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

Alpha Particles, and Carbon Ions with Nuclei

ABSTRACT

James €. Papp

We have measured the yields of positive and negative
particles resulting from the collision of 1.05 GeV/nucleon
and 2.1‘GeV/nuc1eon protons, deuterons, alpha pérticles, and
1;05 GeV/nucleon carbon nuclei with various targets. Single
particle inclusive cross sections for production of ni, p; d,
SH, 3He; and 4He at 2.5° (lab) were obtained. . We discuss how
the results bear on the concepts of limiting fragméntatiohvand
scaling, the structure of the alpha particle andvdeuteron,

and the possibility of '"coherent" production of pions by heaVy

ions.
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I. Introduction

The availability of heavy ion beams having kinetic energies

up to 2.5 GeV per nucleon at the Lawrence Berkeley Laboratory

Bevatron has made possible the study of inclusive spectra from

heavy ion-nucleus reactions. We hope that the eXperiment

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

questions:

9]

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'produéed in
deUteron-nucleu§ and alpha-nucleus collisions with
energies substéntially greater than éould be produced
in proton-nucleus collisions at equal kinetic energy

per nucleon? If so, can this production be understood

‘'in terms of the Fermi momentum of the constituents of

the projectiles or is some other kind of collective ef-

fect necessary?

(1) @)

Are the ideas of limiting fragmentation and scaling,

which are applicable to the ”elementaryﬁ 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 syétem,

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 strﬁcture at the
time of the collision? |
The results of this éxperiment 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

Diffe;ent sets of kinematic variables are useful for
describing different physical phenomena. In this section w;
‘discuss those variablesbthat have proved useful in the descrip-
tion.of inclusive reactions.

- The choice of variéblés is suggested by the experimental
fact that‘transverse momenta in high energy multiparticle
reactions are severely limited compared to longitudinal
‘momenta.' In.high energy ''elementary'" particle reactions the
average Qalue of the transverse momentum, pl  > 0.3 - 0.4 GeV/c,
~is approximately independent of the energy, type of particle

produced, and multiplicity of the reaction. Since multiplicity

i

y
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gfows'siowly, approximately like log Ecm’ méSt-bf:the energy
available-goés into longitudinal momentum. So—if'we consider -
a reaction of the fbrm |

a + b'-> c + anything . (1)
we can_write the Lorentz invariant cross sectiqn as

E°d3c§b

—— (s, py> p,)
dp3

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
particlevc, ps and pi. Furthermore, in dealing With unpolarized
beams and targets there is no azimuthal dependeénce.

A particularly elegant choice of longitudinal variable is
the rapidity y. When presented in terms of y, the shape df the
Cross séction is not dependent on the reference frame chosen.

The rapidity is defined as

where p = (m? + pf)l/z is called the longitudinal mass. From
the definition it follows that, at fixed p,, dy = dp,/E so the

cross section can be written as

ECd3sC, EC€d34°¢ '
ab ab c
22 (s, pS, p5) —— (s, Pus B)
3 c4y27.C
dp dp,"d“p, '

it

. (S, Pf: Y)
d



The utility of the rapidity variable comes from its behavior
under Lofentz transformations. If a Lorenté transformation
along the Z direction is characterized by a Velocity R
and vy = (1 - 82)'1/2, then define y, = cosh™ly. Under such a
transformation the rapidity of a ﬁarticle changes y » y + yo,
and so the shape bf an invariant cress section expressed iﬁ
terms of y is independent of the reference frame.

As the energy gets large, slow particles in the lab which
might be thought of as target fragments cluster around y = 0
while particles that are beam fragments cluster .around
Y = Ypeanm®

It is‘also useful to introduce the so-called scaling

variables x and x' defined as

x = 2p*/V/s

X' 2 Py (P pay

where the asterisk denotes_a cenfer-of—mass quantity. The
quantities x and x' approach the same limit as s -+ w; The
variable x' has the advantage of being restricted fo the interval
-1 £ x' < I;Iand also it does not depend strongly on the particle
masses as does X fhrough‘the factor 1/¥s. Particles that are

sldw in the center of mass cluster about x = 0. The usefulness

of these variables in describing inclusive reactions will be shown

in the next several sections.
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B. Energy Dependence of the Cross Sections
One aspect of this experiment was the determination of
the energy dependence of certain heayy 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 depehdence of
elementary particle reactions at NAL and ISR energies.
Two ideas that have generally been confirmed(4) at NAL and

the ISR are limiting fragmentation and scaling. The hypothesis

of limiting fragmentation (HLF)(l) states
Ecdscgb d3ogb‘ :
— (s, pF, PS) = EC —— (»%, pf)
dp3 . S > ™ dp3

pf fixed
That is, as the energy gets large, the cross section for
prodpciné slow particles in the lab (target fragments) becbmes
independent of the energy.. Similarly, if one looks in the
beam rest frame, the cross section for producing slow particlés
fbeam fragmeﬁts) becomes independent of the energy.

The energy at which limiting behavior starts depends on the

reaction. For example, in the case of p + p > 7~ + X limiting

(5)

behavior has been seen ét'energieS'as low as 13 GeV. One of

the objectives of this experiment was to determine whether

limiting behavior exists in reactions such as o + nucleus -

p + anything at 1 - 2 GeV/nucleon.



Thevscaling hypothesisfz) which is genérally.formulated in
the center of mass frame, states S ' : <.
c,3.¢ ' Cq3.¢C
e (s, Pu's P) (3 g (5, x)
d_I;s 2 i R s_m d+3 L? . >

'That is, the cross section for large s does not depend separately
oﬁ s and p} but only on x, a combination of the two. In the |
beam and target.fragmentation regions this statement is
equivaleﬁt to HLF. However there is an addifional prediction,
based origiﬁally‘on,the similarity of the reac;ion.p +prm+ X
to a bremStrahluhg reaction, that in the region near x = 0.

(the "weekﬁ" region), which corresponds to_neithér beam nor

target fragmentation,

E°d3o§b ’E°d3ogb
di;3 (P*, X) X;O d_p>3 (P‘L)

" That is, there is a central plateau in x. The origin of ‘the
equivalent central plateau in the rapidity variable is discussed

in the next section.

C. Spectral Shapes at Fixed Energy

In fhis ahd the next section we discuss the shapg of the
speétra at fixed energy, that is, dependence on the rapidity y, ' ) e
and hdw these spectra approach their asymptotic Vaiues. We
are particdlarly interested in seeing whether'heavy ion reactions
show behavior similar to that predicted for high energy elementary
particle reactions and Qhether these inclﬁéive reactioné can help
us learh.abOut nuclear structure. Since a multitude of good
review a?tiqles(6’7) discuss'thé 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, énd (2) the Mﬁeiler
Regge anaiysis. |

If one considers the reéction (1) in terms of thé rapidity
Ys then the correlation length hypothesis states fhét there is
no correlation between two particles whose rapi_dit.ies'yi and yj
are separated by an amount large compared to sbmé correlation
length L, that is if lyi - yjl >> L. Here L is not a 1ength in
the usual sense but rather a certain amount of rapidity. In
particular, if ya,'yb, and»yc are the beam, térget, and produced
particle rapidities, then there should be no correlation between

‘the beam and produced particles as long as |yc - yél >> L.

Similarly there should be no correlation between the target and

- produced particles if lyb - ycl >> L. If the rapidity gap

‘between beam and target is large enough, ]ya - ybl >> 2L then

Bothflyb —'ycl >> L and Iya - ycl >> L can be'satisfied simul-

taneously. In this case there should be no correlation between

the produced particle and either the beam or farget. 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 Mueller
overcomes this difficulty. The method hinges on a theorem that

relates the cross section for the single particle inclusive



reaétion (1) to the'discontinuify'of the forward amplitude for
'theielastié three-body reaction
a+b+c>a+b+c . - (2)
If A(s,‘t;-u;) is the.proper absorptive part of the amplitude
describing reaction (2) then the relationship is

43

EC 3—239 -1 oags, t, W

dp3 S

where t‘and u are given B} the usual relation§

RENCAEEN

@, -pJ?

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

]}
~
o

u

A precise difinition‘of A(s, t, u) can be found in Ref. 3.
Thevutility of this approach comes from the possibility of
applying Régge theory to learn about the asymptotié behavior of
the.amplitude A(s, t, u). Two kinematic regions of interest are
.the target‘fragmentation region, defined by tﬁe.limit § > o ':
t > -, u fiXed, and the beam fragmentation region given by t'fixéd
and u largé; In each of these kinematic regions, assuming»tﬁaf,‘
Regge poies give thevdominant contribution, a single Regge ex?an--
sion is appropriate. The felevant Regge exchangé 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 forvexample in the target fragmentation regiqn one has

d3g€
Cc _“ab .
E roy

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

aR(O)-lfc
a

(s, BS, P) = s p (S, P)

we get
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f”

13+C

d b
5
dp3

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

EC

(s, py» PS) = £5, 05, B).

The central region is characterized by t and u large and
comparable. The double Regge limit is appropriatezhere and the
relevant diagram is' shown in Fig. 2c. One finds fﬁe amplitude
for.this.process is

AG, t, w) = 200 30 ge ey
which together with the result that tu = u?s gives for the

invariant cross section

d30C .
c ab _ a(0)-1 ;¢ c
R £ 5.

If we have Pomeron dominance and a(0) = 1, the single particle
spectrum is independent of p€ as well as s. In othef 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?

(8)

The Mueller method can provide an estimate.
In the target fragmentation region, if a trajectory or

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

. cross section becomes
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Ecdsoc L v a

0)-1
; c Cy - £€ c c (0)
—— G, p/sp) = £, p) *+s

R c (€ .C -
g, P> P)) (3)

.If the vector meson trajeptories contribute,'dR(O)zl[Z
and the approach to limiting behavior is like s~1/2,

In thebéentral plateéu region, one can have a contriBution
from the:éomefon on one side of Fig; 2¢, and a secondary-
(8)

trajectory on the other side. The result is a slower

approach to the limit, given by
1 .
'i-(a (0)+GR(0)"1) _1/4
_ s P ‘ s :
It is necessary here to be careful regarding units.
In the above equations, such as (3),one must really write

[i-}for s. -The constant So sets the energy scale and is usually

chosen to be about 1 GeV2 for elementary particle reactions. To
express this approach to limiting behavior in.terms of the

: correlation lehgth L, we write the second term in eq. (3) as
: uZeY aR(O)—l C e . .
[ So 8ab (Pu> p,)

.[S }GR(O)-—I

S

g5, (Pss PS)
0

s y1/2
_ [P -Y/L c (. c .c
) [uz] © gabcpu’ P‘)
is the correlation length and Y = 1nS
o 2
u

Z 1 =
where L.-‘T—:—ngaj._

R
N

is the total length of the rapidity plot. So since L ® 2, in order
to see a limiting distnibﬁtion one needs Y 23 9’4, or

ELAsz 3.5 GeV‘for a reaction like p + b + m + X. A central

- plateau would not develop untille‘2 6 - 8 givinngLAB = 200 GeV.

(W}
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But nOW»éuppose we consider instead a heaVy ion reaction
such as | “
| a+A>p+X o - (4)
Here A is some nuclear~tatget and the a particlefis thekpfojec—
tile. What value do we choose for s, for such_a’feaction? 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: é fewiMeV. If so;.sihce.the
quantity (Sd/uz) will then‘be smail, making the second term in

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

only a few GeV for such heavy ion reactions.

Consider reaction (4) from a slightly different point of

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

suppose the produced proton is in the beam fragmentation region.

What we are describing is the familiar process of stripping.

Physically we have a picture of an alpha particle moving towérd

a target nucleus which strips off one proton and two neutrons

while the remaining proton proceeds ahead virtually undisturbed.
So one might expect tovfind a peék in the spectrum.ofy(4) when
the proton rapidity equals the beam raﬁidity; The'Férmi 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_incidént beam
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energy. So the width of the beam fragmentation region in
rapidity Ay = 0;175 is very narrow in comparison to Y = 2.3, the
totél'rapidity gap at 2 GeV/nucleon. If we éay‘that for such a
précess tﬁe éorrelafion length L = Ay, then we can satisfy the con-
dition for_fhe appearance of a central plateau region, namely

2L << Y.

Measurements of appropriate single particle spectra froh
heavy'ion'induced reactions should determine the validity of this
line of reésoning. 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 reéctioﬁs, we may
have a new and rather powerful means for exploring high energy
interaction mechanisms and also nuclear structure. Since the
rapidity gap between beam and target is large, it”is possible to
identify beam and target fragments rather Unahbiguously, in

contrast to nuclear reactions at lower energy.

E. Pion Production by Deuterons and Alpha Particles

A rather different éspect of this experiment was the Séargh
for éome soff of "collective" effect in the production of pioﬁs
by deuterons and alphas interacting with nuclei.

A variety of models exist to describe such reactions,

ranging from macroscopic types(g’lo’ll)

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 invélve‘descriptions iﬁ terms of
constituents, to Regge and particie type mbdeis.(lz)

We are.concerned_primarily with microscopic models of
pion production, and in particular deviations from such models.
If it is not possible to coﬁstruct a nucleon constituent model to
describe deuteron and alpha production of pions.then one can
say some sért of éollective effect is involVed.

_Where might such a collective effect show up?

Perhaps in the production of fast pions: pions with énergies
beyond fhe.kinematic limit for pions produced in nucleon-
nucleus reactions. .The kinematic limit for a reaction like

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

by considering the mass of the system X:

2 - _ 2
my” = (pp * Pp - P)"

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

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

m_ compared to |;%|, and taking account of the iﬁeqUality
2 -
my 2 mp tmy-m
we get that -
vE_p
p. ST {1,_ .IL___B.}
m P m,
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 tréated
in the same way as protons, and if the kinetic energy per
ﬁucleon is T, one expects p. s 2T for deuterons and pﬁ < 4T
for alphas. ~ If instead we consider these projectiles to be
assemblagQS-of semi-free nucleons and that « produétion proceeds
via thé usual nucleon-nucleon interaction theﬁ'one expects
P, ST+ T' where T' is some contribution due to the Fermi
momentum in the projectile. |

The questibn of whether pions produced with momenta
P> T in heavy ion collisions are due to collective effeéts 
or high internal momentum components in the projectile‘is not
clear cut. For example, in the.case of the éeutéron, when
the internal momentum is large, the nucleons tend to be élbse

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 spéctra from the heavier projectiles would extend to

significahtly higher momenta than those for light projectiles.

cw
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Witﬁ the help of.a rather simple conStitueﬁt.fype médel
‘we can.calcuiate the spectral shapg for m production by heavy
ions assuming the mechanism is nucleon-nucleon collisipns modi-
fied by:Férﬁi momentum. >Suppose ;o is the average incident
momentum per nucleon and 5 is the lab momentum of the huéleon
of interest inside the projectile. The momenta.g and 5O'differ
of course because of the Fermi momentum. We are assuming_here
that we can neglect the projectilefs binding energy and treat
the incoming nucleons as free particles.

We want to calculatevthe cross section for prbducing a
pion with momentum X by a heavy ion knoﬁing'the croés‘sectioﬁ
for‘pion bfoduction by nuéleons. Thé process.cén'be visualized -
as in Fig. 3. If we let W(p_,p) be the probability that if
;o is the beam momentum, then ; is the momentum Qf the nucleon, .
we can write the cross section as ‘

0;{(;0, K = NHJF{ZOI;(E, K+ (A - Z)o;(E, )}

>

x Wy, p)d%p (5)

where the shperséript - means m production and the subscripts
stand for the reactions
‘ 12
H: (d,a, or ""C) + nucleus > 71 + X
p: proton + nucleus > 7 + X
n: neutron + nucleus > 7 + X
while o stands for the invariant differential cross sections

o = E d30/dk3. The factor Ny

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 e
~of the proton charge. Furthermore, if the targef_is carbon,

an isospin singlet in its ground state; charge symmetry allows
us to replace
0,6 B =03, B

a nice simplification since the reaction p + A ot +.X is
easier to measure than n + A > 1 + X,

If the beams are unpolarized, the cross section in eq.
(5) depends on three quantifies:. |§|, IKI, and 8, the:angle be-
tween k and 3. As a result, in order to explicitly cérry out
| the integrations involved in eq. (5) it is necessary to measure the..
proton-induced pion production cross sections as functions of beam mo-
mentum; pion momentum, and production angle. In this éxperiment only
Ip| and |K| were variable; the production angle was fixeé at
2.5° (1ab). So in order to proceed some approximation to the
transverse momentum dependence of the cross sections must‘be made.

We assume that we can write the cross sections in the

following form(ls)- -
: , A

£ > > F > Ty . of
op,n®s K) = £ (Ipl, [KD - g (@ )

where Q2 = k2 - f°§/p2 is the magnitude of the‘component of X

perpendicular to p. We further assume that g; L@ = e

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

this is a reasonable parameterization with C = S(GeV/c)'l. In other
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words,bwe have assumed that the cross section ¢ can be written
as a 0° cross section times some exponential function of transverse
momentum.
R . . '
The function W(po,p) can be obtained by using the momentum
o L ‘ _
space wave functions ¢(q) which describe the internal momentum
N .
of the nucleons in the projectiles. Here q is the momentum of
the nucleon of interest in the rest frame of the projectile, i.e.
o N _ : _ .
the Fermi momentum. Then W(q) = |¢(q)|2. Conservation of
probability and Lorentz invariance require that W(a)d3a_=
-+ > 3 . -+ g . s :
W(p,po)d p, or equivalently E'W(q) = EW(p,pO) where E is the

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

" frame of the projectile. So finally we can write .

o (o> ¥) = Nﬂf{fp‘(lﬁl,li’l) + £,7([Bl, [KD}

- E! > > > >
x e ¢ T W{q..(p_’ Po)> au(p> po)] d2p,dpy.

The functipns‘f;'are obtained from our measuredtpfoton induced
pion production cross sections. With suitable choices of W
the integral can be performed numerically.

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

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

'THe_experiment essentialiy consisted of a single arm
double focusing spéctrometer which transported particles
produéed 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 scalérs 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 fdcus 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, 1010-1011 deuterons,

109-1010 alphas, and 1-3x10% carbon nuclei per pulse. There

were approximately ten pulses per minute with a maximum spill -~

"length of about 1.2 seconds. o,

The primary beam intensity was monitored by a scintillation

counter telescope consisting of three scintillators in coincidence.

For most of the running the telescope was placed about 2 meters
from the production targets at about 90° to the incident beam.

Typically there were 200 counts in the monitor for 1010



-19- -

particlés incident on the targets. -Because the intensity of the
carbon beém was so much lower than the intensity available with
the other three types of beam particles, it was necessary to
bring the monitor much closer to the target during this part
of the experiment. As a result, the telescope was placed within
six inches of the targets for the 120 runs. This waé the
minimum distance allowed by the geometry of the target box.

The monitor of course only provided a relafive normalization;
In order fo'gét an absolute normalization for our cross sections
we.needed'to know precisely the incident flux. For this purpoée
we USed'éﬁ ion chamber aﬁd a- secondary emission monitor placed
in the primary beam upstream of our targets. The monitor was
calibratedvagainst the ion chamber and SEM according to the
procedure describéd in section IV below.

The ion chamber itself was calibrated against a pair of
scintillation counters placed directly in the béam in the folldwing

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

cdllected andlmeasured by an electrometer. The full scale deflecf

tion of the meter which read out the’electrometer charge could

be adjusted from a maximum sensitivity of 3 x‘iO7 up to 10 x 1019
incident charges per pulse. The charge produced in the ion chamber
is proportional to‘Z2 where Z is the'charge of the beam particles.
When a 12C 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 réte of about 1 x 108 per pulse waé within the rangé
of both the ion chamber and scintillation counters. We used
two scihfillators 1/8 inch thick with RCA 8575 phofotubeé.
The countefs, one 4-inch square and one 3-inch
disc, wére placed in the beam one meter downstfeah 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 coﬁld'be lowered into
the beam about 6 inches behind the production targets. The |
scintillator was viewed by a TV camefa providing an image in
rthe main control room for the accelerator operating creﬁ. The
position.of the beam was checked every time the targets were changed,
approximately every 5 minutes. The low intensity.of the carbon
beam; howe?er, made the use of a scintillation séfeen imposéible._
Instéad 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 scinfillator wekcoﬁld not take
data and check the beam position at the same time because the
scintillator itself was a significant source of secondary particles.
The targets were housed inside a box cépable of holding up
to four targets, two on each'of two stands. fhe 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 ohe minute was required to change targets. During running

with the 12

C beam we used only two. targets, C and Cu, each .32 cm
thick, 3.2 cm high,. 4.4 cm wide. During the remainder of the
running we‘used 4 targets, each .64 cm thick except for a CH2
target which was 1.32 cm thick. The targets were generally 1.9 cm

high and 3.2 cm wide,while the beam spot was typically 1.3 cm high

and 1.9 cm wide.

B. Secondary Beam Transport System

The secondary particles were momentum analyzed and transpor-
ted to our detection apparatus by Beam 30 of the Bevatron, a
double focusing spectrometer. - The elements of the spectrometef

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 of S cm for a Ap/p of #1 1/2%'When the spectro-.

meter was set to transport negative particles. When the magnet

'

polarities were reversed ‘and positive particles were transmitted
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we generally used a 1.25 cm wide slit for Ap/p = +3/8%. The
measured intensity at the final focus as a function of élit width
is shown iniFig. 5a. The linearity of the daté'points.verifiés
the linear dependence of Ap/p on the slit width. There was in
addition an upstreém collimator at the exit of_mégnet M1 which
could be used to vary the angular acceptance of the chénnel. We
usually ran with this collimator set at eithef.4 inthés or 5 -
inches, so it would have no effect on the parficles of interest.
We used a pre-existing beam which was designéd 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. 1Instead it was necessary to measure the various
magnetic elements and then to use the LBL computer progrém'

TRANSPORT to calculate the angular and momentum acceptances.

C. Detection System

When, for example, an alpha particle strikes '‘a nucleus,
pions, protons, deuterons, 3He, 3H, and alpha péfticles are
all abundantly produced. If the beam is 12C,»an évén wider
variety of particles are produced. It was the function of the
detection‘system to sorf out and identify the particles reaching

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

the detection system consisted essentially of five parts:
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1) a‘pair of scintillation counters Sl and S3, shown in-
Fig. 4, to measure time-of-flight and a third counter S2
for efficiency checks; 2) a pair of counters‘S4 and S5 fof
dE/dX'measurements; 3) a gas Cerenkov counter for identification
of leptons and pions; 4) a lucite total reflection Cerenkov
counter for separation of.protons and deuterons below 3.5 GeV/c;
and fihally 5) ‘an MWPC system and a one inch diémeter disc
scintillation counter for alignment of the secohdary beam.

The demands madé on the system for the twb cases of.
negative and positive ﬁeam particles were quite different.
When thé béam polarity was set for negatives, the.only
pafticleé which could enter the detectors were m, u , and e .

Consequently the identification job in this case was straighté

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

S1 and S3 had 1 nanosecond clipping lines and their oﬁtputs were
fed into zero-crossing discriminators. Scintillator S2 drove

a NIM discriminator. Then using appropriate delays for these
three signals the'following coincidences were fbfmed and
recorded: S1-S2, Sl;SS, S2+83, and S1:S2+S3." Since the

number of coincidences 6f all types were about équal, inefficiencies
in any of the counters were immediately obvioﬁs.

