Microfilmed by Univ. of Wis, k
Photographic Media Center 77-19,743 :

g WISER, David Earl, 1948-

INCLUSIVE PHOTOPRODUCTION OF PROTONS, KAONS,
AND PIONS AT SLAC ENERGIES

e gz
N

The University of Wisconsin-Madison, Ph.D., 1977
Physics, elementary particles and high energy

—

pany .S
e R
- £

> Xerox University Microfilms, Ann Arbor, Michigan ;

e — !

(This title card prepared by The Uuiversity of Wisconsin~Madison)

PLEASE NOTE:
The negative microfilm copy of this
dissertation was prepared and inspected by the

school granting the degree. We are using this
film without further inspection or change. If

there are any questions about the film content,
please write directly to the school.

UNIVERSITY MICROIILMS



Inclusive Photoproduction of Protoms, Kaons,

and Pions at SLAC Energies

A thesis submitted to the Graduate School of the
University of Wisconsin-Madiscon in partial fulfillment of

the requirements for the degree of Doctor of Philosophy

BY

DAVID EARL WISER

Degree to be awarded: December 19 May 19 77 August 19

Approved by Thesis Reading Committee:

/(‘l‘c/é:(:‘-uc[ /f\—ﬁ//ﬁmj- March 28, 1977
Major Professor / Date of Examination

_DQ_Q._W
W/; L &M J{j}acu‘;—//}) DO’L/?

DeAn, Graduate School




Inclusive Photoproduction of Protons, Kaons,

and Pions at SLAC Energies
BY

DAVID EARL WISER

A thesis submitted in partial fulfillment of the

requirements for the degree of

DOCTOR OF PHILOSOPHY
(Physics)

at the

UNIVERSITY OF WISCONSIN-MADISON

1977



ii
Inclusive Photoproduction of Protons, Kaons,

and Pions at SLAC Energies
David Earl Wiser
Under the supervision of Professor Richard Prepost

Inclusive photoproduction of both positive and negative
protons, kaons, and pions was studied at SLAC energies. The
measurements were done using a bremsstrahlung photon beanm
made with electron energies of 5, 7, 9, 11, 15, and 19 GeV.
Most of the data were taken with a hydrogen target, but some
deuterium data were also taken. Using the SLAC 8 GeV/c
spectrometer, .data points were run at laboratory momenta
from 1 GeV/c to 8 GeV/c -in steps of 1 GeV/c, and at Py
values from 0.500 GeV/c to about 2.250 GeV/c in steps of
0.125 GeV/c. This pattern allowed coarse coverage of most
of the Peyrou plot at low photon energies and finer coverage
of the central and target' fragmentation regions at the
higher photon energies.

The hydrogen data is presented in both integral and
bremsstrahlung subtracted form, while the deuterium data is
given only in integral form. A fit was done on the hydrogen
target integral data in order to extract the invariant cross
section as a function of photon energy. These results have
been studied in terms of the predictions of dimensional
counting theories (specifically the Constituent Interchange

Model) with moderate agreement. In particular, the data is
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found to be quite well described with a function involving
powers of PT and (1—;R).

In comparing the results with Mueller—-Regge
predictions, no signs of scaling were seen, even in channels
where scaling is expected to start early. Mueller-Regge
theory also predicts the similarity in shape and magnitude
of photoproduction and hadroproduction. When scaled by
their respective total cross sections, the two processes are
found to have only a somewhat similar shape, but easily fall
within the same order of magnitude.

Finally, the Correspondence Principle of Bjorken and
Kogut, which demands continuity between inclusive
photopfoduction and certain other classes of reactions, 1is
applied to this data. The energy dependence of the
inclusive data, when extrapolated to the exclusive limit, is
found to be similar, though somewhat steeper than that

measured in exclusive photoproduction.
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Chapter I -- Introduction and Theory

A. Introduction

Single particle inclusive reactionsl, defined by

Feynman2 as A+B-->C+anything, present an opportunity to
study the basic nature of particle interactions and reveal
the underlying structure of the elementary particles. While
some modéls, like the thermodynamic and hydrodynamic models,
don't rely on a constituent structure of hadrons, much of
the theoretical effort currently going on has been in trying
to explain inclusive reactions in a constituent framework.
Constituent models try to explain large transverse momenta
processes in terms of two body, hard scattering involving
the constituents of each of the interacting particles. (See
Appendix A for a brief description of the variables used to
study inclusive reactions.)

In addition to Ithe study of the basic constituent
nature of particles, the use of a photon beam in a field
long dominated by meson and baryon beams offers several new
opportunities for study. Using the analogy that elementary
particles are like watches, and the partons like the gears,
most inclusive reactions have involved watch-watch
collisions (e.g. PP or wP) in an effort to study the
individual gears, and as such, tended to involve complicated
processes., However, photons are elementary fields, which

means photoproduction would be analogous to gear-watch
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collisions, and should be much easier to interpret
theoretically.

‘ éhoton beams also allow for interesting comparisons
with purely hadronic processes. On the one hand, parton
models make certain predictions for different Py dependences
depending on whether, for a given target, the incident
particle is a photon, meson, or baryon. On the other hand,
through Vector Meson Dominance, the photon does ‘exhibit
hadronic behavior, and, except for a scale factor, one might
expect to see some similarities between inclusive
photoproduction and hadron induced inclusive reactions.

Finally, photoproduction also represents the Q2=0 limit
of electroproduction. Comparison with electroproduction
data, should allow one to check for any Q2 dependence of
inclusive reactions, and whether electroproduction data does
extrapolate to photoproduction data. Because of a lack of
comparible high energy electroproduction data at this date,
however, such a comparison will not be- carried out in this

thesis.

B. Scaling

2

Using different approaches, Feynman and Benecke et

3 arrived at the conclusion that certain inclusive

al.
distributions should "scale", or become energy independent
at asymptotic energies. Feynman's approach used field

theoretic arguments which treated inclusive reactions as a
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re-arrangement of the partons with a resulting
bremsstrahlung-like radiation. Thus, for a fixed P; and
large s, the longitudinal momentum distributions of

particles should go as dPE/E*. At high energies, PE—-)E*,

and, with x=P;/P;ax, the longitudinal momentum distribution

should go as dx/x. The result is that the invariant cross

section will become energy independent:

3 * 3 (I-B-l>
*
*AZ e P — B SE (eLw
dp s > @ dp

E

The approach of Benecke et 31.3 used a geometrical
picture of hadrons and ié known as the Hypothesis of
Limiting Fragmentation (HLF). The statement of HLF is that,
for a given dP3~region of an ouféoing particle produced with
finite laboratory momentum, its diétribution, when viewed
from either the projectile or target reference frame, will
approach a 1limiting distribution as Eproj. goes to
infinity. This can be visualized if one goes to the droplet
picture of the térget and projectile. Viewed from the rest
frame of the target, the passage of the projectile excites
the target and causes the target to fragment, with the
duration of the interaction set by the sizes of the target
and projectile. Increasing the projectile's energy will
result in Lorentz‘contraction in the longitudinal direction
while having no effect on the transverse dimensions. As the
projectile's energy continues to increase, it eventually

becomes so contracted as to have no significant effect on
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the duration of the interaction. The target breakup then
will approach a limiting distribution independent of the
projectile's energy, just as stéted by HLF . That the
outgoing particles should have finite momentum reflects the
idea that they arise from the fragmentation of the target
particle, while the incident projectile, whose momentum is
being aliowed to become infinite, serves only to provide the
energy for the breakup. The séme type of arguments apply
for the reaction as viewed from the projectile rest frame.
HLF and Feynman scaling result in almost identical
conclusions. For example, in either the target or

projectile rest frame, HLF would say

<I-B-2>
E ——-—d3° (*.,P,,8) —» E & (P..,P.)
3 WopsFp» 3 Wpely

dp s +o dp

which is equivalent to the Feynman scaling expressed in eqn.
I-B-1. However, HLF has two main differences., One is that
it also predicts the same results £for non-invariant

distributions. That is,

<I-B=3>

3 3
g_g (PprPp,8) — g'"%
dp s >« dp

The other point is that, while egqns. I-B-1] and I-B-2
are equivalent at asymptotic energies, HLF must specifically
exclude x=0.. For a fixed Pp (transverse momentum), the

outgoing particle's energy (in either target or projectile

rest frame) is determined by its mass and Pp-value, and, in
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the HLF, must be finite in order to be associated with
either the target or projectile breakup. x=0 corresponds to
PE=0 which, when transformed back to the lab or projectile
frame, gives Plab~PT*sqrt(s)/(2m) (and similarly for
Pproj.)' Therefore, £fixing x=0 and letting s=-->c0 violates
the finite P, requirement for the lab and projectile rest
frames. In addition x=0 is generally not considered because
it corresponds to neither the target nor the projectile
fragmentation regions.

The important feature of both of these approaches is
that they predict scaling, or energy-independent
distributions, at asymptotic energies. Both of these
treatments are also very dgeneral, though, and make no
predictions about just what the shape of the distributions

will be or in what energy-range scaling will start to

manifest itself.

C. Mueller-Regge Formalism

One of the more recent breakthroughs in the study of

4

inclusive reactions was the derivation by Mueller® of a

generalized optical theorem which allows both a better
visualization of inclusive processes and the application of
Regge theory in an attempt to describe them. The usual
optical theorem takes the reaction A+B and relates the total
cross section to the imaginary part of the forward elastic

scattering amplitude (see figure la). In a similar manner,
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given the reaction A+B-->C+Anything, Mueller'’'s theorem
relates the invariant cross section to the imaginary part ot
the forward elastic scattering amplitude for the process
ACB~->ACB (see figure 1b).

In order to discuss some simple minded Regge concepts,
some Lorentz Kkinematic invariant quantities are needed for
inclusive reactions. In analogy to the two-body case, thé
corresponding inclusive quantities can be defined as (see
figure 2):

8 (PA + PB)

2

t (PA - PC)

2

u (PB - PC)

2 _ 582
M° = (P, + B, - Pp)

where s+t+u=M2+m§+m§+mé. In the target fragmentation region
(where B fragments to C under the impact of A), one will be
interested in the case where s becomes large while |u| is
kept fixed and small (in order to satisfy the finite
momentum requirement of HLF). This process is pictured in
figure 3 as A scattering off the BC system. The forward
scattering amplitude can be written in Regge terms as

3 o, (0)-1 <I=-C=2>

d~o M 2 1

E42) o« s iy om - 8
3)_ ch ’s :I.A

or, since large s, and |u| fixed and small, means Mz/s is

fixed ’
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3 2 a, (0)-1
d’o 2: M i Ce
E:p-i o Bi E(u,?) 8 B <I=-C=3>

ACB

B
where the sum is over all exchanged Regge poles, ai(O) is
the trajectory of the jth pole at gi=0, BiBE is its coupling
to the BC vertex, and BiA is its coupling to the A vertex.
If one now takes the Pomeranchukon intercept op(0)=1

and the dominant meson trajectories' intercept as aM(0)=1/2,

one has
3 2 2 <I-C-4>
Eg—%> ocBP _(u,-‘-i—) . BP + B _(u,is-) . BM . s-!i
dp” [,z  BC A Mgc A

A similar argumenf can be made in the projectile frame and
an equation similar to egn. I-C-4 arrived at {(though with
different ﬂi's). There are several interesting observations
that can be made about eqn. I-C~4. 1In the limit of s going
to infinity,

Ei’—-‘-’-) o ;. _(u,-li—z) s, <1-C-5>

8 + ®

= BC A

By appropriate kinematical and algebraic substitution, this
statement can be shown to be equivalent to both HLF and
Feynman scaling. In addition, however, eqn. I-C-4 predicts
the 'approach to scaling should go, to £first order, as

5 took this statement one step

atb/sqrt(s). Chan et al.
further and, arqguing by analogy to a two body duality

argument, hypothesized that when the quantum numbers of the



ACB system were exdtic, scaling should be approached much
faster than in the non-exotic cése. Thus, for example,
PP-->7m"X should approach scaling much faster than m P-->n"X
because the PPn' system is exotic while the 7 Pt system is
not. In terms of eqn. I-C-4, it means the coefficient of
the second term should be much smaller than the first if ACB
is exotic. It should be mentioned that exotic, in this
context, refers to a baryon or meson that cannot be made out
of a known gggq or ggq combination, respectively.

For the normal two body (AB) case, 1if one assumes
factorization, then Regge theory and the optical theorem
give

GAB«Z: Bi s ui(O)-l ) Bi <I-C-6>
i A B
As in the previous cases, if the Pomeranchukon is assumed to
dominate (aiél for s going to infinity)

<I-C-7>

If eqn. I-C~5 in the target fragmentation case is now

divided by egn. I-C-7, the result is

3 2 <I-C-8>
L -E‘“’) % By _(u,T)/8,

AB dp3 g +® P =

g BC B

ACB
which claims that the invariant cross section, when scaled

by the total AB cross section, 1s independent of the
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projectile. A similar calculation for the projectile
fragmentation region predicts a distribution independent of
the tafget.

In the central region of the Peyrou plot, |u| and |t|
are both large (see figure 4). Double Regge exchange takes

place here, and the inclusive cross section will go as

a, (0)-1 a4 (0)-1 <I-C-9>
BSS) %2 8y - By - Bg®p) - [t * |u |
ACB ij

Again, in the limit that s approaches infinity, ait0)=1 and

what remains is

d3 . . <I-C-10>
U A - —-—

P/ ACB
wherelﬁc is expected to have only P depéndence. If this is

divided by egn. I-C-7, as in the other cases, then one finds

1 a3 <I-C=11>

o o -

E ) L BC(PT)
ACB

This means that the distribution of C in the central region
is independent of both the projectile and the target, and
has only a Py dependence, giving rise to a plateau in the
central region.

In searching for this plateau, the data is usually
plotted versus rapidity, y, defined as

(E +P)) <I-C-12>

LN o
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Rapidity is a variable which expands the region around x=0.
Additionally, it doesn't matter whether one is in the
center-of-mass system, the laboratory system, .or the -
projectile system, because the corresponding rapidity values
will differ only by a constant} while the basic shape and
size of the plateau (if any) will remain unchanged.

With a generalized optical theorem, Mueller has allowed
the full machinery of Regge theory to be brought to bear on:
inclusive reactions. A Mueller-Regge approach to inclusive
reactions predicts scaling and allows estimates as to how
fast scaling will be approached. Simple statements about
the shapes of the particle distributions in the various

‘regions of the Peyrou plot are also possible.

D. ~Constituent Interchange Model -

According to the correspondence arguments of Bjorken
and Koguts, high transverse momenta phenomena should be
smoothly connected to their 1limiting cases. For example
yP-~>Hadrons should be the 02=0 limit of e P-->e"Hadrons,
and exclusive channels should tie on smoothly to inclusive
spectra. This last statement of continuity encourages one
to try to extend models for eiclusive processes into
inclusive regions. In mathematical terms, this statement

says
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2
3 3 ) ~Z d“o <I-D-1>
Ed o’/dp incl. dp Edpz ) )

P -MD2/4P resonances T excl.
“max max

P
max

where the lower limit on the integral is to guarantee a
missing mass no larger than M. As seen in figure 5, this
is not necessarily declaring an exact equality of the ¢two
sides, but rather‘ that the extrapolation of the inclusive
spectrum should represent some sort of average of the
resonance region.

Because of its fundamental approaéh and its success at
describing two body exclusive processes, the Constituent
Interchange Model’ (CIM) has been applied to inclusive
reactions in an effort to try to describe them also. The
CIM attempts to describe reactions by hard body scattering
of the target and projectile constituents. In CIM
terminology, the projectile, A, and target, B, undergo
hadronic bremsstrahlung, or fragmentation, to particles a
and b, a and b may be mesons, baryons, leptons, photons,
quarks, di-quarks, and so on, but are supposed to be
hadron-irreducible, in that neither is allowed to undergo
further bremsstrahlung before interacting with the other.
Figure 6 shows the general CIM process taking place in the
inclusive reaction A+B-=>C+X, with the corresponding
hadron-irreducible subprocess atb-->ct+d. At the exclusive
boundary (M2 fixed) and in the limit PTi—->«% dimensional

counting8 and the CIM both give
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do . 1 . <I-D-2>
T ) — £(t/s)
(PT )

where n is the number of "elementary fields" (leptons,
photons, or quarks) 1in the exclusive process A+B-->C+D.

Setting €=M2/sad-xR, € ~->0 represents the exclusive
limit of inclusive reactions. 1f, in .the inclusive case,

Mz/s is fixed, then for PTZ—->u>

d3c 8 d30 <I-D-3>
E = 5

dp3 T deam

2
1 M ¢
@O c £GP

1 F
Z)N

o

(B

The second line in eqn. I-D-3 follows from egn. I-D-2 (since
Mz/s is fixed), where N+2 is the number of fields in the
subprocess at+b-->c+d. Since N involves the fields actively
participating in the interaction, it 1is usually written
(analogous to eqn. I-D-2) in the form N=n,.ijye=2- The €F

term in the last line of eqn. I-D-3 is derived from field

theoretical argumentsg, with F given bylo
. _hadronic e.m. <I-D-4>
F=2 n +n -1
passive passive

The terms in egn. I-D-4 arise from the spectator fields and

are, in general, defined bylo
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noassive = n(aA) + n(bB) + n(cC) <I-D-5>
where n(xX) represénts the minimum number of elementary
fields 1left in an XX final state. The first term in eqn.
I-D-4 refers to the purely hadronic vertices while the
second term pertains to those elementary fields arising from
a point electromagnetic coupling (e.g. ¥=-=>qgd). In
addition, photons are never counted as spectators. € can be
thought of as a phase space factor which corresponds to less
phase space as the number of spectators goes up. It should
also be noted that this representation has the identity
N+F=n-3, which is required by the correspondence principle.

The remaining problem is to determine what subprocesses
to use for at+b-->c+d. 1In the quark model, the simplest and
most logical approach would be to assume quark-quark
scattering. However, this leads to PT'4 scaling which has
not been seen in any of the inclusive data. As a result,
the minimum sﬁbprocess allowed in the CIM has been assumed
to be quark-hadron scattering. For any given inclusive
reaction, there is, in general, no one subprocess that is
expected to dominate. Different subprocesses will dominate
in different regimes of the Peyrou plot. The expected
dominant subprocesses for inclusive meson- and baryon-
photoproduction, along with the corresponding cross sections
are shown in Table I, along with their respective N and F

powers. The CIM, then, predicts an invariant cross section
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of the form (PTZ)'N*GF, where N and F are correlated. While
the actual experimental cross sections will be composed of a
sum over such terms, lower N values should dominate for ¢
not near 0, and} for €-->0 (the exclusive limit), a slower
falloff in € (smaller F) should become a more important .
factor and allow higher N-values to become important.

Other predictions arise from considering particle
production by different beams or, for the same beam,
considering wvarious particle ratios. Application of the
above counting rules means at large Pp one can typically
expectlz:

0 1 2 <I-D=6>
do(yP + Hx) : do(MP » Bx) : do(BP > Hx) = ¢ : e : €

In other words, photoproduction reactions should be the most
efficient way to get large Pq reactions, while baryon
projectiles should be the least efficient way. This merely
reflects the intuitive idea that photons and mesons have
fewer elementary fields than baryons, and these fields will,
therefore, be carrying a larger fraction of the incident
momentum.

Similarly, the counting rules can be applied to the
case of the same initial state and different final states in
an effort to study the role of the quantum;numbersl3. If
the reactions are separated into the sum over the various N
terms, and those terms with the séme N are compared, one

finds
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3 <I-D-7>
E 32 (a8 + cX)
o3
p
dac
E—'—'?:(AB""C'X)
d
p

eF(C) - F(C")

If this ratio is studied at small €, so a particular
exclusive channel dominates, then using the fact that

N+F=n-3, one is left with

3 (I‘D"B)
do
E -3 (AB » CX)

dp . (0 - n(e")

3
E-‘l-% (AB + C'X)
dp
where n{(C) (n(C')) is the number of elementary fields in the
minimum exclusive final state containing ¢ (C'). One would
then expect, for example, the K"/K+ ratio for
photoproduction to go as €2 for € near 0 due to the need to

conserve strangeness.

E. Scope

This experiment used the SLAC 8 GeV/c spectrometer to
study inclusive photoproduction of positive and negative
pions, kaons, and protons over a wide range of energies. In
general, a liquid hydrogen target was used, but some liquid
deuterium data were also taken. The photon beam was a
standard SLAC bremsstrahlung photon beam and was run at

endpoint energies of 5, 7, 9, 11, 15, and 19 GeV. When
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kinematically possible, data were taken at laboratory
momenta ranging from 1 GeV/c to 8 GeV/c in steps of 1 GeV/c,
and at Pgp values ranging from a minimum of 0.500 GeV/c to-a
maximum of roughly 2.250 GeV/c in steps of 0.125 GeV/c.
This pattern allowed coarse coverage of most of the Peyrou
plot at low photon energies and finer coverage of ‘the
central and target fragmentation regions at higher photon
energies. To give an idea of the coverage, the 5 and 19 GeV
endpoint data points are show for pions in figures 7a and
7b, and for protons in figures 7c¢ and 7d. By the end of the
experiment, 1300 runs had been taken, resulting in between
250 and 300 data points for each particle with a hydrogen
target and 30 to 40 data points for each particle using a
deuterium target.

Chapter IV of this thesis contains the data, presented
in the fqrm of invariant cross sections. The hydrogen data
is given in both bremsstrahlung integral and bremsstrahlung
subtracted forms, while the deuterium data is presented only
in integral form, due to the small number of data points. A
fit was done on the hydrogen integral data in order to both
unfold the bremsstrahlung integral and to obtain a
parameterization to use for interpolation of the data.
Using the parameterization, Chapter IV goes on to discuss
the results in terms of the ideas already covered in Chapter
1. The breakdown of Chapter IV is that part A gives the

fits and data, part B discusses how good both the fits and



17
the data are, part C compares deuterium and hydrogen cross
sections, part D studies the transverse momentum dependence,
part E looks at the energy dependence, part F discusses the
data using the ideas of the CIM, part G looks at the
longitudinal momentum dependence of the data, and part H

compares photoproduction with hadroproduction.
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DATA POINTS FOR yP-s7*X

P, (Gevrc) K=15 GeV
1.5 + P’ =146 GeV
- ax

-1.5 -1,0 -0.5 0 0.5 1,O .5
PI.I {GeV/e)

MAR-TSI0-2IA

Fig. 7a
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DATA POINTS FOR yP-ewrX

K.=19 GeV
P, (GeVrc) o

3 P' =2,95 GeV/c
Max

o

F;'l (GeVre)

MAN-THO0 IR

Fig. 7b
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DATA POINTS FOR yP-ePX

P (Geve) K=5 Gev

] * =l V
1,5 PMOX L46 GeV/i

1.0 1.5
PI'I (GeVrc)

MANS10-25A

Fig. 7c
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DATA POINTS FOR yP— PX

K=19 GeV

P, {GeV/c) .
< = 2.95 GeV/c

3 l:,Mc:

-3 -2 -l 0 | 2 3
PI‘l (GeV/e)

PAN-TE-0.-2da

Fig. 7d



Table I. Expected dominant subprocesses for meson and baryon photoproduction in
the CIM (from ref. 9). N and F arise from a parameterization of the
invariant cross section as E da/dp3~(PT2)-N*€F +« The estimate of the
importance comes from reference ll. A fixed center of mass angle of 90°

is also assumed.

Inclusive process Exclusive limit Subprocesses N F Expected importance
V4B -=> MX Y4B —> m+B* Y+q —> Miq 3 3 very important
‘B -=> Miqq 6 very important
V4B —> MB* 7 -1 in elastic limit
x % ook
Y4B —> MM +B Y+qq —> B 4M+q 7 1 not important
- %*
q+q -—> M4l 4 small
gtq ~—=> mB* 6 2 important
?4+B =-—> B+X Y4B —> Bu* Y+qq —> BHg 5 1 not important
q+B ~—> Biq 6 0 very important
V4B —> BeM 7 -1  in elastic limit
Y4B ==> B-I-M*+M* q+tq --> B+q 4 4 not important
qtqq —> B-Hi* 6 2 important

82
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Chapter II -- Equipment and Method

A. Beam Line

This experiment was run at the Stanford Linear
Acclerator Center (SLAC) at Stanford, Califo;nial4. The
accelerator is a two mile 1linac capable of accelerating
electrons to approximately 21 GeV. The structure of the
beam is shown in figure 8. SLAC can deliver 1.6 usec.
pulses of electrons at repetition rates up to 360 pulses per
second. This means that pulses are separated by at least
2.8 msec. and, as a result, the duty cycle is quite 1low.
The fine structure of each pulse is due to the 2856 MHz
accelerator microwave freguency which will cause electrons
to be spaced in RF bunches separated by about 1/3 nsec.

Time of flight was available through a process known as
beam knock outl® (BKO). A rapidly oscillating electric
field could be placed on two sets of plates near the
injector. The first plates had a 40 MHz field which would
only 1let electrons through with 12.5 nsec. spacing. The
remaining beam would get deflected out of the main beam line
and not travel to the target area.. Depending on the
amplitude of the éignal on the plates, typically one to
three RF bunches would get through each time the field
passed through zero. The frequency of the second set of
plates could be varied from 6 to 22 MHz, and was used in

conjunction with  the first set of plates. With the second
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set of plates oscillating at 20 MHz, every other pulse
passed by the 40 MHz plates could be chopped out, giving a
25 nsec. spacing. For a reference, the signal from the 40
MHz plates was sent to our electronics and used to get
relative timing.

The beam switchyard (BSY) (see figure 9) is
approximately 10,000 feet downstream from the injector.
Fast pulse magnets (PM) are located here to deflect the beam
to one of several possible experimental areas on a pulse by
pulse basis, Further bending (B) and focussing (Q) is done
to get the beam to our experimental area, end station A
(ESA). The energy resolution was defined by slit settings
at SL10 and was generally set at 3/4%.

A target changer with 17 different positions (TC20) was
52 meters upstream of the 1liquid targets. One of the
positions was a hole to 1let -the electron beam pass,
unimpeded, into the end station. 1In the other posifions
were either screens to monitor beam position or radiators
with thicknesses varying from 47.5*10"% to 52.7*1073
radiation lengths. With these radiators, it was possible to
produce a bremsstrahlung photon beam with a wide range of
intensities while not having to adjust the primary electron
beam. When running with TC20 producing the photon beam
("distant targeting mode"), a well shielded dump magnet
after TC20 was used to deflect the primary electron beam out

of the beam line and into the A line beam dump (D11l), with
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the photons heading on into the end station.

I16 and I30 were ferrite toroids which mqnitored the
total charge passing through them. For an electron beam,
I30 was used, as it gave a reading closer to the target and
would therefore have fewer losses. Since photons wouldn't
count on passing through a toroid, 116, upstream of TC20,
had to be used when in the distant targeting mode.

In the distant targeting mode, collimation of the
photon beam to a spot size of approximately 1 cm. by 1 cm.
at the target was achieved by C10. A high power,
water-cooled collimator, Cl0 was situated about one-third of
the way between TC20 and the 1liquid targets. Halfway
between Cl0 and the targets was another photon c¢ollimator
that was used to intercept any halo remaining after Cl0. An
additional sweep magnet and a lead brick wall with a
fixed-size collimator served to remove any charged particle
spray while letting the main photon Beam pass.

A more detailed view of end station A is shown in
figure 10, Before reaching the target, the beam encountered
several items not shown. Two zinc sulfide roller screens
were used to help position the electron beam. A helium
filled gas Cerenkov monitor was used to monitor incoming
photon beams. Another series of radiators was 2 meters in
front of the target. Running in the "near targeting mode"
consisted of having the electron beam hit one or more of

these radiators and was used to get increased photon
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intensity over the distant targeting mode. The radiator.
changer also had one radiator with zinc sulfide on the back
side. With this radiator in the beam, the photons passing
through would shower electrons, which would make the beam
visible for steering purposes.

The moveable quantameterl6 at the back of the end
station was used to monitor photon beams produced only in
the distant targeting mode. It was located 1in a well
shielded, concrete block cave, as it was a potential source
of background. A 54 meter helium duct placed between the
target and the quantameter served to reduce scattering and
cut down the background even more, Electrons and near
targeting photons were deposited in a high power, water
cooled beam dump (Beam Dump East) buried in a hill 91 meters
behind the end station.

The experiment also used the 1.6 GeV/c and the 8 GeV/c
spectrometers, with the former used as a beam monitor and
the latter for particle detection and identification, More
will be said about the various beam monitors, the 8 GeV/c

spectrometer, and the target in later sections.

B. 8 GeV/c Spectrometer

The primary detector in this experiment was the SLAC 8
GeV/c spectrometer“'17 (see figure 1l). It was designed to
reach a maximum momentum of 8 GeV/c and cover the range of

laboratory angles from 12° to 100°. It is mounted in such a
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way as to be able to be rotated on concentric rails about a
pivot point at the target, and can be positioned to within
30.0010. The spectrometer consists of three quadrupole
magnets (Q81, 082, Q83) and two 15° bending magnets (B8l,
B82) for the momentum dispersion. Q81 was moved about 30
cm. farther away from the target than normal for this
exper iment, This enabled the spectrometer to get to
slightly smaller angles than normally possible because of
clearance problems. Since moving the first quadrupole will
affect the momentum and angular dispersions of the
spectrometer, new optics coefficients were calculated for
this experiment by the Spectrometer Facilities Group at SLAC
using the magnet program, TRANSPORTlB.

To first order, the focussing of the 8 GeV/c
spectrometer is parallel-to-point for the production angle
in the horizontal plane, and point-to-point for the momentum
in the vertical plane. Parallel-to-point focussing of the
production angle means that, for the length of the target
seen by the spectrometer, all particles coming out parallel
to each other (same theta) would be focussed to the same
point in the theta focal plane and hit the same Theta .
hodoscope element. In a similar fashion, point-to-point
focussing means that a given d4P/P from the central
spectrometer momentum will get focussed to a given location
(or hodoscope element) in the momentum focal plane. The

production angle focal plane is perpendicular to the central
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ray and is separated from the center of the momentum focal
plane by 0.5 meters, while the momentum focal plane is

tipped at a 13.7° angle with respect to the central ray.

