTION
SECTION

SECVION
SECTION

SECTION
SECTION

S1.

ERROR

ERROR

ERFOR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

PLAB/2
1.000

1,250

1.500

1,625

1.75¢0

1.87%

2,000

24250

2.50¢C

2. €25

2,750

PROTONS

4e319E+03
2.92%€002

7+805E403
5.5T3€E02

3.220€¢04
1.377€E+03

64213E+00
24321€+03

8.343E43%
2.978E¢03

SeB34E« D
2+156€¢103

2ok 15EeD G
1.032E+83

e 122E403
3.00u0E002

1.007€+403
942536401

6.T01E02
1.032€¢02

DEJTERONS

4. 266E¢ 02
7.581€+01

9.595€E+82
1,T78E«02

T.997€+02
1.482E02

T.076E¢02
1.81GEe 02

8.456Ee 2
1. 415E¢02

B 316E¢ 02
1.357E+ 02

Te796E¢ 02
1.273E¢ 02

8. 88402
1,287E+ 92

1.591E¢13
1.183E£+02

2.604E¢ 03
2.155€¢+ 02

3.8236+03
10 328E¢92

ho922E+91
3.404E01

6.055E+01
3a963E+01

6.39TE«DY
3,699E¢01

9+996E+01

h.481E+01

T.1C0E+01
YeS61E+01

1.599€+01
1,131E+01

5.569E+G1
2.642E401

HE=-3

& 0005008
1.6355401

3.199E+01
2.265€+01

64E65E¢01
2.988E+01

9, 8L3E+01
Jo496Ee01

T.997Ev01
3.033E+01

1.279E+32
3.716E¢01

1.999E+02
4,%15E+01

3.012E+03
1.893€E¢02

1.091E¢04
3.212€402

1,109€+04
b 5505402

5.7322+03
1.,365E+02

(.8

HE~%

~p91-



14805 GEV/NUCLEON CARBON BEAM

TARGET = €U

CROSS
CcROSS

CROSS
CROSS

CR0SS
CROSS

CROSS
GROSS

CROSS
CROSS

GROSS
CROsS

CR0s8S
CROSS

CROSS
CRASS

CROSS
CROSS

CROSS
CROSS

Table

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION €RROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

51 (continued).

PLAB/Z
2,800

24900

3,063

3.125

3. 250

3,375

3.500

3,625

3.750

34,850

0.
8.

PROTONS

DEUTERCNS

b S08E+03
9.202€+ 01

6.693€403
3.,629€+02

1, 216€E¢ %6
2, 476E+ 02

1.6L19E+C
2.768E+ 02

1.995E+ 74
2. 631E+02

2.541E+¢ 04
e 352E402

2.627E+046
3.1h7EC L2

1,916E¢ 306
3.398£402

1.086E+ Db
2.788€+02

1,504E¢ 06
6.182E432

He3

8.271E+081
3.387E401

6.005E+01
1.2556+81

8.699E+01
1.497E+01

9.021€+01
1.930€¢01

1.059€+02
1.535€+01

1.599€+02
2.602€401

3.530€¢02
6.157E+01

ME~3
4,016E+03
6.693E¢01
1.8ATE+D3
1.271E+02
1.,0632+03
L.016E¢01L
7.010€+02
341552401
0.

0.
0.
n.
cl
n-
0.
nl
0.
0.
G.

HE-&

Q.
€.

ts263E+03
9.592E+01

6.057€+03
1.228€+02

1.527E¢0%
34303€482

2.627E4 Uk
be113€402

Ce4S2E0 04
2.722€¢02

2.935€¢03
1.752E+02

2.013€+03
T.012E4+01

2¢845€¢03
1.512€+402

-S91-
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16S GEV PER NUCLEON CARSON ~ HEAVY FRAGNENTS

TARGET = CU

CROSS
CROSS

GROSS
CROSS

CROSS
CROSS

CROS3
- GROSS

CROSS
CROSS

CROSS
CROSS

CRC3S
CROSS

CROSS
CROSS

CROSS
CROSS

GROSS
CROSS

CROSS
CROSS

SECTION
SECTION ERROR

SECT LON
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECT IOM ERROR

SECTIOM
SECTION ERROR

SECTI0M
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECT ION ERROR

SECTION
SECTION ERROR

Table 52.