In order to measure the contamination of the n signal by

e and u ,'a gas Cerenkov counter was necessary. The gas pressure

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

u-, but not on © . This pressure varies as a function of momentum
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The,outputé from the Cerenkqv‘s two_photomultipliers:were added

togethef; ;hén 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 SZOC-SS/103 MONITORS

as a function of gas pressure, clearly showing contributions of

e, u, and 7 . Since the maximum pressure allowed in the
counter_was_SSO PSI, the minimum ﬁomentum at which we couid
detect_ﬂf was 850 MeV/c, while electrons could easily.be measured
at all momenta studied in this experimeﬁt.

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

.Basically time-of-flight was provided by countérs S1 and S3,
separated by about 50 Feef. The signél ffom.SS was used as a
"start" pu}se to a time- to-amplitﬁde converter. Sl, after a
suitable delay, acted as the stop pulse for the TAC. The negativé
TAC outpﬁt went tp a 400 channel pulse height aﬁalyzérsfor storage.
_The TAC_outputvwas routed into either channels 0;200 or 2607400 -
according to whether or not the pulse height in countefsrs4 and

S5 exceeded a certain level. This pulse height level was chosen -
at each momeﬁtum by_setting the discriminator fhresholds iﬁ such

a way thatvparticlesiwith charge greater than or'equal to 2 would
be routed tb the upper 200 channels while thosevwith charge 1 would

go to the lower 200 channels.
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There were many variatioﬁs.on this system. Since it is
very diffi§u1t to distinguish # from protons above 1.75 GeV/c
on the basis of time—of-flight alone, we occasionally used a
routing signal based on the gas Cerenkov counter. Wifh the -
coﬁnter set to fire on n" but not protons, a pulse from the -
Cerenkov would generate a high channel routiﬁg signal while
its absencé 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
spectré.‘ Basically we took a spectrum of pulsé heights in
counter S4, by running the signal from the phototube into the
PHA after stretching it. Thié is shown in Fig. 9. The linear
gate.gnd stretcher allowed us to look at eitﬁér all particles
coming’ddwn the channel or to selectively gaté through only
such particles which satisfied a particular time-of-flight
requirement. This is very useful in the identification of
different'particles having the same charge/mass ratio (e.g.

deuterons and alphas), since such particles all have the same’

~velocity at a particular momentum.setting of the spectrometer,

but have different pulse heights.

The remaining two e1ements in the system wéreba lucite
toial reflection Cerenkov counter sensitive to particles with
B2 0.9, énd the MWPC system. The Cerenkov counter was used
in conjﬁﬁction with the gaé Cerenkov to distinguish protons from

deuterons up to 3.5 GeV/c. We defined a deuteron by [SZ-Cgas.SS]ﬂ
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[Sl-SS]t[Ci , that is correct time-of-flight as determined

ucite’ ‘
by S1+S3, no pulse in the lucite counter, and no pulse in the

gas counter, which fired_only on pions. Then a proton was

1.

[§§TE;;;T§31.[SI'SS].[CluCite
Finally, the MWPC system consisted of an X and Y plane
located abdut one foot upstream of the finallfocus. The.chamber

generated-an X-Y scatter plot on an oscilloscope diéplay on a

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

shape of the secondary beam at the final focus.

LIV, Acquisition and Analysis of the Data

A. Daté Acquisition

Ouf d#té taking was essentially done in three modes which
we referred to as electronic runs, analyzer runs, and calibration
runs. The déta taken with the channel set for negative particles
‘was all electronic. After setting the momentum of the chanﬁel,
we cycled through the four targets recording the various scalers
by hand for_a fixed number of monitor counts. When we were -
looking at positive particles we set the relative timing of SI
and S3 to select the particular particle of interest and countéd ' ‘ =
S1-83 cqinéidences.

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

‘counts for each target and momentum. Each run was read out onto
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magnetic tape for later computer analysis. In.gengral, eiectronic
and analyier runningawent on simultaneously fof_the positive
particles. Since we took the same data in several diffefent ways,
we‘have mény Cross check;.

Ourbiast fype of run was a calibration run. This consisted
of calibrating the monitor telescope counts against . the ion cham-
ber feadings for ¢ach target, beam particle, and beam energy.

In addition, there was one run in which we ;alibrated the ion»-
chamber against a pair of scintillation counters pléced'directly
in the beam, and SOmé runs to determine effectsiof térget size and

beam steering on our data.

B. Determination of the Cross Sections from Measured Quantities

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

-dE/dx spectra from the pulse heightbanalyzer. Typical spectra

'are_shown in Fig. 10. The particles were identified and counts

in,each>peak were added manually and combined with electronic
data taken at the same momentum and target to yieid the total

numbef of counté normalized to the monitor counts. Baékground
subtraction was usually very easy due to the narrownesé of the

TOF peaks. For the scalar data, background subtraction

was generally impossible so in cases where background was extensive

we relied on the analyzer numbers for our final results.
The uncorrected single particle inclusive production cross

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

do _ counts xF xF. x- A .1
dQdk  monitor 1 2 pNL = dadk
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where fhe factors on tﬁe right handvside of the gquatioﬁ,afe
defined as follows: the quantities d2 and dk are the solid anglé
and momentum acceptance of the systém; A, p, ahd L‘are respectively
the atomic mass, deﬁSity, and length of the target; N is

Avogadro's number, 6.022 x 1023; F, is the ratio (monitor counts)/
(ion chamber reéding) while F2 is'(ion chamber reading)/number of
particles incident.

The quantities dQ@ and dk were controlled by-the ¢ollimators
at the intermediate focus and ét the exit of the first bending |
magnet." As mentioned aboye (sec. III-B) it.was necessary to usé
computer calculations to determine values for dQ and dk, though
we'Were able to verify experimentally that the flux at our
detectors varied linearly with the collimator slits (Figs. S5a
~and 5b). ‘Uncertainty in the solid angle and momehtgp‘acceptance
of the system constituted the major soufce'of error in the
absolute normalization of our data.

The factor Fl was measured‘directly during ourvcalibratiqn’
runs described above (sec. IV-A). More difficult was the
determination of F2° - The ion chamber ﬁad been calibrated to
read out thé,number of singly-charged minimﬁm-ionizing particles
passing through, even though whatvit really measures is the charge.
| produced in it. Since the charge produced depehds on the type
of beam pafticle and its energy, we had to recalibrate the ion
chamBer for each beam pafticle type and energy. In fact, the
reading may be incorrect even fbr singly—charged minimum-ionizing

particles; because of either a change in the chamber since the
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time it was_calibrated or an incorreCf initial calibration.

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

Fs 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 beryon data. For pions, corrections for
decay in flight and contamination by muons and electrons Qere
most important.

To calculate the effect of pion decay, we let NO be the
number of pions produced in the target, N(x) be the number
remaining é distance X from the target, t be the pion propef

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/YT

Noting that t = x/v = x/Bc = Ex/pc = myc2x/pe, we get

_x_ [mc?
cT (pc

N(xX) = Npe

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

N(x) = Nge~L7-89x/pc
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so No - N(x)e17'89 x/pc
In addition to the decay correction there is a correction
due to lepton contamination. A muon which reéults from the
decay of a pion after the Cerenkov counter will strike S3 and look
exactlyAlike a pion, so we ignore them. Cbnséquently we can write

for the number of pions created

' _ 17.89 x/pc
Np = (Neoean Nlepton)e
where Ntotai is the total number of particles detected, while
Nlepton is the number that were leptons. The appropriate value

for x is the distance from the production target to the Cerenkov
counter, 34.137 meters.

Our‘measured values for the lepton fraction are summarized
in Table 1. The contamination is especially large for the case
of electrbns from Cu and Pb targets, as much as 50% at 500 MeV/c,
most likely because of conversion of y's from 70 decay. Unfortu-
nately, the data being rather sketchy, it was necessary to make
a model to calculate lepton contamination where there were no .
measurements. If we éall L the lepton fraction and assume L
depends oh Beam energy and target but is the same for d‘and‘a
beams, we can try a parameterization of the form

L=Ace %P 4 A %P
e u

for the electron and muon parts. Here p is the momentum. Fig. 11
shows a plot of lebton 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 correétions need to bé mentionedt
absorptiqn‘énd energy loss in the targets. For SIOW, heavy
secondaries, energy loss is the major correcfion facfor. For
Be and C targéts this effect is only about 7% in fhe worst case,
but for.Pb and Cu targets there is a 14% effect for 750 MeV/c
34 and almost a 20% effect for He at 1000 MeV/c.

In contrast, absorption is a much smaller effect; The
fraction of particles that are absorbed is given approximately
by .pNL/ZA'oabs where Tibs is the absorption cross section.
This is about 5% for pions in copper and about 1% in Be. For
the case of béryons, absorption is at worst about 8% for a

particles in Pb -

D. Sourcés of Error

Probabiy 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 iﬁ the results. ;In this experiment there were,a‘variety
of systematic errors whiéh affect the final data in very different
ways, fanging from an effect on the overall normalization of all
data points to pulse-to-pulse variations affeéting the data's
sélf consistehcy.

The:two major problems affecting the determination of the
data's overall normalization were the inability to directly measure

the system's solid angle and momentum acceptance, and the difficulty
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in deterﬁining the incideﬁt flux. As mentioned above (sec. I1II-B),
since there was essentially no access to the secondary beam line |
between the production targets and the‘intermediate focué, 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
esfimated by its authors at £20% in determining acceptances.

Most experiments that utilize high intensity primary beams, -
that is intensities which make it impossible to counf individual
beam particles, suffer from errors in the range of 10%-20%
associated with the necessary ion chambers orbsecondary emission
monitofs.» For us this was not a great problém because we were
able to calibrate our ion chamber against a pgir of scintillators
“in the beam. By using a carbon beam with a charge of six pfotén
A charges; we found that the intenSity ranges of the ion chamber
and scintillators overlapped. In fact we found that the intensity
as measured by the IC was about 13% less than that measured Qith
the counteré. So it is likely that the errof-invblved in
- determining the incident flux is small compared to the error

associated with the acceptance calculation.

data with‘other experiments; they do not cause any internal
variation in the data and sb aré perhaps-léss_troublesome than
the types that do. Among these more troublesomé kinds are
stegring 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 problemé'associated'

with high ratesin the detection system.

Steering and focusing of the primary beam éffect the
data in fwd‘possible‘ways. First it is possible that not ali
of the incident beam strikes the target, and second the
production angle might be changed. We did several»thingé to
keep this prbblem to a minimum. During data taking we checked
the beam condition before and after every target change, typi-
cally every 5-10 minutes. When the Bevatron seeméd exceptionally
unstable we recorded both monitor and ion chamber readings
during ruhning and checked each run for consistent monitor/IC
ratios. Finally, in order to get some quantitative feeling
for the problem, during one of the calibration runs we made

some measurements of the effects of intentionally missteering

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

produced by 2.66 GeV protons incident on Pb, displacing the
primary beam by 1/4 inch from the center line proddced 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 énd:fragment is multi-
ple scattering. The effect is greatest for the case of slow heavy
fragmeﬁts. 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 (62)1/2 gecreases
with momentum so that, when p/z = 2 GeV/c, (82)1/2 has decreased by a
factor of 3. Multiple scattering is significant if (62)1/2 5
comparabie to some angle which characterizes the angular dependence
of thevcross section. Since our data was taken at only one angle,
we must assume some angular dependence to estimate the significance
of multiple scattering. Heckman, et al.(21)~have found that in the

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

;60 into various nuclear fragments is given approximately by the form

~p2/2m 2 . . .
e m.. If we assume a similar form for the cross section away

from the fragmentation peaks, then for our case the angular depen-
. -25p292 '

dence is essentially e Ifp=1 GeV/c the distribution is

_a27a.2
o8 /80 11.4°. This is larger than the

fl

with 6g2 = 1/25 or 8¢ = 1/5
worst caée multiple scaitering angle (Pb target) by a factor of 4,
suggesting that for the exberiﬁent, especially for data with Be, C,
‘and even Cu targets, multiple scattering is rather unimportant.
Fiﬁélly 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 S1, the
, . . :

rate in Sl wasvsignifibantly larger than in 83, espeéially in
regions wheré the cross sections were very momentum-dependent;'that 
is, near the fragmentation peaks which were the regions of higﬂv
rates. Since S3 provided the s£art pulse to our time-to-amplitude

converter and S1 provided the stop pulse, with high rates there was

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

from the start pulse, thus producing background, Generally our

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

instances this background was very sighificant. For example, the pro-
ton production cross section by 1.05 GeV/nucleon alpha particles is
very large at a momentum of 1.75 GeV/c, more than-1500 times the size

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

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

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

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

ground was severe, 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, ei and ui were measured only to the ek-
tent necessary to determine the contamination of the pion data. We first
discuss the pion production results, then move on to the data on the

heavier fragments.
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B. ~ Pion Production

The measured cross sections for n production by protons
Iare sﬁmmarizéd in Tables 2-8. Tables 9 and 10 give the results
for dsuteron beams, Tables 11 and 12 for alpha beams, and Table
13 for a 12C Beam. All thé corrections discussed in Sectiqn v -
above, Iepton contamination, decay in flight, and absorption
in the target have been applied to the data.

Plotted in Fig. 13 and Fig. 14 are the data on m_ and"n+
productién by protons on carbon.. The 1.05 GeV/nucleon deuteron
and'alpha results are pldtted in Fig. 15, aloﬁg with the 1.05 GeV
proton data for comparison. Fig. 16 shows simiiar data at
2.1 GeV/nucleon. The effects of the kinenatic limis discussed
in Section II-A are evident in these three figures: the 1.05
GeV proton data cuts off at about 1 GeV, while the spectra from
1.05 GeV/nucleon deuterons and alphas extend far beyond 1 GeV/c.
The 2.1 GeV/nucleon results show similar features.

The Lorentz invariant cross sections E/k2 d2¢/dadk for these
processés are plotted against the scaling vafiabie x' in Figs.
17, 18,-and 19. Here x' is the usual x' = k;/(k:)max, where the
asterisk denotes center-of-mass. The quantity (k:)max is found
by calculating the missing mass for the reaction beam + target > 7w +
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 = spectra tend to fall
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‘on top of each other. Scaling is familiar from higher energies;
though here the crqss sections show approximate scaling all the

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

and cbmpares them with results of other experimehts(15’16’17) at

highef.ehergies (12, 19, 24 GeV) the agreement is quite good.

One must remember in looking at these data that the
measurements were made at fixed angle in the lab, 2.5°, rather than
fixed tfansverse moméntum. Consequently k;, varies from 22 MeV/c

at k" = 500 MeV/c to kl= 210 MeV/c when k1T = 4.8 GeV/c. If we

assume a transverse momentum dependence(14) of e-5 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 deuféron and alpha
induced spectra in Figs. 18 and 19 show this is the case.

Whiie the = data in Fig. 17 show appro*imate scaling;_
the data does not. ‘fhis might be expected éince'at higher
energies fhe reaction p + p » m + X scales much earlier than
pt+tp-~ o+ X- This agrees with the general observation that
reactions requiring "exotic' exchanges in the t-channel scale
befqre'those which require non—ekotic_exchanges.

Compafing the proton data in Fig; 17 with the deuteron and
alpha dafa 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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increasés; 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 régard
a nucleus as eiementary in the sense of a proton, then one
might expect protons and light nuclei to behave similarly at
equal Egggl kinetic energy. We show in Table 14 the results

for the ratio
d?oc
dQdk

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

(doa + C » 7~ + X)

Rd,a(x') -
P+C>m +X)

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

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

fesult 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 uﬁderstand the effects of Fermi momentum Qe 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 préduction cross sections.
The funcfion Wd(E,EO) was derived from a standard Hulthen wave
function ¢(a) = Cl{l/(q2+a2) - 1/(q2+62)] with a = 45.7 MeV,

B8 = 5.2a. C, is chosen to give the right normalization.
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w§ve functions for alpha particles aré muéh hardef to
. come By,  The usual meaéured"quantity_is thé:form factor for’
electroﬁ scattering off\He. -This is in turn-rélated to the'éharge
distribution of the alpha particle by way of a Fourier transform.
In order to find a function wa(ﬁ,ﬁo) we made the follbwing
assumptionéz that ihe configuration space alph# 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)
and numerically performed.the necessary Fourier transforms to
calculate ¢(H).
The data for the reaction d + C » n~ + X at 1.05 and 2.1

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

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

the reéults for an alpha particle beam. The shielding factor

waé set edual to one, ieaving no adjustable pérameters in the
caiculation. The agreement in the case of the deuterons is.
striking. For the alphas the agreement is good at the lowef
momenthm,but there is only qualitative agreement at the higher
momenta. When interpreting these results it mﬁst be.kept in mind
that the predictioﬁs of the model for high momentum pions are
very dependent on the high Fermi momentum components in the
function W which are not very wellvknown. Considering strong
assumptions involved in the above method for determining Wa’ it
would be Surprising if the model and the data were in very gqu

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 Qithout invoking a
description in terms of collective effects. for'alphas, given the
accuraéy»of,the function W, one can say that the data is consistent
with there being no large collective effects involved.

‘These conclusions also disagree with some recent results from
Duﬁna,(zo) where Baldin, et al. measured pioh production at 180°
using 8.4 GeV/c deuterons incident on various targets. They claim
to see much more pion production than could be explained by Fermi
momentum alone. Their results are, of course, in a very different.
kinematic region, though it would be quite straﬁge 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.

Anothér thing that would be Qery useful would be extensive data
on pioﬁ 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 expectAéuqh effects to be larger for heavier
beams whiie Fermi mbmenta‘would be relatively unchanged. This would

(Zo)lwhere,‘by looking at backward pions,

check the Dubna experiment
they have essentially reversed the roles of beam and target.
We next examine the target dependence of these reactions.

Fig. 22 shows th cross section for mn~ production by 2.1 GeV/nucleon
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alphae on‘ﬁour targefs: 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 Z 1 GeV/c, suggeéting that the
particles are "beam fragments.' |

Tne nagnitude of the cross sections depends, of course, on
the atonic mass A of the target. Fig. 23 shows the cross section
for producing negative pions of a particular momentum as a
functionlof A of the target. For momenta 21 GeV/c the data has
an Al/s‘dependence, suggesting a sort of peripheral production
mechanism{ At lower momenta the A dependence increases, implying
that slower pions are produced in more central -collisions. |

Another interesting question bearing on the_pion spectra is 
that of charge symmetry. Since deuterons, alphes, and 12C are
all isospin O nuclei, in collisions of deuteron and alpha beams
with carbon, equai numbers of 7' and m  would be produced if
charge independence is valid. Table 15 lists the results of thev
ratio Of,n+/n' production for 2.1 GeV/nucleon beams. There is no
evidence of violation of charge independence to the level of
precision of the data,.ilo9'

One f1na1 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

energetlc plOnS, after all, the kinetic energy of 2C at 2

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

the Fermi momentum is avallable for maklng super-energetic pions, and

that alone is not enough. Even if there are 51gn1f1cant 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 N

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

C. Baryonic Fragment Production

The heavy fragment production cross sections are summarized
in Tables 16-47. Unmeasured cross sections'afe listed as zero in
the tablés. 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 cﬁmbersome to include
the effect there.

The Lorentz invariant cross section for 1.05 GeV/nucleon
alphas fragmenting into p,.d,vsﬂe, 3H, and 4H¢ is plotted in Fig 
24 as a-fuﬁction 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 significanf.
productioﬁ of deuterons, tritons, and 3He. Since the data were
taken at fixed angle in ﬁhe 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, comparéble.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,_ﬁﬁiié thé 3He'and' 3H peaksvare down by a factor of 3. Neverthe-
less, thé invariant crosé sections for fragmentation into 3He, deuterons,
ahd profbns are within about an order of magnitude of each other. They
are approximately in.the ratio 1:3.5:11.4.

If instead of plotting the data as a function of laboratory
momentum one plots it as a function of rapidity y, Fig. 25
results.L'S¢vefa1 features stand out:

1) The peaks of the distribu;ions all occur at the same

fapidity%the rapidity'of the beam pafticle.

2) The widths of the distributions decreasé‘as the mass of

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

-all the distributions have comparable_widths'ih momentum.
Since incréasing mass means decreasing y for fixed
mémentum, the distributions for heavier fragments should
be narrower in y.

3) The diffractive fragmentation peak is well separated

from the target fragmentation region and stands out_‘

-giearly from the central.region.

Similar featureé are evident in the fragméﬁtatibn of
deuteronsi_iFig. 26 shows thé‘Lorentz invariant éross section
for ;he fragmentation of 1.05 GeV/nucleon deuterons on carbon.

Here the production of 3H and 3He decreases rapidly with momentum,
as one would ekpect @f these particles were being punched out
of the target. Pick-up processes are infrequen; since in order

for them to occur the momentum of the nucleon in the target
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"pickéd up'" would hayé to be comparable to the momentum per
nucleon of the beam ﬁarticlé;‘in this case.about 1.75 GeV/c.
Thé 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 deuteroﬁ
Iis more loosely bound than an alpha. The deuteron distributioh
is similar to spectra from other inelastic scattering processes.
There isra sharp elastic peak, a quasi-elastic_éhoulder, and a
""deep inelastic'" region.

It“ié interesting to try to apply the model we used for
pion production to the proton production spectra. In terms of
the diggram shown in Fig. 3, this means substituting a proton
for the outgoing pion. In this case equation .5 becomes,

neglecting the possibility of charge exchange,
- > > > -»> > .
oy’ (o, K) = Zfopp(p, K) W(pg, ) d% (7)

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

‘the cross section for the process of p + C > p + anything. Instead
we try only to calculate the cross section in:tﬁe neighborhood of
the proton peaks and use the elastic scattering cross section for
ogc. In other words, we visualize the peaks to be the result of
elastic scattering, smeared out by Fermi momentum. We use the same

functions for W as in the pion case. The elastic p + C scattering
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cross section is do/dt = 7.5e85%(barns/(GeV/c)2). Since this
cross section falls very rapidly with moméntum.trahsfer, we
can make the approximatiqn that k,, = p“‘and that the energy

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

reduces to t = —(é‘ - i;)z. Then after insertihg a §-function

ky) under the integral in eq. 7 it reduces to

2
‘(pa_'kj_) 65 .
27

o=12 IRLdZE‘W(k, Py> Po) 7.5e

' -130p, kycos¢
- -65(p 2+k,_2)J doe LKL
= Z JPLdPLw(k: P‘s PO) € 4 0 :
The integfal over ¢ 1is the modified Bessel function %'10(130P;k1)-

The remaining integral over p must be done numeri-

.caily. ‘The results of the calculation for deUtéron and alpha

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

‘ production, the agreement between the calculation and the déta is

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

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

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

deuterons implies that it should be applicable to heavier pro-
jectiles. tIf a function W could be found whiéh correctly
predicted both,the‘proton distriﬁution and the pion production
specfra, -it would be a stfong candidate for ihe'correct internal
momentum distribution of the alpha. 1f carrie& outvin.a
systematic way with measurements not limited to lab anéles of

2.5°, ekperiments 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 qﬁéstions of limifing fragmentation andvscaling. Sincé in
fhisfexperiment we look at particles in the lab with momenta
2.75 GeV/c, the applicable §fatememt of limiting fragmentation
i's that the cross section for production mf slow.particles in
the restbframe of the beam is indépendent 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 péaks of the proton distributions at 1.05 and 2.1 GeV/nucieQn.
Unfortunately, since the lab angle is fixed_at 2.5°; the trans-
verse momenta at the peaks are different for the two energies,
making é direct comparison of the invariant cross sections
impossible. However, if we adopt the viewpoint of the model
discmssed above that in thé regions of the peaks we are seeing
basiéally 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 = 7.5e85t.
The proton peaks occur at 1.75 éeV/c and 2.875 GeV/c for 1.05
and 2.1 GeV/nucleon deuterons or alphas incident. Then
t = -ZkZ(i-cose) where k is the proton momentum and 6 = 2.5°

(43.6 milliradians). Since 6 is small, t = -k262, and we get

that at k = 1.75 GéV/c, tl = -62.0 x 10-% and at k = 2.875,
t2 = -167 x 10~%. Therefore the ratio of the invariant cross
sections o 65(tl'tZ) = 2.0

1.05 GeV/nucleon/GZ.l GeV/nucleon =
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We can compare two reactions: d + C -+ p + X and

a+C>p+ X.~ Teble 49 shows this comparison for varieus
targefs at y = Ybeam® The'evefage for all.targets is

- 2.67 £ 0.48. The result is hardly undenieble proof of the
Validity of limiting fragﬁentation but it islcertainly

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

In tﬁe regions of the'rapidity plots away from the peaks,
the fragmentation cross sections are much fletter but still
decreaseves k (and hence kl) increases untii they approach
the region of the peaks. We could again try to ‘apply our
model using the inclusive cross sect;ons forp+ C>p+ X,
but tﬁis ealculation is”prohibitiveiy diffieult becauee of
the unkﬁoWn angle dependence and our limited data on energy
dependence of these cross sectione. 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 mekes aﬁy strong
statement impossible. Performing the experiment at a range of
angles would be very illuminating here.