C. Target

This experiment used a liquid target assembly19 with 7
available positions =-- 15.25 ocm. and 30.25 cm. hydrogen,
deuterium, and dummy cells, plus a no target position. The
bulk of the data was taken with the long hydrogen target,
with a few scattered points takén using the 1long deuterium
cell. Target associated backgrounds were measured with the
long dummy cell, while the no target position was used for
secondary emission quantameter vefsus calorimeter
calibrations, The short cells saw only occasional use, and
then only for checking target length effects.

The construction of the target assembly is shown in
figure 12. A given target position could be selected
remotely with a rotational and vertical movement, verified
by an encoder and microswitches, and logged by the online
computer. The target cells were aluminum cylinders 8.89 cm.
in diameter with 0.025 cm. thick walls and 0.013 cm. thick
aluminum end caps. A pump circulated the liquid through the
cells to a heat exchanger to minimize any variations of

density induced by heating due to the incident beam.
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D. Monitors

The standard for the beam intensity measurements was a

20, 1t is impossible to keep it in SLAC's

silver calorimeter
high power beam without destroying it, however, so it was
used to calibrate a number of other, secondary, monitors.
The secondary monitors included a secondary emission
quantameter (SEQ), the SLAC 1.6 GeV/c spectrometer, a pair
of fast toroids, and a gas Cerenkov counter.

The SEQ?! was the main secondary monitor and is shown
in figure 13. It consists of 20 1.3 cm. thick copper plates
alternated with 19 foils of 0.013 mm. gold plated aluminum
mounted normal to the beam. The copper plates produce
showers when the photon beam passes through them, and
therefore need to be water cooled. While the total charge
in the shower 1is 2zero, the charged particles near the
surface of the copper produce low energy electrons by
secondary emission. With the copper plates at a negative
high voltage, the thin foils act as collectors of the
secondary electrons and are connected to an integrating
digital voltmeter (DVM). This charge measurement is
proportional to the total energy in the beam and can be
calibrated against the calorimeter. Extensive use was made
of the SEQ, but it was limited to less than 10 kilowatts of
beam power, so it had to be lowered out of the beam 1line
when electrons were brought into the end station.

As another monitor, the SLAC 1.6 GeV/c spectrometer22
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(see figure 14) was parked at 90° with respect to the target
and set to detect positive particles at a momentum of 500

MeV/c {therefore mostly Pl

s). This monitor (designated
SKMN) consisted of four scintillators set in coincidence.
The SKMN monitor was useful both as a comparison device +to
check against the SEQ and as a device to monitor the liquid
targets, but was energy dependent and had to be recalibrated
for each bremsstrahlung endpoint energy.

The SEQ and SKMN were used almost entirely for
monitoring, but two other monitors were also used as cross
checks or for cross calibration. These were a pair of fast
toroids and a gas Cerenkov counter. The toroids directly
measured the amount of charge (electrons) passing through
them. Which of the two toroids to use was based on whether
the electron beam was being dumped before or after the
target, so as to minimize collimation losses.,

The Cerenkov monitor20

was only operable in a photon
beam and consisted of a very thin foil (0.13 mm. aluminum)
placed in a helium container. A small fraction of the
photon beam converted in the foil with the resulting
relativistic particles giving off Cerenkov 1light. This

light was picked up by a phototube and the signal fed into

an integrating DVM.

E. Counters and Particle ldentification

The counters in the 8 GeV/c spectrometer consisted of
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three scintillation trigger counters (Sl1,52,53), three
hodoscopes (X,P,Theta), a threshold Cerenkov counter (L),
and two “"quasi~differential" Cerenkov counters (CK,CT) (see
figure 15). The combination of hodoscopes, Cerenkovs, and a
time of flight system allowed simultaneous identification of
pions, kaons, and protons over the full region kinematically
accessible to the spectrometer.

L was a lucite Cerenkov counter used to eliminate
protons with momenta 1less than 1.5 GeV/c and other
non~relativistic background. Cp was a Freon=12 Cerenkov
operating up to 5 atmospheres and was only used to count
pions. The remaining Cerenkov, Cy, used Freon-13 and could
run up to 19 atmospheres. Although generally used for
identifying kaons, at full pressure Cyg had pion, kaon, and
proton thresholds of roughly 0.77, 2.75, and 5.2 GeV/c,
respectively. The quasi-differential aspect of Cy meant
that, when set to count K's, it generally would not count
pions because the light from the pions would come off at a
large angle and miss the mirror. Putting Crmp in veto allowed
the few pions that did count in Cy to be eliminated.

The P and Theta hodoscopes in the spectrometer were
placed in the plane of the momentum and production angle
focal planes, respectively. The tilt of the P hodoscope, as
seen in figure 15, is so as to line up with the 13.7° angle
that the momentum focal plane makes with the central ray of

the spectrometer. The P hodoscope was a 21 counter array
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and was separated Sy 0.5 meters from the 55 counter Theta
hodoscope (center to center). In addition, a 21 counter
X~-hodoscope was placed 2 meters in front of the Theta
hodoscope. In conjunction with the Theta hodoscope, it
permitted a crude reconstruction of the interaction point in
the target, The vertical acceptance was determined by
variable lead slits 30 cm. thick placed at the entrance to
the spectrometer. In the horizontal direction the
acceptance was set by requiring a hit in a well understood
region of the Theta hodoscope.

A time-of-flight system was available for =K
separation for momenta below 2.75 GeV/c and m-P separation
for momenta less than 5.5 GeV/c. To use this system, SLAC's
primary electron beam was modulated into 0.5 nsec. wide
bursts, occuring at 25 nsec. intervals, via the BKO plates.
The spectrometer counting system measured the time
difference between a signal sent by the accelerator and the
arrival of a particle at the scintillation counter S2.
Because the required modulation of the primary electron beam
resulted in a substantial reduction in beam intensity, the
time-of-flight system was used only when necessary.

The particle identification scheme is shown in Table
II, with the parentheses used to indicate which particle(s)
the Cerenkovs were set to detect. Pions were always
identified using a coincidence of two Cerenkovs, L*Cy for

momenta below 1.5 GeV/¢c and L*Cqp for higher momenta. Kaons
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above 2,75 GeV/c were identified by Ck set for kaons and
with a veto from Cp set to count pions. L was included to
accept only relativistic particles. For kaons below 2.75
GeV/c, time-of-flight was wused to discriminate between
protons and kaons. Protons were identified with a "default"
trigger by placing L and Cy in veto at low momenta and Cop

and Cg in veto at high momenta.

Fe Electronics

The fast electronics used for this experiment were
standard models made by Chronetics. Pulse standardization
was done by Chronetics Model 101 dual discriminators (two
units per box). Fast coincidence decisions were made by
Model 102 and 103 AND/OR units and by Model 107 dual AND
units. The Model 107 has two logical AND circuits, each
with two inputs. The 102 and 103 models have only one
circuit each and can do either AND or OR, depending on how a
switch 1is set, Each 102/103 wunit can have up to four
inputs, with one being a VETO signal. Splitting and merging
of signals was done by Model 108 dual fanouts (each with one
input and four outputs) and Model 118D dual fanins (each
with six inputs and two outputs), respectively. Flag bits
from the electronics and incoming signals from the
- hodoscopes were sent to Model 121 discriminator,
coincidence, discriminator units (DCD's), where the pulses

were passed through a discriminator and required to form a



40
coincidence (in this case, with a "master" signal). Because
of the large number of master signals needed for the DCD's,
a special delay-line clipped fanout was built?3 which could
drive 16 coincidence gate «circuits. With a 2 nsec. c¢lip
line, an output pulse with about a 5.5 nsec. width at half
height could be generated. Chronetics Model 80 buffers were
used to store information that was to be read by~ the
computer.

The electronics for this experiment has been broken up
into three sections: trigger logic (figure 16a),
identification (figure 16b), and time-of-flight (figure
16c). In the setup section, signals coming from counters
with more than one phototube had their outputs added
together. A beam trigger (B) was defined as the desired
combination of signals from S1, 82, and 83. With this
defined, signals from the three Cerenkovs, L, Cq, and Cg,
were required to be in coincidénce with B. This is
indicated at the coincidence units marked BL, BCg, and BCq.
From here, the signals went to fanouts to be sent to the
next section of the electronics. Accidental rates were also
measured in this section, and are denoted by parentheses.
For example, (BL) was formed by taking an intime B signal
and an out of time L signal. The accidentals (B), (BL),
(BCp), and (BCg) were monitored in a similar way.

Particle identification was the task of the second

section. V was a veto circuit that could be set to veto for



41
any combination of BL or BCq or BCg. The circuits in this
section varied somewhat with the momentum settings with
different combinations of inputs being used or the number of
inputs changed, but figure 16b represents the general setup.
The proton signal (P) generally consisted of BL with BC; and
BCx in veto, Similarly the kaon signal (K) consisted of
BLCy with BCp in veto, while 7 was the pion signal
consisting of a threefold coincidence of BLCp. The outputs
from 7w, K, and P were fed into OR, a coincidence circuit
operating in the "or" mode. A signal coming from OR meant
there had been a pion, kaon, or proton event detected by the
fast electronics and the signal was sent to EVI. The
purpose of EVI was to generate a 3 pusec., busy signal in
order to give the computer time to sample the event. This
limited rates to no more than one per accelerator spill.
EVT and OR signals were put on separate scalars to give a
measure of the computer deadtime.

The third section of the electronics-was concerned with
introducing a time marker for time~of-flight measurements.
Starting with the bottom half of figure 16c, a 40 MHz signal
from the first set of BKO plates was sent to the
electronics. This signal was passed through a zero crossing
(0-X) circuit that gave a pulse every time the signal passed
through zero in a positive direction. This gives a pulse
every 25 nsec., which would be the proper spacing for the

particles if, in addition to the first set of BKO plates
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being on, the second set was run at 20 MHz. If the second
set of plates was not used, the electron spacing was 12.5
nsec, To get a 12,5 nsec. marker spacing, a delayed signal
was taken from the 0-X circuit and fed into the "frequency
doubler", a coincidence circuit operated in the "or" mode.

Returning to the top half of figure l6c, a signal from
EVIF was passed to t. If B and S2 were in coincidence with
the EVT signal, a 50 nsec. pulse was generated by EL. In
this particular experiment, S2 was always a part of B, which
was always a part of EVT, making this triple coincidence
seem redundant. A small delay (on the order of a few nsec.)
was introduced in the S2 signal to assure that it was the
last signal to arrive at EVT, though still in time to be
in coincidence with the other signals for a real event.
This meant that the pulse coming out of EVT was determined -
by the leading edge of the 52 pulse. The leading edge of
the 50 nsec. pulse served as the START pulse for a
time-to-height converter (THC). A coincidence between this
pulse and the next BKO signai Eo come along generated the
STOP. The THC wunit then converted this to a pulse height
and sent it along to a pulse height analyzer (PHA) that
could be read by the computer.

The need for a coincidence between EL and the BKO pulse
was to prevent the THC from becoming saturated with STOP
pulses from the 40 MHz BKO signal. In having both Tt and

Tt*, a time signal based on the 1leading edge of the BKO
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pulse could be generated. This can be understood if one
considers the case where the signal from EL arrives at Tt
sometime after the leading edge of the BKO signal and before
the trailing edge. Without Tt*, the circuit would send a
STOP regardless of where, within the time span of the BKO
pulse, the EL pulse came. Under these conditions, there
would be a time jitter on the order of the width of the BKO
pulse, and the signal from Tt would be based on the leading
edge of EL. By choosing the right timing and adding Tt*,
the STOP signal would be determined by the leading edge of

the BKO signal, even under the previous set of conditions.

G. Counting House

The experiment was controlled in a well shielded room
near the top of the end station known as the Counting House.
In order to avoid beam shut downs, most of the equipment
could be remotely controlled from the Counting House. Also
available were closed circuit television cameras (some with
pan, zoom, focus, etc.) to monitor some of the more delicate
or important equipment.

To aid in running the experiment, the Counting House
was equipped with a Xerox XDS-9300 computer. This computer
has a 24 bit word with 32K words of memory and peripherals
including a teletype, 1line printer, card reader, display
scope, three magnetic tape drives, and a magnetic drum

capable  of holding slightly more than two million
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characters. The computer served a variety of roles that
made life easier for the experimenters while providing a
fast check on the quality of the data. The computer
simplified the setting of the momentum and angle of the
spectrometer. At the beginning of a run, it would 1log the
readings of all the hardware, checking to be sure that the
critical pieces had been properly set. At the end of the
run, the computer wrote the data onto a magnetic tape, the
magnetic drum, and the line printer. The data on the drum
was available to the experimenter in the form of various
histograms that could be displayed on the scope. In this
way, the current run could be compared to previous runs and

faulty data detected immediately.

H. Event Processing

An event satisfying the appropriate combination of
scintillation and Cerenkov counters triggered the fast
electronics and initiated an interrogation strobe for the
hodoscope elements., The information from the hodoscope
elements was stored in the Chronetics Model 80 buffers as
one buffer bit per hodoscope scintillator. The strobe pulse
was 5 nsec., in width and only one such event could be
accepted and stored by the computer per accelerator spill
(1.5 usec.). Photon beam intensities were adjusted to keep
the computer deadtime effects 1less than about 15%, with

typical values being about 5%. Rate effects in the fast
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electronics were also typically about 5%.
The XDS-9300 computer decoded the hodoscope bit
patterns during the time interval between accelerator pulses

with the following criteria for event selection:

(1) A single "good" event pattern in each of the three
hodoscopes (X,P,Theta) was required for unambiguous
event identification. For the X hodoscopelwith
non-overlapping elements, a good event pattern
consisted of counts in a single counter or two
adjacent counters. For the Theta and P hodoscopes,
which were constructed of two overlapping rows of
scintillators, counts in one to three adjacent
elements represented an acceptable event.

(2) In the Theta and P hodoscopes, the particle was
required to hit counters restricted to a well
understood region of the spectrometer acceptance.
This region was symmetric about the central
spectrometer ray and corresponded to a momentum
acceptance of dP/P = 4.18% (20 bins of 0.209% each)
and a theta acceptance of dé = 9.97 mr. (33 bins of
0.302 mr. each). The vertical acceptance d¢ was set
by the adjustable lead slits at the entrance to the
spectrometer, and varied over the experiment £from
24.5 mr. to 32.5 mr.

(3) The event was required to originate from the

vicinity of the target. This cut was made by
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reconstructing the particle trajectory from the
coordinates determined at the X and Theta
hodoscopes. The spacial resolution was of the order
of one target length, sufficient to achieve
substantial rejection of unwanted background

particles which penetrated the shielding.

The particle identity had previously been determined by
the combination of Cerenkov counters in the trigger. This
information was passed to the computer through special flag
bits set by the fast electronics, and was then stored and
accumulated into the desired online histograms. When the
time-of-flight system was used, the events passing the
hodoscope and target cuts were subjected to a software time
cut applied to the output of a time to height converter
(THC).

A single channel in the THC corresponded to a time
resolution of 0@37 nsec, The time-of-flight resolution
achieved in this experiment, about 1 nsec. full width at
half maximum, was determined partially by the experimenters
and partially by the detector system. By increasing the
amplitude on the BKO plates, it was possible to chop the
primary electron beam harder and reduce the time spread of
the particles striking the target. With harder chopping,
however, came a corresponding reduction in beam intensity.
Thus, to the extent permitted, softer chopping was usually

tolerated in exchange for the increased beam intensity.
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Variations in the particle's £flight path in the
spectrometer was another very important factor in time-of-
flight resolution. The S2 counter was about 60 cm. long
with a phototube on each end, which meant around a 1 nsec.
time jitter due to the spacial uncertainty. By using the
Theta hodoscope to determine horizontal position, a simple
algorithm was worked out to reduce this problem. In the
vertical plane, the flight paths varied with P (particle
momentum) and phi (vertical angle with respect to the
central ray), but no corrections were put in for these

differences.

I. Data Taking

Data were taken at a large fraction of the points on
the Peyrou plot kinematically accessible to the 8 GeV/c
spectrometer. The procedure followed was to fix the
momentum of the spectrometer and vary the angle. The
momenta chosen were from 1.0 to 8.0 GeV/c in steps of 1.0
GeV/c, with the angles chosen to give Py steps of 0.125
GeV/c. The minimum spectrometer angle was 11.5°, which
corresponded to a mechanical limitation, while the maximum
angle was set by the kinematic boundary and background
considerations. In general, Py values ranged from 0.5 GeV/c
to approximately 2.25 ~ 2.50 GeV/¢c. Bremsstrahlung endpoint
energies (Kg) of 5, 7, 9, 11, 15, and 19 GeV wére run.

Typical running intensities were ~1010 equivalent gquanta
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(EQ) per pulse at repetition rates of FlBO pulses per
second. The points where data were taken at 5 and 19 GeV
photon endpoint energies have been shown in figures 7a and
7b for yYP-=->n*X and 7c and 7d for YP-->PX to indicate which
regions of the Peyrou plot were accessible and what fraction
of the plot was covered.

Each P, Theta, K, combination required a different run,
lasting typically 5 to 20 minutes, with the high Pp runs
taking 1 to 2 hours. For each run the computer would
simultaneously do the bookkeeping on each of the three kinds
of particles (pions, kaons, protons). At the end of the
run, the total number of each was normalized to the number
of equivalent quanta (EQ) measured by the beam monitor, and
the result was written on the external magnetic drum by the
computer. Empty target runs were also taken, though not for
every point. At low Pq values, very few were taken since
the background/signal was both relatively constant and
small. As the runs moved out to high Pgp and the
background/signal became worse, more empty target runs were
taken. At the highest P; points, background runs were
always taken.

. All the inclusive data taken were stored as "“sweeps".
A sweep consisted of a series of runs all taken at the same
endpoint energy. A sweep, therefore, consisted of empty and
full target runs at different momenta, and the normalized

counts of each particle, The sweeps were stored on the
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magnetic drum and were available online to the experimenter
for histogram and editing purposes. At the end of the
experiment, the sweeps were dumped onto tape to be

transferred to the computer where the analysis was done.
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Chapter III -- Analysis

A. Integral Cross Sections

The basic expression for obtaining a cross section from
a measurement 1is

do <III-A-1>
ND=NT 'NY‘m' Ap * AQ * eff

where Np = number of detected particles
Np = number of target particles/unit area
N, = number of incident photons
eff = detection efficiencies

Using Appendix B, since a bremsstrahlung beam was used, and

using the fact that E d'?c'r/dP3 = E./P2 do/dPdL gives

_ 3 3 <III-A-2>
N =N -Eq-_ci(_K_LI.'ﬂ)l-AK-L. (EM)-QE.Ag.eff
D T K E do3 P
P
where EQ = number of equivalent gquanta
¢ = bremsstrahlung factor
K = photon energy

Also, the equation has been rewritten to take advantage of
the fact that the optics of the 8 GeV/c spectrometer
specifies AP/P *AQ .

A bremsstrahlung beam means the experiment doesn't
measure a yield at a given photon energy, but instead
measures a yield integrated over the bremsstrahlung spectrum

and the energy acceptance of the spectrometer. The minimum
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photon energy allowed in the integral occurs for the
lightest possible final state that has the desired particle
(pion, kaon, proton) going off at the angle and momentum
specified by . the spectrometer. For example, for detecting
positive pions at P, (or E;), and ¢,, the 1lightest final

state is YP~->ntn and K is given by

min
(m'z - 2 _ m2 ‘m + E) <III-A-3>
K - n b target target o
min 2 . (mtarget - Eo + Po . coseo)

If the lightest final state has three particles {(e.g. P), M,
should be replaced by the sum of the two non-detected
masses. In any event, the pion mass should be replaced with
the mass of the particle actually detected. The maximum
possible energy in the integral is set by the endpoint

energy at K,. Therefore the cross section equation should

be written as
Ko
3 3 <III-A-4>
N. =N -EQ-.E._-_ALA—Qleff' Edooa(K’KO)-dK
D T E ] d 3 K
p
' Km:'m
which makes the integral cross section:
K, <III-A-5>
3 3
g4 . olKo) | gp o N /v, - BQ - B - AR AR L opp
3 K p’ 't E P
dp
Km:l.n
B. Subtractéd Cross Sections

1f measurements are taken with slightly different

endpoint energies for the bremsstrahlung beam but with the
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same laboratory values of P and d(hence the same K,;,).

then a bremsstrahlung subtraction can be done to give c¢ross
sections that approximate the results of a monochromatic
beam. For simplicity, the previous equation is rewritten as

K <III-B-1>
° 3
d o, alK,Kg) . - .
E 3 m d = Y A

min
where ¥ = experimental yield per EQ

A = various aperture factors (Ng, A2, eff, etc.)
Then, if measurements are taken at endpoint energies K; and
Ko, with Ky>K5, a subtraction gives

K, K <III-B-2>

3 ' 2 3
d’o . a(k,K1) do | a(K,K2)
3 K 3 K

E . dK - E
dp dp

ﬁun Kun

For simplicity, the right side will be redefined A(Y*A), and

+ dK = (Y'A)l - (Y'A)z

the equation rewritten as

K <I1I-B-3>
1
3 dK
E % ¢ [a(&,K) - a(K,K,)] « == A(Y + A)
3 1 2 K
dp
ﬁﬂn

since a(K,Ky)=0 for K>K,.

To illustrate the reasonability of this approach,
suppose the approximation is made that a(K,K;) is a
constant. Then the term in brackets cancels for the range
Knin to Ky and all that is left is the integral running from

K, to Kj. Finally, if Ky and K, are close enough together

that the energy variation of the invariant cross section can
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be ignored, E d%VdP3 can be replaced by an average value,
<E d%VdP3>, which should be close to the value of the
invariant cross section at <K>=(K1+K2)/2. Therefore
E d%ﬂ<K>)/dP3 can be factored out of the integral, and

solved to give the subtracted cross section:

5 Ky <III-B=-4>
d o

=Y = Ay, - . 4K
E-;;E ® = 8(v-8)/ [ [a®®,K) - a(®,RD] « F

Ky

However, a(K,K;) is not a constant (see Appendix B).
The above process is still followed and the invariant cross
section is factored out of the integral as before, with the

only difference being the integral now runs from Knin t© Ki:

n

since in general, the two different a's will not cancel in

the range K to K;. For this case

min
K
1 <III-B-5>
&0 = dK
E=—3 (K) =88/ [ [0®K) - a®,K)] - T
dp
Km:Ln.

Strictly speaking, this is what is meant by
bremsstrahlung subtraction, and there are two cases where it
is a reasonable procedure to follow. If the cross section
is roughly independent of K, then the 1low photon energy
contribution does not disturb the calculation. Similarly,

if Ko is not too far above K then the contribution from

min’
photons outside the range K, to K; can be kept down to only
a few percent. This problem is discussed in a 1little more

detail in Appendix B.
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C. Analysis

Analysis of the data was done on the SLAC Triplex
computer system, which consists of one IBM 360/91 and two
IBM 370/168's linked together. The corrections 1listed in
Appendix C were applied to the data, and the ensuing
integral cross sections and relevant kinematic quantities
were calculated and saved. A separate pass over this data
was used to obtain the subtracted cross sections.

The input data for a particular fit consisted of all
the bremsstrahlung data (all 6 endpoint energies) for a
given particle. This meant that the fit had to include an
integral of the invariant cross section over photon energies
from the particular Kg;, of a given run up to the
bremsstrahlung endpoint energy of that run. There are two
good reasons for using the bremsstrahlung data directly and
not the subtracted data. The first is that the integral
data allow use of the "full" data taken and allow much
better use of the statistics than subtraction. As an
example, on several occasions, it was observed that two
integral data yields had 10% statistics or better, while the
corresponding subtracted data point had roughly a 60% error
“due to the fact that the cross section values were
relatively close to each other. The second reason for using
integral data is that, if a subtraction is done, one
ultimately has to worry about the energy dependence of the

cross section over the subtraction interval, plus the
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problem of the lower energy photon contributions due to the
two bremsstrahlung spectra not exactly cancelling. 1In doing
this, one generally has to go back to the integral data
anyway.

Both of these points suggest the use of bremsstrahlung
data. It is also interesting to note that these two
problems cannot be resolved simultaneously for subtracted
data without considerable effort. As one narrows the
subtraction interval to remove energy dependence and Spectra
cancellation problems, the difference in the raw data will
become less and the statistical accuracy will get worse.
Likewise, a wider subtraction interval will improve the
statistics, while increasing the energy dependence and
spectra cancellation problem. Thus, use of the
bremsstrahlung data seems to allow‘for a better use of the
data, while making the individual runs short enough to give
time for more thorough coverage. The only precaution that
should be noted is that, wultimately, the £fits from the
integral data must agree with the subtracted data.

In fitting the data, a problem arises because the
fitting routine calculates errors on the parameters based on
a unit change in the chi-square. While this is normally the
accepted method, an alternative method was employed in
handling this data. Given the amount of data to be
described bf only a few parameters over a large kinematic

range, it 1is not too surprising to find regions where the



68
fit will be consistently high or low. The result will be a
large chi-square per degree of freedom, unrealistically
small errors on the parameters, and, therefore,
unrealistically small values for the errors one will
calculate when one tries to extrapolate or interpolate using
these fit functions.

In general, when the agreement between data and a fit
function is "good" (say chi-square per degree of freedom on
the order of unity), it is usually the case that when one
calculates function values and errors using the fitted
parameters, the resulting errors are of a comparable size or
even smaller than the original errors on the data. This
comes about because the fit is to the totality of the data,
aﬁd a few points with large errors or somewhat out of 1line
with the rest of the data will have only a limited effect.
When generating cross sections using the fits from this
experiment, the above method was wused to estimate the
errors., The errors on the calculated values were set to
roughly the same size as the errors of the integral data
{the input data for the fit). This gives larger errors than
would be calculated using the quoted errors on the
parameters, but should be a reasonable method for assigning
errors as long as one is in a region where the data and the
fit are in "good agreement", What is meant by "good
agreement" and how these cases were handled in detail will

be discussed further in Chapter 1IV.
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Chapter IV -- Results and Discussion

A. Fits and Data

Fitting of the data was done by a modified version of
the Argonne routine DAVIDON, which minimized the
dhi?squares. An iterative approach was taken, with simple
physics input providing a starting point for the form of the
invariant cross section, and changing or adding terms as the
data seemed to require. The initial form of the invariant
cross section was a*eb*PT*(l-xR)c, which assumed a normal
exponential Pp dependence, a CIM or phase space-like term
involving xp, and no remaining energy dependence. 1In trying
to get the values of b to vary 1less from particle to
particle, and to allow for any effects due to the mass of
the detected particle, the exponential in Py was changed to
an exponential in My. The phase space term was changed to
(l—xR+M2/s)°, with M allowed to vary, so as to prevent the
invariant cross section from falling too rapidly near the
phase space boundary (note that the old form went to zero
for exclusive processes). Finally, since there did seem to
be energy dependence in the data, an explicit s dependence
of the form a1+a2/sqrt(s) was put in. This is the form
suggested by Mueller-Regge analysis, with a; and a, being
related to Pomeronchukon and meson exchange, respectively.

At this stage, one final change was made to the forms

for the invariant cross sections in an effort to achieve a
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better fit of the data. The new terms were c¢hosen to be
independent of the photon energy, so that their effect
inside the bremsstrahlung integral would be easier to
estimate. For the fit to the proton integral data, the
final form of the invariant cross section was

5 <IV-A=-1>
a3s 3y a3 a, a5 ‘M [ 1 agta,s
E""‘j‘ = (a1+——-)(1-—xR+T) e 2
dp Vs l1+|u|/(1 GeV/¢)

The choice of the Iul term was dictated for the protons
because the data exhibited a very strong Pj,,, dependence,
and Iul”Plab in the high energy limit. The pion, kaon, and
anti-proton data were fit using the form

a3q 3y a;’a, ag+M  ag - By/E CIVEAm2
E——3—=(a1+-—)'(1—xR+—s-—) ‘e e

dp Vs ‘
As with the proton data, this form was chosen because it was
independent of photon energy and seemed to describe the
trend of the data after the PT' s, and phase space terms had
been removed. In terms of invariant, inclusive variables,
it should be noted that, if one ignores masses, then P%/E is
a very good approximation to z*mtarget*ltl/s (on the order
of 10% for the kinematic points run in this experiment).

Table III gives'the values of the a;'s for the various

particles and figures 17(a-f) to 22(a~f) are plots of the
integral data with the fits superposed. The lines are drawn

for contours of constant Pp, with a cubic spline routine
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used to draw the curve from one data point to another.
Since the fits incorporated the integral over the
bremsstrahlung beam, these fits should be valid for
monochromatic photons with energy K.

Tables IV-IX give the integral of the invariant cross
section over the bremsstrahlung beam (see egn. III-A-5) for
both hydrogen and deuterium targets and endpoint energies of
s, 7, 9, 11, 15, and 19 GeV. The value of P.* (the
longitudinal momentum in the center-of-mass) is given
assuming monochromatic photons with energy equal to the
endpoint energy. Ky i, 9ives the minimum photon energy that
could contribute to the inclusive process at the given
spectrometer angle and momentum. Very low values of K ..
would pose problems in the fit because of large resonance
contributions. Also, values of K, ;, very close to the
endpoint pose problems because the beam energy spread and
collimation effects will have a 1large and not easily
calculable influence on the shape of the endpoint.

Using the 6 endpoint energies and the bremsstrahlung
subtraction technique mentioned in part B of Chapter III,
subtracted invariant cross sections were obtained for 5
energies and are given in Tables X-XV. The subtracted
energies are 6, 8, 10, 13, and 17 GeV, and came from
endpoint subtractions of (7-5), (9-7), (11-9), (15-11), and
(19-15) GeV, respectively. The values of PL* are given for

photons with the subtracted energy. For both the integral
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and subtracted data, the gquoted errors are statistical only

(see Appendix C for a discussion of the systematic errors).