0 0 030 0000 000 DT 0 0 a0 0 0 400 000 00 4 0 o W W
V0000 0 0 0 00 0 0 0 0 0 00 0 0 W O 14 B o MR

PLAB/T

2.750

3,428

3.378

3750

I

1.796E#02
.ATHEL 03

$.106E¢02
14573E¢ 01

10191E0 03
2.520E¢01

0.701E0 02
24070€002

2.002E¢ 02
Le546Ee0L

L. STFErE2
T.055E¢ 00

2.T65E¢ 02
2. 3336+ 04

(1 (] ¢
T.730Ee01 10800E¢ 02 8
S.SHSE00 2,439 00 S
1.508€¢02 24099001 [ 19
7.729E+00 J.000E¢00 ..
8.000E002 2.4T1E¢ 01 B
LeS16E401 2.726E0 00 .
44295E402 $.216E0 01 %
1.290E+01 3.0T0E 00 N
2.201E402 1. 098E+ 02 ..
9.040F ¢80 $.606E¢ 00 .
[ 1Y [ 1Y [ 1Y U
[ [ 8 .. o
(=
. 1. 0STE 02 6. 257E401 '
% ToAMDE+ED 3.7276+00
. 0.643E¢01 459001
. 4527ER0 Fe127E¢00
. .. .
[ ) [ 1Y [ 1Y
8.249E001 FoTLIECNL .
3.507E¢ 00 3.674E+00 .
To499€401 . 056E+01 .
10348001 0. 351E¢00 .
L LEL T UL EEEL L P LE L LD
[ TTTTL] CEEPT DL L L LV LR T L L]
L LLLLUTL ] LT LI Ll L]

00 00 0 0 0 0 0 0 0 0 0 0 0 000 o 0 0 0 0 . 0 0 4000 4000 0 4 00 0 M W DD W D




1485 GEV PE: WCLEON CARBON -

TARGEY =

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

GRO55
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CRoSS

SECTION
SECT JON ERROR

SECTIOM
SECTION ERROR

SECT1ION
SECY ION ERROR

SECYION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECT ION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECT 1o
SECTION ERROR

Table 53.

HEAVY FRAGHMENTS

PLAB/ZZ

2.758

3.963

3,128

3.318

3.623

3.758

(84

ST19E+ 04
S.192E¢ 00

2.769E¢02
1.316E008

6.693E 02
J.279E0 01

$.695€¢ 02
2,097 01

2.090E+02
1.063c0 01

Fe066E0 01
&o218E¢ 08

1.086E002
GolhgEr0d

*.086E#01
3.050E¢00

S.710E001
#.527E0 00

20T IEXRQ
1.151E+81

2eTL4E0 D2
T.537C048

1.333E082
S.072E000

1.636E081
12090E¢00

TN 0E+IL
2.528E+00

$5.077E¢00
Fe061E-01

12209E001
1.503E+ 08

1.262E081
2.066E000

2.012E+01
1.616E+00

3.646E0 01
2., 375Ee00

2,096E001
1.601E088

2.636E001
2.0603E+ 00

[ 0
o

342036008
4.032E+00

-/91-
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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,
(¢) 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.

Fig. 10. Typical time-of-flight spectrum showing 3y near
channel 113, deuterons and alphas near channel
149, 3He near channeil 166, protons near channel
179, and piens near 191. Vertical scales are
logarithmic.

Fig. 11. Electron fraction of negative produced particles from

3.5 GeV protons on various targets.



Fig. 12.
Fig. 13.
Fig. 14,
Fig. 15.
Fig. 16.
Fig. 17.
Fig. 18.
Fig. 19.
Fig. 20.
Fig. 21.
Fig. 22.
Fig. 24.
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Range of parameters involved in the experiment.
Negative pion production by proton beams with a carbon
target.

Positive pion production by proton beams with a carbon
target.

Negative pion production by 1.05 GeV/nucleon deuterons,
alphas, and protons on carbon.

Negative pion production by 2.1 GeV/nucleon deuterons,
alphas, and protons on carbon.

Negative pion production by protons on carbon as a
function of the scaling variable x'.

Negative pion production by deuterons on carbon as a
function of the scaling variable x'.

Negative pion production by alphas on carbon as a
function of the scaling variable x'.

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).

Comparison of the data for m production by 1.05

and 2.1 GeV/nucleon alphas with the predictions of

the model described in the text (solid line).

Negative pion production by 2.1 GeV/nucleon alphas as
a function of the atomic mass of the target.
Fragmentation cross sections of 1.05 GeV/nucleon alphas

into protons, deuterons, 3H, 3He, and 4He.
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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 3He at two energies,

Fig. 30. Plot of the exponent N obtained from fitting the
target dependence of various cross sections with an
AN type function.

Fig. 31. Fragmentation of a 1.05 GeV/nucleon carbon beam on a
carbon target.

Fig. 32. Fragmentation of a 1.05 GeV/nucleon carbon beam into

heavy fragments (A > 4).
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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, ¢.1 GeV/nucleon

12¢c:  1.05 Gev/nucleon

Targets

Be, C, Cu, Pb, CH2
Fragments
¢t wh, v%, p, d, M, Site, e

Li, Be, B, C

Fragment momentum/charge

0.56 GeV/c € k S 5 GeV/c

Production angle

6 = 2.5° (lab) = 43.6 milliradians

Fig. 12. Range of Parameters
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