As for tﬁe energy dependence of these plateau regions, it
is not clear that one should expect them te be energy independent
on the basis of scaling. In the high energy ""elementary
particle" domain where one looks at reactions iike P*P >+ 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‘centrai‘region.'
Since thé'multiplicity seems to grow logarithmically with the
energy, aﬁd the length of the rapidity plot also grows logarithmi-
cally, the number of pions per unit rapidity remains constant as
the enefgy goes up. In these heavy ion reactions, on the other
hand, as the énergy increases the rapidity gap between beam and
target fragmentation regions grows, but one cannot create more
nucleéns in the same way one creates pions at fhe ISR. So with
a constant number of nucleons to fill an ever-widening rapidity
gap, one might expect the cross'sections in the central plateau
region to decrease with energy, and the effecf should be greater
for reaétions like o + C ~» 3He + X than for o + C - p + X.
Figs.»28‘and 29 bear out this expectation. We are again faced
with non-constant k , which produces the same effects, so no
_ certain:COnclusions can be drawn about scaling.
We turn next to the question of target dependence. For
Be, C, and CH2 targets the shapes of the spectra are virtually
. identical; as would be expected since these targets are very
similar;  The only very different target we can compare to is Pb.
In the regions near the peaks, the spectra have the same
shape for all targets. If one assumes a power law behavior where
the cress section is proportional to AN where A is the atomic
mass of the target and N is some power, then near the peaks,
N = 1/3 for all fragments as for the case of pion production.

1.(21)

This differs from the results of Heckman ét a who found
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that ﬁithiheavier beams, such ag 16O that the target depéndence
was approximately'A0’26.

At lower momenta the power N increases, especially for the
heavier fragments. We have plottéd in Fig. 30 the power N as
a function of momentum for the three reactions a + Nucleus -
{p, d, 3He} + anything. 6ne ﬁan see that in the case of 3H
producfion, the power N is about 2 at 750 MeV/c,gfeéter than the
geometfic A2/3,

_Finally, wevexamine the results onifragmentation of 1.05
GeV/nuclgon 12C on carbon and copper targets. Tables 50 and-
51 list the cross sections for prodﬁction of-p, d; 3H, 3He, and
*He while Tables 52 and 53 give the results for Li, Be, B, and
C fragments. | |

Fig. 31 shows a plot of the invariant cross sections for
carbon on carbon vs.'labotatoty momentum, :It'is very reminiécent
of the results on fragméntation of alphas. - In the péak region

2C beams are essentially identical,

the proton spectra from o and 1
asvare.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-—SHe peak:is significantly -
wider in the case of a 12 beam than in the case of an alpha beam.
This ié'feasonable‘since in an alpha particle‘a triton or‘sHe can
only recdil 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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126 there is much more SH and >He prodUction in the central region
compared to the peak than in the case of alphas, a fegture that
would be inferesting to study a§ a function of energy and angle.

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

where again the invariant cross section is plotted against thé
lab moméntum. Here the 2.5° production angle is very significant.
In the.area bf_the 6Li'péak,*near 10 GeV/c the transverse
momentum is about 440 MeV/é while for "Be and 1% it is about -
525 MeV/c and 760 MeV/c. So to produce thesebfragments at
2.5° reduires either:very iarge 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 funcfion of energy and:

angle and thereby to directly measure transverse momentum effects.

VI. Summary and Conclusioné

A vast amount of data was collected during this experiﬁent.
.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
experiméht. 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 f.orlvr+ pfoduction by
protons. Charge symmetry has been verifiéd: the ratio of
producfioﬁ cross secfions of 75 and n” is 1 for deuteron and
alpha beams on a carbon target. The target dependence for faét
pion pfoddction is appro§imate1y A1/3, increasing toward A2/3
for pion momenta near 500 MeV/c.
" As forAproductioh of particles with baryon number 2 1,

the déta is consistent with limiting fragméntatidn of the
projeétilé. This conclusion, along with ailidthers here, 1is
modelidependent because the experiment was performed at fixed lab
angle“rather than fixed transverse momentum.

Regarding the spectral shapes of reécfions 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 pfediction;bf a flat région_at fixed k, , though our inability to seba-
rate out the k, dependence makes a stronger conciusion impoSsiblé.

The independent particle model used to discuss pibn produc-
tion doés a fair job of describing the fraémentation of deuterons
into'pfotons, though it does badly in describing)alphas fragmen-

ting into protons. This may again be due to a poor choice of the
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alpha wa&e function. It seems that this model,'together with ;
comprehensive ﬁeasurements of both pion production and beam e
fragmengation cross sections could result in avpowerful 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.

‘Ceftainly thé questibns raised in the_introduction to this
thesis have nbt been completely answered. Névertheless, we hope
that it.has been a useful introductory survey of this kind of
physics'ﬁhich has a great potential in helping us understand

particles and nuclei.
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Appendix

Ion Chambér Calibration

In order to determine the flux throuéh the ion chamber and there-
by the flux on the target, it is necessary to relate the flux
of pafticles to the charge collected by the ion’chamber.b The
characteristics of the chamber are as follow;, 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/cm3f The distance x travérsed'by a partiéle pagsing
through the chamber was 3.175 cm.

If we define £ = px, then £ = 5.515 X 10“3g/cm?. Furthermore,
if dE/dE is the rate of energy loss of the incident particle; then
the total energy loss per partiéle is AE = dE/dE-E. So the number
of ion pairs produced in the argon by each beam particle is
NI = AE/€ = dE/dg-£-1/€ wheree is the energy required to
produCe'an.ion pair.

Tﬁe electrometer is calibrated to read iO particlesbwhen the
charge collected is 6.3 x 10”9 coulombs. So if one beam particlé |
traverses the chamber and creates a charge Q;‘the.electrometérﬁwill
read

108

' 1
—_——— Xx Q= 2.54 x 10" E =
6.3 x .10-9 ‘ & -€

Using € = 26.4 eV(ZZ) as the energy to prbduce an ion pair in Argon,wé

find if one particle passes through the ion chamber the electrometer
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- will read .531 dE/dE where dE/dE is in units of MeV-cm?/g.

In the text we defined the function 22F,"(E) = (ion chamber
reading)/ (number of particles traversing ion chamber), which is the
same function as that calculated above, ZZFZ'(E) = .531 dE/dg.

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

and energies using standard values for dE/dE.(zs)
Z2F,' (E)
for
Beam 12
Kinetid Part1c1¢ | P d Coa 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
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‘The factor F3 defined in section V-B waS,determinea by
placing two thin (1/8") scintillation_countersAin the beam
downstream of the ion chambef. The scintillators,

equipped with RCA8575 pho;omultiplier.tubes, §howed
no pulse sagging even at rafes of 1.5 x 10%/second. Using

a 1.05 GéV/nucleon,IZC beam we cdunted scinfillation counter
coincidences and compared them with the ioﬁvchamber reading.
From Tab1e Ai one expects a ratio R = ion éhamber/scintillatof
coincidences = 30.3, independent of intensity.,.There was
however a slight intensity dependence as well as a small effect
dependiﬁg 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 leéét-squares fit
was made to the intensity dependent data and.extrapolated to
zero.intensity resulfing in a ratio R = 26.4 tFO.S; so.

F3 = 26.4/30.3 = 0.87.



u 77

)

g v é{ g U b
-61-
MOMENTUM b _TARGETS
" (GeV /<) LEPTON [~ _ ] ,
: Be 1/4" | C 1/4" Cu 1/4" | Pb 1/4"
, 1.73 GeV Proton Beam
0.5 e |5.1620.23 |5.73£0.23 |24.7+0.5 | 29.9:0.6
0. e” . |2.64%0.16 |2.97+0.17 |5.440.23 | 6.90+0.26
1. e 11.49%0.12 [1.600.13 [3.90£0.20 | 4.160.20
©1.25 e [0.69+0.08 |0.68%0.08 |1.21:0.11 | 1.44%0.12
W [5.33%0.32 |4.91%0.33 |5.56£0.40 | 4.39£0.43
po .24%0.27 [5.36+0.29 |4.66+0.31 | 4.85+0.36
1.25 - |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 [12.0t0.4 [44.2t0.7 | 54.1:0.7
0.75 e |5.39%0.23 |6.27%0.25 [24.7+0.5 | 31.4%0.6
0. e |4.43%0.21 |5.15%0.23 |18.6%0.4 | 23.3%0.5
1.0 e |3.39%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 [7.31£0.27 | 9.50%0.31
0.9 u .7020.42 [8.60+0.43 |6.65+0.66 | 7.07%0.73
.0 uo .55£0.38 |8.25+0.39 |7.08%0.59 | 5.23+0.66
1.25. u .00£0.31 |7.4120.33 |7.2120.47 | 7.44%0.5]
.

Table 1. Percent Lepton Contamination in n~ Signal
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MOMENTUM TARGETS
(GeV/c) LEPTON _
Be 1/4" C.1/4" Cu 1/4" | Pb 1/4"
4.2 GeV Proton'Beam
.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| 27.2+0.5 |35.0£0.6
. e |5.2320.23 | 5.89%0.24 21.420.5 |28.5:0.5
.0 e |3.73+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 uw  |8.14%0.39 | 6.45+0.40| 6.82+0.60|5.91+0.72
1.25 y | 6.48+0.32 | 6.54+0.32| 5.39+0.51|5.83+0.57
MOMENTUM - TARGETS
[ (Gev/e) LEPTON
LGeV/e) | "7 ] Be 174" | - C 1/4"  |CHy(0.52")| Pb 1/4"
: 2.1 GeV/nucleon Alpha Beam
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 |1.7140.13 | 1.82%0.13| 4.43+0.21
1.25 e~ 10.62+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 uo | 6.3740.30 | 6.67£0.32 | 6.48+0.32 5.73+0.38
1.25 u~ 15.52+0.26 | 5.48%0.26 | 5.61+0.26| 5.58+0.31
1.5 o uw~ | 3.5040.57 |3.40+0.35 | 4.30+0.60| 4.20+0.61
1.75 u- 13.63+0.33 |4.35$0.60 | 4.15:0.60] 4.05+0.54
Table 1. Continued.
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MOMENTUM TARGETS -
LEPTON
(GeV/c) :
a Be 2" c 1" Cu 3/8" Pb 1/4"
1.05 GeV/Nucleon Déuteroaneam
1.0 e” + u- -- 5.58+0.23 |  -- -
1.25 e "+ u~| 4.13+0.56| 3.67+0.42 | 3.94+0.82 | 5.95+1.24
2.1 GeV/NucIeon Deuteron Beam
1,0 |e” + u7| 8.14%0.06 | 8.03£0.06 | 9.14+0.07 | 9.35£0.07
1.5 e + u | 4.55+0.15{ 4.41+0.15| 5.14+0.16 | 5.23+0.16
2.0 . e + u | 3.52+0.13| 3.49+0.13| 3.62+0.19| 3.39+0.18
2.5 e +u | 1.76+0.09 -- -z --
2.1 GeV/Nuclebn Alpha Beam
1.0 e + u | 8.48%0.29| 8.16%0.28| 10.2+0.32| 11.3%0.34
1. e + u | 5.13%0.23| 5.17%0.23| 5.35%0.23| 5.210.23
2.0 e + u| 3.79%0.19| 3.95+0.20] 4.08%0.20 | 4.74%0.22
Table 1. Continued.
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Pion n= Production S Pfoduction
Momentum Target
(GeV/e) dek(mb/sr/GeV/c) de}\(mb/sr/(JeV/c)
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 + 1.2 140. + 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 ' o
0.7 C 4.10 *+ 0.24 I
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 | 41.2 £ 1.2
0.9 Be | (2.92 % 0.31)x10" 1.69 * 0.04
0.9 C (3.06 + 0.39)x107 " 2.04 + 0.06
0.9 Cu (6.40 + 0.27)x107} 3.52 + 0.13
0.9 Pb | (8.80 £ 0.45)x10"" 1 4.03+ 0.19

Table_Z; "Pion Production cross-sections
Beam = 1.05 GeV Protons

Errors quoted are statistical only.
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_m~ Production

- w* Production

Pion
Momentum | Target do do -

(GeV/c) ' : dek(mb/sr/Gev/c)__ Taqr b/ sr/Gev/c)

.95 . Be | (2.88 + 0.50)x107° -

.95 C (2.81 + 0.61)x1072 --

.95 Cu (5.42 + 1.06)x107° -

-1

.95 Pb (8.34 + 1.86)x107" -

. R I A RS

Be (4.84 * 1.96)x107° | (1.29 £ 0.64)x10
c (3.70 + 2.13)x10™> [(0.987 + 0.700)x10"}
cu | (7.71 £3.14)x1073 | (2.93 £ 0.67)x107"
Pb (19.3 *8.6)x10 "3 | (3.70 + 1.07)x10™"

Table 2. Continued.
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Pion .m~ Production m+ Production
Momentum | Target
(GeV/c) dek(mb/sr/GeV/c) dek(mb/sr/(,LV/c)
0.5 Be 21.1 £ 0.3 . 44.9 t 0.8
0.5 C 24.9 + 0.4 57.1 = 1.1
0.5 Cu 60.4 + 1. 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. t 4.
Be 8.02 + 0.12 39.7 + 0.5
C 8.60 + 0.14 51.7 + 0.4
1.0 Cu 17.1 ¢ 0. 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)x107 " 1.48 + 0.05
1.5 C (4.19 £ 0.17)x1071 1.78 + 0.07
cu | (10.1 + 0.4)x10”} 2,99 £ 0.17
1.5 °b | (18.1 + 0.7)x107" 4.16 + 0.30
1.625 Be (4.46 * 0.30)x10'2 -
1.625 c (5.02 + 0.25)x1072 -
1.625 Cu (7.88 + 0.41)x107 % -
1.625 Pb | (17.7 * 1.7)x10 2 -
Table 3. Pion Production Cross-Sections

Beam =

1.73 GeV Protons

Errors quoted are statistical only.
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L 7~ Production m* Production
Plon : ‘
Momentum ( Target do ' do
(GeV/c) _ aﬁaf(mb/s?/GeV/c) aﬁai{mb/sr/GeV/c)
1.75 Be (4.05 + 1.20)x107> --
1.75 C (6.84 + 1.97)x10™> _-
1.75 cu |(21.2 + 4.5)x107° -
1.75 Pb . |(20.2 *+ 6.7)x107°> --

Table 3.  Continued.
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Pion , o Production ) m¢ Production
Moo | Target S0 (mb/sr/Gev/c) | o(mb/sr/Gev/c)
.5 Be 24.5 + 0.2 37.7 + 0.7
.5 C 28.9 + 0.2 47.8 + 1.
.5 Cu 68.2 + 0.6 78.6 + 2.0

.5 Pb 122. + 1. 118. +
.65 Be 22.9 % 0.1 --
.65 C 27.0 + 0.2 -
.65 Cu 58.4 + 0.5 -
.65 Pb 108, £ 1. --
.75 Be 22,7+ 0.1 60.1 + 0.8
75 C 26.9 + 0. 97.4 + 1.1
75 Cu 57.4 + 0.4 131. + 2.
.75 Pb 100, * 1. 194, + 4.
.9 Be 19.7 + 0.1 --
.9 c 22.3 + 0.1 --
9 Cu 44.6 * 0.3 --
9 Pb 77.6 £ 0.6 --
.0 Be - 76.9 + 0.7
c - 97.4 + 0.9
. Cu - 157, * 2.
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'Prbduction Cross-Sections
Beam = 2.1 GeV Protons

. Errors quoted are statistical only.
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m~ Production

n* Production

Pion )

Momentum | Target do d ..
(GeV/c) 8 » aaai{mb/sr/GeV/c). ,aﬁgi{mb/sr/beV/c)
1.5° Be 4.08 + 0.03 11.3 + 0.1

5 C 4.25 £ 0.04 13.4 + 0.2
Cu 8.08 + 0.09 21.4 + 0.4
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 -

1.875 C (4.63 + 0.10)x107} -
1.875 Cu (7.48 * 0.24)x107} -
1.875 Pb.  |(13.1 + 0.5)x10 ~! -

Be (1.09 + 0.12)x1072 -
¢ {(1.10  0.15)x10"° -
Cu (2.90 + 0.45)x1072 -
Pb (3.32 ¢ 0.76)x10'2 -

Table 4. Continued.
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Pion i Productibn
Momentum . do - . . o
(GeV/e) ‘Target Tadic(mb/st/Gev/c)

.5 Be - 25.9 £ 0.1
.3 c . 31.7 0.2
.S Cu - ' 73.8 + 0.4
.5 “Pb 134, + 1
-75 ~ Be ©25.1 + 0.1
.75 C 30.9 + 0.1
.75 Cu 7 67.1 £ 0.3
.75  Pb ' 125. + 1.
.9 Be 24.0 £ 0.1
.9 C 29.0 + 0.2
.9 Cu 60.3 + 0.3
.9 Pb 111. # 1.
1.0 " Be 22.8 + 0.1
1.0 C S 27.2 £ 0.1

1. Cu 55,6 £ 0.2

1.0 ° . Pb 1 99.4 + 0.5

1.25 Be 15.6 * 0.1

1.25 - C _ 17.8 + 0.1

1.25 o Cu " 33.9 + 0-2

1.25 Pb 60.4 + 0.3

1.5 Be 9.11 * 0.04

1.5 C ' 10.31 * 0.04

1.5 Cu 19.5 + 0.1

1.5 Pb ' 33.9 + 0.1

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

Errors quoted are statistical only.
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. 7= Production
Pion da _
~ Momentum ' _do

(Gev/c) Target dek(mb/sr/GeV/c)

- 1.75 Be 5.98 + 0.02

1 1.75 C 6.55 + 0.03
1.75 Cu 12.2 % 0.1
1.75 Pb 22.0 + 0.1

- 2.0 Be ~ 3.86 + 0.02
2.0 C 4.01 + 0.02
2.0 Cu 7.46 % 0.04
2.0 Pb 14.2 £ 0.1
2.125 Be 2.33 + 0.01
2.125 C 2.32 + 0.01
2.125 Cu 4.36 + 0.03
2.125 " Pb 8.72 *+ 0.07

©2.25 Be 1.23 + 0.01
2.25 c 1.11 + 0.01

2.25 Cu 1.96 + 0.02
2.25 Pb 3.83 + 0.04

2.375 Be (3.02 + 0.03)x10™ 1
2.375 C (2.93 + 0.04)x107!
2.375 Cu (4.88 + 0.09)x10™ 1

2.375 _Pb (9.82 + 0.20)x10
2.5 Be (1.33 £ 0.06)x10™°
2.5 C (1.62 + 0.08)x107°
2.5 Cu (2.71 + 0.20)x1072
2.5 Pb (6.03 + 0.48)x10™%

Table S._ Continued.
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(2.45 + 1.73)x10°

Pion m- Production
Momentum de
GeV/c 4o ot .
(‘ ) Target - Jagr(mb/sr/Gev/c)
‘ -5
2.625 Cu (1.39 * 0.98)x10
2.625 Pb >

Table 5. Continued.
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é n- Production
Pion ‘ v |
Momentum - —gg_
.5 Ny T
.5 c 2,02 0.
s o 126. + 1.
.5 Pb 6. + 2.
o be '39.7 + 0.2
o o 50.2 + 0.2
.75 cu 0.2 0
7 Fo 7218, t 1.
o be 37.7 + 0.2
0 : 47.7 £ 0.2
" 102. + 1.
o 186. * 1.
1.25 B L
Lo ¢ 39.8 + 0.2
1.25 cu 982 02
1.25 Pb 141. + 1.
» be 27.2 + 0.1
e ¢ 32,4 % 0.1
- - 63.4 £ 0.3
1.5 o S
2.0 Be 13.7 + 0.1
o ¢ 15.9 = 0.1
2.0 Cu 29.5 £ 0.2
- PO 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 dek(mb/sr/GeV/c)
2.5 Be 6.05 + 0.03
2.5 c 6.48 + 0.04
2.5 Cu 12.0 = 0.1
2.5 Pb 21.8 + 0.2
3.0 Be 1.00 + 0.01
3.0 C 1,986 + 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)x1072
3.25 Pb + 1.7)x1072

(21.4

" Table 6. Continued.
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Pion - m~ Production n+ Production
Momentum | Target d . d ;
(GeV/c) & aﬁgi{mb/sr/GeV/c) Eﬁgf(mb/sr/beV/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 - L 445, + 5,
1.5 " Be 42.0 + 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 181. + 1, 522. + 5.
1.75 Be -- 150. + 1.
1.75 C -~ 182. + 1.
1.75 Cu -- 315. + 3.
1.75 Pb -- 493, + 5.
Pion Production Cross-sections

Table 7.

Beam = 4.2 GeV Protons

Errors quoted are statistical only.
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Table 7.

Pion - Production ot Pfoduction
Momentum | Target do d
(GeV/c) & Jadk (mb/sr/Gev/e) | aﬁgi{mb/sr/GeV/c)
2.0 . Be 29.0 + 0.1 95.6 ¢ 0.7
2.0 C 34.7 + 0.1 118. + 1.
2.0 Cu 60.7 + 0.3 197, + 2.
2.0 Pb 110. ¢ 1. 326. + 3.
2.5 Be 15.3 + 0.1 139.8 £ 0.5
2.5 Cc 17.6 £ 0.1 49.1 + 0.6
2.5 Cu 29.7 + 0.2 84.9 + 1.
2.5 Pb 53.1 + 0.4 129, ¢+ 2.
3.0 Be 7.90 + 0.04 19.9 ¢ 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 79,79 + 0.30
3.5 C 1.87 + 0.02 13.0 *+ 0.3
3.5 Cu 3,33 + 0.04 24.0 + 0.8
3.5 Pb 6.20 * 0.10 35.6 £ 1.5
3.75 Be (2.13 + 0.04)x1072 -
3.75 c (1.92 + 0.05)x1072 --
3.75 Cu (3.98 + 0.14)x10™° --
3.75 Pb (7.45 + 0.33)x1072 --
4.0 Be (1.42 + 0.33)x10’3 --
4.0 C - (1.30 0.28)x10’3 --
4.0 Cu | (4.89% 1.07)x10™° --
4.0 Pb (10.3 + 2.7)x10’3_ --
Continued.
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Pion m= Production
Momentum _ _ do :
(Gey/c) Target aﬁai{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 * 0.6

1.5 C 79.5 + 0.
1.5 Cu 170. + 2.

1.5 Pb 274. + 3.

2.0 Be 52.0 + 0.5

2.0 cC 61.9 + 0.7

2.0 Cu 140. * 2.

2.0 Pb 188. + 3.

2.5 Be 27.7 + 0.

2.5 C 33.9 + 0.4

2.5° Cu 66.8 + 0.