B. Quality of the Fits and Data

It was decided, in the course of the experiment, to
limit wuse of the time-of-flight (TOF) method because of
running fime and yield considerations. This didn't affect
the pions, since they always had a positive Cerenkov signal
in the trigger. At Pjap=2 GeV/c K¥'s and P's are alright
since the K's have a Cerenkov requirement, and the proton
rate is high., For P;, =-2 GeV/c, though, the P yields are
so low (down roughly an order of magnitude from the K™'s),
that they are swamped by background events. At +1° GeV/c,
K's are down at least an order of magnitude from the protons
in addition to a factor of roughly 20 due to decay in
flight. The result is that, with TOF at +1 GeV/c, there is
no significant contamination of the proton data, but the Kt
signal is no good. Without TOF, Pj,,=-1 GeV/c is generally
hopeless.‘ The non-pion signal will be an unknown
combination of K=, P, and background.

For the reasons given above, it was felt best not to
include Py,,=1 GeV/c K's, and P1ap=1 or 2 GeV/c P's in the
fit. Also, because of background and 1low statistics
problems, a global cut was placed on the P fit, selecting
only data points with integral invariant cross sections

greater than 10™4 pb/GeV2 for fitting.

[ LI
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The questions remaining to be answered at this point
are (1) how well do the fits describe the bremsstrahlung
data, (2) how well do the bremsstrahlung fits describe the
subtracted data, and (3) how does the data taken in this
experiment compare with other inclusive photoproduction
data.

The chi-squares resulting from the bremsstrahlung £it
were, 1in some cases, much larger than one per degree of
freedom. This was due to having data for a given particle
spread across a range of photon energies from about 2 to 19
GeV and covering most of the Peyrou plot from =x~-0.8 to
x~+0.5, wusing the bremsstrahlung data with generally small
statistical errors, and an expression for the invariant
cross section with only 6-7 parameters to cover this region.
However, the objective behind these fits was to get
something that used a relatively simple parameterization
based on physics input (as opposed to a power series in some
variable out to an arbitrary order) and at the same time
give a fairly reasonable fit to the data.

As might be expected, the fits give the best
description of the data in the center of the fit range --
generally for photon energies ranging from (7-9) to (11-15)
GeV and around x=0 in the center of mass. The m~ fits are
good to about 5% almost everywhere except right next to the
kinematic boundaries, where they are typically good to

20-30%, and at worst, a factor of 2. In this central
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region, the corresponding accuracies for ﬂ+, K=, K*, and P
are roughly 10%, 10-15%, 10-20%, and 20%, respectively. All
of the fits go bad to some degree at combined large
(Ko'PT'Pléb)' with the fits being consistently below the
data. As an example, the nt fits for K,=19 GeV, Py 8
GeV/c, and Pp=2.0 GeV/c, are roughly 50% low. However, this
effect doesn't begin to appear until around K, of 15 GeV,
leaving the central region mentioned above, in good shape.

For purposes of estimating errors on the fit generated
parameters within this chapter by using the integral data
(as discussed in Chapter III, part C), the use of the fits
will be confined to an energy region of roughly (7-9) to 15
GeV, and near the x=0 region to keep away from kinematic
boundaries. In the case of the m~ fit, however, which seems
almost everywhere as good, the constraints will be looser.
The errors generated on slopes, powers of s, Ppe Or Xg, and
so on, will then be the result of the standard AX2=1
variation, where the input fit errors have been set by the
integral data.

As mentioned earlier (Chapter III, part C), it remains
to be shown that fitting to the integral data still gives a
good fit when checked against the subtracted data. To test
this, the bremsstrahlung fit was used to calcula£e
subtracted results, which used the same subtraction interval
as and were then compared with the actual subtracted data.

This allowed energy dependence to be put in and also allowed
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low energy photon contributions where the two bremsstrahlung
spectra being subtracted did not exactly cancel. Assuming
the bremsstrahlung fit to be the final result, the ensuing
chi-squares when applied to the subtracted data are shown in
Table XVI, For this calculation, the fractional errors on
the subtracted data were set to have a minimum value of 20%,
since the claim on the fits is that they describe the data
reasonably well (20-30% level). The Py, cuts mentioned
above were included in this calculation, but the 10°% P
cross section cut was not included.

The final real test of the data is how it compares with
existing photoproduction data where there is some overlap.
The SLAC high energy photoproduction experiment of Boyarski
et al.?4 provided this check. Although they did an 18 GeV
bremsstrahlung subtraction, it was possible to get a
parameterization for their integral yields and extend it to
19 GeV. The function from Boyarski et al. is plotted on the
19 Gev o~ integ;al data from this experiment in fiqure 23.
As can be seen, tﬁe agreement is quite good where the data
overlap, and even somewhat beyond. A similar comparison was

made with kaon data, with similar results.

C. Deuterium Yields

Unlike the hydrogen case, the particle yields from
deuterium were neither unfolded nor subtracted. As a result

only the integrated invariant cross sections per deuterium
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nucleus are presented (see Tables IV-~IX). One would like to
use a simple-minded spectator model and use deuterium data
in conjunction with hydrogen data to extract neutron cross
sections via “D=°b+an' A problem with deuteriﬁm data,
though, is that possibly non-negligible shadowing and

25,26 pust be put 1in to correct the

smearing corrections
spectator model.

The shadowing (or Glauber) correction arises from the
fact that even though there are two nucleons as targets, the
projectile does not always have an equal opportunity to
strike either one. The motion and arrangement of the
nucleons inside the nucleus means that some fraction of the
time, one of the nucleons will be "shadowing" the other from

the projectile, with the result thate26

<IV-C-1>

. 20 +o0
n

D™ "p

Decoupled from the Glauber corrections are the smearing
corrections that arise from the Fermi motion. While <P>=0
for the nucleus, <P2>#0, which means that <E>=0. This will
cause both a shift in and a smearing of the center-of-mass
energy. In general, this smearing correction should also

result in25'26

<IV-C=-2>

< +
UD Up Un

The deuterium/hydrogen ratios are shown in Table XVII
for the integral data. A general systematic trend

noticeable ‘is that, in going from the interior of the Peyrou
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élot toward the exclusive boundary, the D/H ratio climbs
from a number slightly less than 2 to a value anywhere from
slightly to considerably greater than 2. 'Checking the
interior ratios of the 19 GeV data against the 18 GeV
bremsstrahlung of Boyarski et El-24 shows them to be in
substantial agreement. One possible interpretation of the
values as xp-->1 is that the data are falling off much
slower for the deuterium because of the Fermi smearing. The
hydrogen data are kinematically constrained to be zero for
xp>1.0, whereas the'smearing will allow photoproduction off

deuterium for xp slightly greater than 1.0.

D. Transverse Momentum Dependence

Two basic questions concerning the transverse momentum
dependence frequently raised are: (1) do the data prefer an
exponential in Py or a power law, and (2) what .about the use
of the longitudinal mass, My, instead of Pp. The answer to
the first question is that, over a Pq range from 0.5 to
roughly 2.0, the difference between the exponential and
power law forms is sufficiently small that the data do not
prefer one form over the other. A significant difference
was noticed though in using M; instead of Pp. Obviously for
pi's with their small mass, My and Pq are just about
identical. For proton's and K's, however, this difference
becomes quite noticeable as one goes to smaller Pn. Using

M; caused the fits to begin to curl over (i.e. -- not rise
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so fast) at the smaller values of P, which seemed to be
especially required by the proton data, wheré the M;-Pqp
difference will be the greatest.

Figure 24 is a plot of the invariant cross sections for
all six detected particles as a function of Pgp, using the
fits at a photon energy of 12 GeV and 90° in the
cen;ek-of-mass. . 12 GeV was chosen as being in the center of
the fit region (5-19 GeV} and, as such, is where the fits
are denerally quite acceptable., A fit to tﬁese curves of
the form a*eP™ML was tried with the results given in Table
XVII1I,

Over this range in Pg, the at/n~ ratio remains roughiy
constant at about 1.3. Also noticeable is that the positive
to negative ratio for each particle (m,K,P) is greater than
1. This is, in general, most likely due to charge
conservation. Since the initial state has a charge of +1,
H* (H=hadron) needs only to be accompanied by a neutral
particle to conserve charge. H™ must either have at least
one +2 charge particle or two +1 charge particles, which
should be more suppressed, especially near the boundary. 1In
addition, K™'s and P's will be further suppressed because of
strangeness and baryon number conservation, respectively.

The boundary suppression of the minus charges also
seems to manifest itself in the rise of P and Kt relative to
the 77 's. At low Pq, m~ is produced much more copiously

than either P or K¥, but by the time one has gone to high
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Pp, the K*'s have almost caught up to the #™'s, and the
protons have actually overtaken them. The rise of the
protons is apparently not all due to charge conservation
considerations, since the protons, besides overtaking the

m 's, also overtake the ntis,

E. . Energy Dependence

Checking the s dependence of the data can provide a
test of both scaling and the correspondence principle. 1In
Feynman scaling, as reactions are studied at higher
energies, the invariant cross sections are expected to
become only dependent on Pp and x. Therefore figure 25
plots n in E d30/dp3~(/s)" for the center of mass angle
fixed at 90° (x=0) and for various Py values. As can be
seen, there is no sign of scaling at these energies. It
might have been expected that ¥yP-->PX and YP~->K"X would
begin to show some signs of scaling since the ACB channels
are exotic (as argued by Chan et gl?). Ellis et gl?7 have
concluded, however, that in addition to needing ACB exotic,
AB must also be exotic if early scaling is to set in. Thus,
between the relatively low photon energies involved and the
non-exotic nature of the ?P system, it is probably not too
surprising that scaling is not seen.

These results are in qualitative agreement with those
of Boyarski et gl?4 Their experiment has some data at lower

Pp values than was taken for this experiment, and they
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report that =", 7, and kK* cross sections fall with energy
at these low Pp values. At higher Pp, however, they do see
ﬂ4, 7, and K~ cross sections rising with energy, and, to a
lesser extent, also kt. In addition, they see P cross
sections rising rapidly with energy at large Py, and regions
where the proton cross section falls with energy. These
same trends can be seen in figures 25a-c. It is also
interesting to note that they do see some evidence for
scaling for the K~ reaction, though only at the lower values
of Pqpo

Similarly, one can use the s dependence to check the
correspondence principle. Exclusive photoproduction
reactions around 90° in the center-of-mass have been found
to have cross sections, do/dt, going as s=7 to 78 28, 1

8 also predict

addition, the ciM? and various counting rules
do/o:itws'7 for exclusive photoproduction of mesons at 90°,
Therefore, the ' s-dependence for inclusive photoproduction,
according to the correspondence principle, should look 1like
s=7 or s~8 in the limit xp==>1. 1In doing the extrapolation,

one can use the invariant cross section in the form

* {IV=-E=-1>

3 P
Ecig =2 . /g . J8X do

dp w

dt . am®

integrated over a finite mass range. As one approaches the
exclusive boundary, the integral becomes a delta function in
M2, Since P;aivsqrt(s)/z, the inclusive—exclusive

connection can be written as
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430 . da
E~— ~— s 4 <IV-E-2>
dp xR-*l

In figure 26, the power N in E ng/dPJ-u(l/s)N is
plotted as a function of xp for all of the detected
particles. A simple polynomial in xy was used to
extrapolate the s dependence to the exclusive boundary at
xg=l. The result was reduced to what the s dependence of
do/dt at the exclusive boundary would be, and is shown in
Table XIX.

Also shown are the values, where they exist, and the
exclusive process ;nvolved, from reference 28. As can be
seen, the inclusive extrapolation leads to similar, though
usually somewhat 1larger values of N than the results of
Anderson et gl.zs However, there is good agreement with
theory in the ? case, where the exclusive limit should be
yP-->PPP., This has 13 elementary £fields and. would be
expected to go as;s'(l3'2) or s, several explanations of
the disagreementi are possible, The measurements made by
Anderson et al. cover a range of 2 or 3 photon energies from
4 to f.s GeV, so that there is not much of a lever arm with
which to measure the s dependence. 1In addition, the scaling
of exclusive photoproduction reactions in s is only a
prediction and has yet to be verified.

An interesting observation is that quite good agreement

is obtained if one assumes extrapolation to a 3 body state.

Meson photopreoduction would then be yP-->MM*B, which should
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go as s™2. As noted before, the P data are in excellent
agreement with a 3 body final state, and cannot even have a
2 body final state. The proton data are somewhat puzzling,
and may represent a compromise between a BMM”* (N=9) final

state and a BB*B** (N=11) final state.

F. Comparison with CIM Predictions

Using values generated by the fit functions for 90° in
the center-of-mass and over several energies, fits to the
CIM form of the invariant cross section:

3 <IV-F=-1>
d~c A F .

E-g~—3 35 @~

dp (PT + M7)

were tried. If one tries to fit egn. IV-F-1 for a fixed
photon energy over various Pqp values at x=0, a problem

arises because of the correlation between the main terms.

*

max ’ and both terms decrease with

At 90°, l-xp becomes 1-Pg/P
Pp, with any £its exhibiting a strong correlation between
them. A strong correlation also exists between the value of
M and the other coefficients. Two passes were made
comparing the fits to this form of the invariant cross
section. The first pass allowed M to vary in addition to N
and F, to see what value of mass was preferred. 1In the
second pass, only N and F were fit for, with the value of M

being set to 1.0 Gev/cz, as suggested by the CIM and various

experiments.
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One way of getting around the correlation problem,
though reducing the information content somewhat, is to
check the sum of the terms, N+F. Recall (Chapter'I,'part D)
that the correspondence principle and the CIM both would
have N+F=n-3, where n is the number of fields in the minimum
exclusive channei. The values of N+F for the various
reactions using the fits are plotted in figure 27. The dots
apply to the case where M was set equal to 1.00, and the
crosses are the results when M was included as a fit
parameter. The correlation problem with the mass is
evidenced by the fact that, where the mass was allowed to
vary, the fits wander around more and also have larger
errors.

For meson photoproduction, one can have ¥YP~->MB or
?P-->MM*B, which, if the photon is treated as an elementary
field, have 9 and 1l elementary fields, respectively. 1t is
possible to consider the photon to be vector meson-dominated
and treat it as a gqq pair, in which c¢ase the number of
fields rises to 10 and 12, respectively. Thus the number of
elementary fields in meson photoproduction can range from 9
to 12. Returning to CIM ideas, this means that allowed
values of N+F range from 6 to 9. In addition to the
preceding possibilitiés, baryon photoproduction can also
have ¥P-->BBB, with 13 elementary fields (14 if the photon
is vector meson dominated). . This means baryon

photoproduction can have N+F from 6 to 11. However, this
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last process is the lowest allowed final state’ for
anti-baryon photoproduction, so, in this case, N+F210.

In looking at figure 27, it is seen that baryon and
meson photoproduction are 1in agreement with the allowed
values of N+F as predicted with the CIM. Because of the
large effect of the mass (M), however, it is impossible to
really identify which subprocess is dominant. Indeed, it is
most likely to be a sum over several subprocesses, Also
encouraging is the fact that, when allowed to pick its own
mass, the P fit also agrees with CIM predictions on the
value of N+F.

The large correlations inherent in the previous process
can.also be removed by fixing either xp or Pp, and fitting
for the other, which will vary as a function of s. This
method assumes that there is no s dependence other than that‘
due to the different values of xp or Pnp. Figure 28 is a
plot of N if the invariant cross sectién is parameterized aé
(PT2+M2)'N for fixed xp at x=0. .Similarly, figure 29 is for
the invariant cross section parameterized as (i-xR)F for
fixed Pp, again at x=0. For these results, the value of the
mass, M, has been set at 1 GeV/c2 for convenience.

The values of N and F from these plots are in general
agreement with those values allowed for the various CIM
subprocesses, although, the N values seem to be a little
high in some cases, especially for the positive particles.

The constancy of F (or scaling in l-xp) as one approaches
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the kinematic boundary is guite noticeable. A puzzling
feature in the F plots is the rise to an asymptotic value,
especially for fhe proton, which only begins to flatten out

near the end of a long, fast climb.

G. x and y Dependence

The P dependence of tﬁe various particles has already
been shown for 12 GeV photons in figure 24, Figure 30a
shows the x dependence at PT=1'0 GeV/c, also for 12 GeV
photons. The similarity between =nt, #n~, - KT, K™, and
anti-proton data, and the unique character 6f the proton
data is immediately apparent from £figure 30a, where the
invariant cross sections are plotted against x. With the
exception of the protoﬁ data, all the invariant cross
sections reach their maxima in the range x~0.1-0.2. At
their m;xima, the ratios of #t:n™:k1:K™:P are roughly
46:38:12:5:1. The proton data show very strong signs of a
leading particlefeffect since its maximum occurs at x>-0.6,
well into the target fragmentation half of the Peyrou plot,
and drops very fast as it heads into the projectile
fraghentation region, Looking at the invariant crdss
sections versus rapidity, y, in figure 30b, none of the data
éhow signs of a clear-cut central plateau, as predicted by
the Mueller-Regge approach. However, since the data show no

signs of scaling (hence no dominance of Pomeranchukon

exchange), this is not surprising.
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H. Comparison with Hadroproduction

By using proton and pion production data, the
similarity of photoproduction to hadroproduction can be
tested. The Mueller-Regge model suggests that the ratio of
the single particle invariant cross section to the total
cross section should be independent of the projectile if
these distributions are studied in the central and target
fragmentation regions. Chen et gl.zg have studied the
normalized pion distributions resulting from »*p, n7p, XK7P,
and PP interactions at incident momenta of 7 to 24.8 GeV/c.
They found quite good agreement with the Mueller-Regge
predictions except for the &P data. Moffeit et 21.30
compared inclusive &~ distributions of the form l/atot
do/dp; for ¥P, np, m P, K'P, and PP collisions at incident
energies of roughly 10 GeV and P;<0.7 GeV/c. Their
conclusion was that, while #Tp, K¥P, and PP had similar =~
distributions in the target fragmentation region, and also
7P and YP, the photoproduction results were roughly a
factor of two larger than the rest of the data. A similar
study is . done here, though at_a different kinematical
location and using the invariant cross section.

For normalization purposes, asymptotic values of Crot =
98.7 ub., 23.4 mb., 24.9 mb., and 39.8 mb. were used for YP,
n*tp, 77P, and PP collisions, respective1y31. The m data
from this experiment were compared to the niP-->n’x data of

32

Bosetti et al. and Delay et 51.33, and to the PP-->T X
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data of Akerloff et gl.34. The aata used were taken at
projec;ile momenta of 16, ' 15.5, and 12.4 GeV/c,
respectively. Figure 3la shows the ratio of the ﬂiP
normalized cross section to the photoproduction normalized
cross section as a function of x for a fixed Py using the
data of Bosetti et al. Figure 31lb shows this ratio for
fixed x as a function of Pp using the data of Delay et al.,
while figures 32a and 32b are the same as 3ia and 3lb except

they use the PP data of Akerloff et al.

The conclusion is that the normalized <cross sections
appear to be able to give agreement within roughly a factor
of 2 for processes inititated by various projectiles. As
would be expected from Mueller-Regge theory, the agreement
is better in the central and target fragmentation regions,
which are supposed to have projectile independent
distributions. The m P data also shows very strong signs of

a leading pérticle effect as one goes into the projectile

fragmentation region.
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Table III.

31
(ub/GeV?)

5.6640.19 E+2
4.8640.20 E+2
3.68+0,21 E+2
1.8240.59 E+l
1.3340.04 E45
1.6340.56 E+3

Fitted values of the parameters for the invariant cross section.

The dimensions of the parameters are as shown, except for ag for

the proton (marked by *) which is dimensionless.

a2
(ub/GeV)

8.29+40.81 E+2
1.1540.01 E+42
1.9142.74 E40
3.0740.02 E+2
5.6941.08 E+4
~b 43041, 74 E43

a3
(GeV)

1.7940.01
1.7740.03
1.9140.05
0.98+0.07
1.4140.02
1.7940.24

a

2.1040.02
2.1840. 04
1.1540.06
1.8340.11
0.7240,12
2.2440.32

ag 3g
(Gev/e?)™l  (Gev/e?)-l

~5.4940.01
-5.2340.02
~5.9140.07
~4.45+0.04

-6.7740.02%

~6.5340. 28

-1.7340.01
-1.8240.01
-1.7420.06
-3.2340.13

1.9040.01
-2.4540.36

(GeV™2)

-1.1740.03 E=2

89T



Table IV. w integral invariant cross sections from hydrogen and deuterium using 2 bremsstrahlung beam.

L 3
Ro = 5GeV  (Ppuy = 1.417 GeV/c) ' Ko = 7GeV  (Ppa, = 1.714 Gev/e)
Piab Py Py Kpin Bydrogen Deuteriom Plab Py Pr, Enin Hydrogen Deuterium
{GeV/c) (GeV/c) (GeV/c) (GeV) (ub/Gev?) (ub/Gev?) (GeV/c) (GeV/c) {(GeV/c) (GeV) (ub/Gev?) {ub/Geve}
1.0  0.500  0.02% 1.36 2.2740,05 E+l 4.0  1.001  D.728 4.B1 B.7140.30 E-2
1.0  0.625 <0.129 1.52 7.8230.16 E40 2.06+0.03 E+l 4.0 1.125  0.656 5.02 2,B830.14 E-2
1.0 0.750 =0.350 1.83 1.B8%0.03 E+0 6.57+0.06 E+0 4.0 1,250  0.573 5,28 7.4130.52 E-3
1.0 0.875 <—0.678 2.6) 1.60%0.06 E-1 9.39%0.15 E-l 4.0  1.375  0.481 5.51 2.30%0.18 E-3
2.0 0.500  0.460 2.31 1.0740.02 E+l 4.0 1.500  0.379 6.03 5.65+0.57 E-4
2.0 0.625  0.392 2,41 3.77#0.11 E+D 4.0  1.625 0.267 6.58 7.95%1.74 E-5
2.0 0.750  0.308 2,55 1.3130.04 E+0 5.0  1.002 1.034 5.78 3.2430.06 E-2 7.95:0.10 E-2
2.0  0.877  0.203 2.75 4.4620.19 E-1 5.0  1.125  0.978 5.97 B8.7620.41 E-3
2.0 1.006  0.0B1 3.02 1.4830.02 E-1 4.29+0.06 E-1 5.0  1.250  0.913 6.20 2.31x0.11 E-3
2.0 1.125 -0.064 3.43 3.28+0.33 E-2 5.0 . 1.375  0.841 6.49 6.49%0.26 E-4 1.84%0,06 E~3
2.0 1.250 -0.235 4.07 6.2130.57 E-3 2.3740.11 E-2 5.0 1.500 0,761 6.83 6.71%1.41 E-5
3.0  D.625  0.752 3.39 1.3540.02 E+0 5.5  1.127  1.128  6.46 4.4710.23 E-3
3.0 0.750  0.697 3.51 4.4320.09 E-I 9.B1#0.15 E-1 5.5 1.250  1.070 6.68 1.1230.11 E-3
3.0 0.875  0.532 3.66 1.5720.06 E-1 5.5 1.376  1.004 6.95 B.1421.57 E-5
3.0 1.000 0.556 3.86 5.89:0.33 E-2 .
3.0 1.125  0.468 4.12 1.36%0.05 E-2 4.1240.10 E-2 K, = 9GeV  (Ppay = 1.967 Gev/c)
3.0 1.250  0.368 4.45 3.13%0.56 E-3 * : ;
3.0 1.375  0.255 4,90 2.1840.38 E-4 Plab  Pr Py Xnin  Hydrogen Deuterium
4.0 0.875 0.988 4.63 3.1430.17 E-2 (GeV/c) (GeV/c) (GeV/c) (GeV} (ub/GeV©) {ub/Gev<)
4. 1.00 . . .9230.38 E=-
0 0 0.932 : 80 6.92:0.38 £-3 1.0 0.500 =-0.134 1,36 3.770.09 E+l
R = v ' = 1. 1.0 0.625 -0.315 1.52 1.18%0.02 E+l 3.19+0.05 E+l
. o™ 7BV (Ppay = 1.704 Gev/c) . 1.0 0.750 - -0.596 1.83 3.0B40.08 E+0
lab P Fr, Kpjn HBydrogen Deuterium 1.0  0.B75 -1.014 2.61 3,1240.08 E-1 1.5420.02 E+0
(GeV/c) (GeV/c) (GeV/c) (GeV) (ub/Gev?) {ub/Gev?) 2,0 0,500  0.285 2.31 2.2030.03 E+l
2.0 0.625  0.199 2.41 8.25%0.12 E40
1.0 0.500 =0.052 1.35 3.1430.06 E+1 2.0 0.750  0.081 2.55 3.06+0.05 E+0
1.0  0.625 =0.233 1.52 1.0330.01 E+1 2.6440.03 E+1 2.0 0.875 -0.040 2.75 1.15#0.01 E+0
1.0  0.75¢ -0.485 1.B3 2.63%0.09 E+0 2.0 1.000 -0.197 3.02 3.6420.14 E-1
1.0 0.875 =0.861 2.61 2.40%0.08 E-1 1.30#0.02 E+0 2.0 1.125 -0.382 3.43 9.87%0.61 E-2
2.0 0.500 0.358 2.31 1.660.02 E+l 2.0 1.250 -0.600 4.07 1.87+0.11 E-2
2.0 0.625  0.280 2.41 6.0420.11 E+D 2.0 1.375 -0.856 5.22 2.55#0.21 E-3
2.0 0.750  0.183 2.55 2.3230.05 E+40 2.0 1.500 -1.162 7.85 3.41%0.83 E-&
2.0 0.875  0.065 2.75 8.4730.19 E-1 3.0  0.625 0,506 3.395 4.9220.10 E+0
2.0 1.000 =D.076 3.02 2.7730.11 E-1 3.0 0.750  0.436 3.51 1.9520.02 E+0
2.0 1,125 <-p.242 3.43 6.9230.35 E-2 3.0 0.875  0.353 3.66 7.6820.09 E-1
2.0 1.250 -0.438 4.07 1.4030.10 E-2 3.0 1.000  0.256 3.B6 2.8420.04 E-1
2.0 1.375 -0.66% 5.22 1.5030.16 E=3 3.0 1.125  0.145 4.12 9,3420.15 E-2
3.0 D0.625  0.606 3.39 3.1330.03 E+0 3,0 1.250  0.018 4.45 3.0120.06 E-2
3.0  0.750  0.544 3.51 1.1720.01 E+0 2.57+0.03 E+0 3.0 1.375 ~0.126 4.90 B.3820.28 E-3
3.0 0.875  D0.469 3.66 4.6410.06 E-1 : 3.0 1.560 =0.287 5.53 1.46%0,10 E-3
3.0 1.000  0.382 3.B6 1.7430.02 E-1 3.0, 1.625 =0.467 6.45 2.6330.46 E-4
3.0 1.125  0.282 4.12 5.3010.07 E-2 1.42+0.02 E-1 3.0 1.707 -0.596 7.34 1.2640.3) E-4
3.0 1.250  0.167 4.45 1.65:0.08 E-2 4.0  D0.875  0.657 4.63 4.7720.0% E-1
3.0 1.375  0.038 4.90 3.7820.31 E-3 4.0 1,000 D0.586 4.80 1.93%0.01 E-1 4.46+0.02 E-1
3.0 1.500 ~0.106 5.53 7.3740.93 E-4 4.0 1.125  0.504 5.02 6.80%0,13 E-2
3.0  1.625 -D.268 6.46 1.243D.35 E-4 4.0  1.250  0.413 5.28 2.16%0.06 E-2
4.0 0.B75  0.792 4.63 2.36%0.06 E-1 4.0  1.375  0.310 5.62 6.97+0.50 E-3

ev1
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Table IV. (cont'd) 7 integral invariant cross sections

Ro = 8 Gev (Pgag = 1-967 Gev/c) Ro = 11 GeV_ {Pgay = 2-192 Gev/c)

P1ab Pp P Enin Hydrogen Deuterium Pjab A Py Pr Enip Hydrogen Deucerium

(GeV/c) (GeV/c) (GeV/c) (GeV) (ub/Gev?) (ub/Gev?) (GeV/c) (GeV/c) (GeV/c) (GeV) (ub/GeVv2) {ub/Gev?)
4.0 1.500  0.197 6.03 2.0940.06 E-3 6.540.17 E-3 4.0  1.125  0.388 5.02 1.07£0.02 E-1
4.0  1.625  0.072 6.58 5.7920.49 E-4 4.0 1.250  0.287 5.28 3.59%0.07 E-2
4.0 1.750 <~0.065 7.30 1.0740.17 E-4 4.0 1.375  0.176 5.62 1.25+0.04 E-2
4.0  1.875 -0.215 B8.28 2.2430.93 E-5 4.0 1.500 0.052 6.03 4.00%0.12 E-3
5.0 1.003  0.869 5.78 1.07#0.02 E-1 4.0 1.625 =0.084 6.58 1.0740.08 E-3
5.0 1.125  0.806 5.97 3.85%0,11 E-2 4.0 1,750 =0.234 7.29 3.49%0.35 E-4
5.0 1.250 0.734 6.20 1.23%0.03 E-2 4.0 1.875 -0.398 8,28 7.89%1.64 E-5
5.0 1.375  0.654 6.49 4.22%0,13 E-3 5.0 1.125  0.677 5.97 7.5330.13 E-2
5.0  1.500 0,566 6.83 1,30%0.10 E-3 5.0 1.250 0.598 6.20 2.7230.06 E-2
5.0 1.625 0,469 7.26 3.94%0,43 E-4 5.0 1.375  0.511 6.49 1.0230.03 E-2
5.0 1.750  0.363 7.78 1.0130.17 E-4 5.0  1.500  0.414 6.83 3.27#0.19 g-3
5.0 1.875 0.24% 8.44 1.96%0.81 E-5 5.0 1.625  0.308 7.26 1,08%0.10 E-3
6.0 1.250 1.022 7.16 5.87%0.17 £-3 5.0 1,750  0.193 7.78 2.69%G.31 E-4
6.0 1.375 0,956 7.42 1.7910,06 E-3 4.9940.14 E-3 5.0 1.875  0.068 8.44 9.1931.42 E-5
6.0 1.500 . 0.B83 7.72 4.29%0.43 E-4 6.0 1.250 0.871 7.16 1.8230.05 E-2
6.0  1.625  0.804 B.09 1.5620.14 E-4 4.5640.30 E~4 6.0 1.375 0,799 7.42 6.34%0.29 E-3
6.0 1.750 0,717 B8.53 2.1130.82 E-5 6.0 1,506  0.719 7.72 2.05%0.15 E-3
7.0 1,500 1,172 8.65 1,3130,19 E-4 6.0 1.625  0.633 8.09 7.48+0.70 E-4
. 6.0 1.750  0.538 B8.53 1,B7%0.30 E~4
fo = 11 GeV,  (Pmax = 2-192 Gev/c) €0 10995  0.327 9.70 1.3730.54 £-3
* - - - . . - 9740, -
Plap  Pr P  Epin Hydrogen Deuterism 7.0 1.500  0.994 B.65 1.08%0.10 E-3
(GeV/c) (GeV/c) (GeV/c) (GeV) (ub/GeV<) {(ub/GevV<) 7.0 1.625 0.920 8.99 3.4710.29 E-4
7.0 1.751  0.840 9.38 1.01:0.14 E-4
. 0.500 =-0.166 1.36 3.6510.04 E+1 7.0 1.875  0.754 9.84 4.3920.89 E-5
0.625 =0.385 1.52 1.21#0.02 E+l 7.0  2.000  0.661 10.39 0.00%4.22 E-6
0.750 -0.692 1,83 3.1240.08 E+0 B.0O 1.625 1.186 9.92 1.5040.29 E-4
0.875 -1.148 2.61 2.8410.10 E-1 B0 1,751 1.116 10.28 3.75%0.73 E=5
0.500  0.229 2.31 2.70%0.05 £+1 8.0  1.875  1.042 10.69 6.71%3.89 E-6

0.625 0.135 2,41 1,0740.03 E+1 .

0.750 0.017 2.55 3.8610.06 E+0 ! K. = 15 GeV (Prax = 2584 GeV/c)

0.877 =0.128 2.75 1.3720.04 E+0 o * .
1.000 ~0.297 3.02 4.B1+0.16 E-1 Play Pr Py Enin “Yd'°992 Deuterlgm
1.125 -0.498 3.43 1.3530.07 E-1 - (GeV/c) (GeV/c) (GeV/c) (GeV) (ub/Gev?) {b/Gev2)

1.250 -0.736 4.07 2.52+0.12 E-2
1,375 =1.016 5,22 3.49%0.34 E-3
1.500 ~1.349 7.85 4.03+0.81 E-4
0.625 0.430 3.39 6.30+0.08 E+0
0.750 0.354 3.51 2.5810.04 E+0
0.875 0.263 3.66 1.02+0.01 E+D
1.000 0.158 3.86 3.87#0.07 E-1
1.125 0,036 4,12 1,3240.02 E-1
1.250 -0.103 4.45 4,2330.08 E-2 i
1.375 -0.260 4.90 1.2340.03 E-~2
1.500 -0.435 5.53 3.00:0.15 E=-2
1.625 -0.631 6.45 6.0140.60 E-4
0.875 0.554 4.63 7.1610.08 E-1
1.001 0.476 4.81 2.85+0.04 E-1

0.500 -0.249% ,1.36 4,6410.05 E+1 1.1330.01 E+2
0.625 -0.502 1.52 1.5920.03 E+l
0.750 -0.855 1.83 3,91#0.05 E+0 1.2B%0.01 E+l
0.875 =1.379 2.61 3.65%0.18 E-1
0.500 0.146 2.31 3.22+0.04 E+l
0.625 0.038 2.4]1 1.29:0.02 E+l
0.750 ~0.097 2.55 4.92+40.06 E+0
0. 75 =0.262 2.75 1.B2#0.02 E+0
l.000 -D.458 3,02 6.15#0.08 E~1
1.125 -0.690 3.43 1.78#0.04 E-1
1.250 ~D.963 4.07 4.11+0.16 E-2
1.375 -1.285 5.22 6.0140.58 E-3
1.500 -1.66B 7.85 6.33+1.83 E-4

YRR RENE NIy Oy Oy Oy Ry Ay Ny o

[-X-R-R-N-R-E-—R-N-N-N-N-R-R-N-R-Ef-R-g-R=N—f ]

[SE NN SESY LR RN NN Sl ol o
L R T T D TR T T I

DOoO0OO0OQLOo0O0OO0O000

0sT



Table IV. (cont'd) =~ integral invariant cross sections

R, = 15 GeV (P:nax = 2.584 GeV/c) Ko = 19 Gev ‘P;ax = 2,924 GeV/c)
- * N
Prab Pp Pr Kpin Eydrogen Deuteraium Piab Pp P, Enin Hyd:ogeg Deuterxgm
(GeV/c) (GeV/c) (GeV/c) (GeV) (ub/GeVZ) (ub/GeVZ} (GeV/c) (GeV/c) (GeV/c) (GeV) (ub/GeV<) {ub/GeV<)

0,625 0.319 3.39 B.68+0.11 E+0
6.750 0.232 3.51 3.73+0.06 E+0
0.875 0.128 3.66 1.47+0.02 E+0
1.000 0.006 3.86 5.42$0.11 E-1
1.125 -0.134 4.12 1.9910.04 E-1
1.250 =0.294 4.45 6.7130.16 E=2
1.375 =D.4M4 4.90 1.98+0.08 E-2
1.500 ~D.676 5.53 6.23%0.39 E-3
1.625 -0.901 6.45 1.1040.12 E-3
1.750 -1.153 7.93 2.5940.58 E-4
1.875 -1.433 10.65 5.46%1.82 E-5
0.875 0.403  4.63 1.2430.02 E+D
1.000 0.314 4.81 4.8910.06 E-1 1.0940.01 E+0
1.125 0.212 5,02 1.82#0.03 E-1
1.250 0.097 5.28 6.93$0.10 E-2
1.375 -0.031 5.62 2,45#0.04 E-2 6.1930.13 E-2
1.500 -0.174 6.04 7.89%0.19 E-3
1.625 -0.331 6.58 2.39%0.07 E-3
1.750 -0.503 7.29 6.6630.50 E~-4
1.875 -0.691 B8.28 1.5440.20 E-4
2,000 -0.896 9.72 5.17#1.09 E-5
2,125 ~1.118 11.97 B.6746.15 E-6
1.015 0.557 5.80 3.3240.07 E-1
1.125 G.486 3.97 1.51#0.04 E-1
1.250 0.396 6.20 6.24+0.20 E-2
1.375 0.295 65.49 2.29+0.06 £-2
1.500 0.184 6.83 7.84+0.28 E-3
1.625 0.062 7.26 3.04%0.14 E=-3
1.750 -0.070 7.78 9.1540.60 E-4
1.875 -0.214 B.44 2.9240.34 E-4
2.000 ~0.370 9.30 6.20%1.80 E-5
1.250 0.651 7.16 4.76£0.08 E-2 1.09%0.02 E-1
1.375 0.568 7.42 1.30+0.04 E-2
1.500 0.477 7.72 7.07%0.25 E-3
1.625 0.377 B.09 2.59+0.09 E-3 7.16+0.21 E-3
1.750 0.269 6.53 9.1210.67 E~-4
1.875 0.151 | 9.06 2.7540.33 E-4
2.000 0.025 9,71 7.45%1.77 E-5
1.500 0.734 B.65 5.6610.23 E-3
1.625 0.650 8.98 2.20%0.11 E-3
1.750 0.558 9.38 B.B6+0.63 E-4
1.875 0.45% 9.84 3.8010.43 E-4
2,000 0.352 10.39 1,19:0.19 E-4
1.625 0.896 9.92 1.66+0.05 E-3 4.32+0.13 E-3
1.750 0.817 10.28 6.3240.45 E~4
1.875 0.731 10.69 2.13+0.15 E-4 6.1040.38 E~¢
2.000 D.538 1l.1B 9.91+1.60 E-5

0.500 =-0.317 1.36 5.04#0.05 E+1 1.12:0.0]1 E+2
0.625 =0.599% 1.52 1.75+0.03 E+l
0.750 -0.992 1.83 4.4320.04 E+0 1.4440.03 E+1
0.875 -1.577 2.61 4.7840.09 E~1 2.3410.03 E+0
D.500 0.086 2.31 4.0520.05 E+1
0.625 -0.035 2.41 1.61+0.02 E+l
0.750 =0.186 2.55 6.01+0.12 E+0
0.895 =D0.370 2.75 2.26:0.05 E+0
1.000 -0.589 3.02 7.42:0.14 E-1
1.125 =~D.B4E  3.43 2.2040.10 E-1
1.250 -=1.152 4.07 4.95#0.28 E-2
1.375 -=1.511 5.22 7.7510.82 E-3
1.500 -1.938 7.85 8.21+3.67 E-4
0.750 0.141 3.51 4.56%0.07 E+0
0.875 0.025 3.66 1.96%0.02 E+0
i.000 -0.110 3.86 7.53#0.12 E-1
1.125 -D.267 4.12 2.54+0.03 E-1
1.250 -0.444 4.45 9.2540.19 E-2
1.375 ~D.645 4.90 2.85%0.08 E-2
1.500 =0.871 5.53 7.63+0.46 E-3
1.625 ~1.122 6.45 1.6940.08 E-3
1.750 ~1.403 7.93 3.8240.56 E-4
0.875 0.294 4.63 1.61+0.01 E+0
1.000 0.194 4.80 6.5620.09 E~l
1.125 0.081 5.02 2.5140.02 E-1 5.830.10 E-1
1.250 -0.04B 5.28 9.30+0.08 E-2
1,375 =-0.191 5.62 3.4330.07 E=-2
1.500 =-0.350 6.03 1.22%#0.03 E-2 3.2640.08 E-2
1.625 -0.525 6.58 3.86+0.14 E-3
1.750 =-0.717 7.30 1.15+0.08 E-3
1.875 =0.926 B.28 2.49+0.38 E-4
2.000 -1.155 9.72 6.94t1.08 E-5
2.125 -1.403 11.97 1.6B840.56 E-5
1.013 0.428 5.79 5.06+0.14 E-1
1.125 0.347 5.97 2.2230.02 E-1
1.250 0.246 6.20 §.3110.09 E-2
1.375 0.134 6.49 3.40+0.07 E-2
1.500 0.010 6.83 1.41+0.09 E~2
1.625 -0.125 7.26 4,8040.22 E~3
1.750 =-0.273 7.78 1.55%+0.12 E-3
1.875 =0.433 B.44 4.4620.28 E-4
2.000 -0,607 9.30 1.3540.15 E-4
2.125 -0.79%4 10.44 4.4B30.55 E~5
2.252 -0.998 12.05 1.34%0.68 E-5
2.375 -~1.209 14.35 4.58%2.44 E~6
1.250 0.492 7.16 7.4220.14 E-2
1.375 D.400 7.42 3.13+0.06 E-2 7.5910.16 E-2
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Ko = 19 GeVv

=

Pijab B By,
(GeV/c) (GeV/e) (Gev/c)
6.0  1.500  0.298
6.0 1.625  0.186
6.0 1.750  0.066
6.0 1.875 —0.065
6.0  2.000 -0.206
6.0  2.125 -0.356
7.0 1,500  0.546
7.0  1.625  0.452
7.0 1,750 0,349
7.0 1.B75  0.239
7.0 2,000 0,120
7.0 2,125 =0.007
7.0 2.251 =0.144
8.0 1.627  0.687
B.0 1.750  0.599
8.0 1.875 0,503
8.0  2.000  0.400
8.0  2.125  0.290
8.0  2.250  0.173
8.0  2.375  0.048
8.0  2.500 -0.0B4

(P

-
max
Rpin
(GeV)

7.72
B.09
8.53
8.06
9,71
10,52
8.65
8.98
9.38
9.84
10,39
11.05
11.85
9.92
10.28
10.69
11.18
11.76
12.44
13.25
14.24

= 2,924 GeV/c)

Table IV.

Hydrogen
(ub/Gev?)

1.30+0.04
4.8620.21
1.78%0.06
6.4230.40
1.6440.24
5.5731.30
1.09%0.03
4.7610.23
1,7740.09
6.22%0.68
1.9530.17
7.69%1.05
1.2620.43
3.8310.08
1.6440.08
6.3720.31
1.86%0.27
7.501.66
2.1230.44
6.66%2,37
2.89+1.53

E-2
E=-3
E-3
E-4
E~-4
E-3
E-2
E-3
E-3
E-4
E-4
E-5
E-5
E-3
E-3
E-4
E-4
E-5
E-5
E-6
E-6

(cont*d) @~ integral invariant c¢ross sections

Deuterium
(#b/Gev?)

4,52#0,18 E-3

9.4810.32 E-3
1.56+0.06 E-3

¢sT



Table v. =t integral invariant cross sections from hydrogen and deuterium using a bremsstrahiung beam.

Ko = 5 Gev (Pgay = 1.460 Gev/c) Ro = 7GeV  (Bpu = 1.751 Gev/c)
Prak By P Epin Bydrogen Deuterium Piab B Pr, Kpin Hydrogen Deuterium
{GeV/c) [GeV/c) (GeV/c) (GeV) (ub/GeV?) (ub/Gev?) (GeV/c) {GeV/c) (GeV/c) (GeV) [ub/Gev?) (ub/Gev?)
1.0 0.500 0,029 1.18 5.1830.18 E+l 3.0 1.625 ~D.268 6.15 1.0440.26 E-4
1.0 0.625 ~0D.129 k.32 1.5740.03 E+1 2.39#0.04 E+l 4.0 0.875 0.792 4.47 5.2240.16 E-1
1.0 0.750 -0.350 1.59 4.14%0.06 E+0 6.2830,08. E+0 4.0 1,000 0.729 4.63 1.77+0.05 E=1
1.0 0.875 -0.678 2.27 4.25+0.11 E-1 7,38#0.15 E-1 4.0 1.125 0.655 4.B4 5,21%0,17 E-2
2.0 0.500 0.460 2.15 1,49$0.02 E+l 4.0 1.250 0.573 5.09 1.24#0.05 E-2
2.0 0.625 0.332 2.25 6,0410.24 E+C 4.0 1.375 0.481 5,41 2.7320.12 E-3
2.0 0.750 0.308 2.38 2,33i#0.11 E+0 4.0 1.500 0.379 5.82 6.76%0.53 E-4
2.0 0.875 0.205 2,56 7.59%0.43 E-1 4.0 1.625 0.267 6.34 1.34+0.23 E-4
2.0 1.000 0.081 2,81 2.6630.06 E-1 4.3240.08 E-1 5.0 1.002 1.034 5.61 9.1336.13 E-2 1.4310.02 E-1
2.0 1,125 -0.064 3.19 4.09+0.38 E-2 5.0 1.125 0.978 5.80 2.5610.10 E-2 .
2.0 1,250 ~0.235 3,79 7.42+#0.43 E-3 1.85%0.10 E-2 5,0 1.250 0.913 6.02 4.94:0.21 E-3
3.0 0.625 0,752 3.23 2.61:0.06 E+0 5.0 1.375 0.841 . 6,30 7.59+0.30 E-4 1.84+0.09 E-3
3.0 0.750 0.697 3.35 1.02+0.01 E+0 1.66+0.02 E+0 5.0 1.500 0.761 6.63 1.17+0.18 E-4
3.0 0.875 0.632 3.49 4.58%0.15 E-1 5.5 1.127 i.128  6.29 1.4840.06 E=2
3.0 1,000 0.556 3.68 1.36+0.05 E-1 5.5 1.250 1.070  6.50 2.73+0.15 E-3
3.0 1.125 0.468 3.92 2.89+#0.05 E-2 4.97+0.07 E-2 5.5 1.374 1,005 6.76 3,043+0.31 E-4
3.0 1.250¢ 0.368 4.24 4.68+40.55 E-3 6.0 1.251 1.221 6.99 9.6030.76 E-4
3.0 1.375 0.255 4.67 5.80%1.95 E-4 .
4.0 0.875 0,988 4.47 1.2840.03 E-1 K, = 9 GeV (Ppax = 2.000 Gev/c)
4.0 1.000 0.932 4.63 4.5330.18 E-2 * 5 :
4.0 1.125  0.868 4.84 9.59+0.64 E-3 Piap  Pr Py Kpyn Hydrogen Deuter lym
. (GeV/c) (GeV/c) (Gev/c) (GeV) (ub/Gev<) {ub/GevV*c)
fo 7 Gev_ {Ppag = 1.751 Gev/e) ) 1.0 0.500 -0.114 1.18 7.13:0.19 E+l
Plap Pp Py, Knin  Hydrogen Deaterium 1.0  0.625 =0.315 1.32 2.2240.02 E+l 3,49%0.03 £+1
(GeV/c) (GeV/c) (GeV/c) (GeV) (ub/GeV<) {(¢tb/GeV*<) 1.0 0.750 -0.596 1.59 6.5230.16 E+0
1.0 0,875 =1.014 2.27 6.9920.14 E-1 1,1840.01 E+0
1.0 0.560 =-0,052 1.18 5.52+0.09 E+l 2.0 0.500 0.285 2.15 2.87%0.05 E+1 -
1.0 0.625 =0.233 1,32 1,94+0.03 E+1 3.01+0.04 E+l 2.0 0.625 0.199 2.25 1.1640.02 E+l
1.0 0.750 =C.485 1.59 5.4140.26 E+0 2.0 0.750 6.091  2.38 4,7320.09 E+0
1.0 0.875 -0.861 2.27 5.9330.13 E-1 9.71:0.19 E-1 2.0 0,875 =0.040 2,56 1.71%0.03 E+0
2.0 0.500 0.357 2.15 2.3440.03 E#l 2.0 1,000 ~0.197 2,81 5.33:20.10 E-1
2.0 0.625 0.280 2.25 9.5310.15 E+0 2.0 1.125 -0.382 3.19 1.28%0.05 E-1
2.0 0.750 0,183 2.38 3,8110.06 E+0 2.0 1.250 -0,.600 3.79 3.1940.23 E~2
2.0 0.875 0.065 2.56 1.35#0.02 E+0 2.0 1.375 -0.856 4.85 3.30+0.19 E-3
2.0 1.000 -0.076 2.81 4.00:0.09 E-1 2.0 1,500 =1.162 7.31 1.39%0.42 E-4
2.0 1.125 -0,242 3.19 9,3920.48 E-2 3.0 0.625 0.506 3.23 7.7410.13 E+0
2.0 1.250 -0.438 3.79 1.8620.20 E-2 3.0 0.750 0.436 3.34 3.2130.09 E+0
2.0 1,375 -0.669 4.85 1.6710.14 E-3 3.0 0.875 0.353 3.49 1.2040.04 E+0
3.0 0.625 0.606 3,23 4.5110.10 E+0 3.0 1.000 0.256 3.68 4.51:0.11 E-1
3.0 0.750 0.544 3.35 2,24#0.03 E+0 3,5910.04 E+0 3.0 1.125 0.145 3.92 1.3440.05 E-1
3.0 0.875 0.469 3.49 B8.5530.23 E-1 3.0 1.250 0.018 4.24 3.5630.14 E-2
3.0 1.000 0.382 3.68 2.96:0.07 E-1 3.0 1.375 =0.126 4.67 1.07%0.04 E-2
3.0 1.027 0.361 3.73 2.4130.05 E-1 3.0 1,500 =~-0.287 5.27 2.3840.16 E-3
3.0 1.125 0.282 3.92 B.2330.13 E-2 1.4740.02 E-1 3.0 1.625 ~0.467 6.15 4.31+0.51 E-4
3.0 1.250 0.167 4.24 2,00%£0.08 E-2 3.0 1.707 -0.596 6.99 1.1740.25 E-4
1.0 1.375 0.038 4.67 4.9310.22 E-3 4.0 0.875 0.657 4.47 B8.71+0.13 E-1
3.0 1.506 -0.107 5.27 8.60i0.88 E-4 4.0 1.000 G.586 4.63 3.26+0.03 E-1 5.54#0.05 E-1
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K, = 9 Gev
*
Piab  Pr P
(GeV/c) (GeV/c) (GeV/c)
4.0 1.125  0.504
4.0 1.250 0.413
4.0 1.375 0.310
4.0 1.500 0.197
4.0 1.625 0.072
4.0 1.750 =0.065
4.0 1.875 =0.215
5.0 1.002 0.865
5.0 1.125 0.806
5.0 1.250 0.734
5.0 1.375 D.654
5.0 1.500 0.566
5.0 1.625 0.469
5.0 1.750 0.363
5.0 1.975  0.249
6.0 1.250 1.022
6.0 1.375 0.956
6.0 1.500 0.883
6.0 1.625 0.803.
6.0 1.750 0.717
7.0 1.500 1.172
X, = 11 GeV
L]
Plap  Pr PL
(Gav/c) (GeV/c) (GeV/c)
1.00 0.500 -0.166
1.0 0.625 -0.335
I.0 0.750 =D.692
1.0 0.875 ~1.148
2.0 0.500 0.229
2.0 ‘0.625 0,135
2.0 0.750 0.017
2.0 0.875 =0.126
2.0 1.000 -0.297
2.0 1.125 -0.498
1.0 1.250 =0.736
2.0 1.375 -1.016
3.0 D.625 - 0.430
.0 0.750 0.354
3.0 0.875 0.263
3.0 1.000 0.158
3.0 1.125 0.036
3.0 1.250 -0.103
3.0 1.375% -0.260
3.0 1.500 -0.436
3.0 1.625 -0.632

(A
Knin
{GeV)

4.84
5.09
5.41
5.82
6.34
7.03
7.38
5.61
5.80
6.02
6.30
£.63
1.05
7.55
8.20
6.98
T.24
7.54
7.89
8.32
B.47

*
(Poax =

Knin
(GeV)

1.18
1-32
1.59
2.27
2.15
2-25
2.38
2.56
2.81
3.19
3.7’
4.85
3.23
3.34
3.49
.68
3.92
4.24
4.67
5.27
6.15

-2.T440.09

Table V.,

2.000 Gev/c)
Hydrogen
(ub/Gev?)

E-1
BE=-2
B-3
BE-3
E-4
E-4
E~3
E-1

1.0540.03
2.9910.11
5.4010.38
2,7730.08
6.6340.52
1.20+0.17
2.7430.75
2.1410.08
7.4730.26 B-2
2.2230.09 B=2
5.8010.26 E-3
1.5110.09 E-3
4. 10:0. 39 E-4
1.2440.18
2.60£0.67
1.0840.05

E-5
B-2
E-3
6.84£0.56 E-4
1.55$0.12 E-4
2,0130.71 E-5
1.4730.23 E-4

2,222 GeV/c)
Bydrogen
(ub/Gev?)

7.2440.10 B+l
2.4120.02 B+1
6.5830.07 E+0
5.6730.10 E-1
3.1610.04 E+1
1.3610.02 E+1
5.3730.07 B40
1.9140.03 B+0
§.12$0.30 E-1
1.4330.02
3.42$0.17 E-2
3.57$0.39 E-3
7.8740.11 E+0
3.45£0.03 E+0
1.5130.02 E+0
5.1930.00 B-1
1.6610.02 E-1
5.0630.14 E-2
1.3810.06 E-2
3.73:0.12 £-3
7.3330.60 E~4

{cont'd)

E-4 -

E-1-

Deuterium
{ub/Gev?)

5.5610.15 E-3 .

5.3140.14 .E-3
4.2940.28 E-4

Deuteriom
(ub/Gev?)

Ko » 11 GeV  (Pyyy =
Piab Pp By, Epin
(GsV/c)  (GaV/c) (GeV/c) (GeV)
€.0  0.875  0.554 4.47
4.0 1.001 0,476 4.63
4.6 1,125  0.388 4.84
4.0 1.250 0.288 5.09
4.0 - 1.375  0.176 5.41
4.0 1,500 0.052 5.82
4.0 1.625 ~0.084 6.34
4.0 1,750 =0.234 7.03
4.0 1.875 =D.398 7.99
4.0 2.000 <~G.576 9.37
5.0 1.010 0.741 5.62
5.0 1,125  0.676 5.80
5.0 I.251 0.598 6,03
5.0 1.375  0.511 6.30-
5.0 1.500 0,414 6.63
5.0 1.625  0.308 7.05
5.0 1.7%0 0.193 17.56
5.0  1.875  0.067 8.20
6.0 1,250  0.871 6.98
6.0 1.376 0,798 7.24
6.0 .1.,508 0.719 7.54
6.0 1.625 0.633 7.89
6.0 1.750 0.538 5,32
6.0 1.875 0,436 B.84
6.0  2.000 0.327 9.47
7.0- 1,500 0.994 B8.47
7.0 1.625 0.520 8,80
7.0 1.751  0.840 9.18
7.0 1.875 0.754 9.63
8.0 1.625 I.186 9.74
8.0 1.750  1.117 10.09
8.0 1.875 1.042 10.50
t
Ko = 15GeV  (Pgpy =
Plap Po Py Kpin
(GeV/d) (GeV/c) (GeV/e) (GeV)
1.0  0.500 -D.249 1,18
1.0  0.625 ~D.502 1,32
1.0 0.750 -0.854 1.59
1-0 0.575 -1l319 2.27
1.0  0.927 -1.703 3.10
2,0 0.500 0.147 2.15
2,0 0.625 0,038 2.25
2,8 0.750 -0.09T 2.38
2.0 0.875 -0.262 2.56
2.0 1.000 -0D.458 2.8l

n* integral invariant cross sections -

*

2,222 GeV/c) |

Bydrogen
(ub/Gev?)

1.1230.02

4.6530,10
1.3530.02
4.7330.08
2.1320.07
5.2820.18
1.37+0.07
3.56%0.23
6.9630.73
1.5430.52
2.6130.05
1.08%0.01
3.2010.06
1.05+40.02
3.92$0.13
1.490.07
4.6820.29
1.1330.11
2.2930.06
7.4240.32
2.7020.11
8.7410.44
2.5640.18
6.74%1.10
2.5610.47
1.5930.07
3.95%0,18
1.1730.07
3.0040.34
1.5940.09
4.7310.90
1.1350,38

E+)
E-1
E-1

Deuteriun
{pb/Gev?)

E~2 -

E~-2

E-3
E=3
E-4
B-5
E-5
E-1
E~1
E=-2
E=-2
E-3
=3
E-4
E-4
B-2
E-3
E=3
E-4
E~4
E-5
BE-5
E-3
E-4
E-4
E~-S5
E-4
E-5
E-5

2,610 GeV/c})

Hydregen
{ub/Gev?)

8.5040.07
2.7230.08
7.5440.09
8.5930.43
1.70%0.21
4.4630.06
1.95$0,03
7.1630.14
2.63$0.05
8.15%0.16

E+l
E+l
EB+D
E-1
E-1
E+l
E+1
E+0
E+D
BE-1

Deuterium
{nb/Gev2)

1.3310.01 B+2
1.2140.01 E+1
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Table V., (cont'd) 7 integral invariant cross sections

1
i
H

K, = 15 GeV  (Pp,, = 2.610 GevV/c) K, = 15 GeV  {Pp,. = 2.610 Gev/c)
w . L N

Piab Py Py, Kpin Hydroqeg Deuter zgm Piab Py Py Kpin Hydrogen Deuterium
(GeV/c) (GeV/c) (GeV/c) (GeV) (ub/GeV®) {(ub/GeV~) (GeV/c) (GeV/c) (GeV/c) (GeV) (ub/Gev?) (ub/GeVz)

2.0 1.125 -0.690 3.19 2.19%0.05 E~1 8.0 1.750 0.816 10.09 7.24+0.46 E-4

2.0 1.250 -D.963  3.79 4.9710.19 E-2 8.0 1.876 0.730 10,50 2.73+0.19 E-& 5.36%0.33 E-4

2.0 1,375 =1.285 4.B5 6.70+0.67 E~3 8.0 2.000 0.638 10.98 7.36+1.21 E=5

2.0 1.500 -1.668 7.31 6.65+2.01 E-4 8.0 2.125 0.540 11,54 1.783G.41 E-5

3.0 0.625 0.31% 3.23 1.2740.02 E+1 .

g.g o.;;o 3.23% 3.35 5.4420.05 E+0 K, = 19 GeV (Ppax = 2.947 GeV/c)

. 0.875 .12 .49 2,13%0,02 E+0 * ) .

3.0 1.000  0.006 3.68 B.D240.17 E-1 Plab  Pr P Kgin Hydrogen Deuterium

3.0 1,125 =~0.134 3.92 2.71#0.03 E-1 (GeV/c) (GeV/c) (GeV/c) (GeV) (ub/Geve) {ub/Geve)

3.0 1.219  =0.252 4.15 1,180.02 E-l

3,0 1.250 -0.294 4.24 8.83+0.22 E-2 . 0.500 -0.317 1.18 9.87+0.11 E+1 1.6810.02 E+2

3.0 1.375 ~0.474 - 4.67 2.74+0.08 E-2 . 0.625 -0.599 1,32 3,1240.02 E+l .