2.5 Pb 102. + 2.

3.0 Be " 17.5 + 0.2

3.0 C 21.9 + 0.2

3.0 Cu 44.0 + 0.6

3.0 Pb 61.7 + 1.0

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

Errors quoted are statistical only.
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o 7~ Production

Pion _
Momentum o do . - '
(GeV/c) Target Jodk (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)x107°

4.5 C (4.12 + 0.19)x10"2

4.5 Cu (10.8 * 0.5)x107°
4.5 Pb (15.8 * 1.1)x107°

4.75 Cu (8.43 '+ 4,22)x10™%

4.75 Pb (6.62 * 6.62)x107%

Table 8. Continued.
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Pion | 1~ Production ﬁ* Production
Moment T
omentum arget _ a%%i{mb/sr/GeV/c) a%gi{mb/sr/GeV/c)
(GeV/e) _ PR ,
.5 Be 45.6 + 0.7 -
.5 C 47.1 £ 0.8 -
.5 Cu . 83.8+ 1.8 -
.5 Pb - 143, + 3. -
.6 Be 38.5 + 0.5 -
.6 C 37.2 + 0.6 -
.6 Cu 68.2 + 1.4 -
.6 Pb 112. + 3. -
75 Be 15.5 + 0.3 12,6 + 0.2
.75 C 15.8° ¢ 0.3 18.8 + 0.3
.75 Cu 126.1 % 0.7 32.5 + 0.4*
.75 Pb 42.9 + 1.3 35.5 + 0.9
1.0 - Be 1.09 + 0.04 1,887 + 0.040
1.0 o 1.06 *+ 0.05 1.35 + 0.07
1.0 Cu 1.85 + 0.13 1.97 + 0.12%
1.0 Pb 2.95 * 0.25 2.32 + 0.21
1.25 Be (1.11 = 0.11)x10'1' (1.11 + 0.17)x10'1
1.25 C (1.31 + 0.16)x1071 | (1.23 + 0.24)x10°
1.25 Cu (2.36 + 0.40)x10"1 | (2.50 + 0.37)x107"
1.25 Pb (3.13 + 0.70)x10"Y | (1.99 ¢+ 0.75)x107}
1.5 Be (7.98 + 1.54)x1o'3 -
C (11.6 = 2.1)x1o“3 -
1.5 Cu (17.3 * 3.0)x107° -
1.5 Pb | (27.9 * 5.8)x107° -

‘Table 9. Pion Production Cross-sections

. Beam = 1.05 GeV/Nucleon Deuterons

*Target CH2

Errors quoted are statistical only.
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n~ Production

m+ Production -

Pion-
Momentum ‘| Target do : do | 4
(GeV/c) dndk b/ sT/GeV/c) dek(Wb/Sr/GCV/C),
1.75 Be (1.44 £ 1.02)x107Y e
1.75 Pb (13.2 + 6.6)x10" --

Table 9.  Continued.




Beam =

2.1 GeV/Nucleon Deuterons

Errors quoted are statistical only.
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Pioh m~ Production ~n* Production

Momentum | Target do do

(Gev /o) . dgdk(mb/sr/GeV/c)v .dek(mb/sr/GeV/c)
0.5 Be 104.2 + 0.4 76.8 + 1.5
0.5 C 110.0 + 0. 84.8 + 1.9
0.5 Cu 1250, % 1. 121, + 2.*
0.5 Pb 544, + 2. 276. t 8.
0.75 Be 101.9 + 0.2 107. + 2.
0.75 o 117.9 + 0.4 114. + 2.
0.75 Cu 482. + 2. 135. + 2.*
0.75 Pb 616. * 2. 289. * 7.
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
1.25 C 50.6 + 0.6 51.8 + 0.8
1.25 Cu 97.0 * 1.4 78.8 + 1.1*%
1.25 - Pb 157. + 2.8 119. + 3.
1.5 Be 17.2 £ 0.2 18.5 + 0.3
1.5 C 19.4 * 0.3 18.9 * 0.
1.5 - Cu 33.1 + 0.2 28.6 £ 0.5*
1.5 Pb 54.0 £ 0.4 44.9 £.1.6
1.75 Be 8.08 *+ 0.11 8.17 *+ 0.28

1.75 C 8.29 * 0.13 8.64 + 0,22
1.75 Cu 19.4 + 0. 12.9 * 0.3*
1.75 Pb 29.3 + 0. 18.9 * 0.9

| . . ) . *T = H .
Table 10. Pion Production Cross-sections: “Target c 2
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pion- Ui Producfion m* Production
Momentum | Target | d :
oatsey || Gnaxtme/sT/Gev/e) Tdr Wb/ 51/Gev/<)
2.0 Be 2.25 + 0.05 2.95 + 0.14
2.0 C 2.59 + 0.07 2,76 + 0.11
2.0 Cu 4.56 + 0.06 4.74 £ 0.16%
2.0 Pb. 7.84 '+ 0.12 6.83 + 0.10
2.5 Be (2.37 + 0.13)x10° 1 --
2.5 C (2.55 + 0.18)x107 1 --
2.5 Cu (4.61 * 0.15)x107} --
2.5 Pb (7.98 + 0.34)x107} _=
3.0 Be (1.40 0.09)x10™2 --
3.0 C (1.77 + 0.13)x107 --
3.0 Cu | (2.56 + 0.32)x1072 --
3.0 Pb (4.87 %:-0.74))(10‘2 --
3.5 Cu (19.7 = 8.1)x10‘5 --
3.5 - Pb (9.48 + 9.48)x10'5 .-
*Target = CHy.
Table 10.

Continued.
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~ Pion . mT Production ~n* Production
Momentum | Target do do .
(GeV/c). dek(mb/sr/GeV/c) .dek(mb/sr/bey/c)
.5 Be 199.7 £ 4.0  78.4 % 5.1
.5 C 112. + 5. 105, * 7
.5 CH, 110. + 5. --
.5 Pb 340. + 19. -
.65 Be . 61.0 + 2.4 --
.65 C 63.2 £ 2.8 --
.65 CH, 62.6 + 2.8 -
.65 Pb 201. + 12. --
.75 ‘Be 45.0 + 1.8 --
.75 c 47.4 % 2, 53.6 + 3.6
.75 CH, 46.8 + 2.1 77.1 + 3.9
75 Pb 137. + 8. 99.6 * 4.6
.9 Be 13.4 + 0.7 --
.9 c 13.9 + 0.8 --
.9 CH, 13.9 + 0.8 --
.9 Pb 34.8 + 3.2 --
1.0 Be 7.21 £ 0.42 6.15 *+ 0.35
1.0 C 6.27 + 0.47 8.59 *.0.53
1.0 CH, 7.60 + 0.53 12.8 + 0.7
1.0 Pb 207 + 2.2 18.3 + 0.8
1.1 Be 3.52 +0.18 --
1.1 c 3.13 £ 0.21 --
1.1 CH, 3.22 + 0.21 --
1.1 Pb 8.99 + 0.95 --
Pion Production Cross-sections:

. Table 11.

Beam =

1.05 GeV/nucleon alphas

Errors quoted are statistical only.
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Pion n= Production nt Production
Momentum | Target do do ;
(GeV/c) Hﬁai{mb/sr/cev/c) aﬁai{mb/sr/cev/c)

1.25 | Be 1.12  0.07 | (9.18 £ 0.11)x10™"

1.25° C 113 +0.09 | (3.9 + 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)x107}

Ls Be (2.26 + 0.21)x107% -l

L c (2.11 + 0.26)x107} -

L CH, |(2.06 % 0.26)x1071 --

, PB | .(6.55 + 1.26)x107 --

1.5 |

. . . . , -2

Be | (4.49 +'1.67)x10 --

1.75 | -

Lys |y |39 o._94)x‘1o__2 --

L7s Pb | (5.89 + 3.40)x10” -

Table 11. Continued.
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Pibﬁ m~ Production n+ Prodﬁcfion
Momentum | Target do do
(GeV/c) dek(mb/sr/GeV/c) dek(mb/sr/GeV/c)
5 Be 168. + 2. -
.5 C 237. + -
5 Cu 439. + 6. -
5 Pb 703. + 11. -
.75 Be ©205. + 2. 192. + 9.
.75 C 276. + 3. 274. + 14.
.75 Cu 486. * 6. 493. + 29.
.75 Pb 746. + 7. 652. + 87.
.9 Be 211. + 2. -
.9 C 282. + 3. -
.9 Cu 454. + 6. -
.9 Pb 714. + 7. -
Be 196. + 2. 168. + 8.
C 256. + 2. 268. + 12.
Cu 455. + 5. 380, * 27.
Pb 644. *+ 6. 582. + 41
1.25 Be 109. ¢ 1. 95.7 + 5.2
1.25 C 142. + 1. 135. + 7.
1.25 Cu 234. + 3. 191. * 14.
1.25 Pb 347. + 5. 406. * 30.
1.5 Be 51.0 + O. 47.8 + 3.3
1. C 64.6 + 0. 65.2 + 4.7
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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Pi m~ Production #* Production
_ i10n o
Momentum | Target do . " do
(Gev/c) dek(mb/sr/GeV/c)- dek(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 182.8 + 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 t 3.5
2.0 Pb 35.6 + 0.5 28.7 t 5.4
Be 2.22 + 0.04 -
e 2.94 + 0.06 -
Cu 4.55 + 0.12 -
Pb 6.56 + 0.24 -
3.0 Be | (3.77 + 0.12)x107} -
3.0 C (5.09 + 0.19)x10™" -
3.0 Cu | (7.69 £ 0.37)x107} -
3.0 Pb | (11.9 * 0.72)x107} -
3.5 Be (2.26 + 0.27)x10”° -
3.5 C (2.67 + 0.31)x107° -
3.5 Cu | (4.47 % 0.57)x107° -
3.5 Pb (8.58 + 1.25)x10"° -
' -4
Be (8.99 + 4.02)x10 -
C (23.9 ¢ 10.7)x10’4 -
Cu (7.43 + 5.25)x10™% .
Pb | (18.8 * 13.3)x107* -

Table 12. Continued.
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‘Pion " m~ Production
Momentum " Target do
(GeV/c) - dodk (mb/Sr/GeV/c)
0.75 Be 115 + 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.

Beam

1.05 GeV/nucleon

Pion production cross sections

12C

Errors quoted are statistical only




Momentum
GeV/c . . ' o .
, .5 [75 1.0 1.5 2.0 2.5 3.0
IR
2.1 deuterons| —, . 1.73 1.58 0.37 |7.46x10-2 |1.67x10-2 | 1.99x10-3
4.2 protons N
1.05 alphas : -2 -3 _ _—
T2 provons 1.70 0.694  |9.11x10-2 |4.04x10 -- -

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

of equal total kinetic energy

-88-
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Momentum ' ' : ' -
GeV/c

75 1.0 1.25 1.5 1.75 2.0 Avg . , ' o

R . N » . : N ¢

d+C->n| .966 1.03 1.02 .974 1.04 1.07 [1.02

+

.03 ' o : i

+

a+ C>m .993 1.05 --- - l.or 1.08 - 1.03 1.02 + .04

_68_

Table 15. Ratio R for n*/n~ production by 2.1 GeV/nucleon beams



1.0%5 GEV PROTONS
TARGET = B8E

CROSS

‘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

16.

ERROR

ERROR
ERROR

E€RROR

ERROR

ERROR

ERROR

ERPOR

ERROR -

ERROR

ERROR

PLAB/Z
+500

.750

+920
1.§hn
1,250
1.500
1563
1,625
1.750
1.790

2,030

PROTONS

5.162E+01
6,TL8E=-01

1.187E«02
2.104E+00

1.679E¢02
3.376E¢00

2.071E+82
T.419E+00

2.731E¢2
8.063E+00

3.016E402
8.194€+00

241C7E¢02
6. 8L4EDD

1.858E+02

6.052E+00

T«069E+02

 44550€401
944536405

1.0891E+05

1.0819€-02
Le173E-03

DEUTERONS

3.425E+00
1.579€-01

6.580E+00
2,5336-01

1.031E¢01
5.908E-01

1. 412E+01
Se739E-91

1.603E¢01

5.672€-01

_ 141635011

1.026E400
0. '
0.

2.979E+01
3.487€-01

H=-3

5.143€-02

1.820£E-02

1.187€-01
2.977€E-02

2.560E-01

5.634€-02

2.889E-01
5.087E-€2

 1.289E-01
1.125€-02

HE=3

1.575€-01
24264E-02

1.L84E~0L
2.364E-02

9.824E~32
3.2925-02

0.

Qe

Be
0.

HE-&

=06~



1,05 GEV PROTONS
TARGET = BE

"CROSS SECTION »
‘CROSS SECTION ERROR

Table 16 (continued).

PLAB/Z

2,250

PROTONS

J.510€E-03
1,261€-03

DEUTERONS

1.765€-03

8.82T7E~0h

H-3

14110602
2.221€-03

HE=3

HE=&

-‘[6_

oo

.F -

L €



1.05 GEV PROTONS
TARGET = c

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
- CROSS

CROSS
CROSS

CROSS
© CROSS

CROSS
CROSS

CROSS
CROSS

SECTION
SECTYION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION

SECTION

SECTION
SECTION

Table 17.

ERROR

ERROR -

ERROR
ERROR
ERROR

ERROR

-ERROR

ERROR
ERFOR
ERROR

ERROR

PLAB/2

750

«908

~ 1.250

1.500

1,000

PROTONS
7.420E401

" 94 846E-01

1.554E¢02
2.894E+00

24191E+02
3.503€¢00

2.632€E¢02
9.,363E¢00

3.751E¢02
7.536€E+%0

3.,895€E+02
8,202E¢00

2,740€¢02
8.9646E400

2.567€402
8.388E400

1.171E*03
6.583E¢91

T+758E¢06
8.959E+833

3.659€-02
7.328E-03

DEUTERONS

5.374E+00
2,550E-01

9. 330E¢00
2.923€~04

1. 42901
8.356E-01

1.926E+21
5.552€-014

1.75LE¢01

~ 54205E-~01

1.708E¢01

 1.332E400

3. b6UESDL
b 191E-01

H=3’

T LTOE-02
2.826E-02

1.994E-01
3.780E~02

1,638E-01
Te36TE-D2

4.627E-01
6.420€-02

34396E~-01
5.286E-02

1.739€-01
1.618E-02

HE-3

2.7216-01
3.8386-02

2.706E-01
3.131€-02

1.6382-01
5.210€~02

E

HE=&

-76-
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1,05 GEV PROTONS
TARGET = CU

.. CROSS
. CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS
- CROSS
"CROSS

CROSS
CROSS

CROSS

.CROSS

CROSS
CROSS

CROSS
CROSS

SECYION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION

SECTION

SECTION

‘SECTION

SECTION

SECTION

SECTION
SECTION

SECTION
SECTION

Table 18,

ERROR -

ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR

ERROR

PLAB/Z
500

.756

«900
1,000
1,250
1.500
1.563
1.625

1.750

1.790

2.000

PROTONS

2.677€402
" 2,432E4090

ho214E¢)2
6.558E+80

5.009€E¢02
6.127E¢00

$,357€¢02
7.839€¢00

6,974€002
1.798E¢01

T.868E+02
1.832E¢012

6.809€¢02

20240E¢Q1

5.772E¢D2
1.908€¢01

6.8086E¢93
3.906€E¢02

1.,112€¢06
1.527E+05

3.058€-01
3.749€E-02

DEUTERONS

2,L07E+ DY
8.07%5E-01

3.425E¢01
7.3561€~01

3.692E+08
9.252€-01

be 231E¢ 01
1.703E+0C

3.687E+01
1.338E+00C

3.510E+01
3.105€+00

Lo T07€E¢0Y
6.716E~01

He3

3.890E-01

9. hk9E-Q2

9.323€-01
1.089€E~-01

1.399€+00
1.538€-01

1. 354E¢08
2.455€E-01

1.035E+0¢C
1+790E-01

3.502€E-01
4.008TE-02

HE-3
0.

6.063E-01
8.370€-02

3.716E~01
44856E-02

1.8325-02
3.913€-02

- HE=b

g6



1.05 GEV PROTONS
TARGEY = Cu

CROSS SECTION :
‘CROSS SECTION ERROR

Table 18 (continued).

PLAB/Z

2,250

PROTONS

DEUTERONS
1,265€E-02

“4e21TE-93

H=3

b 427E-02
7.955€-03

HE=3

HE=&

_76-



1.05 GEV PROTONS

TARGEY =

CROSS SECTION
CROSS SECTION

CRQSS SECTION
CROSS SECTION

P8

. CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECYION
CROSS SECYION

CROSS SECTION
CROSS SECTION

CROSS SECTION .

CROSS SECTION

CROSS SECTION

"CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION

CROSS SECTION

Table 19.

ERRQR
ERROR
ERROR
ERROR

ERROR

ERROR .

ERROR
ERROé
ERROR
ERROR

ERROR

_PLAB/Z
+500

750

«900
1,000
14250
1.500
1,563
Q.szs
1.750

1.790

2,000

PROTONS

. 54166E¢02
5.194E¢00

6.96LESD 2
8.615€+00

Te721E¢02
9.364E*00

8.087E¢02
9,265E+00

1.053€+03
2,265€E+01

1.190€+03
2.654E+01

9.850E¢02
3.290€¢01

9.,6L6EG2
2.2T6GE+D1

1.600E+06

© 84959€¢02

2.721€+06
3.773E485

3.193€400
1,747E-01

DEUTERONS

Seib1E¢91
1. 312€+00

1,307€+02
2.256E+00

- 6o038EDE

1. 305E+00

6, 382E+01
2, 331E+ 080

S.460E+ 01

. 2407T7TE¢ Q0

5.,299E¢91
5. 086E¢00

5.0L2E¢08
9.500€-01

14345E+00
1.947€-01

- 34 404E+00

2.880E-0¢

3.825€+80
2.782E-01

2.702E+00

4s065E-01

1.776E+00
3.163€-01

8.,873E-01

HE-3

0.
0. -

8.269E-01
1.G80E-01

6.832€-014
9.,079€-02

2.378E-01

L. 860€-02

- HE=b

-S6-

0



1.73 GEV PROTONS
TARGET = ©F

CROSS
CROSS

| CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

" CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CRoOSS
CROSS

CROSS
CROSS

'CROSS
CROSS

CROSS
CROSS

SECTION
SECTION

SECTION
SECTION

SECYION
SECTION

SECTION
SECTION

SECTION
SECTYION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION.

SECTION

SECTION
SECTION

SECTION
SECTION

Table 20.

ERROR
ERROR
{

ERROR
ERROR
ERROR
ERROR
ERROR
ERROR

ERROR

ERROR

ERROR.

PLAB/2

500

o750

1.000

1,250

1.50¢
1.750
2.008

2,250

2,375

24435

20625

PROTONS

e272E001
5.876E-01

7.153E¢01

8.325€-01

1.034Ee02
1.126E¢00

1.577€+02
1.651€E+30

2.197E¢02
24259E¢00

2.681E+02
2.73SE+00

3.761€+02

5.978E¢00

5.030€+02
5.072E+00

"2.003€¢02

4.569E+00

3.609€¢02
3.6L8E¢00

6.739E~-01
2.313€=-02

DEUTERONS

2.5748E+ 00
8,681£5-32

3.519E¢+00
8, 928€E-22

4. 839E+00
9.873E-02

6. 300E+ 0
1.096€E~01

7T.882E¢00

- 1.218€-01

8. 12E+00
1.930E-21

9.692E+00
1.328E-01

6. 144LECQD

2,001E-01
“ 0o

6. 064E* 30
8,939€-02

9.
0.

1.63€€-01
1.782E~-02

1.355€-01
1.451€-02

1.193€E-01
1.243E-02

1.056€-014
1.083€E-02

HE=3

1.155€-01
1.223€E-02

9.527€~-02
9.,622E-03

4.696E-02

6.03LE-03

6.416E-03

2.030€-03
e.

Ceo
0.

C.
G,

HE=&

_96_



1.73 GEV PROTONS
TARGET = BE

CROSS SECTION
~ CROSS SECTION ERROR

CROSS SECTION :
CROSS SECTION ERPOR

Table 20 (continued).

PLAB/Z
2.750

2.825

PROTONS

1.038E-01

84534E-03

 7.94SE-02

T+357E-23

DEUTERONS
3,5208E¢100

 84882E-02

1, 896E+00
& 055E-92

H-3

HE-3

ME-&

_L6_.

0

Cad
o



1.73 GEV PROTONS

TARGEY =

~ CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

c

" CROSS SECTION
CROSS SECTION

CROSS SECTION
CR0SS SECTION

CROSS SECTION
CROSS SECTION

" CROSS SECTION
- CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION

CROSS SECTION

CROSS SECTION
CROSS SECTION

Table 21.

ERROR
ERROR
ERROR
ERPOR
ERROR
ERROR
ERROR
ERROR
ERRQR
ERROR

ERROR

PLAB/2Z
+500

«750

1.000

1. 250

1.500
1.750
2.000

2,250

2435

2,625

2,750

PROTONS

6.229E¢01

6.155€-01 -

1.,095E+02

1.,278£400

1.360E¢02

-1.501E+00

1.,926E¢02
2.042€¢00

2.T63E¢02
2.860E+90

3.202€E¢02

3.326E+00

h.683E402
6.136E¢00

6.067€¢02
6.133E+00

5.667E¢02
5.728E000

. 14899E¢00

5.008€~02

1.6G4E=01
1.363€-02

OEUTERONS

0.
G
4. 978E 00
1.495E-01

5.686E+130
1.623E-91

6.963E+00

1.467E~01

1.567E-01

9.850E+00
1.630£-01

1.015€+01
2,060€E-9¢

1.031€+901

1,626€-01
0.

6.878E¢00
1,121€-01

be 322E¢10

8,108E~92

He3

2.502E-01
2.758E-02

24653E-01
2.543E-02

20‘0125‘,01 .

2.215€E-02

2,205E-04
1.961E-02

HE=~3
8.

2.090€-01
2+C60E-02

1.522€-01
1.522€-92

6.873€-02
9.130£-03

1.6407€-02
3.762€E-03

0. -
0.

0.
g.

C.

HE=&

_86_



1,73 GEV PROTONS
TARGET = C

CROSS SECTION
_CROSS SECTION ERROR

Table 21 (continued).

PLAB/Z
2,825 -

PROTONS

1.009E-01
1,034€=02

OEUTERONS

- 24586E+ 00
~ 5¢83%E~-02

He3 HE-3  HE=4

_66-

L 008

|



1,73 GEV PROTONS
TARGEY = Cu

cROSS
CROSS

CROSS

. CROSS

CROSS
CROSS

CRoOSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CRoOSS
CROSS

CROSS

CROSS

CROSS
CROSS

CROSS
CR0OSS

SECTION

SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

Table 22,

ERROR

ERROR

ERPOR

ERROR

eagoa'

ERROR

ERROR .

ERROR

ERROR

ERROR

ERROR

PLAB/Z

+500

..?sd'
1,000
1.250
1.500
1.750
2,900
2,250
2,375
é.uss.

24625

PROTONS

2.319€¢02 -
2.230E¢00 -

Je204EeS2

" 3.805E¢00

.. 3.467E#92
-34929E+00

bo229E482

4.607€¢00

5.287€402
5.606E+00

5.487E402
5.762€¢80

8.327€+02

8.579€400
1.1186403

1,140E¢0 2
5.292€¢02

9.866E+00.