3.0 1.500 =0.676 5,27 7.23:0.40 E-3 . 0.750 -0.992 1.59 B8.70+0.12 E+0 1,30+0.03 E+l

3.0 1.625 -0.901 6.15 1.81+0.13 E-3 . 0.875 ~1.577 2.27 1.0940.062 E+0 1,76%0.05 E+0

3.0 1.750 =1.153 7.56 2.63%0.52 E-4 . 0.625 ~-0.035 2.25 2.20i0.03 E+l

3.0 1.875 -1.433 10.14 9.29%2.81 E-5 . 0,75¢ -0.186 2,38 8,2430,15 E+D

4.0 0.875 0.403  4.47 1.84%0.02 E+0 . 0.875 =0.370 2.56 3.17:0.06 E+C

4.0 1.000 D.314 4,63 6.75:0.07 B-1 1.20£0.02 E+0 . 1.000 -~0.589 2.8l 1.02#0.02 E+0

4.0 1.125 0.212 4.84 2.4710,04 E-1 . 1.125 ~0.848 3.1% 2.78#0.06 E-1

1,250 =-1.152 3.79 6.22:0.24 E-2
1.375 =1.511 4.85 9.12+0,.81 E-3
1,500 =-1.938 7.31 '1.23%0,28 E-3
0.750 0.141 3.34 6.9410,16 E+0
0.875 0.025  3.49 2.55£0.03 E+0
l.000 -0.110 3.68 9.7710.20 E-1
1,125 ~0.267 3.92 3.30#0.07 E-1
1,250 -0.444 4.24 1.1340.03 E-1
1.375 -0.645 4.67 3.5740.08 E-2
1.500 -0.871 5.27 9.8820.47 E-3
1.625 =1.122 6.15 2.15%0.09 E-3
1.750 -1.403 7.56 4.70:0.42 E-4
1.875 ~=1.715 10.15 7.30tl.08 E-5
2.000 -2.064 16.42 2.471.24 E-5

4.0 1.250 0.097 5.09 8.4410.16 £-2
4.0 1.375% -0.031 5.41 2.9610,.06 E-2 5.4930.12 E=2
4.0 1.500 -0.174 5.82 1.0430.04 E-2
4.0 l.625 ~0.331 6.34 3.15%0.12 E-3
1.0 1.750 =0.503 7.03 8.90%0.45 E-4
4.0 1.875 -0.691 7.99 2.1640.15 E=-4
4.0 2.000 -0.896 9.37 2.5740,.86 E~5
1.012 0.559 5.63 5.26:0.09 E-1
1.1325 0.486 5.80 2.09:0.04 E-1
1.250 0.396 6.02 7.8710.28 E-2
1.375 0.295 6.30 2.7940.12 E-2
1.500 0.184 6.53 1.00:0.04 E-2
1.625 0.062 7.05 3.20£0.16 E=3
1.750 -0.070 7.55 1.29%0.09 E-3

. e
" e
[-X-2-¥-F-F-N-N-N-N-N-R-R-N-N-N-N-N_R—F-— - N-]

W W W W WIWWWWWRRNNBD NN NN -

5.0
5.0
5.0
5.0
5.0
g ]

0
5.0 1,875 =-0.214 8,20 3.8130.34 E-4 .0 0.875 0.294  4.47 2.2610.02 E+0
5.0 2,000 =0.369 9.03 B.40%1.32 E-5 4.0 1.000 0.194 4.63 9.04#0.13 E-1
6.0 1,250 0.651 6.98 6.1110.09 E-2 1.12:0.02 E-1 4.0 1.125 0.081 4.84 3.20$0.03 E-1 5.48:0.09 E-1
6.0 1.375 0.568 7.24 2.3330.05 E-2 4.0 1.250 -0.048 5.09 1,13#0.02 E-1
6.0 1.500 0.477 7.54 9.22:0.38 E-3 4.0 1.375 -0.191 5,41 4.2810.10 E-2
6.0 1.625 0.377 7.89 3.2140.12 E=-3 6,46+0.20 E=3 4.0 1.500 ~0,350 5.82 1.52#0,03 E-2 2.55%0.06 E-2
6.0 1,750 0.269 8,32 1.12%0.06 E-3 4.0 1.625 -0.524 6.34 5.15#0,17 E=3
6.0 1.875 0.151 8,84 3.76%0.26 E-4 4.0 1.750 -0.717 7.03 1.5510.09 E-3
6.0 2.000 0.025 9.47 1.2340.16 E-4 4.0 1.875 ~0.926 7.99 3.90%0.44 E-4
7.0 1.500 0.734 8.47 6.5440.25 E-3 . 4.0 2,000 -1.154 9,37 9.2541.85 E-5
7.0 1.625 0.649 8.80 - 2.62%0.13 E-3 4.0 2.125 =1.403 11.54 2.04£0.47 E-5
7.0 1.750 0.557 9.18 9.5110,63 E-4 5.0 1.125 0.347 5,80 2.91#0.04 E-1
7.0 1.875 0.459 9.63 3.3810.35 B-4 5.0 1.250 0.246 6.03 1.10%0.02 E-1
7.0 2.000 0.352 10,17 1.04:0.20 E-4 5.0 1.375 0.134  6.30 4.370.18 E-2
8.0 1.625 0.896 9.74 2.08#0.07 E~3 3.90:0,12 E-3 5.0 1,500 0.01¢ 6.64 1.69+0.08 E-2
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Table V. {cont'd} 7' integral invariant cross sections

K, = 19 GeV  (Pp,. = 2.947 GeV/ec)
*
Pyap Pp Py Rpijn Hydrogen Beuterium
{(GeV/c) (GeV/c) (GeV/c) (GeV) (ub/Gevd) (ub/Gev?)

1.625 =0.125 7.05 5.9630.18 E-3

1.750 =0.273 7.56 2.1230.16 E-3

1.875 =0.434 8.20 5.97:0.28 E-4

2.000 -0.607 S.03 1.72%0.17 E~4

2.125 -0.794 10.14 6.2720.92 E-5

2.250 =0.995 11.67 1.5610.4B E-5

2.375 =1.209 13.93 6.62+3.32 E-6 .
1.375  0.399 7.24 3.7830.06 E-2 7.05:0.12 E~2
1.500  0.297 ' 7.54 1.56%0.04 E-2

1.625 0.186 7.89 5.9130.27 E=3

1.750  0.066 B.32 2,22%0.07 BE-3 4.16+0.15 E-3
1.875 -0.065 B.84 7.7710.52 E-4

2.000 =0.206 9.47 3.3130.32 E-4

2.125 -0.357 10.26 8.6B1l.46 E-5

2.25¢ =0.518 11.27 3.4740.85 E-5

1.500  0.546 8.47 1.3240.04 E-2

1.625  0.451 B.80 5.4130.28 E-3

1.750  0.349 9.18 2.08%0.14 E-3

1.875  0.238 9.63 9.98%0.75 E-4

2.000  0.119 10.17 3.09%0.26 E-4

2.125 -0.007 16.82 7.9631.79 E-5

2,250 -0.143 11.60 2.80%0.52 E-5

2.375 -0.288 12.58 1,03%0.39 E-5

1.627  0.686 9.74 4.56%0.19 E-3 8.55:0.28 E-3
1.750  0.599 10.09 2.03%0.17 E-3

1.876  0.502 10.50 7.862£0.47 E-4 1.39:0.09 E-3
2.001  0.400 10.98 2.6530.21 E~4

2.125  0.290 11.54 9.58+#1.12 E-5 3,2230.37 E-4
2.250  0.172 12.21 3.40%1.08 E-5 )

2.375 0,048 13.01 9.14%3.47 E-6

2.500 -0.084 13.98 5.16%1.46 E-6
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Table VI.
*

By = 5GeV  (Ppay = 1.224 GeV/c)

Pp P, Enin Hydrogen
{GeV/c) (GeV/c) [GeV) (ub/Gev?)
0.500 -0.135 2.19 4.79+0.33 E+1
0.625 ~=0.294 2.50 3.B82+1.49 E=-1
0.750 ~0.515 3.12 1.08%0.34 E-1
0.875 -0.B843 4.92 2.66+1.13 E-2
9.500 0.374  2.94 4£.30$0.92 E-1
0.625 0.306 3.098 9.4413.57 E-2
0.750 0.221  3.27 2.3B:1.10 E-2
0.877 0,117 3.54 1.17x0.60 E-2
1.000 =-0.005 3.93 1.B5%1.85 E-3
1.125 =p.150 4.51 1.4631.46 E-3
0.625 6.694 3.98 3.03:0.60 E-2
0.750 0.639 4.13 6.49%1.83 E-3
0.875 0.574 4.32 3.55%1.50 E-3
1.000 0.498 4.56 0.004£5.27 E-4
1.125 0.410 4.88 1.7241.03 E-4

"

Ko = 70GeV  (Ppy, = 1.554 Gev/c)

P Py, Epin Hydrogen
(GeV/c) (GeV/c) (GeV) (ub/Gev?)
0.625 -0.430 2.50 1.1910.27 E+0
0,875 =1.059 4.92 3.32+1.49 E-2
5.500 0.254 2.94 9.66%1.08 E-1
0.625 0.177 3.08 2.7330.46 E-1
0.750 0.079 3.27 1.3640.24 E-1
0.875 =0.038 3.54 3.75:0.79 E-2
1.000 -0.179 3.93 1.1330.43 E-2
1.125 «<0.345 4.50 2,15%1,24 E-3
1.250 -~0.541 5.45 0.00+3.21 E-4
0.625 0.537 3.98 1.5310.12 E-1
D.750 0.474 4,13 6.85%0.41 E-2
0.875 0.400 4.32 3,0410.25 E-2
1.000 0.313 4.57 9.4610.79 E-3
1.125 0.212 4.88 2.5510.26 E-3
1.250 0.098 5.30 3.31+1.92 E-4
1.375 ~0.031 5.88 0.00%7.09 E=5
1.500 -0.176 6.69 3.54+3.55 E-5
0.875 0.740 523 1.31%0.18 E~2
1.001 0.676 S5.44 3.01+D.78 E-3
1.125 0.603 5.69 1.9930.52 E-3
1.250 0.521 6.00 3.99%1.79 E-4
1.3715 0.429 6.39 9.0435.23 B-5
1.500 0.327 6.B9 2.55%1,.80 E-5
1.002 0.952 6.37 7.92%1.30 E-4
1.125 0.936 6.59 2.0740.85 E-4
1.250 0.871 6.86 1.05%1.05 E=5

Deuterium
(ub/Gev?)

2.7240.46 E+0
7.9910.87 E-1
1.01+0.20 E-1

1.77+40.34 E=2

T.2442.22 E-4

Deuteriom
(4b/Gev?)

3.5920.47 E+0
9.73+2.36 E-2

1.5940.10 E-1

5.1520.57 E-3

1.60$0.19 B-3

Ko = 9 GeV

*

Plab Pr By,
(GeV/c) (GeV/c) (GeV/c)
1.0 0.500 -0.339
1.0 0.625 -0.541
1.0 0.750 -0.822
1.0 0.875 =1.240
2.0 0.500 0.167
2.0 0.625 0.081
2,0 0.750 -0.027
2.0 0.875 =0.138
2.0 1.000 =-0.315
2.0 1.125 -0.500
2.0 1.250 -0.717
2.0 1.375  -D.974
3.0 0.625 0.426
3.0 0.750 -0.357
3.0 0.875 0.274
3.0 1.000 0.177
3.0 1.125 0.065
3.0 1.250 =0.062
3.0 1.375 =D.205
3.0 1.500 ~0.366
3.0 1.625 -D.546
4.0 0.875 0.597
4.0 1.000 0.526
4.0 1.125* 0.445
4.0 1.250  0.353
4.0 1.37%° 0.251
4.0 1.500 0.137
4.0 1.625 0.012
4.0 1.750 =0.125
5.0 1.003 0.822
5.0 1.125 0.759
5.0 1.250 0.687
5.0 1.375 0.607
5.0 1.500 0.518
5.0 1.625 0.421
5.0 1,750 0.316
6.0 1.250 0.982
6.0 1.375 0.916
6.0 1.500 0D.B43
6.0 1.625 0.764

X, = 11 Gev

:

Pah Pp L
(GeV/c) (GeV/c) (GeV/c)
2.0 0.500 0.099
2.0 0.625 0.004

(Pgax = 1.828 GevV/c)

Knin

(GeV)

2.19
2.50
3.12
4.92
2.94
3.08
3.27
3.54
3.93
- 4.51
5.45
7.25
3.98
4.13
4.32
4.57
4.88
5.30
5.88
6.69
7.90
5.23
5.44
5.69
6.00
6.39
6.89
7.54
8.41
6.37
6.59
6.B6
7.18
7.57
8.06
B.66
7.77
8.06
B.40
B.81

*

(P =

max
Epin

{GeV)

2.94
3.08

Bydrogen
(ub/Gev2)

5.7440,15
1.74%0.05
4.61%0.13
4.4120.20
1.36+0.13
7.44%0.72
3.08%0,34
7.45%0.72
1.3640.56
B.6613.54
5.1443.64
1,88%1,05
3.3110.43
1.43%0.10
5.86+0.42
2.5320.18
6.2840.63
1.69+0.21
3.6520.94
5.71%3,32
2.3012.30
3.80%0.35
1.46%0.06
4,7410,48

1.7840.23

5.44%1.95
1.32$0.29
2.6131.52
6.28+6.29
8.66%0.84
2.4410.36
8.1431.14
3.08%0.48
1.0210.37
1.80%1.28
0.00%6.02
3.9240.55
1.000.19
1.4041.00
B.744.45

E+2
E+2
E+1
E+0
E+0
E-1
E-1
E=2
E-2
E=3
E-4
E-4
E-1
E-1l
E-2
E=-2
E-3
E-3
E-4
E-5
E=5
E=-2
E-2
E-3
E-3
E-4
E-4
E-5
E-6
E-3
E=-3
E-4
E-4
E-4
E~-5
E-6
E-4
E-4
E-5
E=6

2.067 GeV/c)

Hydrogen

(ub/Gev?)

1.7940.28
7.92%1.39

E+0
E-1

K" integral invariant cross sections from hydrogen and deuterium using a bremsstrahlung beam.

Deuterium
{ub/Gev?)

4,86+0.85 E+0
1.4740.29 E-1

3.3410.07 E=-2

2.6110.50 E-4

1.63%0.31 E-4
1.92+0.74 E-5

Deuterium
(zb/Gev2)

ST



Table VI. ({(cont'd} K~ integral invariant cross sections

Kg = 11 Gev‘ (P;ax = 2,067 GeV/c) R, = 15 GeV (p;ax = 2.477 GeV/c)
Piab By . P, Kpin Bydrogeg Deuterigm Piab Bp PE Kpin Hydrogen Deuteriunm
(GeV/c) (GeV/c) (GeV/c) (GeV} (ub/GeV*) (ub/GeV<) (GeV/c) (GeV/c) (GeV/c) {GeV) (ub/Gev?l) (pb/ceyz)

0.750 -0.113 3.27 3.14+0,55 E=1
6.877 ~0.259 3.55 1.0930.23 E-1
1,000 -0.427 3.93 2.4330.69% E-2
1.125 -0.629 4.51 6.36+2.B6 E-3
1.250 ~0.867 5.45 9.56#4.79 E~4
1.375 -1.147 7.25 0.00%1,38 E-4
0.625 0.342 3.98 5.30%0.46 E-1
0.750 0.266 4.13 2.09#0.20 E-1
‘0.875 0.175 4.32 7.81#0.58 E=2
1.000 0.070 4.56 2.7240.30 E=2
1.125 =0.052 4.88 1,1930.11 E-2
1.250 =D.191 5,30 3.55%0.37 E=3
1.375 -0.348 5.B8 9.44+1.20 E-4
1.500 =0.523 6.69 1.68i0.60 E-4
1.625 =0.720 7.90 3,42342.43 E-5
0.875 0.48B 5.23 6.5130,51 E=2
1.001 0.410 5.44 2.6740.20 E=2
1.125 0.321 5.69 9.2740.82 E-3
1.250 0.221  6.00 4.0230.34 E-3
1.375 0.110 6.3% 1,36%0.17 E-3
1.500 =~0.014 6.8% 3.6330.55 E-4
1.625 =0.151 7.54 6.18+2.79 E-5
1.750 =0.300 8.41 7.4537.46 E~6
1.875 =0.464 9.62 0.0017.84 E-6
1.125 0.624 6.5% 6£.1740.54 E-3
1.250 0.545 6.B6 2.6410.24 E-3
1.375 0.457 7.18 9.48%1.30 E-4
1.500 0.361 7.57 3.49+0.84 E-4
1.625 0.255 8.06 1.2240.47 E-4
1.750 0.140 B.66 1,3340.94 E-5
1.875 0.015 9.43 4.23+4.24 E-6
1.250 0.827 7.77 1.4940.19 E-3
1.375 0.755 B8.06 7.35%1.27 E-4
1.500 0.575 B.40 1.76+0.56 E-4
1.625 0.588 8.81 B.94+3.20 E-5
1.750 0.49¢ 5.30 4.2741.93 E-5
1.875 0.392 9.90 5.1245.13 E-6
1.999 0.283 10.63 B.2534.77 E-6
1.500 0.956 9.29 1.6230.49 E~4
1.625 0.882 9.66 2.7111.04 E~5
1.751 0.802 10.09 3.3943.40 E-§
1.875 0.716 10.60 0.00+3.10 E-6
1.825 1.152 10.56 B.7618.77 E-6
1.751 1.083 14.95 1.58+0.60 E-5

0.50¢ -0.543 2.19 3.1730.49 E+0 1.4740.12 E+l
0.625 -0.796 2.50 1.041l1.04 E-1
0.750 =1.149 3.12 2.40%#0.52 E-1 1.2540.14 E+0
0.875 =-1.673 4.92 2.97#2.10 E=2
0.500 -0.007 2.94 1.5740.17 E+0
0.625 =0.115 3.08 8.47+40.82 E-1
0.750 =0.251 3.27 3.41+0.31 E-1l
0.875 =-0.415 3,54 1.05#0.10 E-1
1,000 -0.612 3.93 3.08#0.33 E-2
1.125 -0.B44  4.51 9.09%1.66 E-3
1.25¢ ~1.117 5.45 2.39%0.80 E-3
1.375 =1.439 7.25 2.23+2.23 E-4
1.500 ~-1,B22 11.92 6.41#3.70 E-4
0.625 0.215 3.98 9.46x0.71 E-1
0.750 0.128 4.13 3.7710.37 E-1
0.875 0.024 4.32 1.47#0,13 E-1
1.000 -0.097 4.56 5.94%0.73 E-2
1.125 -0.238 4.88 2.6410,27 E-2
i1.25¢ -0.397 5.30 B8.4B8+1.13 E-3
1.375 -0.577 5.88 1.6710.50 E-3
1.500 ~0.779 6.69 1.05%1.05 E-4
1.625 ~1.005 7.90 5.2245.22 E-5
1.756 -1.256 .91 0.00%5.33 E-5
1.875 =1.537 13.83 0.00%1.61 E-5
0.875 0.325 5.23 1.40%0.09 E-1
1.000 0.236 5.44 5.34%0.25 E-2 1,0940.04 E-1
1.125 0.134 5.69 2.32#0,15 E~-2
1.250 0.019 6.00 B8.1240.56 E-3
1.375 =0.109 6.39 3.1130.20 E-3 6.07%0.27 E~3
1.500 =0.252 6.89 B.0320.94 E-4
1.625 ~0.408 7.54 2.6040.37 B-4
1.750 -0.580 8.41 5.3742.22 E-5
1.875 =D.768 9.62 0.00+5.87 E-6
2,000 =~0.973 11.41 0.00%4.98 E-6
2.125 =1.196 14.30 0.00%6.76 E-6
1.015 0.495 6.39 4.4840.37 E~2
1.125 0.423 6.59 1.9740.20 E-2
1.250 0.333 6.86 6.98+0.91 E-3
1.375 0.233 7.18 2.60%0.28 E-3
1.500 0.122 7.57 1.13%#0.14 E~-3
1.625 0.000 B.06 3.9530.70 E-4
1.750 -0.132 8,66 1.17+0.30 E-4
1.875 =0.276 9.43 2.74%1.42 E-5
2.000 —0.432 10.43 0.00#8.38 E«6
1.250 0.599 7.77 6.7320.42 E-3 1.2410.08 E-2
1.375 0.516 8.06 2.80+#0.19 E-3
1.500 0.425 8.40 95.03+1.14 E-4
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Ky = 15 GeV
Pp P,
{GeV/c)
1.625 0.325
1.750 0.217
1.875 0.099
2,000 -0.026
1.500 ¢.690
1.625 0.605
1.750 0.513
1.875 0.414
2.000 0.307
1.625 0.857
1.750 0.778
1.875 0.692
2.000 0.599
K, = 19 GeVv
-
Pp B
{GeV/c)
0.500 -D.649
00625 -00931
0.750 =-1,324
0.875 ~1.909
0.500 -0.088
0.625 =~0.209
0.750 =0.360
0.875 =0.543
1.000 -0.763
1,125 =1.021
1.250 -1.326
1.375 =~-1.6B5
1.500 =2.112
0.750 0.024
0.875 =0.091
1.000 -0.227
1.125 -=0,383
1.250 =D.561
1.375 =0.762
1.500 -0.987
1.625 -1.238
10150 -1-519
0.875 0.206
1.000 0.106
1.125 -0.007
1.250 -0.136
1.375 -0.279
1.500 ~0.437
1.625 -0.612

Table VI.

{cont'd}

(Ppay = 2.477 Gev/c)

Epin
{GeV)

8.81
9.30
9.90
10.63
9.29
9.66
10.08%
10.59
11.20
10.56
10.55
11.40
11.93

-
(Ppax

Knin

{GeV)

2.1%
2.50
3.12
4.92
2.94
3.08
3.27
3.54
3.93
4.51
5.45
7.25
11.92
4.13
4.32
4.56
4.88
5.30
5.88
6.69
7.90
9.91
5.23
5.44
5.69
6.00
6.39
6.89
7.54

H#iydrogen

(ub/Geve)

2.9510.38
1.2120.31
7.40%2.35
1.20%0.91
8.42%1.13
3.6930.56
1.120.28
2.08%1.23
0.0034.12
2.5330.25
8.4132.06
2.0520.60
1.3530.77

Deuteripm
(ub/Gev?)

E-4
E-4
E-5
E~5
E-4
E-4
E-4
E-5
E-6
E-4
E-5
E-5
E-5

9.6611.00 E-4

5.83+0.57 E-4
9.2711.81 E-5

2.830 Gev/c)

Hydrogen
(ub/Gev?)

1.0640.30
7.1542.28
3.5420.51
3.691.15
2.55%0.25
1.0020.10
3.77$0.59
1.89%0.26
3.80%0.63
6.66+3.33
3.1631.41
0.00+3.40
0.006.49
4.6840.39
1.4740.11
7.98%0.62
2.3130.15
9.1930.95
2.14140.34
5.03+1.90
1.3520.39
0.00+2.20
1.7620.07
6.78+0.44
3.0020.10
1.06+0.04
4.2420.34
1.3020.14
3.3740.57

Deuterium
(ub/Gev?)

E+D
E-1
E-1
E-2
E+0
E+D
E-1
E-1
E-2
E-3
E-3
E-4
E-4
E-1
E-1
E-2
E-2
E-3
E-3
E-4
E-4
E-5
E-1
E-2
E-2
E-2
E-3
E-3
E-4

1.7240.21 E+1

1.3540.37 E+0
1.754£0.37 E-1

5.7620.44 E-2

3.7540.39 E-3

K~ integral invariant cross

K, = 19 Gev

*

Byan Pp P,
(GeV/c) (GeV/c) (GeV/c)
4.9 1.750 =0.804
4.0 1.875 <1.014
4.0 2,000 =1.243
4.0 2,125 «1.490
5.0 1.013 0.358
5.0 1.125 0.277
5.0 1.250 0.176
5.0 1.375 0.064
5.0 1.500 -0.060
5.0 1.625 -0,196
5.0 1.750 -0.344
5.0 1.875 30.504
5.0 2.000 =0.678
5.0 2.125 -0.864
5.0 2.252 -+1.068
5.0 2.375 -1.280
6.0 1,250 D.433
6,0 1.375 0.341
6.0 1.500 0.239
6.0 1.625 0.128
6.0 1.750 : 0.007
6.0 1.875 ~-0.124
6.0 2,000 -0.264
7.0 1.500 0.496
7.0 1.625 0.401
7.0 1.750 0.299
7.0 1.875 0.188
7.0 2,000 0.069
7.0 2.125 =-0.058
7.0 2.251 =-0.194
8.0 1.627 0.643
8.0 1.750 0.555
B.0 1.875 0.459
8.0 2.000 0.356
B.0 2.250 0.129
8.0 2.375 0.004
B.0O 2.500 -0,128

sections

{Ppax = 2.B30 Gev/ec)

Enin

(GeV)

8.41
9.62
11.42
14.30
6.39
€.59
6.86
7.18
?'51
B.06
B.66
9.43
10.43
11.77
13.70
16.49
T.77
8.06
8.40
8.81
9.30
9.90
10.63
9.29
9.66
10.09
10.59
11.20
11.93
12,83
10.56
10.95
11.40
11.94
13.30
14.20
15.28

Hydrogen
(ub/Gev?)

1,3840,39
1.19+1.19
4.4014.40
0.00%5,27
6.66£0.66
3.0030.12
1.11%0.05
3.8810.31
1.6130.39
7.1231.12
1.2610.46
4.8241.22
1.7120.72
B.30+3.29
7.9748.03
3.79%4.40
1,1240.07
5,140,135
1.87+40,19
7.7121.08
2.91+0.34
9.05%2.00
3.4411.42
1.8740,16
6.65%1.09
3.08%0.47
1.22+0.39
3.2240.86
3.5443.55
5.21%3.73
7.10+0,75
3.35%0.47
1.10:0.16
4.35%1,66
7.8813.67
9,2314.03
5.42+3.28

Peuterium
(¢d/Gev?)

8.60%0.69 E-3

7.0610.89 E~4

b
1

1.41+0.15 E-3
3.0510.30 E-4

6ST



Table vII. K% integral invariant cross sections from hydrocgen and deuterium using a bremsstrahlung beam.

0.875 0.597 4.73 2.490.10 E-1
1.000 0.526  4.91 9.134+0.25 E-2 1.65:0.04 E-1
1.125 0.445 5.14 2.88#0.21 E-2
1.250 0. 353 5.42 1.02+0.09 E-2
1.375 0.251 5.78 3.87%0.34 E-3
1.500 0.137  6.23 1.2040.07 E-3 2.43+0.14 E-3
1.625 0.012 6.82 2.9940.46 E=4
1.75¢ ~-0.125 7.60 5.16%1.51 E=-5
1.875 «0.275 B8.69 9.41+5.88 E-6
1.002 0.822 5.87 6.62%0.57 E=2
1.125 0.759 . 6,07 1.9510.17 E-2
1.250 0,687 6.32 8,1440.6% E-3
1.375 0.606 6.61 2.26+0.21 E-3
1.500 0.518 6.98 7.37+0.76 E-4
1.625 0.421 7.42 1.85%0.33 E-4
1.750 0.315 7.98 3.03%1.07 E~5
1.875 0.201 B8.69 6.78+4.24 E-6
1.250 0.982 7.25 3.80+0.40 E-3
1.375 0.926 7.52 9.5230.66 E-4 1.9210.11 E-3
1.500 0.843 7,84 2.7810.43 E-4
1.625 0.763 8.22 8.031l.04 E-5 1.9040.23 E~4
1.750 0.677 8,68 1,22:0.63 E-5
1.500 1.137 8.76 7.91+1.98 E-5

1.125 =0.346 3.74 2.14+#0.46 E-2

1.250 ~0.541 4.52 6.85%2.42 E-3

0.625 0.537 3.49 9.6320,75 E~1

0.750 0.474 3.62 5.75+0.23 E~1 1.0740.03 E+0
0.875 C.400 3.79 2.62+0.21 E-1

1.000 0.313 4.00 7.1740.52 E=2

1.027 0.292 4.06 5.9330.37 £-2

1.125 0.212 4.28 2.60%0.11 E-2 4.82%0.18 E-2
1.250 0.088 4.65 7.42:0.74 E-3

1.375 =0.031 5.15 2.15#0.23 E-3

1.500 ~0.176 5.86 4,60%1,02 E-4

1.625 =-0.338 6.93 3.77£2.42 E-5

0.875 0.740 4.73 1.7240.13 E-1

1.000 0.676 4.91 5.67$0.43 E=-2

1.125 0.603 5.14 1.38:£0.12 E-2

1.250 0.521 5.42 4.20%0,.37 E-3 :

1.375 0.429 5.78 1.3410.12 E-3

1.500 0.326 6.23 3.53#¢0.55 E-4

1.625 0.214 6.82 35.92+42.37 E=5

1.002 0.992 5.87 3.0710.10 E~2 4.4630.15 E-2
1.125 0.936 6.07 7.10+0.67 E-3

1.250 0.871 6.32 1.55#0.15 E-3

1.375 0.799 6.6l 2.8720.24 E-4 8.2940.76 E-4
1.500 0.719 6.98 7.07+£1.79 E~-S

1.127 1.050 6.55 3.3540.34 E-3

1.250 1.032 6.78 7.54:1.01 E-4

K, = 5GeV  (Pp,, = 1.360 GeV/c) R, = 9 GeV  (Ph.. = 1.928 GeV/c)
* . * .

P1ab P Py Koin Hydtogeg Deuterxgm Prab By Pr Kpin Hydrogen Deuterlgm

(GeV/c) (GeV/c)} (GeV/c) (GeV) (ub/Gev<®) (ub/GeVv<) (GeV/c) (GeV/c) (GeV/e) (GeV) (ﬂb/Gevz) {ub/Gev*) ?

3.0 0.625 0.694 3.49 6.81%0.58 E-1 - 0.500 0.167 2,44 4.5340.36 E+D "
3.0 0.750 0.639 3.62 3,35#0.08 E-1 5.26%0.15 E=1 - 0.625 0.081 2.56 2,1810.15 E+0
3.0 0.875 0.574 3.79 1.45%0.14 E-1 - 0.750 -0,027 2,72 9.26#0.7% E=1
3.0 1.000 0.498 4.00 3.5130.43 E=2 . 0.875 -0.158 2.94 2.90+0.22 E-1
3.0 1.125 0.410 4.28 7.9230.47 E-3 1.61%+0.07 E=2 . 1.000 -0.315 3.26 9.72+0.86 E=2
3.0 1.250 0.310 4.65 2,7040.68 E-3 . 1.125 -0,3500 3.74 3.4330.46 E=2
4.0 0.875 0.945 4.73 4.4720.25 E-2 . 1,250 -0.717 4.52 6.0741.92 E=3
4.0 1.000 0.889 4.91 8.87+1.17 E=3 . 1.375 -0.974 6.01 5.56%0.17 E=-2
. . 0.625 0.426 3.49 1.6540.1C E+0
Ko = 7 GeV‘ (Pm‘x = 1.668 GeV/c) . 0.750 3.357 3.62 7.58%0,70 E-1
i . 0.B75 »274 3.79 3,38%0.31 E~1
Flab - Fr L Emin Hydrogen Beuterism <0 1,000 0,177 4.00 1.1630.09 E-1
(Gev/c) (Gev/c) ([GeV/c) (GeV) (ub/GeV+) (eb/GeV<) . 1.125 0.065 4.2B 4.67+0.43 E-2
. 1.250 =-0.062 4,65 1.44%0G.14 E-2
2. 0.500 0.254 2.44 3.1420.20 E+0 . 1.375 =0,205 5.15 3,8140.37 E-3
2. 0.625 0.177 2.56 1.5140.12 E+D . 1.500 «0.366 5,86 1.31+0.18 E=3
2. 0.750 0.080 2.72 6.95#0.53 E=1 . 1.625 =0.546 6.93 1.95+0.51 E-4
2. 0.875 -0.038 2.94 2.00%0.16 E~-1 . 1,707 =0.675 7.97 6.32+2.63 E=5

2. 1.000 -0.179 3.26 7.3410.74 E-2 .

L]
MUDOoOOCOOCOO0OO0D0DDOODOCOOORELOOODDODOO

.

Ui bbb DWW WWWWwWwWLWRwWOoN

L)
« s e

Sttt bbb bbb LMWWWURWKWKWWWRNODOMDNDDOMDNODR
DO OOOMOOLO0D0OC00000Co000O0DODOLODOoODOLD0OODC

091



Table VII. (cont'd) KV-integral invariant cross sections

-* *
Ky = 11 GeV  (Ppay = 2.157 GeV/c) Ky = 11 GeV_  (Ppay = 2.157 GeV/c}

F1ap P Pr, Rpjn Bydrogen Deuterium Piab Pp Py, Enin  Hydrogen Deuterium
(GeV/c) (GeV/c) (GeV/c) (GeV) (ub/Gev?) (ub/GevZ) (GeV/c) (GeV/c) (GeV/c) (GeV) (ub/Gev?) (b/Gev?)

1.0 0.500 ~-0.416 1.60 2.6330.36 E+1° 7.0 1.875 0.716 5.98 1.0430.29 E~5

1.0 0.625 =0.636 1,83 1.1810.08 E+1 8.0 1.625 1.152 10.02 1.20+0.11 E-4

1.0 0.750 -~0.942 2.27 3,5920.28 E+0 8.0  1.750  1.083 10.39 2.6230.76 E-5

1.0 0.875 ~1.399 3.59 3.9410.37 E-1 8.0 1.875 1.008 10,82 1.13:0.44 E-5

g.g g.soo 0.09% 2.44 3.6130.25 E+0 .

. +625 0.004 2.56 3.0740.19 E+0 K, = 15 GeV P = 2. _

2.0 0.750 =0.114 2,72 7.81%0.65 E-1 o GeV ~ (Pmax = 2.355 Gev/c) .

2.0  0.875 =0.257 2.94 2.6130.21 E-1 Pran Pr Py Kmin  Hydrogen Deuterium

2.0 1.125 -0.629 3.74 2.82%0.24 E-2 (GeV/c) (GeV/c) (GeV/c) (GeV) (ub/Gev?) (ub/Gev?)
2.0 1.375 -1.147 6.01 9.89%4.04 E~4

3.0 0.625 0.342 3.49 1.7640.06 E+0 0.500 ~0.007 2.44 5.60+0.42 E+0

3.0 0.750 0.266 3.62 B.64%0.28 E-1 0.625 -0.115 2.56 3.23+0.22 E+0

3.0 0.B75 0.175 3.79 3.9720.16 E~1 0.750 -0.251 2,72 1.17+0.11 E+0

3.0 1.000 0.070 4.00 1.4310.07 E-1 0.875 =0.415 2.94 4.09:0.40 E-1

3.0 1.125 -0.052 4.28 5.450.22 E-2 1.000 ~0.612 3.26 1.21:0.12 E-1

3.0 1.250 -p.19)1 4.65 1.9240.14 E-2 1.125 =0.844 3.74 4.36+0.43 E-2

3.0 1.375 -0.348 5.15 6.81+0.65 E-3 1,250 =1.117 4.52 1.38+0.20 E-2

3.0 1.500 -0.524 5.87 1.B5%0.17 E-3 1.375 -1.439% 6,01 2.05%0.73 E-3

3.0 1.625 =0.720 6.93 3.86+0.68 E-4 1.500 -1.822 9.89 0.00+2.36 E-4

4.0 0.875 0.488 4,73 2.82%0.16 E-1 0.625 0.215 3.49 2,76+0.19 E+0

4.0 l.o001 0.410 4.9]1 1.17%0.07 E-1
4.0 1.125 0,321 5.14 3.6310.12 E-2
4.0 1.250 0.221 5.42 1.5310.07 E-2
4.0 1.375 0.110 5.78 6.77:0.52 E~3
4.0 1.500 -0.014 6.23 2.0410.16 E-3
4.0 1.625 -0.151 6.82 6.67+0.69 E-4
4.0 1.750 -0.300 7.60 1.43+0.21 E~-4
4.0 1.875 ~0.464 B8.70 2.2410.64 E-5

0.750 0.128 3.62 1.1930.04 E+D
0.875 0.024 3.79 5.1940.16 E-1
l.000 -0.097 4.00 2.24+0.18 E-1
1.125 -0.238 4.28 7.77+0.38 E-2
1.250 -0.397 4.65 3.35+40.27 E-2
1.375 =0.577 5.15 1.45%0.11 E=-2
1.500 -0.779 5.86 4.8110.66 E-3
1.625 =1.005 6.93 1.25#0.23 E-3

4.0 2.000 -=0.642 10.31 7.4426.38 E-6 1.750 ~1.256 8.69 2.98#1.13 E-4
5.0 1.010 0,688 5.88 7.75%0.35 E-2 1.875 -1.537 12.13 2,34%2.34 E-5
5.0 1.125 0.623 6.07 3.22:0.11 E-2 0.875 0.325 4.73 5.14+0.17 E-1
5.0 1.251 0.545 6.32 9.65#0.45 E=-3 1.000 0.236 4.91 1.7230.04 E-1 3.2830.10 E-1
5.0 1.375 8.457 6.61 3.52+0.18 E-3 1.125 0.134 5.14 6.4710.29 E~2
5.0 1.500 D.361 6.98 1.58+0.10 E-3 - 1.250 0.01% 5.42 2.55i0.12 E-2
3.0 1.625 0,255 7.42 4.4010.47 E-4 1.375 -p.10% 5.78 1.1730.05 E-2 2.1210.11 E~2
5.0 1.750 0.140 7.98 1.56+0.23 E-4 1.5080 -0.251 6.23 3.77£0.31 E-3
5.0 1.875 0.014 8.69 3.5740.95 E-5 1.625 -0.408 6.82 1.43+0.12 E-3
6.0 1.250 0.827 T7.25 8.37+0.37 E=3 1.750 -0.580 7.60 4.4310.45 E-4
6.0 1.376 0.754 7.52 2.94+0.26 E-3 1.875 =-0.768 8.70 1.09%0.15 E-4
6.0 1.500 0.675 7.84 1.32+0.10 E-3 2.000 -0.973 10.32 7.74+7.74 E~b
6.0 1.625 0.5B8 B8.22 3.37#0.34 E-4 1.012 0.497 5.89 1.4140.06 E-1
6.0 1.750 0.454 B.68B 1.17:+0.16 E-4 1.125 D.423 6,07 5.5810.24 E-2
6.0 1.875 0.392 5,24 1.8840.71 E-5 1.250 0.333  6.32 2.7740.22 E-2
6.0 2.000 0.282 9,92 4.37£3.55 E-6 1.375 0.233 6.61 1.0410.10 E=-2
7.0 1.500 0.956 B.76 b6.4920.55 E-4 1.500 0.122 6.98 3.52%D.31 E-3
7.0 1.625 0.B82 9.10 1.75¢0.15 E~4 1.625 . 0.000 7.42 1.45+0.15 E-3
7.0 1.751 0.802 9.51 4.B7+0.63 E-5 1.750 -0.132 7.98 6.33:0.8B8 E-4
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Table VII. (cont'd) X' integral invariant cross sections

- *
Ky = 15 va. (P;ax = 2.555 GevV/c} Ko = 19 Gev* (Ppay = 2.898 GeV/c) .
Pyap Py Pr, Knin .Bydxogeg Deuteri;m P1ab Prp Pr Kpin Hyd:oge; Denterxgm
(GeV/c) (GeV/c) (GeV/c) (GeV) (ub/Gev®) {ub/GeV<) {GeV/c) (GeV/c) (GeV/c) (GeV) (ub/Geve) {ub/Gevé)

5.0 2.000 -0.432 9.60 4,42+1.31 E-S : 4.0 1.125 =-0.0067 5.14 B8.84+0.21 E-2 1.5010.07 E-1°
6.0 1.256 0.599 7.25 2.15%0.07 E-2 3.36%0.14 E-2 4.0 1.250 =0.136 5.42 3,78+0,19 E=-2
6.0 1.375 0.516 7.52 9.3040.46 E-3 4.0 1.375 ~=0.279 5.78 1.53%0.09 E-2

6.0 1.50¢0 0.425 7.84 4.1640.34 E-3 . 4.0 1,500 =0.437 6.23 5.40£0.29 E-3 9.6310.55 E-3
6.0 1.625 0.325 8.22 1.49$0.10 E-3 2.68#0.17 E-3 4.0 1.625 =0.612 6.8l 2.02%0.16 E-3
6.0 1.750 0,217 8.68 5,33%0.54 E-4 4.0 1.750 -0.804 7.60 7.26+0.87 E-4
6.0 1.875 0.098 9,24 2,33:0.28 E-4 4.0 1,875 -1,014 8.70 2.59+0.51 E-4
6.0 2.000 -0.027 9.92 1.0540.21 £-4 4.0 2.000 -1.242 10.31 5.54%#2.11 E=5
7.0 1.500 0.690 §.76 2.7240.19 E-3 4.0 2,125 =1,490 12,93 6.86+3.99 E=6
7.0 1.625 0.605 9.10 1.29+0.11 E-3 5.0 1.125 0.277 6.07 B8.4310.31 E-2
7.0 1.750 0.513 9.50 5.3910.59 E-4 5.0 1.250 0.176 6.32 3.5140.16 E-2
7.0 1.875 0.414 9.98 1.8930.33 E-4 5.0 1.375 0.064 6.61 1,3040.13 E-2
7.0 2.009 0.307 10.56 B8.14+2.27 E-5 5.0 1.500 =0.060 6.98 6.10%0.61 E-3
B.0 1.625 0.857 10.02 6.7410.51 E-4 1.6840.09 E=-3 5.0 1.625 =0,.196 7.42 2,2410.14 E=-3
8.0 1.750 0.777 10.39%9 4.31+D.43 E-4 5.0 1.750 ~0.344 7.98 7.95%1.26 E-4
8.0 1.876 0.691 10.82 1.3840.17 E~4 3.34%0.31 E=4 5.0 1.875 =0.504 8.69 2.47+0.24 E~-4
8.0 2.000 0.399 11.33 4.50$1.21 E-5 .0 2.000 =0.677 $.61 8,35+t1.60 E-5
8.0 2.125 0.501 11.92 4.1130.81 E-5 .0 2.125 =D.B64 10.84 2.91%0.B3 E-5
- «0 2.250 ~1.065 12.59 9.64+5.02 E-6

K, = 19 GeV. (Ppax = 2-898 GeV/c) .0 5.375 -1.252 13.22 g.ggig.gg g-g 3. 5340.09 E<2

) i . +375 0,34 .5 .3810. - +5310.09 E-

Flab  Pr FL  Emip  Hydiogen Degteriin 20 1.500  0.2389 7.84 6.37%0.32 E-3
(GeV/c) (GeV/c) (GeV/c) (GeV) (ub/Gev<) {ub/Gev<) . 1.625 0.128 B.22 2.6640.24 E=3

1.750 0.007 8.68 9.11#0.59 E-4 1.65%0.12 E-3
1.875 =0.124 9,24 4.31:0.52 E-4
2.000 ~0.264 9.9%2 1.41:0.28 E-4
2,125 -0.415 10.78 5.84:l.61 E-5
2,250 =~0.577 11,88 4.22+1.25 E-5
1.500 0.496 8.76 5.58+0.34 E-3
1.625 0.401 9.10 2.59%0.25 E-3
1.750 0,298 9,51 1.1130.12 E~3
1.875 0.188 9.98 5.38:0.71 E-4
2.000 0.069 10.56 1.90%D.26 E-4
2,250 ~0.193 12.08 1.85%0.55 E=5
2.375 ~0.338 13,13 6.1413.65 E=6
1.627 0.642 10.02 2.020.15 E-3 3.5210.21 E-3
1.750 0.555 10.39 9.54%1.37 E-4
1.876 0.458 10.82 3.72#0.39 E-4 6.93%0.73 E-~4
2.001 0.355 11.33 1.12:0.17 E-4
2.125 0.246 11.92 4.71+1.18 E-5 B.07+2.24 E-5
2.250 0.128 12.63 2.83+1.19 E-5
2.375 0.004 13,47 6.93:3.61 E-6
2.500 -0.128 14.50 3.37+1.53 E-6

0.500 =-0.649 1.60 5.5110.39 E+l
0.625 =-0.931 1.83 2.4130.18 E+1
0.756 =1.324 2.27 7.5640.97 E+0
0.875 ~1.909 3.59 1.4430.20 E+0
0.625 =0.209 2.56 3.2820.27 E+0
0.750 ~0.360 2.72 1.27#0.12 E+0
0.875 =-0.543 2.94 4.7920.45 E-1
1.000 =-0.762 3.26 2.02#0.16 E-1
1.125 =1.021 3.74 7.09%0.56 E=2
1.250 -1.326 4.52 2.06%0.28 E-2
1.375 -1.685 6.01 2.21%0.78 E-3
1.500 ~=-2.112 9.89 2.50%2.50 E-4
0.750 0.024 3.62 1.5130.12 E+0
0.895 =-0.0%1 3.79 6.08%D.27 E-1
1.000 =0.227 4.00 2.66£0.17 E-1 -
1.125 =-0.384 4.28 1.0710.06 E-1
1.25¢ ~-0.561 4.65 4.40%0.31 E-2
1.375 =0.762 5.15 1.32:0.07 E-2
1.500 -~-0.987 5.86 4.78#0.52 E-3
1,625 =1.23%9 6.93 1.1530.10 E-3
1.750 ~-1.519 B.69 1.78+0.41 E-4
1.875 =1.832 12,13 4.67+1.35 E-5
0.875 0.206 4.73 5.87£0.16 E-1
1.000 0.106 4.91 2.24%0.09 E~1
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Table VIII. P integral invariant cross sections from hydrogen and deuterium using a bremsstrahlung beam

1,375 =0.327 8.08 2.4330.33 E~4 7.10#0.62 E-4
1.500 -0,469 B.80 1.6840,25 E-4
1.625 =0.626 9.77 5.18%0.93 E-5
1.750 =0.798 11.10 2.94+0.86 E-5
1.875 =0.986 13.04 1.7930.59 E-5
1.015 0.320 7.57 6.3230.97 E-3
1.125 0.248 7.82 2.5310.49 E-3
1.250 0.158 8.17 9.45%2.30 E-4
1.375 0.057 8.59 3.09+0.65 E-4
1.500 -0.054 8,11 1.68%0.37 E-4
1.625 ~0.175 9.75 9.60+2.22 E-5
1.750 -0.308 1l0.57 5.32%1.24 E-5

0.625 0.098 5.25 6.01:0.74 E=2
0.750 0.022 5.47 2.58%0.36 E-2
0.875 -0.069 5.76 9.55%0.87 E-3
1.000 -0.175% 6.14 2.66+0.49 E-3
1.125 =-0.296 &€.65 8.77+1.60 E-4
1.250 -0.435 7.33 2.78%0.62 E-4
1.375 -0.592 B8.30 3.57#1.26 E~5
1.500 -0.767 9.74 2.2B#1.11 E-5
0.875 0.302 6.46 9.2040.87 E-3
1.001 0.224 6.74 2.8940.35 E-3
1.125 0.136 7.09 7.51%1.45 E-4

* *
K, = 7 GeV. (Ppay = 1.195 GeV/c) . K, = 11 Gev (Ppax = 1.806 Gev/c) .
Plab PT PL Kmin Hydrogen Deuterium Pyah Pq Py, Knin Hydrogen Dewterium
(GeV/c) (GeV/c) (GeV/c) (GeV) (ub/GeVz) (yb/Gevz} (GeV/c) (GeV/c) (GeV/c) (GeV} (ub/GeVz) (pb/Gevz)
3.0 0.625 D.344 5.25 1.05%0.18 E=2 4.0 1.250 0.036 7.52 2.55%0.57 E-4
3.0 0.750 0.282 5.47 5.24#0.65 E=3 8.321.35 E~3 4.0 1.375 =0.076 B.0B 1.2040.35 E-4
3.0 0.875 0.207 5.76 1.77+0.35 E-3 4.0 1.500 -6.200 B.B0 5.34%1.47 E=5
3.0 1.000 0,120 6.14 4.26%0,95 E-4 4.0 1.625 =0.336 9,77 4.784+1.58 B-5
3.0 1.125 0.020 6.65 9.0332.5B E-5 4.143G.96 E-4 5.0 1.125 0.474 7.82 €.8611.21 E-4
4.0 0.875 0.594 6.46 2.27+1.61 E-4 5.0 1.250 0.395 B.1l7 2.7540.57 E-4
4.0 1.001 0.530 6.74 0.0028.56 E-5 5.0 1.375 0.308 B8.5% 9,98%2,77 E=5
. 5.0 1.500 0,212 9.11 5.1942.C8 E-5
R, = 9 GeV (Ppay = 1.530 GeV/c) g.g i.ggg g.ggg lg.gg §.42¢3.§z E-g
* ; . . -0. . +5640.88 E-
Plan Pp By, Emin  Bydrogen Deuterijn 6.0  1.250  0.702 8.97 1.81%0.4% E=4
{(GeV/c) (GeV/c) (GeV/c) (GeV) (ub/GeV<) (ub/GeV®) 6.0 1.375 0.630 9.32 4.4832.12 E-5
6.0 1.500 0.55C 9.75 4.5741.93 E-5
3.0 0.625 0.207 5.25 4.82406.96 E~2 6.0 1.625 0.464 10,26 2,79+1.16 E-5
3.0 0.750 0.137 5,47 1.50%0.19 E-2 6.0 1.750 0.269 10,88 2.35%0.92 E~5
3.0 0.875 0.054 5.76 4.970.72 E-3 7.0 1.500 0.849 10.53 2.3541.26 E=-5
3.0 1,000 -D.043 6.14 1.57:0.26 E-3 7.0 1.625 0.775 10.97 1.6940.59 E-5
3.0 1.125 -D.154 6.65 3,.90+0.87 E-4
3.0 1.250 -0.281 7.33 4,76+1.76 E=5 K. = 15 GeV (eX = 2,262 GeV/c)
3.0 1.375 -0.425 8.30 2,95:1.24 E-5 P ; pt ma 3 .
4.0 0.875 0.430 6.46 3.83%0.74 E-3 lab T L Kpjp  Hydrogen Deuterium
4.0 1.000 0.359 6.74 1.0430.10 E-3 2.80+0.14 E-3 (GeV/c) (GeV/c) (GeV/e) (GeV) (ub/Gev?) (ub/Gev?)
4.0 1.125 0.278 7.09 3,85:#0.86 E-4
4.0 1.250 0.186 7.52 1.0330.32 E-4 . 0.625 =0,071 5.25 1.8840.15 E-1
4.0 1.375 0.084 B.08 3.84%2.43 E-5 . 0.750 0,158 5.47 B.12%0.79 E=2
4.0 1.500 ~p.030 8.80 B,51%6.57 E~6 1.B9%1.09 E-5 . 0.875 ~0.262 5.76 3.43%0.29 E-2
5.0 1.003 0.687 7.54 5.54+1.49 E-4 . 1.060 =0.384 6.14 1.0530.14 E-2
5.0 1.125 0.624 7.82 1,89+0.68 E~4 . 1.125 -0.524 6.65 4.4430.50 E-3
5.0 1.250 0.552 B.17 4.B731.70 E-5 . 1.250 -0.684 7,33 9.46%1.69 E-4
5.0 1.375 0.472 8.59 2.40%+0.84 E-5 . 1.375 -0.863 B8.30 3,50%1.02 E-4
6.0 1.250 0.869 B.97 4.7131.28 E-5 . 3.500 -1.066 9.74 3.84%2.72 E-5
. . 1.625 -1.291 12,09 2.65%l.54 E-5
Ko = 11 Gev (Ppax = 1.806 GeV/c) . g.ggg g.égg g.;g %.;310.23 E-2 162
* . . . . . «3620.58 E~3 1.6240.12 E-2
Plap Pr P Knin  Bydrogen Deuter iun . 1.125 -0.084 7.09 3.63+0.36 E-3
{GeV/c) (GeV/c) (GeV/c) (GeV} (ub/GeV<} (ub/GevV<) . - 1.250 =0.198 7.52 1.29+0.13 E-3

*
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Table VIIX. (cont’d) P integral invariant cross sections

Kg = 15 GeV (Ppay = 2-262 GeV/c) Ky = 19 Gev (P;ax = 2.6i2 GeV/c)
- . *
Plab Pp Pp Knin Hydrogeg Deuterxgm Plab .Bp Py, Kpin  Bydrogen Deuterium
(GeV/c) (GeV/c) (GeV/c) (GeV) (ub/GeV<) tub/Gev<) (GeV/¢) (GeV/c) (GeV/c} (GeV) (ﬂb/Gesz (ub/Gevz}

1.875 0.334 12.77 1.78+0.55 E-5 4.12+1.58 E-5
2.000 0.231 13.41 1.04+0.53 E=-5
2.250 0.004 15.06 1.01%0.50 E-5
2,375 =0.120 16.14 1.42$0.56 E-5
2.500 -0,252 17.48 2.06%0.75 E-5

6.750 =-0.299 5,47 9.3441.00 E-2
0.875 -0.415 5.76 3.8720.31 E-2
1.000 -0.551 6.14 1.0030,.13 E-2
1.125 -0.707 6.65 3.8230.34 E-3
1,250 =-0.885 7.33 9.37:1.70 E-4
1,375 ~-1.086 8,30 1.B3#0.52 E-4
1.500 -1.311 9.74 1.45%0.52 E-4
1.625 -1.562 12.09 2.69#0.81 E-5
1.750 -1.843 16.53 1.0620.63 BE-5
0.875 ~0.040 6.46 3.4440.19 E-2
1.000 -0.139 6.74 1.2740.13 E-2
1.125 =-0.253 7.09 4.9820.28 E~3 7.43+1.05 E-3
1.250 -0.381 7.52 1.4930.10 E-3
1.375 =0.524 8.08 4.69:0.7¢ E-4
1.560 -0.683 8.80 1.6630.29 E-4 2.7210.66 E-4
1.625 -0.858 9.77 5.80%1.32 E-5
1.750 -1.050 11.10 2.6910.88 E-5
1.875 -1.260 13.04 2.51%0.95 E=5
2.000 -1.489 16.13 1.9630.87 E-5
1.013 0.160 7.56 1.1940.20 E-2
1.125 0.079 7.82 5.18#0.37 E-3
1.250 -0.022 8.17 1.9420.14 E-3
1.375 -0.134 8.59 6.71%0,.87 E-4
1.500 -0.258 9.11 7.32#5.19 E-5

5.0 1.875  -0.452 11.63 2.7040.91 E-5 5.0  1.625 -0.394 9.75 8.95%2,34 E-5
5.0 2,000 -0.607 13.04 3.4814.34 E-6 5.0  1.750 -0.542 10.57 4.68%1.55 E-5
6.0 1.250 0.452 8.97 9.10£1.09 E-4 2,1940.26 E-3 5.0 1.875 -0.702 11.63 2.09#0.65 E=5
6.0 1.375  0.370 9.32 4.2330.50 E-4 5.0  2.000 =0.875 13,04 1,2740.58 E=5
6.0 1,500  0.278 9.75 1.1730.29 E-4 5.0 2,125 -1.062 15.00 8.76+4.83 E-6
6.0 1.625 0.178 10.26 6.42%1.20 E-5 1.6110.31 E-4 5.0 2.252 -1.266 17.95 1.71+0.B8 E=5
6.0  1.750  0.07¢ 10.88 B.4031.78 E-5 6.0 1.250  0.268 B8.37 2.67+#0.25 E-3
6.0  1.875 -0.047 11.65 5.6€821.60 E-5 6.0 1.375  0.176 9,32 7.9980.94 E-4 1.91:0.24 E-3
6-0 2,000 -0.173 12.60 1.13%1.32 E-5 6.0  1.500  0.074 9.75 2.3820.42 E-4
7.0 1.500  0.564 10.53 1.6020.36 E-4 6.0 1,625 =-0,038 10.26 1.02%0.24 E-4
7.0 1.625  0.479 10.97 4.21%1.29 E-5 6.0  1.750 ~=0.155 10.88 5.6B21.14 E-5 1.0030.24 E-&
7.0 1.750 0.387 11.49 1.91%0.75 E-5 6.0 1.875 -0.289 11.65 3.64%1.10 E-5
7.0 1,875  0.288 12.11 2,6210.94 E-5 6.0  2.000 ~0.430 12,60 1.4B8+0.70 E=5
7.0 2,000  0.181 12.86 8.1249.56 E-6 7.0 1,500 0,353 10.53 2.0230.24 E-4
8.0 1.625 0.747 11.78 5.06#0.81 E-5 B.37tl1.71 E=5 7.0 1.625 0.259 10.97 7.25+1.36 E=5
8.0 1,756  0.667 12.23 3.59:0.91 E-5 7.0 1,750  0.157 11.49 5.89%1.41 E-5
8.0 1.875 0.581 12,77 1.5740.43 E-5 2.20$1.20 E-5 7.0 1.875 0.046 12,11 9,45%2,92 E-5
8.0 2.000 0.489 13,41 3.3944.09 E-6 7.0 2.000 -0.073 12,86 2,07+0,91 E-5
* 7.0  2.125 =-0.200 13,77 1.26#0.72 E-5
Ro = 19 GeV  (Ppuy = 2.642 GeV/c) 7.0 2,251 =-0.336 14.89 1.20%0.60 E-5
Piap Py P Kmin Hydrogen Deuterium 8.0 1.627  0.518 11.78 B8.63%1.74 E=5 1,4130.34 E-4
2 2 8.0  1.750  0.430 12.23 4.43%1,12 E-5
(GeV/c) (GeV/c) (GeV/c) (GeV) (ub/Gev?) {ub/Gev2) 820
8.0
8.0
8.0
8.0
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Table IX. P integral invariant cross sections from hydrogen and deuterium using a bremsstrahlung beam.

Ko = 5GeV  (Ppy = 1.464 Gev/c) Ko = 7Gev (Ppax = 1.754 GeV/c)

Plab Py Pr, Rpin Hydrogen Deuteriam Pjab Pp Py Rnin Hydrogen Deuterium
(GeV/c) (GeV/c) (GeV/c) (GeV) {(ub/Gev?) {ub/Gev?) (GeV/c) {GeV/e) (GeV/c) (GeV) (ub/Gev?) {ub/Gev2)

1.0 0.500 ~-0.535 0.94 6.60+0.19 E+l 4.0 1,000 0,530 4,23 1.14+0.04 E-1

1.0 0.625 ~0.693 1,17 2,8520.03 E+1 5.25:0.05 E+1 4.0 1.125  0.457 4.45 4.89+0.16 E-2

1.0  0.750 =0.914 1.78 6.5620.07 E+0 1.76+0.01 E+l 4.0 1.250  0.375 4.73 1.69%0.05 E-2

2.0 0.500  D0.142 1,79 9.5620.15 E+D 4.0  1.375  0.283 5.08 5.73%0.17 E-3

2.6 0.625 0.074 1.90 6.060.22 E+0 4.0 1.500 - 0.180 5.53 1.85%0.08 E-3

2.0  0.750 -0.011 2.04 3.4B30.13 E+0 4.0 1.625  0.068 6.14 4.43%0.41 E-4

2.0 0,875 ~0.114 2.26 1.64%0.06 E+D 5.0  1.002 0,875 5,19 3,4630.07 E-2 6.4130.13 E-2

2.0 1.000 =-0.237 2.59 7.81+0.10 E-1 1.47#0.C1 E+0 s.0  1.125  0.818 5.39 1.5330.07 E-2

2.0  1.125 -0.383 3.12 1.6830.07 E-1 5.0 1.250  0.753 5.62 5.1820.20 E-3

2.0 1.250 -0.554 4,11 2.8330.08 E~2 1.0640.02 E-1 5.0 1.375  0.681 5.91 1.58%0.04 E-3 3.6610.12 E~3

3.0  0.625  0.533 2.84 1.0720.04 E+0 5.0 1.500  0.602 6.27 4.590.33 E-4

3.0 0.750  0.478 2.96 5.8830.06 E=1 1,0410.01 E+0 5,5  1.127  0.982 5.67 7.22+0.36 E-3

3.0 0.875  0.413 3.11 3.4330.12 E-1 5.5  1.250  0.925 6.09 2.63%0.14 E-3

3.0 1.000  0.337 3.32 1,70%0.05 E-1 5.5 1.374  0.860 6.36 6.69%0,43 E-4

3.0 1.125 0,249 3.5 5.3430.07 E-2 1.1730.01 E-1 6.0 1.251  1.086 .57 9.2130.70 E~4

3.0 1.250  0.149 3.96 1.64+0.10 E-2 .