1.074E¢03
1.094E¢01

b 134ECOQ
1.313€=-01

DEUTERONS

0.
0.
2.512E+04
6+ 326E-01

2.636E¢01
5.852€~-01

2.476E+01
5.105€-01

2,209E+91
b 439E-01

1.943E+01
3.866E-01

1.778E+01
3. 480€-01

2,460E+01
%, 130€-01

9,678E¢030
3.980E-01

9.854E+ 00
2.‘795'01

H-3

9,

242L0E+00
1.530E-~01

2.135€¢00

1.339¢-012

1.282€E+00
9.435€-02

8.649€E~01
Te162E-02

£.500€E-01

4.818E-02

HE=3

Y

1.0025+00
84326E~-02

3.886E-01

boWTSE-02

1.106E-01
24206E-02

1.7C4E-D2"

Te62LE-03

8.766E-03
5.062E~03

HE=l

-001- .



1.73 GEV PROTONS
TARGET = €U

CROSS SECTION
~ CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

Table 22 (continued).

PLAB/2Z
. 2.750

2,825

PROTONS
4,959€-01

bo243E-02

DEUTERONS
Bobh1E¢ 00

1.665€-01

2. 829E+00D
1,063E-01

Held

HE=3

HE=~&

-101-

anew A

b

¢



1,73 GEV PROTONS
TARGEY = PB

 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

SECVION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTVION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

23.

ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR

ERROR

"ERROR

ERROR

ERROR

PLAB/Z
500

750
1.000
1.250
14500
1.750
2.006
2,250
2,375
2435

24625

PROTONS

" §,674EeQ2
7.674E400

6.473E¢0D2

7.887E¢00

5,925E¢02
7.003E+00

7.060E402
T.945€+00

8.053E+32
8.802E+00

9.943E402
1.059€¢01

1.,270€+03
1.3208E¢01

1.T77E¢03

1.828E+01

1.0936403
14930€001

2.270E003

20318E+01

8.601E+00
2.906E-01

DEUTERONS |
8.

8.584E401
1.865E+20

5.976E+08
1. 337e+00

$.037E+01

1.112€+00 -

3.601E+01
8.33E-01

3.531E+01
7.797€-01

2, 875€E¢01
6.535€-01

3.006E¢21

6.919E-01
1.556€+91

Te1I4E-D1

8.
1.560E+01

4. 083E-01

6.590E+00
4.057€-01

6.011E+00
3.472E-C12

2. 46LEFOD
2.014E-01

1e445E¢00
1.624E-01

HE=3
0.
24999€¢00
24225E-01

6.930€~-01
9,205E-02

1.,167£-01

3.371€-92

2.L32E-02
1.404E-02

HE=&

=201~



1.73 GEV PROTONS
TARGET = P8

- CROSS SECTION
CROSS SECTION ERPOR

CROSS SECTION
CROSS SECTION ERROR

Table 23 (continued).

PLAB/Z

‘24750

2,825

PROTONS
1.411E¢08

1.1008€E-01

JEUTERONS

9,058E+130
2.951E-01

4. 950E+09
2.110E-04

HE=3

0.
c.
0.

ﬂE°b

-¢01-



2.1 GEV PROTVONS
TARGEY = B8E

“ CROSS

- CcRoOSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
'CROSS

CROSS
CROSS

CROSS
CROSS

CROSS

CROSS

CROSS
CROSS

CROSS
CROSS

SECTION .
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECYION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION

-SECTTION

SECTION
SECTION

SECTION
SECTION

Table 24.

ERROR

ERROR
ERROR
ERROR
ERROR
ERROR

ERROR

ERROR

ERROR

ERROR

ERROR.

PLAB/Z
500

750
1.000
1.250
1.50¢
1,750
2,000
2,250
2.500
2,750

3.00¢

PROTONS

3.983E¢01
5.632E-01

6.172E+012
7.361E-01

8.883€E+01
9.828E-01

1,288E¢+02

1.365E¢00"

2.038E¢02
1.486E+00

2.814E¢02
2.870E+00

J.168E¢02
3.,218€E+00

4.289E¢02
4.333E400

6.136E402
1.953€¢01

24496E¢02
8.007€+00

1.715E+00
3.784E-02

DEUTERONS

J.863E-01
3,941E-92

| 2,276E+00

8,120E-02

3,575E+00
9,183E~-02

4.070E+00
9, 041E-02

b T33E+ 00
6.514E-02

5.926E+00
1.014E-01

6. 327€¢ 02
1,017€-01

6. 579E+00

1,009€-01
S5.644ECTO

‘26 TT6E-J1

3.705€¢00

2,017€E-012

3.639€E+390

- 6e126E~02

H=3"

1.731E-012
1.875€-02

1.530€-01
1.577€-02

1.302€-01
9.393e-03

1.2008E-01

1.185E~-02

1.037€-012

1.027€-02

HE=3

1.409E-02
5.3296-03

8.959E-02
9.539€<43

$.879E-02
6.906E-03

1.476E-02

 24228E-03

3.451E-03
1.409€-03

8.
.

C.
8.
g.
0.
8.
G.
0.

HE=&

-$01-



2.1 GEV PROTONS o . : . ©
TARGEY = 8E ' : )

. o3
PLAB/2 PROTONS DEUTERONS He3 HE-3 HE'§ ;
CROSS SECTION ] 3.125 .b - 1.630€-01 2. T75E+¢920 0. : . )  Be o o » :
CROSS SECTION ERROR o C "1.032E-02 - S5.047€E-02 0. - 8. LU - <
CROSS SECTION  2.125 4.020E+02 ' | . &
CROSS SECTION ERROR 1.206E+01 | o
&xd
CROSS SECTION - ' 2.375  6.231E+02 o
CROSS SECTION ERROR 1.869E+01
CROSS SECTION 2.625 8.242E402 | , : ﬂ
CROSS SECTION ERROR 2.472E+01 ~ N
. ! e
CROSS SECTION | | 2.6875 8.040E+02 S et
CROSS SECTION ERROR 2.412E+01 ' B
CROSS SECTION - 2.8125 4.530E+02
. CROSS SECTION ERROR © 1.360E+01
- CROSS SECTION 2.875 3.234E+03
~ CROSS SECTION ERROR - |

9.702E+01

Table 24 (continued).



2.1 GEV PROTONS

TARGET =

'CROSS SECTION
CROSS SECTION

c

ERROR

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 SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

Table 25.

ERROR

ERROR

ERROR

ERROR

ERROR
ERROR
ERROR
ERROR
ERROR

ERROR

PLAB/Z
+500
750

1.000

. 14250

1.500
1,750
2.000
2,250
2,500
2,750

3.000

PROTONS
6e261E¢01

8.825€-01
8.891E¢91

1.077€+00

1.261E+02
1.388E+00

1.699E¢02
1.819E+00

2.532€¢02

2.634E+D0

3.417E¢02
3.505€+G0

3.797€+82
3.874E+00

' 5.130€002

5.198€E¢00

. Te162E¢02

1.615€+01

3.686€¢02
1.104Ee3Y

24989E+00
6.326E-02

DEUTERONS

To112E~-08
6.728E-02

3.495€+00
1. 260€-01

5.9LSE+ (O
1. 491€E-01

6. w3B8E+ 00
1. 435€E-014

6.682E+00
1.360E-01

7.900E¢00
1. 430E-01

8, 187E+00
1. 399€-01

8,813E+00
1.328E-01

6.275E+00
2,433E-01

% 366E+00
2. 855E-11

3.8536¢00
7.434E-02

3.644E-01
3.417€-02

3.092E-01
2.817E-02

1.6408E-01
1.873€E-02

2« 354E-01
2.078¢€-02

1.616£-01

1.608E-02

HE=3

. hell9E-02 "
" 101463E-02

1.4265-01
1.510€-02

6.971E-02
9. 425E~03

1.795E-02
4.358£-03

3.621€-03
1.814€-03
0.
0.

0. ’
0.

C.
0.
0.

Ge
g.

0.
g.

HE=4

=901~



2+1 GEV PROTONS
TARGEY = ¢

.. CROSS SECTION
. CROSS SECTION ERROR-

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

SECTION
SECTION ERROR

25(continued).

PLAB/Z

3.125

2.125
27375
2.625
2.6875
2.8125

2.875

PROTONS
. 20326E~01

1.541E-02

3
6

5
9

.620E+02
.516E+00

.330E+02
.594E+00

.930E+02
.427E+01

<398E+02
.819E+01

.591E+02
.377E+01

.484E+03
.832E+01

DEUYTERONS
2.860E+00 - O,

6.081E-02 - = - 0.

HE-3  HE-&

[ P9 - [ SN

-L0T-

e o

6



2.1 GEV PROTONS

TARGET =

Cu

CROSS SECTION
CROSS SECTION

'CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

" CROSS SECTION

CROSS SECTION

CROSS SECTION

CROSS SECTION

CROSS SECTION

CROSS SECTION

CROSS SECTION

CROSS SECTION

CROSS SECTION

_ CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION

CROSS SECTION

Table 26.

ERROR
emoé
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERPOR

ERROR

PLAB/Z
+500

750
1,000

1,250

- 1.500

1,750

2,000

2,250

- 24500

‘24750

3.000

PROTONS

2.471€402

2.795E402
3.436E400

3.180E¢02
3.676E+00

3.856E+02
4.263E400

5.127E+02
S.473E+00

6,230€¢02
6.528E¢00

6.596E40 2
6.858E¢00

8.,850€+02

. 9+085E+00

1.,220E+403

1.262E¢91
7.201E402

20351€¢91

3.287€¢00
1.132€-01

DEUTERONS

3.517E+00

2. 794E=-01
© 2,039€¢01

S, 816€E-11

2.935E¢31
6.378€£~-31

2.526E¢101
S, 463E~-31

2.027E+0L

he 346E-01

1.873E+31
3,898E-01

1.623€+01

3.391E-01

1.411E+01
2.973E-01

1.071E+0¢
24 W14E-DL

7.110€¢ 00
5,770E-01

2. 431E+ 00
9.843€E-02

H-3

3.141E+00
1.893E~01

2.619€¢00

1.567E-01

1.369€E+00

1.016E-01"

8.943E~01
To584E~-02

6.326E-01
$.959€E-02

Ce
0.

HE=3

1.887€-01
©.580£-02

0.
4.TT3E-01

$.169E=-02
1.643E-01

2.706E-02

$.920£-02

. 1.481E-02

0.
0.

HE=&

-801-



2e4 GEV PROTONS
TARGET = Cv

PLAB/Z © PROTONS DEUTERONS . H=3 HE-3 . HE-&

-601-

CROSS SECTION , 3.125 9.113E-01 4 247E+00 6 . 0. 8
CROSS SECTION ERROR ‘ 154661E-02 1,290E-01 0. 0. < 0
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

CROSS SECTION 2.6875 1.346E+03

CROSS SECTION ERROR 5.384E+01

CROSS SECTION ' 2.8125 1.195E+03
CROSS SECTION ERROR " 3.585E+01

CROSS SECTION 2.875 2.062E+04

CROSS SECTION ERROR

| 2.269E+02

Table 26 (continued).



2.1 GEV PROTONS

TARGEY =

- CROSS SECTION
' CROSS SECTION

P8

CROSS SECTION
CROSS SECTION

CROSS SECTION

CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION

CROSS SECTION

CROSS SECTION

CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION

" CROSS SECTION

'CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

Table 27.

ERROR
ERROR
ERROg
ERROR

ERROR

ERROR

ERROR
ERROR
eno
ERROR

ERROR

PLAB/Z
«500

o750
1.000
1.250
1.500
1.750
2,000
2.25¢0
20500
2.750‘

3.6000

PROTONS

6.390E402
8. 6315000

5.837E¢02
T623E+00

5.098E¢)2
T.122E+00

64616E412

7.620E+00
8.525E¢Q2

9.382€¢30 -

1.014E+23
1.089€+01

1.133€+03

. 1.199€+81

1.403E493
1.468E401

1.,924E¢03

- 6.251E¢01

1.208€¢33
3.973E+401¢

1.394E¢02
3.807€-01

DEUTERONS
1, 466E¢ 01

9,893E~-01

7.018E+01
1. 751E+0CC

8.616E¢01
1.739E+00

5.736E¢+31
1.262E+00

3.931E+171
9. bb1E-01

3. 204LE+ 0L
T.787E-01

2, 768001

6. 763E-01

2.142E+01

 5.549E-01

1.585E¢01
1. 413E400

"1.051E¢08 -

1.0768E¢00

8,676E+00
2.951E-01

B

He3
0.
0.
0.

1.240€+01
6.015E-01

7.508€¢00
4e164E-01

3.910€+00

24727E-01Y

2.011E+00
1.803E-01

1.17 3€+00

1.285€E-C1

HE=3

6.70LE-OL
1.370€E-01

T+961E-01

1.057E-01

- hel34E-01

6.809%-02

1.862E-C2

1+317E=02

R

0.

0.

Ge

HE=&

-0T1-



2e1 GEV PROTONS
TARGEY = P8

CROSS SECTION

- CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION

CROSS SECTION ERROR

. CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION

CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

‘Table 27 (continued).

PLAB/Z
3.125

2,125

2.375

2.625

2.6875

2.8125

2.875

2.265€¢00
1.

1.

1

PROTONS

416€-01 "

335E+03

.468E+01

.939E+03
.132E+01

.496E+03
.746E+01

.151E+03
.363E+01

.296E+03
.174E+01

.413E+04
+340E+03

DEUTERONS

6.562E+00
2,487E-01

.'..‘[‘['[-.

0



&.2 GEV PROTONS

TARGEY =

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
C?0SS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CR0OSS SECTION
CROSS SECTION

€R0SS SECTION
CROSS SECTION

" CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

Table 28.

ERROR

ERROR

ERROR
ERROR
ERROR
ERPOR
ERROR
ERROR
ERROR
ERROR

ERROR

PLAB/Z
«500

750
1.000
1.250
1.500
1,750
2.000

3.000

3.590

4,000

L.500

PROTONS

3.477E4DL

5.49%E=-01

S.5U2€+01
7.067€-01

T.0087E+314
6,2086E~01

7.976E401
8.957€-01

1.002€¢02

"~ 1.085E¢00

1.277€¢02

1,349E¢090

1.,452E+82

- 1e515E¢00

3.853€¢02

1,232€E+01
L.556E402

1.027€¢01
- 5.TI4ESD?2

5.826E+00

7.348E¢02
7.377€400

DEUTERONS

- 34298E~31
ke 168E~-02

1.756E+ 10
8.022€-02

2.379E+GD
B8,263E-02

2.115€400
6. 933E‘°2

2.16LE*I0
6.515E-02

2. 363€E+00
6.338E~02

2.289E+130
5¢933E-32

2.600E+00
1.716E=-01

H-3

1.165€-01
1.7T0E-02

9.900E-02
1.448E-02

6,846E-02
1.038E-02

4.514E-02
8.,253€-03

h.213E-02

To459E-03

0.
9.

g.
0.

HE~3
2.1062-82

705505"03

2.106E-02
6.084E-03

b.871E=-02
8.023E-03

bheBU4SE-02
T.160€E-33

2.721E-02 .
" 4.894E-03

1.730E=-02
3.6126-03

1.514E=-02

3.161€-03

8. .
0.

HE-&

-Z11-



#.2 GEV PROTONS
TARGET = B€

CROSS
© CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

Table 28 (continued).

SECTION °

SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

PLAB/Z
4,625

4,750

L.875

‘5.000

PROTONS

. 64946E+T2
- 649T4LESD)

5.530E¢02
S.558E+00

8.546€E¢02
8.573E+00

4.390E+03
4.392E¢018

DEUTERONS

HE-3

- HE=&

-¢11-

bo

£

6 /£ O f?

8



%.2 GEV PROTONS

TARGET =

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

"CROSS SECTION
CROSS SECTION

CROSS SECTION
'CROSS SECTION

CROSS SECTION
CROSS SECTION

" CROSS SECTION
CROSS SECTION

CROSS SECTION
© 'CROSS SECTION

' CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

Table 29.

c

ERROR

ERROR

ERPOR
ERROR

ERROR

ERFPOR

ERROR
ERPOR
ERQOR
ERROR

ERROR

PLAB/Z
«500

750

1,000

1,250

1.500
1.75¢
2,000

3.000

. 3.500

4,000

L 500

PROTONS

5.857E004
9.117€-01

8,966€+01.
1.141E¢00

1.055€+02
1.246E¢00

1.161E€402
1,297€+400

- 14397E¢02

1.530E+00

1.681E¢02
1.796E+00

1,950€¢02
2.052E+00

5.227E402
1.675E¢01

S.308E¢D2 .
9,798E¢+00 -

ToT87E02
7.839E400

8.821€E¢02
8.,867E+00

DEUTERONS

S.7T19E-01
64 958E~192

T.847E¢00

2+1039E-01

4.6563E¢08
1. 676E~-0L

3.966E¢00

‘1. 221E-01

3. 824E+00
1.104E-01

3.780E¢30
1.025E~-01

3.4308E¢00 .
9.170£E-02

3.967€+ 00
2.671E-91

H-3
0.

0.

g

0. .
2.710€-01
3.398€-02

2.066£-01
24653E-02

1.665E-01
2.174E-02

1.452€-01
1.880€-02

L1e418€-018
1.738€E-02

HE-3

14270E-92
7.334E-03

C.
e.

1.080€-01
1.516E-02

S.750E~-02
9.,891E-03

4.516E~02
7.996E-03

2.540E-02

24329€-02
4.970€-03

0.
0.

-5549E-03-

0.
0.
¢,

HE=-&

-pIl-



he2 GEV PROTONS
TARGEY = ¢

CROSS
CROSS

CROSS
CROSS

CROSS
CRoOSS

CROSS
CROSS

Table 29 (continued).

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

ERROR

ERROR

ERROR

ERROR

PLAB/Z
%625

&.750

Lo 875

5.000

PROTONS

7.903E+02
7.988€400

6.881E402
6.925€400

1.336E¢23

1.360E401

4, TOBE+D3
4o712E¢01

OEUTERONS

8.

H=3

HE-3

. HE=#&

-ST1-

b

0 0¢

6/

é}



&¢2 GEV PROTONS
TARGEY = Cu

- GROSS

*. 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
SECYION

30.

ERROR

ERROR

ERROR

ERFOR

ERROR

ERROR
ERROR

ERROR

ERROR

ERROR

ERROR

PLAB/Z
-+500

<750
1.000
1,250
1,500
1.7s§
2.000

3.000

3.500

" he000

4.500

PROTONS

"2.650E402
3.946E¢08

J.411E¢02
4,356€+00

3.369E¢02

" %.098E¢00

3.112€¢02
3.701E+00

3.286€E¢02
307865'00

3.945€¢02
bo382E+00

3.976€402

4.361E¢00

T.718€¢02
2.52uE¢01

9.858E+02

. 1.841E+01

1.219€403
1.239€¢01

1.b24E+03

lobi2Ee0L

DEUTERONS

3. 359€+ 00
;.3“35’91

2.635€¢ 01

8.049€-01

3,297E+01
8,072€-0¢

2, 69E+08
6.214E~-01

1.855E+91
4e879€-01

1.691E+01
by 332€-01

1. 211E401
3. 382E-21

7.026E+00
6.596E-01

H-3’

3.263E400
2.359E-01

2.637€E+00
1.697€-01

1.829E+00

10460E=-01

1.253E+00
1.101E-012

1.004E+00

9.,219€-02

0.
0.

HE-3
2.677E-01

 64698E-02

5.522E-01
6.819E-02

2.T0ikE~D1
be296E-0Q2

8.,366E-02 "

2.162€-02

T1T1E-02
1.853E-02

4.601E-82
1.388E-02

6.

g.
Ce

HE=&

- -9T1-



442 GEV PROTONS
TARGET = CU

° cROSS
. CROSS

CROSS
CROSS

CROSS

CROSS

CROSS
CROSS

Table 30 (continued).

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

ERROR

ERROR
ERROR

ERROR

PLAB/2

%.625

4,750
4,875

5.000

PROTONS |

1.344E003
1.361E491 .

1,1604LED3
1.201€¢01

3.232€¢03

J.2L8E+01

1.816E+3%
1.817E+02

DEUTERONS

H=3

4

HE=3

 HE=k

-LTI1-

n 0



&+2 GEV PROTONS
TARGEY = P8

CROSS
. CROSS

. CROSS

CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS’

CROSS

CROSS
CR0SS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION

SECTION

SECTION
SECYION

SECYION
SECTION

ERROR
ERROR
ERFOR

ERROR

ERROR

ERFOR
ERROR
ERROR

ERROR

SECTION

SECVION

SECYION
SECYION

Table 31.

ERROR

ERROR

PLAB/Z

.500-

«750
1.000
1,250

1.500

1,750

2.000

3.000

3.500 .

ho0OC

&L.500

PROTONS

8.805€E+02
1.278E¢01

| 9.823E¢02

1,266E+01

B8.0LIE+Q2
1.019E+01¢

6.,962E+02
8.694E+00

6.74OESD2

8.,213E+00
6.,014E402

-8.087E¢00

7.363¢¢02

B.4IUEHDD.

1.535€¢03
. 3.610E+01

1.,718E¢03

3.261€¢01
 2,065E403

2.125€+01
2.395E+03

204L8E¢01

DEUTERONS

1. 448E+ 08
10207€¢00

1.321E¢+02
3.238E+1080

1. 260€+02
2.772€+00

8.306E+01
1.996E+00

5.317E401
1.428E+00

3.931E¢01
1.126E¢00

2.653E+01

8.534E-01

1.273€+01
1,065€¢00

H=3

2.1106+01
1.052€+00

1.611€+01
8.216€E-01

8.,862E¢00

5.526E-01

8.T19E+00
3.715€-01

2.518E+00
2.530E-01

HE=3

1,813E¢00

3.026E-01

3.827E400

3.604E-01
1.465E+00

14939E-04

8,0862E-01
1.339€-01

3.357E-02
7T.513€E-02

8.0811€-02
3.332E-02

0. .

HE=4&

¢.
Ce

0.
b
S.

0.

©-811-



he2 GEV PROTONS
TARGET = P8

CROSS SECTION )
" CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

Table 31 (continued).

PLAB/Z
4,625

Le750
o875

PROTONS

24380E£+03

2sh32E¢01

2.045€+G3
2.096E+01

5¢354E¢03

| S.404ELDL

L .160E+04
Le165E¢02

DEUTERONS

0.

0.

He3 -

ME-3

HE=&

_GII—

0o b oA

2

(2



1,05 GEV/NUCLEON DEUTERONS

TARGEY = BE

.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 SECYION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION

CROSS SECTION

CROSS SECTION
CROSS SECTION

"Table 32.