3.0 1.375  0.037 4.48 3.5530.42 E-3 Ko = 9 GeV  (Bg,, = 2.003 GeV/c)

4.0 0.875 0.822 4.06 5.85%0.18 E-2 * ) i

4.0 1.000  0.766 4.23 2,8330.13 E-2 Flao  Pr P, Fpin fHydrogen Deuterium

4.0 1.125 0.703 4.45 1.0640.06 E-2 {GeV/c) (GeV/c} (GeV/c) (GeV) (ub/Gev<) (ub/Gev<)

4.0 1.250  0.631 4.73 2.2130,24 E-3

0.500 -0.886 0.94 9.43+0.20 E+1 .
0.625 =-1.087 1.17 3.83%0.03 E+1 7.0410.04 E+1

»

]

K, = 7GeV (P, = 1.754 GeV/c)

. . 0.750 ~1.368 1.78 1.07+0.02 E+i
Plab  Fr Py, Epin BY5=°9eg De“terlgm 0.875 -1.786 7.95 5.5130,11 E-1 3.9140,03 E+0
(GeV/c) (GeV/c) (GeV/c) (GeV) (ub/Gev?) (ub/Gev?) 0.500 =-0.151 1.79 1.39%0.03 E+l

0.625 =0.238 1.90 9.1710.l14 E+C
0.750 -0.345 2.04 5.5930.08 E+0
0.875 =0.477 2.26 3.08+0.03 E+D
1.000 -=0.633 2.59 1.35+0.02 E40
1.125 =0.818 3.12 4.50+0.08 E-1
1.250 -1.036 4.11 1.1940.04 E-1
1.375 -1.282 6.57 1.7440.04 E~-2
0.625 0,207 2.84 2.76:0.07 EHD .
0.750 0.137 2.96 1.6910.06 E+C
0.875 0.054 3.11 8.72%0,29 E-1
1.000 -0.043 3.32 4.51+0.10 E-1
1.125 =D.155 3.59 1.85+0,05 E-1
1.250 -0.28B1 3.96 7.3840.19 E~2
1.375 =0.425 4.49 2.57#0.06 E-2
1.500 ~0.586 5.26 7.86%0.26 E-3
1.625 <0.766 6.53 1.78#0.09 E-3
1.707 -0.895 7.90 6.08+0.50 E-4
0.875 0.430 4.06 3.B7+0.08 E-1
1.000 0.359 4.23 1.90+0.02 B-1 3.54:0.04 E-}
1.125 0.278 4.45 B8.56+0.24 E-2
1.250 0.1B6 4.73 3.3740.11 E=-2
1.375 0.084 5.08 1.4440.04 E-2

0.625 ~0.%09 1.17 3.5320.03 E+1 6.33:0.05 E+1 -
0.750 -1.161 1.78 B9.1410.31 E+D

0.500 =0.023 1.79 1.2310,02 E+1

0.625 -0.102 1.90 7.96+0,12 E+0

0.750 =0.199 2.04 4.6710.06 E+0

0.875 ~0.317 2.26 2.4710.03 E+0

1.000 -D.458 2.59 1.0740.01 E+D

1,125 ~0.624 3.12 3.39:0.08 E-1

1.25¢ -0.820 4.11 7.5440.37 E-2

1.375 -1.051 6.57 B8.50+0.30 E-3

0.625 G.344 2.84 1.66:0.06 E+0

0.750 0.282 2.96 11.18+0.02 E+0 2.0610.03 E+D
0.875 0.207 3.11 6.82%0.19 E~1

1.000 0.120 3.32 3.16x0.06 E-1

l.027 0.099 3.37 2.7640.05 E-1

1.125 0.020 3.5% 1.27#0.01 E~1 2.53%0.02 E-1
1.250 -0.095 3.96 4.52#0.11 E-2

1.375 -~0.224  4.48 1.4230.04 E-2

1.500 -0.369 5.26 3.49+0.17 E-3

1.625 =0.530 6.53 6.81+0,.69 E~4

0.875 0.594 4.06 2.07+0.10 E-1
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Table IX. (cont'd) P integral invariant cross sections

K, = 9 GeV (p;,x = 2.003 GeV/c) R, = 11 Gev (Ppax = 2225 GeV/c)
* . * >

Piah Py Pr Kpjn  Hydrogen Deuterium Piab Pp P Kpjn Hydrogen Deuterium

{GeV/c) (GeV/c) (GeV/c) (GeV) (ub/Gev?) {ub/Gev?) {Gev/c} (GeV/c) (GeV/c) (GeV) (ub/Gev2) (ub/Gev?)
4.0 1.500 =-0.030 5.53 S5.0840.10 E-3 1.16:0.02 E-2 4.0 1.250 6.036 4,73 4.70:0.08 E-2
4.0 1.625 -0.155 6.14 1.6510.07 E-3 4,0 1.375 =0.076 5.08 2.39%0.06 E-2
4.0 1.750 =0.292 6,97 4,49%0.31 E~4 4.0 1.500 =0.19% 5.53 7.82+0.22 E-3
4.0 1.875 -0.442 B8.19 1.0740.14 E-4 4.0 1.625 -0.336 6.14 2.47:0.09 E-3
5.0 1,002 0.687 5.19 9.05+0.48 E-2 4,00 1.750 -0.486 6.97 8.13x0.37 E-4
5.0 1.125 0.624 5.39 3.93+0.18 E-2 4.0 1.875 =~0.649 8.1% 2.04%0.18 E-4
5.0 1.250 0.552 5.62 1.46+0.07 E-=2 4.0 2.000 =-0.82B 10.13 4.46%1.24 E=5
5.0 1.375 0.472 5.91 6.49+0.26 E-3 5.0 1.010 0.539 5.20 1.02:0.03 E-1
5.0 1.500 0.384 6.27 2.27+0.10 E-3 5.0 1.125 0.474 5.39 5.4230.10 E-2
5.0 1.625 0.286 6.72 8.03%0.50 E=-4 5.0 1.251 0.395 5.63 2.07%0.05 E=2
5.0 1.750 0.1B1 7.28 2.93+0.25 E-4 5.0 1.375 0.308 5.91 B8.93+0.20 E-3
5.0 1.875 0.066 B.01 7.41%1.04 E-5 5.0 1.500 0.212  6.27 3.76%0.11 E-3
6.0 1.250 0.869 6.57 6.29+0.39 E-3 5.0 1.625 0.105 6.72 1.4340.06 E-3
6.0 1.375 0.803 6.83 2,3930.08 E-3 4.8810.13 E-3 5.0 1.750 =0.010 7.28 5.27+0.29 E=4
6.0 1.500 0.731 7.14 9.39+0.61 E-4 5.0 1.875 =0.135 8.01 1.8230.17 E-4
6.0 1.625 0.651 7.51 3.16:0.16 E-4 7.0810.34 E-4 6.0 1.250 0.702 6.57 1.07:0.04 E~2
6.0 1.750 0.565 7,97 1.15+0.15 E-4 6.0 1.376 6.629 6.83 4.61%0.14 E-3
7.0 1.500 1.041 B8.06 2.40+0,28 E-4 6.0 1.500D 0.550 7.14 1,82+40.08 E-3
. _ 6.0 1.625 0.464 7.51 7.48$0.36 E-4
Ry = 11 GeV (Ppax = 2.225 Gev/c) 6.0 1.750 0.369 7.97 3.10£0.18 E-4
»* . i 6.0 1.875 0.267 8.53 7.9440.89 E=5
Plab  Pr PL  Kpip Hydrogen beateriym 6.0  2.000  0.158 9,22 4.02+1.07 E-5
(GeV/c) (GeV/c) (GeV/c) (GeV) (ub/Gev®) (ub/Geve) 7.0 1.500 0.849 8.06 1.03£0.05 E=-3
7.0 1.625 0.775 8.40 2.9230.13 E-4
. 0.500 -1.023 0.94 8,94:0.10 E+1 7.0 1.751 0.695 8.80 1.1540.06 E-4
0.625 -1.243 1.17 4.0440.03 E+1 7.0 1.875 0.609 9.27 4.8740.49 E-5
0.750 -1.54% 1.78 1.1310.01 E+1 8.0 1.626 1.058 9.32 1.90%0.19 E-4
0.875 -2.006 7.95 1.01i0.01 E+0 8.0 1.750 0.98% 9.68 6,03:0.87 E~5
0.500 -0.255 1.79 1.60+0.03 E+l 8.0 1.875 0.914 10.11 2.36%0.46 E-5

0.625 -0.349 1.90¢ 1.06+0.02 E+1
0.750 ~0.467 2.04 6.5230.07 E+0 K

*

o = 15 GeV  (Pp.. = 2.612 GeV/c)

0.895 =0.610 2.26 3,3B8+0.04 E+0 - .
1.000 =0.781 2.59 1.66+0.04 E+0 Plab  Pr By Epin HydIDQeg De“teflgm
1.125 -0.983 3.12 5.08+0.05 E-1 (GeV/c) {GeV/c) (GeV/c) (GeV) (ub/Gev<) (ub/GeV<)

1,250 =1.221 4.11 1.60#0.03 E-1
1.375 ~<1.501 6.57 - 2.25%0.09 E=2
0.625 0.098 2.84 2.,7640.06 E+0
0.750 0.022 2,96 1.72:0.02 E+0
0.875 =-0.069 3.11 1.01+0.02 E+0
1.000 =0.175 3,32 4.99:0.07 E-1
1,125 -0.296 3.59 2.20#0.03 E-1
1.250 ~0.435 3.96 8.7210.17 E-2
1.375 =-0.592 4.48 3.02#0.08 E-2
1.500 -~-0.768 5.27 9.67+0.21 E-3
1.625 ~0.964 6.53 2.73+0.11 E-3
0.875 0.302 4.06 4.86%#0.14 E-1
1.001 0.224 4.23 2.5940.07 E-1
1.125 0.136 4.45 1.0240.01 E-1

0.500 -1.256 0.59¢ 1.03:0.01 E+2 1.7340.01 E+2
0.625 -1.509 1.17 4.,5540.10 E+l
0.750 ~1.861 1.78 1.3740.01 E+41 3.11+0.01 E+1
0.875 ~-2.386 7.95 1.4740.05 E+0
0.500 =0.422 1.79 2.04%0.04 E+1
0.625 -0.530 1.90 1.3930.02 E+l
0.750 -0.666 2.04 B8.23#0.14 E+0
0.875 ~-0.830 . 2.26 4.50%0.06 E+0
1.000 =1.027 2.539 2.0110.02 E+0
1,125 =1.259 3.12 7.56%0.08 E-1
1,250 =1.532 4.11 2.25%0.04 E-1
1.375 -1.854 6.57 4,29%#0.15 E-2
0.625 -0.071 2.84 4.53#0.11 E+0
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Table IX. (cont'd) P integral invariant c¢ross sections

*
o = 15 GeV  (Ppay = 2.612 Gev/c) . Ko = 19 GeV, (Ppax = 2-949 Gev/c)
Piab P Py, Knin Hydrogeg Deutetlgm Plab Py P, Knin Hydrogen Deuterium
(GeV/c) (GeV/c) (GeV/c) (GeV}. (ub/Gev¥é) {ub/GeVv<) (GeV/c) {GeV/c) (GeV/c) (GeV) (ub/Geve) ('ub/c;ev"’)

0.750 -0.159 2.96 2.5610.03 E+0
0.875 =0.262 3.11 1.47:0.02 E+D
1.060 -0.384 3.32 7.52%0.15 E-]
1.125 -0.524 3,59 3.49%0.04 E-1
1.250 -0.684 3.96 1.5240.03 E-]1
1.375 -0.864 4.48 5,94%0.10 E-2
1.500 -1.066 5.26 2.04%0.06 E-2
1.625 =l1.291 6.53 5.87#0.22 E-3
1.750 -1.543 8.93 1.3740.11 E-3
0.875 0.108 4.06 7.69#0.13 E-1
1.000 0.018 4.23 3.82+0.04 E-1 6.98%0.0% E-1
1,125 -0.083 4.45 1.76+0.03 E-1
1.250 =-0.198 4.73 8.17#0.14 E-2
1.375 =0.327 35.08 3.57+0.06 E-2 7.29%0.14 E-2
1.500 -0.469 5.53 1.61+40.04 E-2
1,625 -0.626 6.14 6.14+0.16 E-3
1.750 -0.798 6.9%7 2.31+0,07 E-3
1,875 =-0.986 B.19 7.31#0.29 E-4
2.000 -1.191 10.13 2.21%0.23 E-4
1.012 0.322 5.21 2.15#0.05 E-1
1.125 0.248  5.39 1.05%0.02 E~1
1,250 0.158 5.62 5.02%0.21 E=-2
1.375 0.058 5.91 2.2040.10 E-2
1.500 =-0.053 6.27 9.08#0,33 E-3
1.625 ~0.176 6.72 4,.,37+0.18 E-3
1.750¢ =-0.308 7.28 1.69+0.10 E-3
1.875 ~0.452 8.01 7.6330.46 E-4
2.000 -0.607 8.98 2.72+0.23 E-4
1.250 0.452 6.57 2.93#0.06 E-2 5.73+0.13 E-2
1.375 0.370 6.83 1.34+0.04 E-2
1.500 0.278 7.14 5.510.27 E-3
1.625 0.179 7.51 2.7130.10 E-3 5.53%0.18 E-3
1.750 0.070 7.97 1.2040.06 E-3
1.875 -0.047 B.53 4.9110.27 E-4
2.000 =0.173 9.22 1.97t0.19 E~4
1.500 0.564 B8.06 3.93+0.18B E-3
1.625 0.479 B.40 1.7240.10 E-3
1.750 0.387 B8.79 6.81+0.49% E-¢
1.875 0.288 9,27 3.93+0.35 E-4
2.000 0.181 9.84 1.6240.23 E-4
1.625 0.747 9.32 9.9340.42 E-4 1.95%0.08 E-3
1.750 0.667 95.68 4.56%0,33 E-4
1.876 0.581 10,11 2.1840.16 E-4 4.52+0.25 E-4
2.000 0.489 10.61 B8.47#0.88 E-5
2.125 0.390 11.20 3.74%0,.44 E-5
2.250 0.285 11.91 8.76%2,29 E-6

0.500 -1.454 0.94¢ 1.06:0.01 E+2 2,10%0.02 E+2
0.625 =1.736 1.17 4.9510.03 E+1
0.750 =-2.120 1.78 1.4130,01 E+1 3.3540.04 E+1
0.875 -2.714 7,95 2,41%0.02 E+0 6.26%0.08 E+0
0.625 -0.678 1.90 1.42%0.03 E+l
0.75¢ -0.829 2.04 B.03%0.14 E+D
0.875 ~=1.012 2.26 5.10%0.07 E+0
1.000 -1.231  2.59 2.34%0.03 E+0
1,125 -1.450 3.12 8.97%0.09 E-1
1.250 -1.794 4.11 2.80+0.05 E-1
1.375 =2.153  6.57 5.80%0.19 E-2
0.750 -0.299 2.96 3.3620.10 E+0
0.875 =0.415 3.11 1.70%0.03 E+0
1.000 -0.551 3.32 9.37$0.18 E-1
1.125 =0.707 3.59 4.26+0.07 E-1
1.250 -0.885 3.96 1.94%D.04 E-1
1.375 -1.086 4.49 7.63%0.10 E-2
1.500 ~1.311 5.26 2.8330.07 E-2
1.625 =-1.562 6.53 B8.62+0.17 E-3
1.750 -1.843  8.93 2.28+0.09 E-3
1.875 -2.156 15.12 4.94%0.25 E-4
0.875 -0.040 4.06 9.46%0.13 E-1
1.000 -0.139 4.23 4.8930.09 E-1
1.125 =0.253 4.45 2,2930.02 E-1 4.27+0.08 E-1
1.250 =0.381 4.73 1,04+0.02 E-1
1.375 -0.524 5.08 4.82%0.10 E-2
1.500 =0.683 5.53 2.1040.04 E=2 3.99+0.08 E-2
1.625 -0.858 6,13 9.00%0,21 E-3
1.750 -1.050 6.97 3.52%0,12 E-3
1.875 =1.260 8.19 1.19%0.07 E-3
2.000 ~-1.488 10.12 4.02%0.34 E-4
2.125 =1.736 13.61 1.4410.11 E-4
1.125 0,079 5.39 1.47$0.03 E-1
1.250 -0.022 5.63 7.1830.16 E-2
1.375 -0.134 5,91 3.1830.14 E-2
1.500 ~-0.258 6.27 1.5430.07 E-2
1.625 =-0.394 6.72 6.53:0.17 E-3
1.750 -0.542 7.28 2.75%0.16 E-3
1.875 =0.702 8,01 1.21%0.04 E=3
2.000 -0.875 8.98 4.84+0.26 E-4
2.125 -1.062 10.33 1.79%0.14 E-4
2,250 -1.263 12.32 1.33%0.13 E-4
2.375 -1.478 15.51 5.97%0.97 E-5
1,375  0.175 6.83 2.05%0.04 E~2 4.23+0.09 E-2
1.500  0.073 7.14 1.02+0.03 E-2
1.625 —0.038 7.51 4.62%£0.23 E-3
. 1.756 -0.158 7.97 2.0130.06 E-3 4.1140.14 E-3
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Table IX. (cont'd) P integral invariant cross sections

Ko = 19 GeV  (Pp., = 2.949 Gev/c)
*
Prab P Py Enin Hydroge; Deuterium
(GeV/c) (GeV/c) (GeV/c) (GeV) (ub/GeV<) (ub/Gevz)

1.875 -0.289 8.53 9.6940.53 E~4
2.000 -0.430 9.22 4.66%0.34 E-4
2,125 -0.581 10.11 1.82#0.18 E-4
2.250 -0.742 11.27 2.11#0.19 E-4
1.500 0.353 8.06 6.80%0.29 E-3
1.625 0.259 8.40 3.1330.20 E-3
1.750 0,156 B8.80 1.83#0.12 E=3
1.875 0.046 9.27 7.7240.60 E-4
2,000 -9.073 9.84 3.7140.26 E-4
2,250 -0,335 11.40 7.86%0.79 E-5
2,375 ~0.480 12.48 3.13#0.59 E-5
1.627 0.518 9.32 2.03%0.10 E-3 4.70£0.16 E-3
1.750 0.430 9,68 1.03%0.11 E-3
1.876 0.334 10.11 4.82%0.33 E~-4 1.05%#0.07 E-3
2.001 0,231 10.61 1.97+0.16 E~4
2.125 0,121 11.20 1.10%0.13 E~4 2.04£0.28 E-4
2.250 0.004 11.92 5.55%#1.11 E-5
2.375 -0.120 12.77 3.8910.67 E-5
2.500 =-0.252 13.83 1.18%0.5% E-5
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Table X. 7 invariant cross sections from hydrogen using bremsstrahlung subtraction.

Bgup = 6 GeV  (Pp,, = 1.572 GeV/c)
Subtraction Interval: KHI = 7 GeV , Kig = 5 Gev

Plab Pp P; Kpin Cress Section
(GeV/c) (GeV/c)  (GeV/c) {GeV) {zb/Gev?)

1.0 0.500  -0.014 1.36  2.2430,22 E+l
1.0 0.625  -0.184 1.52  6.9440.59 E+0
1.0 0.750  -0.422 1.B3  2.18%0.26 E+0
1.0 0.875  -0.775 2,61  2.55%0,32 E-1
2.0 0.500 0.404 2,31 1.7130,09 E+l
2.0 0.625 0.321 2.41  6.7140.46 E+D
2.0 0.750 0.240 2.55 3,08+0.20 E+0
2.0 0.877 0.127 2.75 1.25%0.08 E+0
2.0 1.000  -0.003 3.02  4.10%0.35 E-1
2.0 1.125  -0.160 3.43  1.323#0,17 E-1
2.0 1.250  -0.344 4.07  2.8510.43 E-2
3.0 0.625 0.671 3.39  5.88+0.13 E+0
3.0 0.750 0.613 3,51  2.3730.04 E+0
3.0 0.875 0.543 3.66 1.0230.03 E+0
3.0 -1.000 0.461 3.86 3.86%0.13 E-1
3.0 1.12% 0.366 4.12  1.34%0.03 E-1
3.0 1.250 ¢.259 4.45 4.5330.34 E-2
3.0 1.375 0.138 4.90 1.22%0.11 E-2
4.0 0.875 0.880 4.63  6.67%0.19 E-1
4.0 1.000 0.820 4.80 2.62%0.10 E=1

Kgup = 8 GeV  (Pp.. = 1.845 GeV/c)
Subtraction Interval: Kgy = 9 GeV , Rpg = 7 GeV

Piap Py PE Epin Cross Section
(GeV/c) (GeV/c)  (Gev/e) (Gev) {#b/Gev2)

1.0 0.500  -0.084 1.36  2.1940.38 E+1
1.0 0.625  =0.276 1.52 5.4630.94 E+0
1.0 0.750  -0.543 1.83 1.85%0.48 E+0
1.0 0.875  -0.941 2.61 3.07+0.48 E-1
2.0 0.500 0.318 2.31  2.10%0.13 E+l
2.0 0.625 0.236 2.41  8.7120.63 E+D
2.0 0.750 0.134 2.55  2,95:0.29 E+0
2.0 0.875 0.009 2.75 1.1930.09 E+0
2.0 1,006  -0,140 3.02 3.87:0.80 E-1
2.0 1.125  =-0.316 3.43  1.29%0,31 E-1
2.0 1.250  -0.523 4.07  2,1230.70 E-2
2.0 1.375  -0,767 5.22 5.0031.24 E-3
3.0 0.625 0.552 3.39  7.5130.44 E+0
3.0 0.750 0.486 3.51  3.3330.1% E+D
3.0 0.875 0.407 3.66 1.23:0.05 E+0
3.0 1.000 0.315 3.86 4.480.18 E-1
3.0 1.125 0.209 4.12  1.7430.07 E-1
3.0 1.250 0.088 4.45 6.2130.45 E-2

Ksub * 8 GeV
Subtraction Interval:

(Ppax = 1.845 Gev/c)
Kyy = 9 GeV , Ry = 7 GeV

Piab Py PL Kpin Cross Section
{GeV/c) (GeV/c)  (GeV/c) (GeV) (ub/Gev?)

3.0 1,375  -0.049 4.90  2.124#0.19 E-2
3.0 1.500  -0.202 5.53  3.59+0.69 E-3
3.0 1.625  =0.373 6.46 6.7132.80 E-4
a.0 6.875 0.719 4,63 1.0930.05 E+0
4.0 1.001 0.651 4,81  4.69%0.15 E-1
4.0 1.125 0.575 5.02 - 1.79$0.09 E-1
4.0 1.250 0.487 5.28  6.03t0,33-E-2
4.0 1.375 0.390 5.61  2.00£0.23 E-2
4.0 1.500 0.282 6.03 6.85t0.44 E-3
4.0 1.625 0.163 6.58  2.25%0,23 E-3
5.0 1.002 0.945 5.78  3,3330.10 E-1
5.0 1.125 0.885 5.97 1.3030.05 E-1
5.0 1.250 0.817 6.20 4.3540.16 E-2
5.0 1.375 0.741 6.49 1.63%0.06 E-2
5.0 1.500 0.657 6.83 5.56%0.45 E-3

Rgup * 10 Gev (P

Subtraction Interval:

max = 2-083 GeV/c)

KHI = 11 GeV ’ KLO =9

GeV

Pjab By PE Kpin Cross Section
{GeV/c)} (GeV/c) {GeV/c) {GeV) (ub/GeVz)

1.0 0.500 -0,141 1,36 =-5.05+4.31 E+0
1.0 0.625 -0.352 1.52 1l.1441.41 E+0
1.0 0,750 -0.646 1.83 1.55%+4.41 E-1
1.0 0.875 -1.083 2.6 -1.27+0.59 E~1
2.0 0.500 0.256 2.31 2.2420.27 E+1
2.0 0.625 0.165 2.41 1.13+0.13 E+1
2.0 0.750 0.052 2,55 3,5840.37 E+0
2.0 0.875 -0.085 2.75 1.043#0.21 E+0
2.0 l.00¢ -0.249 3.02 5.08+0.93 E-1
2.0 1.125 -~0.442 3.43 1.53+0.38 E-1
2.0 1.250 -0.670 4.07 3.1530.82 E=2
2,0 1.375 -0,.939 5.22 4.B6+2.09 E-3
2.0 1.500 =1.,259 7.85 3.4946.46 E~-4
3.0 0.625 0.465 3.39 6.9310.66 E+0
3.0 0.750 0.393 3.51 3.1930.23 E+0
3.0 0,875 0.306 3.66 1.31:0.07 E+0
3.0 1.000 0.204 3,86 5.4010.40 E-)1
3.0 1.125 0.087 4.12 2.05+0.14 E-1
3.0 1.250 -0.046 4.45 6.6120.54 E~2
3.0 1,375 -0.186 4.50 2.1840,22 E-2
3.0 1.500 -0.364 T 5.53 8.1540,98 E-3
3.0 1.625 -0.552 6.45 1.85#0.41 E=-3
4.0 0.875 0.602 4.63 1.2620.06 E+0
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Table X. {cont'd; 7~ subtracted invariant cross sections

Kgup = 19 GeV  (Pp,, = 2.083 GeV/c) Bgup = 13 GeV  (Fh, = 2.396 Gev/c)
Subtraction Interval: Ky; = 11 GeV , Kjn = 9 GeV Subtraction Interval: Kyp = 15 GeV , Ky, = 11 GeV
Plab . Py Pa Kpin Cross Section ] Plab Py Pz Kmin Cross Section
(GeV/c) (GeV/c) (GeV/c) {GeV} (ub/Gevz) (GeV/c} (3eV/c) {GeV/c) {GeV) (pb/Gevz}
4.0 1.000 0.528 4.80 5.1120.22 E-1 3.0 1.125 -0.055 4.12  2.5240.16 E~-1
4.0 1.125 0.443 5.02 2.15%0.12 E-l 3.0 1.250 -0.205 4.45 B.96+0.63 E=2
4.0 1.250 0.347 5.28  7.98+0.51 E=2 3.c 1.375 -0.374 4.90 2.75%0.33 E=2
4.0 1.375 0.240 5.62  3.3440.37 E-2 3.0 1.500 -0.563 5.53 1.22+40.16 E-2
4.0 1.500 0.121 6.03 1.,1040.08 E=2 3.0 1.625 -0.774 6.45 1.93+0.51 E-3
4.0 1,625 ~0.010 6.58 2.87+0.54 E~3 4.0 0.875 0.472 4.63  1.72%0.06 E+D
4,0 1.750 -0.154 7.30  1.35%0.21 E=3 4.0 1.001 0.387 4.81 6.7120.22 E-1
4.0 1.875 -0.310 8.28 3.16+1.06 E-4 4.0 1.125 0.293 5,02 2.45#0.11 E-1
5.0 1.125 0.738 5.97 2.07+0.10 E-1 4,0 1.250 0.185 5.28  1.1440,04 E-1
5.0 1.250 0.662 6.20 8,28+0.37 E-2 4.0 1.375 0.064 5.62 3.9410.17 E=2
5.0 1.375 0.578 6.49  3,19#D.18 E-2 4.0 1.500 -0.069 6.03 1.49:0.09 E-2
5.0 1.500 0.4B6 6.83 1.07+0.11 E=2 4.0 1.625 -0.216 6,58 4.78+0.39 E-3
5.0 1.625 C.384 7.26  3,72+0.59 E-3 4.0 1.750 ~0.377 7.29 1,17:0.22 E-3
5.0 1.750 0.274 7.78  9.30%1.94 E-4 4.0 1.875 ~0.554 8,28 2.8020.96 E-4
5.0 1.875 0.154 8.44  4.1310.93 E-~4 5.0 1.125 0.573 5.97  2.63+0.15 E-1
6.0 1.250 0.942 7.16  6.9410.31 E-2 5.0 1,250 0,488 6.20 1.23+0.07 E-1
6.0 1.375 0.872 7.42  2.55%0.17 E-2 5.0 1,375 0.394 6.49  4.61%0.25 E~2
6.0 1.500 0.796 7.72  9.0510.86 E-3 5.0 1.500 0.290 .83 1.75#0.13 E=2
6.0 1.623 0.713 8.09 3.28+0.40 E-3 5.0 1.625 0.176 7.26 7.59:0.67 E-3
6.0 1,750 0.623 .53  9.11+1.70 E-4 5.0 1.750 0.051 7.78  2.4B10.26 E-3
7.0 1.500 1.077 8.65 5.2240.56 £=3 5.0 1.875 -0.083 8.44 7.51+1.39 E~4