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR -

ERROR
ERROR

ERROR

ERROR

PLAB/2Z
756

«758

o750
1.000
1.000
1.250
;.500
1.750
1.875
2.‘90

2.12%

" PROTONS

1.407E¢02
1.534E¢00

1.616E¢02
15046400

1.392€E¢02

- 14519€+00

20 434E¢02
2.532E+00

2.347€E¢02
2.445E+00

b.671E¢D2
4.750E+80

1.864E+03
2.6L6E¢0L

1.138E¢064
3.599¢E¢02

4s103E¢03

1.301E¢02

© 144THECDBS
" 3.T27€E+D1

1.,807€¢02

" 5.862E+00°

DEUTERONS
6.596E+ 00

1.484E-01

6.657E¢00
1.492E-01 -

6,523E+00
LobT4E-01L

1,506E+01
2.2986-01

1. 392€¢91
2.17%5E-01

2:133E+018
2,824LE-01

2.313E401
% 1096-01

2. T14E+ QL
1.024E+00

“.283E¢01
1.514E+00

2.658€+01
9,865E=01

1,621E+01
6. 44 9E-01

H-3

9.693E-02
1.618€-02

9.693E<02
1.618E-02

9.693E-02
1.618E-02

6.785E-01

" 3.763E-02

bolbb3E~01

3.028E-02

5.089€-01

‘2.912€~02

 5,304E-01
 3.853€-02

4.039E-01
6.945€-02

5.149E-01

7+392E-02

HE-3
2.0867E~-01

 1.986€-02

2.86T7E~01
1.986E-02

2.867E-01
1.986E-02

5.937E-01
2.519E-02

2.948E-01
1.750E-02

2.552€-01
1.4582+-32

2.639E-01
1.921E-02

1e462€-01

2.921€-02

9.0878-02

 2.161E-02

HE=&

-0¢I-



1.05 GEV/NUCLEON DEUTERONS

TARGE

_CROSS
" 'CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

" CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS -

CROSS
CROSS

CROSS
CROSS

Table

T = BE

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION.

SECTION

SECTION
SECTION

SECTION
SECYION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECYION
SECTION

32 (continued).

ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR

ERROR

PLAB/Z

24250

2.375
2.500

2.750

3.000

3.128
3.250
3.250
3.313
3;375

3,438

Qe

- PROTONS

60221€E¢01
‘24103E¢00 -

3.781E+014
1.322E+00

2.099€E+01%
T.797€E-014

6.967E-01
7 bbLE=D2

DEUTERONS

1.250E«01

. 5.175€-01

1.276E+ 01
5.204E-01

24139E+01
T.933E-21

6.082€E+01
2.035€+00

1.532E+02
S+ 10TE«GE

2.T71E¢02
8. 864E¢ )0

3.137E¢02
1.002E+018

J.117E¢92

9.953E+10

2.333E+02
Teb74E+0O

. 050€E+02
1.290E+018

3. 154E¢03
9.982E+ 92

H-3

2.962E-01
$.240E-02

1.696E-01
3.740E-02

3.157€-01
#.918E<02

3.36€E~01

4.877€E-02

3.355€~0¢
4.68TE-02

J.542E-014

b.823E-02 .

HE=-3

HE=&

-1¢1-



1.05 GEV/NUCLEON OEUTERONS
TARGEY = 8 -

[ ]

'CROSS SECTION :
-CROSS SECTVION ERROR -

CROSS SECTION
CROSS SECTION ERROR

. CROSS SECTION N
CROSS SECTION ERROR

' Table 32 (continued).

PLAB/Z
3.469

3,500

3.531

0.

ODEUTERONS

S, 756E+233

1,821€402
 heS531E¢ D4

1.33E¢03

0. 311E+02
1. 372E+01

He3
B -

HE-3

0.
6o

HE=k

-zz1-



1.05 GEV/NUCLEON OEUTERONS

TARGET = C

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECYION
CROSS SECTION

CROSS SECTION
CROSS SECYVION

CROSS SECTION

CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECVION

CROSS SECTION
CROSS SECTION

'CROSS SECTION
CROSS SECTION

CROSS SECTION

CROSS SECTION

CROSS SECTION
CROSS SECTION

Table 33.

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR .

ERROR
ERROR

ERROR

ERROR .

ERROR

PLAB/Z
o750

o750

o750

. 1.000

1.000

1.25¢

1,500

1.750

1.875

2,000

2,128

PROTONS

20193E¢02
2.442E+00

2.218E¢02
2.46TE+D)

T 2.164E402

2.L13E+00

3.466E¢02
3.658E+00

3.399E+02
3.500€+00

643686402
6.523E¢09

24339E+03
£,294E¢01

1,594E+04

5.064Ee02
5.400€¢03

‘1.T11E¢02

1.500E+03
G.801€¢01

2.0614E402
T+923E+00

DEUTERONS

1. 305E+01
24936E-01

1.346E+01
2.993E-01

1.385E+01
3.043E-01

24 329E+01
3.833E-018

2.308%E+01
3.809E-01

3.272€+21

% 595€-01

J.179E¢01
7.860E~-01

3.558E¢01
1.440E¢00

$.831E+01
2.153E¢+2C

3.568E+01 -

1.608E+00

2.000E+08
8.799€-01

H=3

3.309E-01
6.216E~02

3.309€E-01
4.216€E-02

3.309€-01
8. 216E-02

1.125€+00
6.804E-02

1.142E+00
6.854E-02

1e24SE+00
6.446E~02

9,785E-0C1
9.496E-02

9,836E~-01
1.532€-01

8.607€-01
1.360€-01
0.
9.

HE=3

5.177E-01
3.753E-02 .

5.177E-0¢
3.753E-02

$.177€-01 -
3,753€E-02

bo7BLE-DL -

3.131€E-02

5.264E-018
3.288E~02

3.827€-01
2.505€-02

2.891E-01
3.625€-02

. .1.9“’5"‘1 .

4.756E-02

6.
g.

1.901E-01
be403E~02

HE=l

-¢Z1-

o

P
LT



1.85 GEV/NUCLEON DEUTERONS

TARGEY = €

CROSS
CROSS

"~ 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

SECTION
SECTION ERROR

SECTION. .
SECTION ERROR

SECTION '
SECTION ERROR

SECTION
SECTION ERPOR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

33 (continued).

PLAB/Z
2.250

2.250 .

2,378
2.500
2.750
30125
3.250

3.250

3313

3.375

3.430

PROTONS
9.078E+01

' 3.136E+00

B.LBLEDL
2.947E+00

bo84LOE1
1.7T76E+00

3.383E¢01
1.295€+080

1.175€+00

1.350€-01 .

DEUTERONS

- 1+813E+C1

8.056€-01

1.578E+01
7.265€E~01

1.815€+01
7.957€-01

3.131E¢01
1. 216E+00D

8.198E+012
20812€+00

3.433E¢02

3.957E+92
1.271E+01

& 203E¢02
1. 3408E¢01

. 3,397E402
1.093E401

 64095E+32

1.376E¢01

4. 916E* 03

1.556E¢02

He3
8.270E-01

- 84820E-02

2.847€-01
7.173€-02

_leabhhE-DY

8.747E-02

h.076E-01

7.810E-02

3.079E~-01

. 6.235€-02

S.050€-01
8.047E-02

K2

HE-3

HE=&

vZi-



1.05 GEV/NUCLEON DEUTERONS

TARGET = C

CROSS SECTION .
CROSS SECTION ERROR

CROSS SECTION _
CROSS SECTION ERFOR

CROSS SECTION
CROSS SECYION ERROR

- Table 33 (continued).

PLAB/Z .
3.469

3.500

3.531

'PROTONS

9.
0.

DEUTERONS

Te673E¢ 03
24428E+02

& 350E+ 06
1.376E¢C3

9.406E+02
2,992E+ 01

H=-3

HE-3

HE=&

-§z1-

00

-
¢



1.05 GEV/NUCLEON DEUTERONS

TARGEY =

PB

CROSS SECTVION
CROSS SECTION

"CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECYION ERROR

CROSS SECTION
CROSS SECTION ERPOR

CROSS SECTION
CROSS SECTION ERROR

 sRRo§
ERROR
ERROR
ERROR

ERROR

CROSS SECTION
COSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

Table 34.

PLAB/Z
o750

o758
+ 750
1,000
1.500
1,250
1500
1.75¢C
1,875
2.000

2,12%

PROTONS

8.604E¢02
1.001E¢01

8.661E402
1.006E+01

- 8.T16E¢02

1.012€¢01

1.043E+03
1.121E¢01

9.836E402
1,091E¢01

1.675E+03

1.T64EeDY

SeGu4ECD3
6.019E+01

1.058E+15
3.349E+03

1. 8L4E+DY
5.851E¢02

4.103€+03
1.315E¢32

$.867E¢02
2.,010€+01

OEUTERONS

1,106E+02

2,153€+90

1.126E+02
2.178E+00

1,138E¢02
2.193E¢00

1.132€+ 02
2.046E+00

1.166E¢02
2.012E+90

1.BhiE+02
1, 739€E+00

8.356E+91
1, 410E+ 0

8.671E+1]8
4 359E+ 00

1.663E+92

6.878E¢ 10

T.TT3E08
3,879E+00

4.623E+01
2.679E+00

H-3’

3.418E+00
3.292E~01

3.638E+00

3.397€-01

1.6636401

6.046E-01

1.308E¢01
5.879€-01

9.502E+00
6.334E-01

bo04LSEQO

2.551€£-01

3.360€+00
6.803€-01

2.940E+00

. 5.953E-01

- HE=3

2.5872+00

Z.ﬂ!iEdct_

2.462E+00
1.980€-01

0.
0.

1.094E+00
1.139€-01

1.329E¢00
1.257E-012

6.021€-08
7.550€~92

0o 3126-01

5,830E-02

2.688E-01
1.347€-01

 1.176E-01

84326E-02

.

0.

0.
0.
0.
0.

Qe
0.

HE=&

-921-



1.805 GEV/NUCLEON DEUTERONS

TARGEY = P8

CROSS
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

34 (continued).

ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR

ERROR

PLAB/Z
2,250

2,378
2.500
2,750
3.000
3.125
3.250
3.313
3,375

3.438

3.469

PROTONS

1.954E¢402
7.613€¢00

,076E¢02
1.4326¢01

5.,996E+01
3.009€+00

1.654E+00
3.736E-01

DEUTERONS

3,861E+012
2. 338E¢00

1.146E¢02

. 8s931E¢00

6. 385E¢01
3.161E+00

1.759E¢02
6. 765E+ 00

e 336E+02
1.488E¢01

T.357E+02
20 bh1Ee DY

" 9.139E402

3.000E¢01

8.962E¢ 02
2.336€E+04

1,707€¢03
3.893E¢01

1.281E¢ 34
4. 060E¢02

2.523E+ 06
7.930E+902

H=3

1.673E+00
4.215€-01

1.317E¢00
3.545€E-01

1.197€+00
3,222e-01

1.098E+00
2.954E-01

5.790€E-01
2.055€E~-01

HE=-3

HE~&

L2T-

G0

T

L5



1.05 GEV/NUCLEON DEUTERONS
TARGETY = P8

CROSS SECTION
'CROSS SECTION ERROR

CROSS SECVTION
- CROSS SECTION ERROR

Table 34 (continued).

PLAB/Z
3.500

3,531

0.

DEUTERONS

1,084E+05
5.958E+¢03

1.663E+03
S, 362E+91

HE=3

HE-&
0.

-8Z1-



1,05 GEV/NUCLEON DEUTERONS

TARGET = CH2

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CRGOSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CRoOSS

CROSS
CROSS

© CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECYION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

Table 35.

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERFOR

ERROR

PLAB/Z
o750

o750

750
1.000.
1.250
1.500
1.750
1,875
2,000
2,125

2.258

PROTONS

2.679E+02

2.953€+00

2.697€¢92
2.972€+00

2.TS5TE¢D2
3.032€¢00

b,383Ee02
4.595E+03

8.,254E+02
8.,425€+00

2.905€+03

4.129E¢012

2.158E¢04
6.829E¢02

T.T4SE+03
2.453E402

24138E403
6.796E¢01

3.165€402

1.032E+01

1.270E¢02
h.309E+00

DEUTERONS
1.296E+0%

3.,037€-01
1.398E¢01

3.054E-01

1.337€+01
3,894E-01

2,350E+01 -

3.974E-01

3. 775E+01
5.238E-01

‘34931E¢901

7.335€-01
s 999E ¢ 01

1.936E+ 30

9.109E+ 01
3,228E+00

4. 892E+01
1,861E+00

2.695E+ 01
1.134€E¢+00

2.102E¢+08
9.,221E-01

H=3 '

. 2.346E-01

3.716€-02

2o J4EE-0L
3.716E~02

2.346E-01

3.716E-82

1.130€+00
Tetb0E-Q2

1.084E¢080
6.269€-02

SOBGOE-“
4.531E-02

3.770E-01

9.806E-02
" 0.

8.356E-01
1.381€-01

“.105€-01
9.051€-02

 HE-3

5.131E-01
3.912E-02

. 5.131€-01

3.912E~-02

S.131€-01
3.9126-02

5.080E-01
3.380€-32

4.187E-01
2.T46E~02

ho984E-0L
3.,887€-02

#.900E-01
7.999E-02

9.895€-32
3.313€-02

HE=t

-621-

08



1.05 GEV/NUCLEON DEUTERONS
TARGET = CH2

CROSS
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

ERROR
ERROR
ERROR
ERROR
ERROR
EPROR
ERROR
ERROR
ERROR
ERROR

ERROR

35 (continuéd).

PLAB/2
2,375

2.500
2.750
3,000
3.128

3.250

3,313

3.378

. 30438

3,469

PROTONS

2.005E¢01
8.762€~01

5.615E¢01
2.031E¢00

1.086E+00
1.352€-01

DEUTERONS

 8.074E+90

%, 623€E-01 "

3.907E¢ 01
1, 486E+00

1415TE+ (2
3.903E+ 00

3.080E¢02
9.967€+00

4. 832E+02
1.550E+01

6.0819E+02
2017TE+31

e 391E¢02
1. 6395+ 01

6.531E+02
1,675E¢ 01

 $,960E+ 03
1.887€¢02

1, 295E+04

"8 997E 02

To495E¢ 06
24370E¢03

He3

4.398E-01

8.905€-02

3.198E-01
T.223E-02

6.691€E-01
Bo424E~-02

5.007€-01

. 84382E-~02

HE-3

"y

0.

HE=&

-0¢I-




1.05 GEV/NUCLEON OEUTERONS
TARGET = CH2

_ PLAB/Z PROTONS DEUTERONS H=3 HE=3 HE=&
CROSS SECTION 3.531 0. 7.952€402 0. 0. 0.
0. I ) 2.537€+01 Qe 0e ‘ _ 0.

CROSS SECTION ERPOR

Table 35 (continued).

-1¢1-

0
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2.1 GEV/NUCLEON DEUTERONS'

TARGEY = BE

CROSS
CROSS

' CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS"

CROSS

CROSS
CROSS

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECYION
SECTION

SECTION
SECTION

SECTION

SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

Table 36.

ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR

ERROR

PLAB/Z
 +500

o75C
1.000
1.250

1.500
1,750
2.000

2,250 -

2,500

24750

20875

PROTONS

8.260E+01
;QIGQEOQU.

1.406E¢32
1.669E+30

1.919E¢02
24125€+00

2.733E402
2.902E¢00

3.834E¢D2
3.977€+00

Le925E¢02
T+807E«D0

64372E402

9,489E¢00 -

1.141E¢03
1.150E+01

24370E+403

2.379E+01

6¢226E+)3
1.971E+82

8.804LE¢D3
2.786E¢02

DEUTERONS

7.099E-01

T.920€-02

6, 351E¢ 90
2.028€E-191

8.,204E¢00
2.066E~-01

1,032E¢38
2.165€-01

1,136E+01
2. 164E-01

1. 382E¢01

" 3.5685€E-01

1.600E¢02
3.606E-012

1.679€E+ 01

"~ 20 468E~-01
1.564E+01

2.2T8E-01

1eb16Ee0L

6.520€-01

1, 399€+ 31
6 396€E-31

H=3 '

%
0. ‘

1.176E-01
2.631E-02

500255?01
be733E-D2

3.527E-01
3544E-C2

3.262E-01
3.113€-02

3.134E~-01
be373E-B2

3.166E-01
3.896E~-02

2.861E-01
2.376€-02

HE=-3

206L5E-02

1.080c-02

24939€-01
2+953E-02

2.380E-01
24303E-02

2.063E-01
1.,918€E-02

1.102E-01
1.277€~-32

9.039€~-02
1.656£E-02

9.4525-02

1+501E-02

5.388E£-02

7.285€-03
0,

0.

0.

.
0.

HE~&

Go

-Zel-



201 GEV/NUCLEON DEUTERONS

TARGE

CROSS

- CROSS

CRroOSS
CROSS

CROSS
CROSS

CROSS
CROSS

- CROSS

CROSS
CROSS

- CROsS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

Table.

T= BE

SECYION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECYION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECYION

SECTION
SECTION

36 (continued).

ERROR

ERROR

ERROR -

ERROR
ERROR
ERROR
ERROR
ERﬁOR

ERROR

PLAB/Z

3.000

30250
3.500
3.590
3.750
000
. 000
“.500

PROTONS

6.360E+03
2.014E+02

1.180E+03
3.751E¢0 2

2.553E¢02
2.615€E+00

2.564E¢02
2.626E+00

6.306E+01
8.868E-012

3.865E001
4.355€-01

3.929€E+01
hobbdE-012

7.5126400
1.136E-01

DEUTERONS

1.452E¢01L
6, 503E~-01

1.080€+012
5.121E~-01

‘9.115E+00

1. 404E-01

9. 453E+00
LobblE-0L

1. 116E+01
1.591€-01

1.479E¢ 01
1.951€-01

1. 390€+01
1.856E-01

e 334E¢01

. % 796E-01

1.096E+02

1.139E¢30

H-3

8.816E-02
1.057€-02

1.256€E-01

1.183E-82

HE-3

HE=4&

-¢eI-

¢ 0



2.1 GEV/NUCLEON DEUTERONS

TARGET =

¢

. CROSS SECTION
CROSS SECTION ERROR

"CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION

CROSS SECTION ERROR

CROSS SECVION
CROSS SECTION. ERROR

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

Table 37.

PLAB/Z

500
.750
1.008
1.250
1.500
1.750
2.000
2.500
24750
2,078

3.000

PROTONS

1.137€¢Q2

14657E¢00

1.818E¢02
2.203€400

2.277E¢Q2
2.57T7€+20

3.037E¢02

- 34282E400

3.976E€¢02
bo183E4Q0

5.183E+22
5¢362E+00

6.619E¢02
6.576E400

20206E¢03

2.259€+21
6.613E+03

2.095E+02
94300E¢03

24964Ee02

6.913€+03
2.189€E+02

DEUTERONS

1.120E+2¢

14 206E-01

1.099€+¢91
3.262€~-01

1.320€+01
3.200E-01

1.422E+01
3. 030€-01

1.0649Ee¢ 0
2. 985E~01

1.619E+31
2.929€E-01

1.701E+ 01
2, 892€-01

1, 641E+01
2.630€-01

1.000E+01

7.237€-01

1.356E¢01
6.892E~31

H-3

1.383E-01
3. 460E-02

9.593€-81
T.943E-02

7.882E-01
G.0b31E-02

S«531E~-01
he920E-02

$.889E-01
4.707E-02

4e3643E-01

3.T77€-02

HE=-3

7+130€-02
2.151E-02

5.,790E~01
5.035€-02

3.954E-01
3.601E-02

3.007E-01
2.803E-02

1.491€~-01
1.801E-02

9.630€-932
1.339E-02

1.,280E-014
1.446E~02

0.

G
0.

HE~-&

-ver-



2.1 GEV/NUCLEON DEUTERONS
TARGET = ¢

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

v ‘Tab1e 37_(continued).

PLAB/Z
3,250

3.500

3,750

4.000

4,800

4500

PROTONS

1.198E¢03 -

3.818€¢01

24T17€402
2.8306E¢00

0.5642E+01
9+354LE~-01

4.196E+01
44929€-01

4,055E¢21
G.787€-012

7.518€E400
1.277e-01

'DEUTERONS

1o 149E+ 01
5.996£-01

9.932E+¢09
1.677€-01

1.100€+01
1, 760E-01

1,281E+01
1.924E~-01

1.441E¢ 0L
2.097€-01

e 1 34E+DL
4e737€E-01

1.098€E¢22

© $161E¢00

H=3

1.701€-01
1.669E-02

HE~&

-GET- -



2¢1 GEV/NUCLEON DEUTERONS

TARGEY = PB

- CROSS

' CROSS
" CcROSS
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

38.

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR
ERROR

ERROR

ERROR

PLAB/Z
500

750
1.000
1.250
1.500
1.750
2,000
2,250

2.500

24500

2.750

PROTONS
1.2826403

“LeTT76E4OL"

1,224E+03
1.,568E¢04

1.200E+03
1.465E+01

1.193E+03
1.409€¢01

1.3708E+03
1,562E+01

1.561E¢03
1.7T21€¢01

1.903E+03
2.045€¢01

3.490E¢03
3.619€+01

To495€E+03

7.612€401
7.2906¢03

T.b07E*DY

3.600E¢04
3.610E¢02

DEUTERONS

- 3.060E¢02

1.941E+00

2.587E+02
5.196E+00

2+091E¢02
Ge 116E¢00

1, 603€¢02
2.95CE+N0

9.525E¢ 014
2. 186E+00

7.256"01
1.736E+90

- 60001E¢ 91

1.470E¢00

5.766E¢01
1, 368E+00

 #.616E¢01
1,169E+08

&, 258E+01
1.097E+00

3,912+ 01
1,033€+00

1.560E+01

1.136E+00

LoebD4ECQL
1.696E¢00

2.378E401

14103€+00

1.251€+01
7.236€-01

6.719€+00
h.083E-01

3.777E+00
3.413€E-01

2.220€+00
2.462E-01

1.5116+00
1.925E-01

HE=3

1.888E¢00
3.397E-01

7.067E€+30

Se404E-0L

2.863E+¢00
2.967E-91

1.097€+00
1.6308€-01

5.077E-01
1.017€-01

3.829E-01

- Be173E~02

3.503E-01
Te312E=-02

1.218E-01
4.063E-02

HE~-&

-9¢T-




2¢1 GEV/NUCLEON DEUTERONS

TARGET = P8

CROSS SECTION
' CROSS SECTION ERRPOR

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

_ CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

Table 38 (continued).

PLAB/Z

24875 .

3.000

3.250

3.250

3.500

3.530

4000

L. 000

PROTONS

- 50206E¢04

1.649E+¢33

3.339E+04
1.,059€E¢03

4.025E¢33
1.301E+82

3.920€¢03

5.671E+01

7.879E402
8.680E¢00

7.7276402
8.527E+00

9.994E¢01
. 1.572E400

9.,928E+31¢
1.565E+00

DEUTERONS

JobbbEe 01
2.894E+ 00

3. T40E+Q1
2.980£+00

2.733E+01
2.407E¢+00

3.183E+ 01
1 176E 0D

2,572+ 01
T.121€-01

2.532€¢ 10

T.153€-22.

. Be100E+01

1.013€¢00

3.615€E+1
8,204E~-01

C.
g. .

8.622€~01
1.802€E~-01

2.611E-01
6. TWEE-D2

3.503E-01

T.312€-02

-LeT-

0



2.1 GEV/NUCLEGN OEUTERONS

TARGET = CH2

CROSS

CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

.. GROSS

CROSS

CROSS
CROSS

CROSS
CROSS

" Table

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

FQROR
ER&OR
ERROR
ERROR
ERROR
ERROR
ERROR

ERROR

SECTION

SECTION

SECTION
SECTION

SECTION
SECTION

39.

ERROR
ERROR

€RROR

i~

PLAB/Z

o750

1,000

1.25¢

1.500

1,750

2.000
2,500

2.750

2,875

3.000

PROTONS

1.396E+02
2.001E¢00

1.912E¢02
2.353E+00

2.0830E¢02

3.177€¢00

3.851€¢02
4.135c¢00

5.656€E¢02
5.896E+00

Be728E002

6.935E+00

9.402E¢02
9.584E¢00

3.359E¢03
3.374E01

8.465€¢03
2.681E¢02

‘14209E¢Db
'3.,828E402

8.619E+03
2.729€+02

DEUTERONS

$.100E+ 90
1.283E-01

1.064E+DL
3, 017€E-01

1,251E+04
3.295€-01

1.5146€+01

3.360E-01

1.667E+01
3.322€-01

1.039E+ 04
3. 365€~-01

2.163€401
3.566E-01

2. 162€E+01
3.310E-01

1. 711E+01

 B8e689E-21

1.5631E+01
8.233E-01

1,828€+02
8,872€E~-01

He3'

8.
20.394E-012

4. 894E-02

5.537€E-01
6.461E-02

6.704E-01
6.371€-02

7.383E-01
6.113E-02

S.3868E-01

3.405E-014

3.5085E-02

. HE=3
6.734E~-02

2.246E~02

S.437E-01
5.236E-02

3.629E-01
3.7032-~02

3.1735-01
3.098E-02

1.172€-012
1.714E=-02

1.304€E-01

1.675€-32

1.4061E-01

1.463E-02

0.
C.

HE~&

-8¢1-

(53




201 GEV/NUCLEON DEUTERONS

TARGET = CH2

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

SECTION _
SECTION ERROR

SECTION
SECTION ERROR

SECTION »
SECTION ERROR

39‘(continuedj.‘

PLAB/Z
3.250

3.250
3.500
3.75¢
4,000
4,000
wes00

5.000

PROTONS
1.519E¢03

4.838E¢01

1.599€+03
2.277E+01

J.0894E¢02
3.998€+00

1.263E¢02
1.350E+00

6.L6LECDL
T.327€E-01

6.,591€E+01
7T+455E-01

1.212E+01

1.8568E-01

DEUTERONS
1.196E¢04

6. 446E-01

1.511€+08
3.387e-08

1.338E+01
2.152€-01

1.510€+01
2,298E-01

24137E+01
2,921E-01

20166€¢08
2-9315-91

60 490E+ 01
T.270€-01

1.739€¢ 02
1.012€¢ 00

H=3

503755'0‘

4.531€-02

1.627€-01
1.752€-02

HE=-3

HE=&

-6¢1-

¢ 0

Fe

&

8 00

|



1405 GEV/NUCLEON ALPHAS
TARGET =

CROSS
CROSS

CROSS
CROSS

CR0OSS
CROSS

~ CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

-CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

Table

SE

SECTION

SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECYION ERROR

SECTION

SECTION ERROR

SECTION
SECTION ERROR

SECTION

SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

40.

PLAB/Z
500

1.000
1.250
1.500

1.750

~24000

2,250

2.375

24500

2,625

2.750

PROTONS

 1,246E432
 5.008E¢00

L.904E¢02
8,050E+00

9.297€+02
1.494E+01

3.724€¢03
5.908E¢01

1.031E+04

2.30TE«02

2.646E403
5,938E481

2.776E002
9.045€+00

 1.969E¢02

6.476E¢00

DEUTERONS

" 7.708€-01
 2.449E-01

2. b54EDL
6. 224€E-01

J.823E+01
8,125€-0¢

he832E+01
9. 455E-01

6.109E+01
1.593€+00

" 6.4B3E¢01

1.651E+00

8.202E+01
2.852E+230

1.077E¢02
3.653E+00

1.156E¢ 02
3.891E+00

24 436E+ Q2
T.933E¢+00

¢, 281E¢02

$1.376E¢08

H=3
0.
0.

8.623E-01
9.241E-02

1.1326+00
9.535€-02

1.634E¢00
1.059€-01

1.019E+C0
1.086E-01

1.647E+0C
1.31€E-01

1.860E+00

1.884E-01
24040E¢00

1.935E-01

HE=-3

1.,657E+08

94334E=02
1.690E+00

8.522€=-02

2.157E+00
9,L17E-2

3.903E+00
1.710€-01

1.569£+01
he508E~01

2.678E+02
8.604C+00

8.43TE¢02
2.681E+01

24140E4¢03

| 6.760E40L
2.565E483

8.123E+018

3.660E+02

1.171€+01

HE=&
0.
te.

T+137€-01
$5988E=-02

he284E-01
bo14CE-02

§.777E~01
L 425E-02

7.678E-01
6.757E-02

8.568E~-01
6.736E-02

1.817€+00
1.380E-01

"1.137€+00

1.007e-01

|
—
g
?




185 GEV/NUCLEON ALPHAS

TARGET = 8E

CROSS
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

SECYION
SECTION

40 (continued).

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

PLAB/Z -

3,000
3.125
3.125
3.250
3,333
3,378
3,438
3,470
3,625
%.000

4,500

PROTONS

-DEUTERONS

1,096€¢03 .
‘3.486E+01

2,165E¢03
2,109€+02.

2.970E+03
6.567E+01

3.660E¢03
1.159E+02

5.613E¢03
5.618E+02

S 898E+03
1.867E¢02

7.296E403

2.280E402
%o 124E+03

1. 306E¢02

1.792€¢02
5.016E+ 00

1.372€E+01
5.528E-01

‘He3

3.069€+00
2.206E-01

0.
6.

4.019E+00
2.531€~01

0.
9.

3.410E+00
2.493€-01

2.575E+01
9.553€-01

3.341E¢02
1.070E+01

HE=3

1.046E¢01
b.202E-01

3.786E+01
&.005€E+00

HE=-&

3.023€+01

1.054E¢00

1.265€E+02
1.29QE001

3.175€+02
1.013E401

1.,275€+03
1.278€+02

3.500E¢03
1.1008E+02

1.0647E¢ 04
3.310E¢02

-1p1-

-----

800
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1.05 GEV/NUCLEON ALPHAS
TARGET = Bf

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION _
"CROSS SECTION ERROR

Table 40 (continued).

PLAB/Z

4750

L.0875

5.000

3.563

PROTONS

DEUTERONS

N~3

1.256E+03

3.908E+01

1,8608E+03
5.920E+01

3.217E+03
1.018E+02

HE=3 .

. HE-t

0.0
1.878E+00

A A G




1.05 GEVINUSLEON ALPHAS

TARGET =

CROSS SECTION
CROSS SECTION

' CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

' CROSS SECTION
CROSS SECTION

‘CROSS SECTION
CROSS SECTION

CR0SS SECTION
CROSS SECTION

‘Table 41.

ERROR
ERROR
ERROR
ERROR
ERROR
ERROR

ERROR

ERROR

ERPOR

ERROR

ERROR

PLAB/Z
500

750
14000
1.250
1.500
1,758
2.000
2.250

24375

2.500

2.625

PROTONS

1.686E+32
7.056E¢08

3. 044E+02
1.343€+01

5.081E¢02

 9.T78TE+00

1.075€+03
1.739E+012

Lo232E403
6.725E¢01%

1.1L2E¢04
3.,616€¢02

2.877E+03
9.1649€+01

3.1008€¢02

1.026E+01

2.017€+32
6.788E+030

6.905€+01
2.537€E+0Q80

OEUTERONS

- 2.04TE+00
. 5.159E=91

1.834E¢02
1.379E¢08

3.538E¢01
9.375€E-01

S.104E+012
1.162E¢00

5.939E+08
1.26TE+ 00

7.012€¢214

2.735E+0¢C

Toew3LE+OL
2.811E+00

8.,912E+01
3.237€+00

1. 226€¢32
4. 277E400

1.663E¢02
5.586E+00

2.510E+02
8. 315€+00

H=3

3.636E-01
1.721€£~-01

1.788E400
1,7206-01

2.074E+00
1.667E-012

2.276€E+00
1.604E-01

-3.092E+CO

3.513E-01¢

1.83€E+00
2.500€-01

2, 205¢E+00

. 2.607€-01

2.848E+00

" 2.922E-01

HE=3

T.301E-01

1.T86E-01

1.968E+20
1.276£-91

20274E+00

- 14263E-01

2.786E+00

1,3002-012

4.620€+00

3.261E-01

1.681E+01
T.439E-012

2.755€¢02
8.934E¢08

el 8E¢02
3.009E¢01

2.25%€+03
7.150€+01

3.017E+03

9.,561E¢01

HE=4
0.
0.

1.,643E+00
2.T15€-01

T.701E-01

7.99%5€-02

$.837€-01
6.221€~02

7.345E-01

6.672€~-02
1.001€+00

.14398€E-01

1.151E+08

1.414€-01

1.602E¢00
1.709€E-01

4%



105 GEV/NUCLEON ALPHAS

TARGET = €

. CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
. CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

Table

SECTION

SECTION

SECYION
SECTION

SECTION
SECTION

SECYION
SECTION

SECTION
SECTION

SECTION
SECTION

SECYION
SECTION

SECTION
SECTION

SECTION

SECTION

SECTION
SECTION

ERROR
exror
ERROR
ERgOR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

SECTION

SECTION

41 (continued).

ERROR

PLAB/Z
2.750

3.000
3.128
3,250
3,333

3.378

3,438

3.470
3.625
4,000

».5080

PROTONS

ODEUTERONS

© 3.880€¢902

1.263€E+01

1.158E¢93

3.694E¢08

2.167E+03
6,883E¢01

3. be08E+03

1.094E¢02

5.285€E¢033
1.6T6E02

6.226E¢13
1.972E+02

6,601E¢903
2.090E¢92

& 335€¢03

1.376€402

1.663E+02
S.507E+00

1. 324E¢01
6.019€-01

H=3'

24813€E+00
2.614E-01

3. 845E¢00

3.017€-01

& T27E¢00
3.261E-01

2.831E+01
1.121E+00

3.135€¢02
1.014E02

HE=-3
b SWUED2

‘Lo4S5E+21

1.178E¢01
5.149E-01

HE=&

_30‘095060;
2[“’0"01'

2.976E¢01
1.099E¢C0

1.726€¢+02
S.619E+CD

2.923€¢02
9.431E+00

1.228€+03

3.899E¢01

3.149E+03
9.,973€+01

9.616E+03
3.042€+02

-ppI-



1.05 GEV/NUCLEON ALPHAS
TARGET = C

PLAB/Z - " PROTONS DEUTERONS H-3 HE-3 HE=&

CROSS SECTION © . 44750 0. g. . 1.204E¢03 0. 0

' CROSS SECTION ERROR ' : S 0 . 3.954E401 0. L B

CROSS SECTION ' ' T 4.875 0, 0. 1.929E+03 0. 0.

CROSS SECTION ERROR 0. 0. 6.122E401 c. . 0.

CROSS SECTION . s.000 . . - 0. .. . 3.092E¢03 0. v 0.

CROSS SECTION ERROR 0. 0. 9.798E¢01 0. 0.

CROSS SECTION 3.563 . . 0.0
'CROSS SECTION ERROR 1.413E+00

=SvI-

Table 41(continued).

~
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1.0%5 GEV/NUCLEON ALPHAS

TARGEY =

P8

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION

CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION

CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION ERROR

Table 42.

PLAB/Z

750
1,000
1,250
1.500
1.750
2.000
24250
2,378

2.500

'.20625

2.750

PROTONS

1,926E¢03

2.230€+01

24231E+03
1.559€+01

"34209E+03

S5.375€¢01

1.104E¢30
1,7725002

3.210E¢04
T.210E#Q2

T.648E+03
2.457€402

Te943E+D2
20836E¢01

' 5.490E¢)2

2.037€¢01¢
3.362€¢82

1.33BE40L

2.424E+02
1.020E0‘1

DEUTERONS

3. 035€¢02
5.427€+90

3.363€402
3, 3586+ 00

2,807€+32
6.910€+80

2.268E+02
5.635E+00D

2.197E+02
T.450E+08

2.097€+02
9. 818E+00

2.551E¢02
1, 103E¢08

2. 90LE+%2
1.205E+01

¢ 399E+02
1.678E¢01

7.296E¢02
2,590E¢01

"1.0350E¢03

3.596E¢01

H=-3

Te281E¢01
2.336E+00

5.9508E+01
1.163E+00

4e253E+01
2,164E400

20411E+01

1e478E+00

1.552€+01
1.540€E+¢00

1.472E+01
1.988E+0C

Te2108E400
1.296E¢00

7.266E+00
1.267E+00

HE=3

2.964E408
;QO“nEOOQ

7.633E¢00
2.825E~01

5.329£+03
5.2695-01

$.079€+09
S.072E-01

1.030z¢01
8.94LE-01

3.6925¢01
2.4592¢00

T.59TE¢02
2.575E+01¢

2.6226+83
8.458E¢0Y

- 846365¢C3

2.747E402

8.3L45€203
2.654E¢02

1.032E¢03
3.4062¢01

HE=4

2.465€+01
9.516E-01

6¢551E€¢00
2.628E-01

2.4608E+00
3.5084E-01

2.657E+00

3.400E~01

3.335E¢00
4.983E~-01

3.474E400
6.759E-01

3.999E+00

6.877€-01

1.649E+01
1.251E+00

-9p1-



105 GEV/NUCLEON ALPHAS

TARGET =

]

CROSS SECTION

CROSS SECTION

. CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTYION

CROSS SECYION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECVION

CROSS SECTION
CROSS SECTION

CROSS SECTYION
CROSS SECTION

Table 42 (continued).

ERROR

ERROR

ERROR

ERROR

ERROR
ERROR
ERROR
ERROR
ERROR

ERROR

ERROR"

PLAB/Z
3.690

3.125

3.250

3,333

3,378

3,438

3.470

3.625%

4,000

4e500

4750

PROTONS

0.
0.
0.

DEUTERONS
2,674E+03

8.705E¢01
5,850€403

1.875€¢22

1. 068E+ 06
3. 338E+32

1.496E+ 04
4. 753E¢ 02

1, 7T18E+36
S.465E¢02

3;3865035
1.073E+23

1,075€¢04
3.420€¢02

4. 096E¢ 02
1. 480E+ 02

3.277E+ 01
2,171E+ 00

8.459E+00
1.226E+00
0.
0.

T«183E+08
1.083€E+00

1.232E+01

1.370€+00

6+ 369E+01

3.L84LE+CO

8+330E+02
2.807E¢04

3.216E+03
1.034E¢02

HE=3

2.605€401
1.698E+00

0
e.
0.

HE=&

7.3876¢01

3.433E+00

4.862E¢02
1.663E+01

8.995E¢02
2.967E+01

4.328E¢03
1.381€402
1.237E¢ 04
3.9264E402

h,522E¢ 04
1.431E+03

-LYl-



1.05 GEV/NUCLEON ALPHAS

TARGETY = PP

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

Table

SECTION
SECTION ERROR

SECTION
SECTION ERROR

SECTION
SECTION ERROR

42 (continued).

PLAB/2
4,875

5.000

3.563

PROTONS

DEUTERONS

0.

H=3

- 54872E+03°
1.873E¢02

9.430E¢D3
2.998E402

HE=-3

HE=-&
0.

C.
g.

0.0
1.231E+01

4%




1.05 GEV/NUCLEON ALPHAS

TARGEY = CH2

CROSS
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

43.

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERFOR

ERROR

ERROR

ERROR

'ERROR

PLAB/Z
o750

1.800

1.250

1.500

1.75¢C

2.000

2,250

2,375

2,500

2.625

2.750

PROTONS
4.339€¢02

" 1.502E401

T.3564Ee02
1.213E+01

1.,375E+03

2. 21&E001 :

4.832E¢03
8.,052E+01

1.437E+04
34218£¢02

3.358€+03
1.067E+02

he320E¢02
1.413E+01

' 3.599€402

1.,180€E+01

B8.T27TE¢D L
3.162€¢00

1.021E+02
3.596E+00

~ DEUTERONS

1.688E+01
1. 326E+00

3.5638E+01
9.615€~-01

5.448E+01

1.205€¢00

6.709E¢+ 01
1. 629E¢00

8.871€E+01
2.364E+00

8,297€+04
3.097E+30

1.138E+02
4. 032E+ 30

1.e14Ee02

k. 887E¢00

. 2016E¢02
6, TTTE+ 00

2.9693E+92
9.775E+00

5.508E¢ 02
1. 779E+01

He3

1.528E+00
1.602E-01

1.997€+00
1.6515‘0‘

2.073€E+00
1.618E-01

2.046E¢00
2.013e-01

1.938E+00
2.597E-01

2.365E+00

2.733€-01

3.154E+08
3.118E-01

HE-3

1.807€+00

1.251E-01

. 24352E¢80

1,298E-01

3.0195+00
1.439€~-01

5.801E¢09%
2.670E-01

2.285E+01

9.4P3E-01

3.998E¢92
1.287E+01

1.,332€+03
L.233E+01

3.160E+03
1.008E+02

Le131E¢03
1.308€+02

$.002c+02

1.601E+08

HE-&
7.497E-01

1.834E-01
T.773E-01

8.110E-02

7.012E-01
€.990E~02

7.160E-01
6.,697€-02

1,399E¢00
1.131E-01

1.025€+0¢C
1.342€-01

2.455€+00
2.052E-01

2.936E+00
2.136E-01

9.814E+00
4.630€-01

-6v1-

00

o



1+05 GEV/NUCLEON ALPHAS

TARGET = CH2

CROSS
CROSS

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

SECTION
SECTION ERROR

SECYION :
SECTION ERFROR

SECTION
SECTION ERROR

SECTION _
SECTION ERROR

SECTION -
SECTION ERROR

SECYION
SECTION ERROR

43 (continued).

PLAB/Z
3.000

3.125
3.250
3,333
3.375
3.438
3.470

3.€25

44000

4,500

Lo 750

PROTONS

8.
0.

DEUTERONS
1.563E+03

4.915E¢01

3.033E+03
9.625E¢01

4., 865E+03
1.535E+02

7.b35E003
2.35LE¢ 02

8,812€+03
2,790E¢02

2.270€¢ 04
7.184E+02

5.239€¢03
1.659E¢02

2.57T8E+02
8. h0SE00 -

1,781E¢01
T.588E-01

He3

4o 038E+QD
3,2335-01
0.
0.

S.014ELO
3.557E-01

6.616E00
3.968€-01

3.017€¢01
1.186E+00

Lo h608EC02
1.436E+01

1.7T15E¢03
Seb46E+DL

HE=3

‘24175E+04

8.433E-01

HE=&

4,520E+01

1,594E+ 00

2.535E+02
8.132E+00

3.852E¢02

1,234E¢01

1.535€¢03

4.869E¢012
4.557€+03

1.063E¢02

16445E+04
4.571E¢02

. ~0ST-




1.05. GEV/NUCLEON ALPHAS
TARGET = CM2

CROSS. SECTION »
CROSS SECTION ERROR -

CROSS SECTION
CROSS SECTION ERROR

-Table 43 (continued).

PLAB/2
4875

5.000

PROTONS

OEUTERONS

H=-3

34127€+03

9.909E+012

3.916E+03
1.240E¢02

HE-3

HE=&

-1S1-

4
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201 GEV/NUCLEON ALPHAS

TARGEY = BE

_ CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CRrROSS

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
SECVION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

44,

ERRGR
ER&OQ
ERROR
ERROR
ERROR
ERRdR
ERROR
ERROR
ERROR
ERROR

ERROR

PLAB/Z
+500

.750
1.900
1.250
1.500
1,750
2.000
2.250
2,500
2,750

2,813

PROTONS

 1.061E¢02

3.566E+00

2.033E¢02
J.446E+00

3.093E¢32
4b,823€E¢00

&e322€002
#.582E+00

6.177€E¢02
6.395€+00

8.270€E¢02
1.196E¢01

1.147€E¢03
2.601€+018

2.039E+03

6.495€¢01

3.750E+403
1.,190E¢02

7.697£¢03

2.438E¢02

T.702€¢03
2.439E¢02

DEUTERONS
be598E~014

1. 779E-31

7.122€+00
3.710€-01

1.212€¢08
he392€-11

1,421E¢01
3. 106E-21

1.747E+¢01
3, 296E-11

2. 11TE 0L
- 54 020E-01

2539E+01

8, T7T1E~-01

3.126E¢01

1.392E+00

3.355€+01
10 424E+00

4. 361E+01

1. 722E+60

He3
0.
0.

©.1085E-01
7.540E-02

S.40CE-01
Seb27€E-02

6.030E-01
Se244E-02

S.400E-01

6.500E-02

he894E-01

9.154E-02

6.300€-01
1.389E-01

ME-3
0.

3,260E-01
S.620E-02

3.983€-01
5.216E~02

4.150E-01
3.377€E-02

4,635E-01
3.263E-02

5.4G0E-01
4.628E-02

6.,750E-01
T7.697E-~02

1.020€+00

1.278€-01

0. '
0.
[ 8
0.

HE=-&

-ZS1-




2.1 GEV/NUCLEON ALPHAS

TARGEY = BE

CROSS
CROSS

CROSS
CROSS

CROSS
CRoSS

CROSS
CROSS

CROSS
CROSS

CROSS
GROSS

CROSS
CROSS

CROSS
CRoOSS

CROSS
- CROSS

" CROSS
CROSS

Table

SECTION
SECTION

SECTION

SECTION

SECTION
SECTION

SECYION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTYION
SECTION

SECTYION
SECTION

44 (continued).

ERROR

ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERRO#

ERROR

PLAB/Z
2.875

3.000

3. 250

3.500

3.750

4,000

4,250

he500

o750

54000

PROTONS

7T.84SE¢03
2.484E¢02

7.043€403

24231E¢02

2.636E403
1.513€¢02

9.694E¢02
5.507€+01

2.502€¢402
1.273€+01¢

ODEUTERONS

3.617E+01
1. 455€+0¢C

3.610E+01

2.5688E¢09

4. 891E+ D1
3.246E+00

5.825E4¢21
2,106E¢ 10

5,485E+01

3.088E+00

T.188E+02
2.294E+01

H=3
8.

8.641E-91
1.277€E-0¢

HE~-3

9. 46TE+DL
3.,133E+00

3.667E402

1.828E¢01

6.563E¢02
240081E 01

1.277€432.

Lo154ED)

2.076E¢31
T.605€E-01

HE=~&4

-¢ST1-

80



201 GEV/NUCLEON ALPHAS

TARGEY =

.. CROSS SECTION
CROSS SECTION ERROR

c

' CROSS SECTION

CROSS SECTION ERROR

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECYION

CROSS SECTION

CROSS SECVION
CROSS SECTION

CROSS SECTION .
CROSS -SECTION

CROSS SECTYION
CROSS SECTION

CROSS SECTION
CROSS SECTION

‘Table 45,

ERROR

ERFOR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

PLAB/Z
«500

750
1.000
1.250
1.500
1.750
2.000
24250

2,500

2.750

2,813

PROTONS

1.4908€¢02
3.289E+00

2.627E+02
4,605E+00

3.823E¢02
6.109E+00

5.612E482
5.,819€+00

Teb31E4D2
T.T75E+90

9,705€E+02
1.415E+01

1.567E+03
3.563E¢01

2.198E¢03
T.024E+01

L.254E¢03
1.352€E¢02

T.115€¢03
2.256E¢02

9.,299€¢03
2.946E¢02

DEUTERONS

‘10 450E+00
‘2. 495€E~-01

1.550E¢91
7.010E-01

1.930E+31
6.970E-01

2.270E+ 0L

4. 951E-01 -

2.581E¢01
5.000E-01

2.935E+01
T.279E-01

4. 120€+01
1.335E+00

3.672E+01
1.757E+00

-be166E¢0L
1.874E+00

b, 836E¢01
2.052€+00

H=3

Oe
1.,224E¢00

1.630E-ll1

1.082€+00
9.699€-02

1.138E+00
9.094E=02

‘143649€E+00

1,391E-01

1.154E+00
1.778E-01

1.0649E+00
2.262E-01

7.728€-01
1.838E-01

8.300E-01¢
1.096€-01

8.694E-01

9.738E-02

8.2086E~01
6.022€-02

8.121E-08
Sek54E=D2

7.053€-014

- Be652€=02

1,140E+00
1.263E-01

7.633E-01
1.,371€E-0¢

-pST-




201 GEV/NUCLEON ALPHAS

TARGET = c

CROSS
CROSS

CROSS

CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CRosS

CROSS
CR0SS

CROSS
CROSS

CcRoss
CROSS

CROSS
- CROSS

CROSS
CROSS

Table

SECTION
SECTION

ERROR

SECTION

SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION

SECTION.
'SECTION

SECTION

45 (continued).

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

PLAB/Z
2.875

3,008
3,250
3.500
3.750
€000
4250
4.500
8,750

5.000

PROTONS
8.593E¢03

2.T2%€E¢02

1.149E¢04
6.170E¢N2

b.615E+83
2.668E¢02

1.148E¢03
3.676E¢01

2.84L4EeD2
1.429E¢01

" DEUTERONS

5.841E¢01
3.971E+80

5.,799€E¢ 04
be 16 8ECQD

5.19%E+01
2,167E+10

6.085E¢01
2.580E+00

5.527E¢ 0%
3.234LE¢00

G.
%.

0.
9.

1.171€402
3.924Z¢00

. 3.967E¢02

1.939E+01%

6.510E+02
3.417E+0L

1,120E+02
3.727E¢30

2.191E+01

8.529€-01

0. .
0.

HE-&

-GG1- .

Sy

e

T,

n et

0



241 GEV/NUCLEON ALPHAS

TARGET =

L ]

CROSS SECYION

CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTVION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECYION

CROSS SECTION
CROSS SECVION

CROSS SECTION
CROSS SECYION

. CROSS SECTION
- CROSS SECTVION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

-Table 46.

ERROR.

ERROR
ERROR
ERROR
ERROR
ERROR
ERPOR

ERROR

ERROR

ERROR

ERROR

PLAB/Z

}.iso
1,000
1.25¢
1590
1.rs§
2,000
2,250
2500

2.750

24013

PROTONS
1.985E¢03

2.936E¢01

2.465E¢33
3.155E¢01

2.328E+03
2.0858E+01

2.40¢EE¢03
24080E+01

2.T736E¢03
3,104E+02

3.,086E¢+33

3.406E¢01

&.147E¢03
9.911E+01

6,166E+03
2.031E¢02

'1.292E434
. 64 160E¢02

2.916E404
9,288E¢02

3.192E+04
;.0165003

_ DEUTERONS

3,555€¢01
2+ 904E+ 00

e 37TE+ D2
Qbbb BESDD

ke 108E¢02
8.237€E+00

3. bb8E¢ 02
6,709€+00

2+508E¢+92
5.138E+00

2.063E4%2
€. 292E430

1,880E¢02
8.509E+00

1,607E+02
1.056E¢01

1, 302€E+02
8.917€E+00

1.594E¢02
9. 749E+00

He3'
Q.

8,670E+01
3.365€400

T.270€+01
2.762E+00

£.93%5E+01
2.063E+00

3.212E+012
1.530€+00

2.012€+01

" 2.517E+00

9.755E+00
2.320€+80

HE-3

3.292E+00

6.345€-01

2.260€E+01
1e374LE+OD

1.055€¢01
8.,089E-01

6.195£+100

5.532€-01

4.065E+C0
»,085-01

3.631E+08
3.264E-01

1.982eE+00

5.514€E-012

6. 0656400
1.,057E+00

HE=&

-9S1-

>




201 GEV/NUCLEON ALPHAS

TARGE

C0ss
" 'CROSS

CROSS -
CROSS

CROSS
CROSS

CROSS
CROSS

- CROSS
CROSS

CROSS

T= P8 °

SECTION
SECTION

SECTION
SECTION

SECTION
SECVION

SECTION
SECTION

SECTION
SECTION

SECTION

CROSS SECTION

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

Table

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

i

46 (continued).

ERROR

ERROR

ERROR

ERROR

ERROR

ERFOR

ERROR

ERROR

ERROR

ERROR

PLAB/Z

2,878

3.000
3.250
3.500
3.750
4,000
“.250
4.500
Lo 750

5,000

PROTONS

248L6E¢04

9.064E*02

2.878E¢04
9.162E+02

1.196E¢04
3.040E+02

3.323E+03
1.103€¢02

T.130Ee¢Q2
2.681E+01

DEUTERONS

1.317E+ 22
8,372E+00

1.778E+02
9,864E¢ 30

1,652E¢02
8. 020E+20

1.730€E¢C2
6.531€E+130

1,516E¢+02
8,27 8E+00

2.521E¢03
8, 365E¢018

He3
0

9.

0.

0.

2.927E+00
6.929E-01

HE=3

3.063€¢82
8.,475E+00

1.610E+03

- aT19E¢0Y

2.716€+03
8.813E¢91

3.0862E¢02
1.004E+01

6.238E+01
2.439€+00

8.
0.

0.
0.

Go.

. O

HE=&

-LST-

07 e



241 GEV/NUCLEON ALPHAS
TARGEY = CH2

CROSS.
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CR0SS

CROSS
CROSS

CROSS
‘CROSS

CROSS
CROSS

CROSS
C0Ss

. CROSS
CRoSS

CROSS
CROSS

Table

SECTION
SECTION

ERROR

SECTION

SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECVION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

47.

ERROR
ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR
ERROR

ERROR

PLAB/Z
«500

o750

1,000

1.250

1.500
1.750
2.000

2.250

2.500

2,750

2.013.

PROTONS

1.545E402
3.309€+09

2.798E+02

4.809E+00

3.591€¢02
L.061E¢00

4,968€¢02
5.353E+00

8.330€¢02
8.,657E+00

1.134E4D3
1.663E401

1.5708E¢03
3.504E¢018

 2,667€¢83

8.504E+01

Le913E¢03
1.560€+02

1.,036E¢06

3.281€402

1.052E+04
3.333c+02

DEUTERONS

6.052E-01 -

1. 565E-01

1,124E+01
5.725€-01

1,0872€+ 1012
ke 732E-01

2, 225E+01
8. 786E-01

2,375E+01
“o 6“95-01

2.824E¢01
6,965€E-01

3, 667E 08

1.264E+00

& 152E¢31
1.893E¢00

3.631E+01
1.669E+ 00

5, 7526401
2 328€E+90

 H-3

1,361E+00

1.175€-01

1.406E+00
1.078£~-012

9.953€-01
8.269€-02

1.010€E¢60
1.092€-01

Te109E-01

1.3836-01

5,868E-01

- 14638E-01

6.774E-01
9.,623E-02

7.313E-01
6.138E~02

6,906E~-01
5.362€-02

6,399E-01
4.,698E-02

T.835€-01
6,83u4E-d2

9.776E~014
1.135€-01

1.151E+00
1.€52€-01

0. ’
g,

HE=&

-8S1-




201 GEV/NUCLEON ALPHAS

TARGET = CH2

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

47‘(continued).

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR .

PLAB/Z
2,875

3.000

3.250

. 3.500

3.750

4.000
4. 25¢C
4530
4.750

. PROTONS

'1.003E¢04
| 3.176E402

6.418Ee03
3.679€¢02

2.666E¢03
1.536€+02

1.353E+403
he324Ee01

3.171E402
1.042E431

0.
0.

DEUTERONS

2,560E+01
2. 226E+ 20

3. 7645E+01
2, 900E+00

5.,833E¢7¢
2.255E+00

7.1)2E+91
2.637€+0C

7.061E+01
2.601E+238

1.050E+03
3.353E¢01

H-3'

HE-3

1.306E+02
ho33GE+00

b.882€+02
1.564LE¢31

8.209€+02

246158+01

1,278£¢02
Lo217€¢3)

24358E+01

- 8¢991E-01

HE=&

~6S1-



-160-

Cu or Pb_Tafget 1/4" Thick

Fragment
omorron Pl e | | e | e
(MeV/c) B
1250 1250  |1266+13 |1285:28 126916 |1281+25
1000 1000 1025420 |1053+35 |1028+22 |1050+41
900 909+7 | 93124 | 970%57 | 933+27 .954;44
750 762+10 | 793:33 | 857487 | 79637 | 83265
500 52117 | 594%77 “- 597+80 | 66654
Be or C Target 1/4" Thick
Fragment .
Observe P d 3H v 3He 4Hé
Momentum ' :
(MeV/Q). .
1250 1250  |1250 1250|1250 1250
1000' 1000 1000 1013+11 {1000 1000
900 900 | 900 017¢14 |907¢6  |914+11
750 750  |76058  |776:21 |76089  |770:16
500 - 505:4 |526%21 -- 52621 536229

Table 48. Momentum of Observed Particle Corrected for Energy

Loss in Target (MeV/c)

%




822
-161-
E d2 .
;;.Hﬁai-(l.os GeV/nucleon)
Reaction )
E d<o v e
;;-aﬁai»(Zwl GeV/nucleon)
d+Be—*p+X 2-29
d+C—>p+X . 3.04
d +Pb~>p+X 3.60
d+CH2+p+X 3.16
o + Be > p + X 2.33
.a+C+p+ X 2.35
at Pb>p+ X 2.00
.a+CH2+p+X 2.54
Average 2.31 £ .10

Overall average 2.67 * 0.48

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

| the proton peak




1005 GEV/NUCLEON CARBON BEANM

TARGEY =

CROSS SECTION
- CROSS SECTION.

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

c

CROSS SECTION
CROSS SECTION

- CROSS SECTION

CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTION

CROSS SECTION
CROSS SECTYION

CROSS SECTION
CROSS SECTION

CROSS SECTION

CROSS SECTYION

CROSS SECTION
CROSS SECTION

Table 50.

ERROR

ERROR

ERROR

ERROR
ERROR
ERROR
ERROR

ERROR

ERROR

ERROR

ERROR

PLAB/Z

1,000

1,250

1,500
1,625
1,750
1.875
2,080
2,250
24500
2,625

2.75¢

PROTONS
24035€+03

8.728E001

4.470E+D3
2.297€¢02

1.767E+04
6.480€E+02

3.888E¢04
1.315E€¢03

5.096E¢0%
1.692€+03

3.525E+04
1.189€E4+23

1.4T8E0G
5+346E¢02

2.199E+03
1.173E¢02

6.169E¢02

3.628E¢01
| 3.755E+02

3.803E¢01

0.
8.

DEUTERONS
9.543€¢71

" 14723Ee01

2,203E+02

 6e983E¢ 01

2.075E¢02
3.6168E+01

2.250€+02
3.628E+01

2. 818E¢92
3.337E¢0%

3.165€E+02
%e051E¢01

2.921E+02
3.766E¢08

5.233E+02
ke 835E+ 01

" 9.765E¢ 32

4. 7TS3E+01

1.533€+03
8.754E+01

24406E¢ 03
5, 868E¢101

H=3

1.9408E+01
9.75%E+00

1.217€+01
T.037€+00

2.190E+01
6.342€+0D

6.953E400
4. 9226400

belWBEDO
1.85€E+00

HE=3

1.081€+01

4e091E+0D

1.839E401
8,2065+0)

3.054E¢01
9.705€+00

3.939€+01¢
1.060E¢01

. be1T6E¢01

1.052E¢01
9.496E¢01

. 1.550E+01

1,620€+02
1.990E¢+018

1.673E03
T+870E+012

6.973€403
1.751E¢02

7.689E¢03

2.T56E+02

4e211E¢03
T.861E¢01

HE~i

- 791-



1.05 GEV/NUCLEON CARSON BEAM

TARGET = c

CR0SS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CR0SS

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

50 (continued).

ERROR

€ERROR

ERROR

ERROR

ERROR

ERPOR

ERRPOR

ERPOR

ERROR

ERROR

PLAB/Z

2.800

2.900

3.063

3,125

3,250

3.375

3.500

3.625

3.750

3. 850

C.
0.

0.
0.

DEVUTERONS

2.830E+03
6.566E¢ 01

4. 056E+03
1.709€E+02

bew19E+ (3
1.279E+02

8.,96LE+03
2.338E+02

1.327E+ 04
3.266E+ 32

1.818E+04

6e161E¢+32

1.723E+04
S5.846E*J2

1.366E+ 04
3. 324E¢ 02

4. 116E43

1.151E+02

1,903E+03
9.019E+01

H-3

3.278E4C1
7.027E+00

3.504E+01
T«196E+00

bs212€+01
T«T4BE+0O

8.560E+01
1.056E+01

1.071E+02
1.166E+01

1.517€+02
1.956E+01

HE-3
2,738E+03
S.4EB8E¢DL

1.465SE+03
6.672E+01
6437532
2.620E¢01
4,2136402
1.991E+91
0.

C.

0.

0.

0.

0.

0.

0.

0.

0.

0. .

HE=-&

8.
0.

3.828E¢03
1.009E+02

3.796E+03
€e966E+01

€.755€+03
24333c+02

1.846E+04

6.046Ee02

1.699E+04
E.5TLED2

7.911E¢03
1.934E¢02

1.743E+03

5.079€+01

20133E¢C2
1.727E+01

-¢91-~



1.05 GEV/NUCLEON CARBON HEAM

TARGEY = CU

CROSS
- CROSS

CROSS
CRrOSS

CROSS
CROSS

CROSS
CROSS

cRrass
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
SECYION

ERROR

ERROR

ERROR

ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERéOR

ERROR

PLAB/2

‘14000

1,250
1.500
1,625

1.75¢

T 1.875

2.00¢

24250

" 2450¢C

2.€25

2.750

PROTONS

- $¢319E¢03

2,525E402

7.8056403

S.5T3E¢02

3.220E¢06
1.377E403

6.213E+0%

. 2e4321E+03

8.343E¢08
2.978E¢03

S.834E400

 24156E+23

2.015E¢04
1,032E¢03

bo122E+03
3.000E¢02

1.007E+03
9,253E+01

6.701E¢02
10326402

DEUYTERONS

. e 256E+02

7.50;E001

9.5938€E¢+02
1.7708E+02

T«997E+92
1. 482€E¢02

7.8T6ECD2

1e814E002

8, 056E¢D2
1. 415E+02

8. 316£+02

14357E¢ 02

7.796E+02
1.273E¢ 02

8. 884E+02
1.287€+ 12

1.591E¢33 .
1.183E¢02

 2,606E+03

2.155€¢02

3.823E¢03
1, 325€+92

H=3

be922E+01
3.686E+012

64858E+01
3.963E+01

6¢397€E+01
3.699€¢01L

9.996E¢01

boW81E+01L

T.1C8E+01
3.561€+01

1.599E401

 1.131E+01
4.569E¢G1 -

2.642E+01

HE=3
4s000E¢01

" 146355401

3.199E+01
2.2656+01

T 6.E65E+01

2.988E+01
9. 843E¢DY

Jeb9uZe0y

T.997E¢01
3.033E+01

1.279E¢32
3.716E+01

1.999€¢02

4.515€+012

3.012:+03

1,091E+04
3.2126402
4.5545402

5.732E+03
1.365E402

1.893€+02"

"14109E¢06.

HE=&.

-¥91-




105 GEV/NUCLEON CARBON BEAM

TARGE

CROSS
cRroSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
"CROSS

CROSS
CROSS

Table

T= CU

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECYION

SECTION
SECTION

51 (continued).

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

ERROR

E€RROR

ERROR

ERKOR

PLAB/Z.

2,800
2.900
3.063
3.125
3. 250
3.375
3.500
3.625
3.750

3,850

Qe

- 0O

PROTONS

DEUTERONS

% 508E¢03
9,202E+ 01

6. 493E+03
3.629E+032

1,216E+9%
2, 476E¢02

1o419E+ 0L
2.768E¢02

1. 995E¢ %4
4.531E+D2

2,541E+00
b, 352E¢02

2,627€+04
J.L0TESLC2

1.9164E+04
3.398€+02

1.086E¢06
2.788€£402

1,504E¢%
6.182€+02

H=3

8.271E+01
3.387E+01

6.005E+01
1.255E¢01

8.699E+01
1.497€+01

9.021E+04
1.930E+01

8.
g.

1,059E¢02
1,535E+01

1.599E¢02

2.402€+01

' 3.530E+02

6.157€+01

HE-3
§.016E¢03
6.693E+01
1.847E+03
1.271E+02
1,0632+03
4. 016E+01
7.010E+02
3.155E+01
.~

0.

Co

g,

c.

0.

0.

00 o
0.

o,

G.

HE=&

0.
C.

4+253E+03
9.5392E+012

6.057€+03
1.228E¢02

1.527E+0%
3.303€¢02

2.627E¢ 0k

- hel113€¢02

Ce452E+04
2.722E+02

2.9356+03
1.752E+02

2.013€+03

T.012E+04

248456403
1.512€+02

-991-

uv;p

¢

.,



1405 GEV PER NUCLEON CARBON = HEAVY FRAGMENT

TARGET = CuU
' PLAB/Z - o (13 8 ¢
CROSS SECTION ‘2,750 O 7.738E+01 1.8086E¢01 0.
CROSS SECTION ERROR 0. $.500€000 2.639E¢00 0.
CROSS SECTION 2,800 Qe  1.505€+02 . 24899E+01 0.
CROSS SECTION ERROR : ' Be T.729E+00 3.004E¢00 0.
CROSS SECTION 2.900 0o $.008E¢02 . 2.471E¢01 0. -
CROSS SECTION ERROR : 0. 1.016E¢01 2.726E+00 0o
CROSS SECTION 3.0563 "0 §.295€E+82 $.216E+01 %.
- CROSS SECTION ERROR 0. 1.298E¢01 3.870E¢00 0.
CROSS SECTION 3.1289 1+796E+02 2.204E¢02 1.090E¢02 Do
CROSS SECTION ERROR : 9.178E¢ 02 9. 088E+00 5.606E+00 0.
CROSS SECTION 3,250 5,106E¢+02 0 %e Oe 1
CROSS SECTION ERROR 1.573E+ 01 0o 0. 0. >~
: (@)}
CROSS SECTION 3.378 1.191E0 03 Ge 1.85TE*02 6.257E¢01 .
" CROSS SECTION ERROR 2.528E001 0. Te140E+00 3.727€¢00
CROSS SECTION 3.500 8.701E¢02 0e 8.,043Ee01 §.598E+01
CROSS SECTION ERROR 2.070E+01 0o 4.527€+00 3.127€E+00
CROSS SECTION 3.625% 2.062E¢ 02 8. 0. 0o
;CROSS SECTION ERROR 1.5646E+01 0. 0. 0.
CROSS SECTION : " 3.750 © 1.57SE+02 e209EC0L 5,711E+01 0o
© CROSS SECTION ERROR T+855E¢09 34507TE*08  3.671E¢00 8.
CROSS SECTION 3,850 2.765E¢ 02 T499E¢01 6.056E¢01 [
CROSS SECT ION ERROR 2.333E¢01 1.0306E¢01 8.3%1€¢00 0o
‘Table 52.
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105 GEV PER NUCLEON CARBON -

TARGET = C

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS

CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

CROSS
CROSS

SECTION
SECT ION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECTION
SECTION

SECT ION
SECTION

SECTION
SECTION

SECT ION
SECTION

SECTION
SECTION

SECTION
SECTION

Table 53.

ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR

ERROR

ERROR

ERROR

ERROR

PLAB/Z

2.750
z;sio
2,900
3,083
3.12%
3.250
3378
3.500
3,625
3.750

HEAVY FRAGMENTS

u
0.
Oe
0.
O

9e7T19E+ 01
5+192€E¢90

2.T69E¢ N2
1316E¢01

6+693E+ 02
3.279€¢ 18

$.695€E¢ 02
2.897€¢01

2.090E+02
'14063E¢ 04

9. 466E¢ 01
4021SE+00

106S6EL02

60.84L0E+ 00

§.086E¢018
3.050E¢00

8.710E¢01
8.527€¢00

2.64T3EC02
$1.151E¢01

2.T14E¢02
7T.557E+00

1.333E¢02
SeeT72E+00

0.
0.

1.696E+01¢

1490€+00

2.960E+01
2.525€¢00

5.,077E¢00
9.,461E-01

14289E¢012
1.503E¢00

1.262€¢01
2.066E¢00

2¢012E¢01
1.616E+00

J.466E¢01
24375€¢00

. 2.084E001
“Le081E+00

2.4634E001
2.063E+008

3.283E¢012
4.032E¢00
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Fig. 1
Fig. 2.
Fig. 3.
Fig. 4.
Fig. 5.
Fig. 6}'
Fig. 7.
Fig. 8.
Fig. 9.
Fig. 10.
Fig. 11.
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Figure Captions

Expected geheral shapé of single particle inclusive

cross sections showing three kinematic regions.

‘Regge exchange diagrams applicablé ﬁb'(a) beam frag-

mentation region, (b) target fragméntation region,

(c) central region.

Illustration of the model used to calculate pion

production by heavy ions.

. Set-up of spectrometer and detection system.

Effect of (a) intermediate focus'collimator and (b)
upstream collimator on the flux of particles at the

spectrometer's final focus.

Logic system for measuring negative particle production.
" Gas Cerenkov counter pressure curve. showing separation

of pions and leptons.

Logic system for identification of positive fragments
by timefof-fiight and dE/dx.
Logic system for measuring dE/dx spectra.

Typical time—of—flight:spectrum showing_sH near

channel 113, deuterons and alphas near channel

149, 3He near channel 166, protons near channel
179, and pions near 191. Vertical scales are
logarithmic.

Electron fraction of negative produced particles from

3.5 GeV protons on various taréets.;."




Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

12.

13,

14.

15.

16.

17.

18.

19.

20.

21.

22.

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 déuterons,

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
func;ion of the scaling variable x'.

Negative pion prdduction 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»iine).

Comparison of the data for n~ produétion by 1.05

and 2.1 GeV/nucleon alphas with the predictions of

the model described in the textv(solid line).
Negativekpion production by 2.1 GeV/nucleon alphas as

a function>of the atomic mass of the target.
Fragmentation cross sections ofvl.OS GeV/nucleon alphas

3

into protons, deuterons, SH; He, and “He.



" Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

25.
26.

27.

'alphas as a function of fragment rapidity y. s

'Fragmentation cross sections for 1.05 GeV/nucleon

-170-"

'Fragmehtation cross sections of 1.05 GeV/nucleon

deuterons on carbon,

- Comparison of data on fragmentation of deuterons

" into protons with the predictions of the model

28.

~29.

30.

31.

32.

described in the text (solid lines).

Comparison of data on fragmentation of alphas into

'prOtth with_fhe'predictions of the model described in

the text (solid line).

‘ Fragmentation of alphas into 3He at two energies.
'Plot of the exponent N obtained from fitting the

" - target dependence of various cross sections with an

AN type fdnc'tion .

Fragméntation of a 1.05 GeV/nﬁcleon carbon beam on a
carbon target. |

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, 2.1 GeV/nucleon

12c. 1.05 GeV/nucleon

| Targets
Be, C, Cu, Pb, CH2

' Fragments

+ o+

+ .
e, u, n,p,d, 3H, 3He, 4He

Li, Be, B, C

Fragment momentum/charge

0.56 GeV/c € k S 5 GeV/c

3Production angle

6 = 2.5° (lab) = 43.6 milliradians

~ Fig. 12. Range of Parameters
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This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Energy Research and Development Administration, nor any of
their employees, nor any of their contractors, subcontractors, or
their employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe privately
owned rights.
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