6.0 1.250 0.751 7.16 1.06%0.04 E-1
Kgup = 13 Gev (Ppax = 2396 Gev/c) . 6.0 1.375 0.673 7.42  4,67%0.17 E-2
Subtraction Interval: Kgy = 15 GeV , Kiq = 11 GeV 6.0 1.500 0.387 7.72 1.830.11 E-2
R ¢ ¢ "LO T 6.0 1.625 0.494 8.09 6.76+0.41 E=3
* . 6.0 1.750 0.392 8.53 2.6610.27 E-3
P1ab Py FL nin ~ Cross Section 6.0 1.875 0,282 9.06 7.83%1.31 E-4
(GeV/c) (GeV/c)  (GeV/c} {GeV) {ub/GeV<) 6.0 1.999 0.165 9,70 1,9610.66 E-4
7.0 1.500 6.852 B.65 1.6840.09 E-2
1.0 0.500 ~0.210 1.36 2.62:0.16 E+1 7.0 1.625 0.773 8.99 6.76%0.41 E-3
1.0 0.625 -0.447 1.52 1.01+0.10 E+1 7.0 1,751 0.686 9,38 2.81+0.23 E=3
1.0 0.750 0,777 1.83 2.2240.26 E+D 7.0 1.875 0.594 9,84 1.2240.16 E=-3
1.0 0.875 -1.269 2,61  2,23i0.57 E-1 7.0 2,000 0.494 10.39 4.2830.71 E-4
2.0 0.500 0.185 2.31 1.5330.19 E+l 8.0 1.625 1.027 9.92  5.4710.21 E-3
2.0 0.625 0.083 2.41  6.47i0.89 E+0 8.0 1.751 0.952 10.28  2.1410.16 E-3
2.0 0.750 =0,044 2.55  3.15%0.25 E+0 8.0 1.875 0.872 10.69 7.3740.55 E-4
2.0 0.877 -0.201 2.75 1.49+0.16 E+0
R R Faup * 17 68V (Fhay < 2.759 e/
- - - - - +0. B- .
2.0 1.250 «0.856 4.07 5-63;0.73 E-2 Subtraction Interval: KHI = 19 GeV , KLO = 15 GeV
2.0 1.375 -1.158 5.22 9.41$2.51 E-3 * ;
2.0 1,500  -1,517 7.85 9.14%7.94 E-4 Prab Pp PL Epin Cross Se°§1°“
3.0 0.625 0.369 3.39  7.3140.42 E+0 (GeV/c) (GeV/c)  (GeV/c) (GeV) {ub/GeV<)
3.0 0.750 0.287 3.51 3,5610.22 E+0
3.0 0.875 0.190 3.66 1.3840.07 E+0 1.0 0.500 -0.285 1.36 1.39+0.23 E+1
3.0

1.000 0.076 3.86 4.8440.3% E-1 1.0 0.625 ~0.552 1.52 5.65+1.45 E+0
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Table X. (cont'd) m~ subtracted invariant cross sections

Kgyp = 17 Gev (Ppax = 2.759 GeV/c) Kgup = 17 Gev (Ppax = 2-759 GeV/c)
Subtraction Interval: Kyy = 19 GeV , Kpq = 15 GeV Subtraction Interval: Kyy = 19 GeV , Kyg = 15 GeV
Plab PT Pg Kpin Cross Section Plap Py PE Rnin Cross Section
(GeV/c) (GeV/c) (GeV/c) (Gev} (#b/Gev?) (GeV/c) (GeV/c) (GeV/c) {GeV) {ub/Gev2)
1.0 0.750 -0.926 1.83  1.86+0.24 E+0 6.0 2.000 -0.097 9.71  5.66+1.55 E-4
1.0 0.875 -1.481 2.61  4.20%0.75 E~-1 7.0 1.500 06.634 8.65 2.46+0.18 E-2
2.0 0.500 0.114 2.31  2.9840.22 E+1 7.0 1.625 0.544 8.98 1.2140.12 E-2
2.0 0.625 -0.001 2.41  1,15+0.09 E+1 7.0 1.750 0.447 9.38 4,19%0.52 E-3
2.0 0.750 -0.144 2,55 +4.0240.48 E+0 7.0 1.875 0.342 9.84 1.25+0.41 E~3
2.0 0.875 -0.318 2.75  1.53+0.17 E+Q 7.0 2.000 0.229 10,39  3.73+1.25 E-4
2.0 1.000 -0.526 3.02  4.9340.61 E-1 8.0 1.625 0.785 9.92  1.05%0.05 E-2
2.0 1.125 -0.772 3.43 1.66#0.41 E-1 8.0 1.750 0.700 10.28  4.8310.45 E-3
2.0 1.250 -1.061 4.07 3.4131.33 E-2 8.0 1.875 0.609 10.69  2,03+0.17 E-3
2.0 1.375 -1.402 5,22  7.50%4.30 E-3 8.0 2.000 0.5121 11,18 4.28%1.52 E=4
2.0 1.500 -1.808 7.85 0.89%1.95 E-3
3.0 0.750 0.184 3.51  3,16+0.35 E+0
3.0 0.875 0.073 3,66 1.90%0.12 E+0
3.0 1.000 -0.0586 3.86 8.4240.84 E-1
3.6 1,125 —0.204 4.12  1.8330.15 E-1
3.0 1.250 -0.373 4.45 9.46%0.30 E-2
3.0 1.375 ~-0.563 4.90  3,2240.42 E-2
3.0 1.500 -0.777 5.53  6.10+2.65 E-3
3.0 1.625 -1.016 6.45 2.5420.62 E-3
3.0 1.750 -1.283 7.93  5.B623.85 E-4
4.0 0.875 0.345 4.63  1.5910.08 E+0
4.0 1.000 0.250 4.81  7.1640,47 E-1
4.0 1.125 0.142 5.02  3.6310.18 E-1
4.0 1.250 0.021 5.28 1.22+0,07 E-1
4.0 1.375 -0.115 5.62  5,24%0.42 E-2
4.0 1.500 ~0.266 6.04 1.7B+0.15 E-2
4.0 1.625 -0.432 6.58 6.56+0.69 E~3
4.0 1.750 -0.615 7.29  2.2330.42 E-3
4.0 1.875 -0.814 8.28  4.50+2.01 E-4
4.0 2.000 ~1.031 9.72 B.62+7.46 E-5
4.0 2,125 -1.266 11,97  4.00%+4.10 E-5
5.0 l.015 6.487 5.80 7.77+0.69 E-1
5.0 1.125 0.412 5.97  3,18%0.21 E-1
5.0 1.250 0.315 6.20 1.1330,12 E-1
5.0 1.375 0.210 6.49  4.7940.40 E-2
5.0 1.500 0.032 6.83  2.65%0.39 E-2
5.0 1.625 -0.037 7.26  7.99%1,19 E-3
5.0 1.750 -0.177 7.78  3,200.68 E-3
5.0 1,875 —-0.330 B.44  7.40$2,13 E-4
5.0 2.000 -0.494 9.30 3.84%1,23 E-4
6.0 1.250 0.566 7.16  1.23%0.07 E-1
6.0 1.375 0.478 7.42  5.4230,31 E-2
6.0 1.500 0.381 7.72  2.72:0.20 E-2
6.0 1.625 0.276 8.09 1.0720,11 E-2
6.0 1.750 ¢.161 B8.53  4.12+0.44 E~3
6.0 1.875 0.037 9.06 1.77+0.25 E-3
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Table X1. 7¥ invariant cross sections from hydrogen using bremsstrahlung subtraction.

Kegup = 6 GeV (P, =

Subtraction Interval:

Ksub = 8 GeV
Subtraction Interval:

1.612 GeV/c)

Kyy = 7 GeV , Ko = 5 GeV

L ]
Plab Pp By, Knin
{Gev/c) (GeV/c) (GeV/c) ({GeV)
1.0 0.500 -¢.014 1.18
1.0 0.625 -0.184 1.32
1.0 0,750 ~0,.422 1.59
1.0 0.875 «0.775 2,27
2.0 0.500 0.404 2,15
2.0 0.625 0.331 2,25
2.0 0.750 0.240 2.38
2.0 0.8B75 0,129 2.56
2.0 1.000 -0.003 2.81
2.0 1.125 -0.160 3.19
2.0 1.250 -0.344 3.79
3.0 0.625 0.671 3.23
3.0 0.750 0.613 3.35
3.0 0.875 0.543 3.49
3.0 1.000 0.461 3.68
3.0 l.125 0.366 3.92
3.0 1.250 0.259% 4.24
3.0 1.375 0.138 4.67
4.0 0.B75 0.880 4.47
4.0 1.000 0.820 4.63
4.0 1.125 0.751 4.B84

Cross Section
(ub/Gev?)

9.00+5.38
9.68+0.99
3.4910,72
5.07+0.52
2.5810.10
1.6G5%0,08
4.6130.41
2,1520.17
4.91%0.39
1.970.23
4.07%0.75
6.20%0.38
3.57$0.10
1.320.09
5.3740.28
1.79:0.05
5.170.32
1.48x0.10
1.2930,05
4.2730.18
1.4130.06

(Ppay = 1-880 GeV/c)

E+0
E+0
E+0
E-1
E+l
E+1l
E+0
E+0
E-1
E-1
E-2
E+0
E+C
E+0
E-1
E-1
E~2
E=2
E+0
E-1
E-1

Piab Pp Py Enin
({GeV/c) (GeV/c) (GeV/c) (GeV)
1.0 0.500  -0,084 1.18
1.0 0.625  -0.276 1.32
1.0 0.756  -0.543 1.59
1.0 0.875  -0.941 2.27
2.0 0.500 0.319 2.15
2.0 0.625 0.236 2.25
2,0 0.750 0.134 2.38
2.0 0.875 0.009 2.56
2.0 1,000  ~0.140 2.81
2.0 1.125  -0.316 3.19
2.0 1.250  =-0,523 3.79
2,0 1.375  -0.767 4.85
3.0 0.625 0.552 3.23
3.0 0.750 0.4B6 3.35
3.0 0.875 0.407 3.49
3.0 1,000 0.315 3.68
3.0 1.125 0.209 3.92

Cross Section
{ub/Gev?)

5.5120.71
1.0130.12
4.15%1.12
4.2230,76
2.02%0.20
8.12%0.89
3.6010.41
1.22+0.12
5.0420.51
1.33+0.26
5.99+1.35
7.881.17
1.35%0.07
4.4830.40
1.45+0.18
6.5510.55
2.19%0.20

E+l
E+l
E+0
E-1
E+l
E+0
E+0
E+0
E-1
E-1
E~-2
E~3
E+l
E+D
E+0
E-1
E-1

(GeV/c)

Ksub = 8 GeV
Subtraction Interval:

Subtraction Interval:

(Ppax = 1.880 GeV/c)

KHI = 9 GeV s KLO = 7 GeV

*

Plab Pp By,
(GeV/c) (GeV/c) {GeV/c)
3.0 1.250 0,088
3.0 1.375 -0.049
3.0 1.500 -0,202
3.0 1.625 -0,373
4.0 0.875 0.719
4.0 1.000 0.652
4.0 1.125 0.575
4.0 1.250 0.487
4.0 1,375, 0.390
4.0 1.500 0.282
4.0 1.625 0.163
5.0 1.002 0.945
5.0 1.125 0.885
5.0 1.250 0.817
5.0 1.375 0,741
5.0 1.500 0.657
6.0 1.251 1.113

Kgup = 10 GeV (P;ax

Kpin Cross Section
{GeV) (ub/GevZ)

4.24 6.6310.68
4.67 2.6310.21
5.27 7.5610.89
6.15 1,60+0.28
4.47  1.5510.09
4.63 6.72£0.29
4.84 2.39%0.15
5.09 7.3640.49
5.41 2,85%0,17
5.82 9.04+0.42
6.34 2.38%0,25
5.61 5.5110.36
5.80 2,2240.13
6.02 7.55%0.40
6.30 2.2240.12
6.63 6.2940.40
6.99 4.3010.24

= 2.114 GeV/c)

E=2
E=-2
E=3
E-3
E+0
E-1
E-1
E-2
E=2
E-3
E-3
E-1
E~-1
E=-2
£E-2
E-3
E-2

KHI = 11 GeV . KLO = 9 GeV

&
Piab Py P,

(GeV/c)

{GeV/c)

0.500 -0.141
0.625 =-0.352
0.750 ~0.646
0.875 -1.083

1.0

1.0

1.0

1.0

2.0 0.500 0.256
2.0 0.625 0.165
2.0 0.750 0.052
2.0 0.875 -0.085
2.0 1.000 -0.249
2.0 1.125 -0.442
2.0 1.250 -0,670
2,0 1.375 -0.939
3.0 0.625 0.465
3.0 0.750 0.393
3.0 0.875 0.306
3.0 1.000 0.204
3.0 1,125 0.087
3.0 1.250 -0.046
3.0 1.375 =-0.196
3.0 1.500 -0.364
3.0 1.625 -0,.552

Kpin Cross Section
(GeV) (ub/Gev?)

1.18  0.561.09
1.32  1.07%0.1B
1.59  3.2019.45
2.27 -1.57+0.20
2.15  1.9840.41
2,25 1.20:0.16
2,38 3.5930.61
2.56  1.3030.25
2,81 3.3741.33
3.19  1.4010.49
3,79 1.0631.33
4.85  2.6334.17
3.23  0.91#1.23
3.34 1.69%0.68
3.49 2.2130.30
3.68 4.B410.98
3.92 2.1820.36
4.24 1.4230.19
4.67 3.0220.69
5.27 1.01%0.15
6.15 1,8610,49

E+l
E+l
E-1
E+0
E+l
E+1
E+0
E40
E=1
E-1
E-2
B-3
E+0
E+D
E+D
E-1
E~1l
E-1
E-2
E-2
E-3
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Beup ™ 10 Gev
Subtraction Interval:

Frab
{GeV/c)

4.0
4.0
4.0
4.0
4.0
5.0
4.0
4.0

-
.
(=]

S hooounununtiuug
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Kgup = 13 GeV
Subtraction Interval:

Piab
{GeV/c)

WLWWWNNNRNRNRNNR -
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Brp
(GeV/c}

0.875
1.000
1.125
1.250
1,375
1.500
1.625
1,750
1.875
1.125
1.250
1.375
1.500
1.625
1.750
1.875
1.250
1.375
1.500
1.625
1.750
1.500

Pp
{GeV/c)

0.500
0.625
0.750
0.875
0.500
0.625
0.750
0.875
1.000
1.125
1,250
1.375
0.625
0.750
0.875
1.000

Table XI.

(Ppay = 2.114 GeV/c)

PL
{GeV/c)

0.602
0.528
0.443
0.347
0.240
0.121
-0.010
-0.154
-0.310
G.738
0.662
0.578
0.486
0.384
0.274
0.154
0.942
0.872
0.796
0.713
0.623
1.077

Kain
(GeV)

4.47
4.63
4.64
5,09
5.41
5.82
6.34
7.03
7.98
5.80
6.02
6.30
6.63
7.05
7.55
8.20
6.98
7.24
7.54
7.89
8.32
8.47

Kgy = 11 GeV , Ky g = 9 GeV

Cross Section
{ub/GevZ)

1.3040.14
7.4410.56
2.4620.26
1.08+0.08
8.3410.53
1.6430.13
4.61%0,57
1.54+0.19
2.7910.69
2,15%0.19
7.8020.85
3.9930.30
1,6520.10
6.9740.50
2.1920.22
5.2130.75
8.3520.55
3.1330.22
1.2610.08
5.30+0.33
1.53%0.13
8.1710.42

(Ppax = 2-424 GeV/c)

PL
(GeV/c)

~0.210
-0.447
-0.777
-1.269
0.185
0.083
~0.044
-D.198
-0.382
~0.600
-0.856
-1.158
0.369
0.287
0.190
0.076

Epin
{GeV)

1.18
1.32
1.59
2.27
2.15
2.25
2,38
2.56
2.81
.19
3.7
4.85
3.23
3.34
3.49
3,68

E+0
E-1
E=1
E-1
E-2
E=2
E-3
E=-3
E-4
E=1
E-2
E-2
E~2
E-3
E~3
E-4
E=2
E=-2
E=2
E-3
E-3
E-3

Kgs = 15 GeV , Kpg = 11 GeV

Cross Section
{ub/Gev?)

3.0010.29
7.00+2.00
2.25£0.27
5.8210.88
3.07+0.17
1.4740.08
4.6740.4]
1.7810.15
6.7541.13
1.96140.14
5.4210.88
8.6132.13
1.2430.06
5.19+0.16

E+1
E+0
E+0
E=1
E+1
E+1
E+0
E+0
E~1
E-1
E-2
E-3
E+l
E+0

1.65%0.07 E+0

7.63+0.50

E-1

Ksuh = 13 GeV
Subtraction Interval:

Plab
{GeV/c)

3.0
3.0
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Kgup = 17 GeV
Subtraction Interval:

Piab
{GeV/c)

1.0

Py
(GeV/c)

1.125
1.250
1,375
1.500
1.625
0.875
1.001
1.125
1.250
1.375
1.500
1.625
1.750
1.875
2.000
1.610
1.125
1.251
1.375
1.500
1.625
1,750
1.875
1.250
1.376
1.500
1.625
1.750
1,875
2.000
1.500
1.625
1.751
1.875
1.625
1.750
1.875

Py
(GeV/c)

0.500

{cont'd) 7" subtracted invariant cross sections

(Pgax = 2.424 GeV/c)

B
{GeV/c)

-0.055
-0.205
-0.374
-0.563
-0.774
0.472
0.387
0.293
0.185
0.064
~0.069
-0.216
-0.377
-0.554
-0.746
0.642
0.573
0.487
0.394
0.290
0.176
0.051
-0.083
0.751
0.672
0.587
0.494
0.392
0.282
0.164
0.852
0.773
0,686
0.594
1.027
0.953

0.872 .

x
(Pmax

W
Pg,
{GeV/c)
-0.285

Epin
(GeV)

3.92
4,24
4.67
5.27
6.15
4.4%
4.63
4.84
5,09
5.41
5.82
6.34
7.03
7.99
9,37
5.62
5.80
6.03
6.30
6.63
7.05
7.56
8.20
6.98
7.24
7.54
7.89
8.32
8.84
9.47
8.47
8.80
9.18
9.63
9.74
10.09
10.50

Cross Section
(1b/Gev?)

2.9240.190
9.68+0.66
3.61%0.25
1.0830.13
3.82+0.52
2,38x0.10
6.9240.40
3.05%0.12
1.1630.06
2,5020,27
1.6630.13
6.02%0.48
1.8210.17
5.25%0.61
3.60%3.51
8.01%0.31
3.24%0.12
1.3830.08
5.01%0.35
2.0130.13
5.9220.61
2.90%0, 34
2.77%1.31
1.2430.04
5.20%0.20
2.2030.13
7.31%0.39
3.0420.21
1.00+0.09
3.5520.62
1.7830.09
7.0740.42
2,7030.20
1.0130.12
6.4530.22
2.44%0,17
9,3520.70

= 2.784 GeV/c)

Enin
{GeV)

1.18

E-1
E-2
E-2
E=-2
E-3
E+0
E-1
E«1
E-1
E-2
E-2
E-3
E-3
E-4
E=5
E-1
E~1
E-1
E-2
E-2
E=-3
E-3
E-4
E-1l
E-2
E-2
E-3
E=-3
E-3
E-4
E-2
E=3
E-3
E=-3
E-3
E-3
E-4

Cross Section
(ub/Gev?)

4.7330.44

E+l

KHI = 19 Gev , KLO = 15 GeV
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Table XI. (cont'd) m* subtracted invariant cross sections

Reup = 17 GeV  (Pp,, = 2.784 Gev/c) Kgup = 17 GeV  (Pp,, = 2.784 Gev/c)
Subtraction Interval: Ryp = 19 GeV , Kjq = 15 GeV Subtraction Interval: EKyy = 19 GeV , Ky g = 15 GeV
Pi1ab Pr P; RKnin Cross Section Plab Py PE Emin Cross Section
{(GeV/c) (GeV/c) (GeV/c) (GeV) (pb/GeVZ) {(GeV/c) (GeV/c) (GeV/c) (GeV) (ub/GeVz)
1.0 0.625 =-0.552 1.32 1.30%#0.3u E+l ’ 7.0 1.625 0.544 8.80  1,3410.15 E-~2
1.0 0.750 -0.926 1.59  4.1240.54 E+0 7.0 1.750 0.447 9.18 5.5410.74 E-3
1.0 0.875 -l.481 2.27 B.9321.74 E-1 7.0 1.875 0.342 9.63 3.4110.43 E-3
2.0 0.625 -0.001 . 2.25 B8.99+1.57 E+0 7.0 2.000 0.229 10,17 1.01t0.16 E-3
2.0 0.750 -0.144 2.38  2.8930.75 E+ 8.0 1.625 0.785 9.74 1.18#0.10 E-2
2.0 0.875 -0.318 2.56 2.0710.30 E+0D 8.0 1.750 0.700 10,09 6.2740.82 E-3
2.0 1.000 -0.526 2.681 8.82+1.06 E-1 8.0 1.876 0.608 10.50 2.45:0.24 E-3
2.0 1.125 -0.772 3.19 2.30+0.29 E-1 8.0 2.000 0.511 10.98 9.40+1.20 E-4
2.0 1.250 =1.061 3.79 5.05%1,24 E-2 8.0 2,125 0,407 1l.54 3.8040.58 E-~4
2.0 1.375 =-1.402 4.85 1.02+0.44 E-2
2.0 1.500 -1.808 7.31 2.64%l1.62 E-3
3.0 0.750 0.184 3,35 5.6610.62 E+0
3.0 0.875 0.073 3.49 1.60+0.15 E+0
3.0 1.000 -0.056 3.68 6.80£1.03 E-1
3.9 1.125 -0.204 3.92 2.3110.30 E-1
3.0 1,250 ~0,373 4.24 9.,92%1.52 E-2 -

3.0 1.375 -0.563 4.67 3.2640.42 E-2
3.0 1.500 ~0.777 5.27 1.03+0.24 E-2
3.0 1.625 =1.016 6.15 1.4610.68 E-3
3.0 1.750 -1.283 7.56 9.23+2.97 E-4
3.0 1.875 -1.580 10,14 =-0.92+1.39 E-4
4.0 0.875 0.345 4.47 1.77%0.13 E+0
4.0 1.000 0.250 4.63 9.73+0.63 E-1
£.0 1.125 0.142 4.84 3.7540.25 E-1
4.0 1.250 0.021 5.09 1.5310.15 E-1
4.0 1.375 -0.115 5.41 6.9730.61 E-2
4.0 1.500 —0.266 5.82 2.2730.24 E-2
4.0 1.625 -0.432 6.34 9.85%#1.02 E-3
4.0 1.750 ~0.615 ~ 7.03  2.9410.44 B-3
4.0 1.875 -0.B14 7.99 7.594+2.04 E~4
4.0 2.000 -1.031 9.37 3.22+0.99 E-4
5.0 1.125 0.412 5.80 3.6240.25 E-1
5.0 1.250 0.316 6.02 1.368%0.15 E-1
5.0 1.375 0.210 6.30 6.9610.94 E-2
5.0 1.500 0.092 6.63 2.89#0.35 E-2
5.0 1.625 -0.037 7.05 1.23:0.11 E-2
5.0 1.750 =-0.177 7.55 4.2240.93 E=-3 .
5.0 1.875 =0.330 8.20 1.04£0.21 E-3
5.0 2.000 =-0.494 5.03 4.8511.20 E-4
6.0 1.375 0.478 T.24  6.56%0.37 E=2
6.0 1.500 0.381 7.54 2.9430.24 E-2
6.0 1.625 0.276 7.89 1.2430.14 E-2
6.0 1.750 0.161 8,32 4.92+0.41 E-3
6.0 1.875 0.037 B.84 1.9240.28 E-3
6.0 2.000 -0.097 9,47 1.0110.18 E-3
7.0 1.500 0.634 B.47 3.13#0.23 E-2 ;
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Table XII. K~ invariant cross sections from hydrogen using bremsstrahlung subtraction.

-

Kgup = 6 Gev (Ppax = 1.398 Gev/c) Kgup = 8 Gev (P;ax = 1.695 3eV/c)
Subtraction Intervai: RHI =7 GeV , Rpp = 5 Gev Subtraction Interval: KHI = 3 GeV , Ko = 7 Gev
*
Plab Py P Enin Cross Sec;ion Prap Pp PE R Epin Cross Section
(GeV/c} (GeV/c)  (GeV/c) {GeV) {ub/Gev<) (Gev/c) (GeV/c)  (GeV/c) {GeV) (45/GeV?)
1.0 0.625 -0.366 2,50 2.5140.97 E+0 5.0 1.250 0.772 6.86  3.5349.50 E-3
1.0 0.875 -0.957 4.92  2,19%6.22 E-2 .
2.0 0.500 0.309 2.94  1.6740.44 E+0 Egup = 10 Gev {Ppay = 1.951 GeV/c)
2.0 0.625 u.ias 3.08 5.64x1.84 E-1
2.0 0. 750 0.345 3.27  3.63%0.85 E-1 i . = =
2.0 0.877 0.032 354 B.48%3.25 £E-3 Subtraction Interval Ky 11 Gev , Eio 9 Gev
2.0 1.000 -0.098 3.93  3.15%1,55 g-2 » . i
2.0 1.125  -0.255 4.51  2.4646.92 E-3 Flab P 'L ®min  Cross Sec§1on
3.0 0.625 0.607 3.98  4.1030.44 E-] (GeV/c) (GeV/c)  (Gev/c) (GeV) (ub/GeV<)
30 o238 e HET 2-9720.15 3 2.0 0.500 0.131  2.94  2.02+1.47 E40
3.0 1.000 0.397 4.56  3.2130.32 E-2 2.0 0.625 0.041 3.08  2.2647.47 E-1
1.0 1.125 0.302 4,88 8.0740.94 E-3 2.0 0.750 -0.072 3.27 0.2943.06 E-1
: ' 2 I T i S
= = - - Ve - - t - -
Xsub . 8 Gev (Fray = 1.696 Gev/c) 2,0 1.125 ~0.567 4.51 -1.0442.07 E-2
Subtraction Interval: Ky; = 9 GeV , K, = 7 GeV 2.0 1.250  ~0,795 5.45 2.33%3,17 E-3
* . 2.0 1.375 -1.064 7.25 -1.05%0.98 E-3
P1ab Py Pr, Enin Cross Section 3.0 0.625 0.382 3.98  1.0440.33 E+0
{GeV/c) (GeV/c)  (GeV/c) (GeV) (ub/Gev?; 3.0 0.750 0.309 4.13  3,4331.19 E-1
3.0 0.875 0.222 4.32  1.04%0.39 E-1
1.0 0.625 -0.488 2.50  6.8540.20 E+2 3.0 1.000 0.121 4.57 1.05%#1.90 E-2
1.0 0.875 -1.153 4.92  2.2630.10 E+1 3.0 1.125 0.004 4.88  3.0630.68 E-2
2.0 0.500 0.208 2.94 1.6210.69 E+0 3.0 1.250 -0.129 5.30 1.05%0,24 E-2
2.0 0.625 0.126 3.08 1.9510.35 E+0 3.0 1.375 =-0.279 .88 3.3310.88 E-3
2.0 0.750 0.023 3.27  7.2431.76 £-1 3.0 1.500 -0.448 6.69 6.10+3.77 E-4
2.0 0.875 -0.102 3.54 1.5530.45 E-1 3.0 1.625 -0.636 7.90 0.6311.87 E-4
2.0 1.000 -0.251 3.93  1.08%3.28 g-2 4.0 0.875 0.539 5.23  1.6940,.33 E-1
2.0 1.125 -0.426 4.50 3.03%+1.74 E-2 4.0 1.000 0.465 3.44 6.72$41.17 E-2
2.0 1.250 ~0.634 5.45  2.44%42.30 E-3 4.0 1.125 0.380 5.69  2,53#0.53 E-2
3.0 0.625 0.477 3.98  7.73%1.94 E-1 4.0 1.250 0.284 6.00 1.2730.23 E-2
3.0 0.750 0.411 4.13  3.28%0.48 E-1 4.0 1.375 0.177 6.39  4.9741.57 E-3
3.0 0.875 0.333 4.32  1.19%0.21 E-1 4.0 1.500 0. 058 6.89  1.3410.36 E-3
3.0 1.000 0.240 4.57 6.711+0.84 E=2 4.0 1.625 =0.073 7.54 2.0741.84 E-4
3.0 1.125 0.134 . 4.88 1.65+0.30 E-2 4.0 1.750 ~0.217 8.41  0.65%5.47 E-5
3.0 1.250 0.013 5.30 6.3241.33 E-3 5.0 1.125 0.687 6.59  2,1240,37 E-2
3.0 1.375 -0.123 5.88  1.6940.54 £-3 5.0 1,250 0.612 6.86 1.0230.15 E-2
3.0 1.5060 -0.276 6.69 1.03+2.32 E-4 5.0 1.375 0.528 7.18  3.4710.75 E-3
4.0 0.875 0.663 523 1.1440.18 E-1 5.0 1.500 0.435 7.57  1.3440.50 E-3
4.0 i.001 0.595 5.44 5.2730.44 E-2 5.0 1.625 0.334 B.06 5.641+2.63 E-4
4.0 1.125 0.518 5.69 1.2640.32 E~2 5.0 1.750 0.223 B8.66 7.3046.15 E-5
4.0 1.250 0.431 6.00 5.99+1.26 E-3 6.0 1,250 0.899 7.77  6.14%1.09 E-3
4.0 1.375 0.334 6.39  1.9830.88 E-3 6.0 1.375 0.830 8.06 3.5230.71 E-3
4.0 1.500 0.226 6.89  4.B3+1.56 E-4 6.0 1.500 0,754 8.40  B.92+%3.15 E-4
5.0 1.002 0.901 6.37 3,5B840.38 E-2 6.0 1.625 0.671 8.81  4.3911.76 E-4
5.0 1.125 0.841 6.59  9.7B+1.61 E-3
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Table XII. ({cont'd) K- subtracted invariant cross sections

Rgyp = 13 GV (Pp,, = 2.281 Gev/c) Rgup = 17 GeV  (Pp.. = 2.659 GeV/c)
Subtraction Interval: RKyp = 15 GeV , Kip = 11 GeV Subtraction Interval: RKyy = 18 GeV , Ky = 15 GeV
P1ab Py 5y Kpjn Cross Section Plab Prp P Kpin Cross Section
{Gev/c) (GeV/c) (GeV/c) (GeV) (ub/Gevz) {GeV/c) (GeV/c) (GeV/c) (GeV) (ub/Gevz)
2.0 6.500 0.042 2.94 -6.58#9.94 E-1 1.0 0.500 -0.598 2.19 =7.7242.10 E+0
2.0 0.625 ~0.G660 3.08  1,71+4.96 E-1 1.0 0.625 ~0.866 2.50  2.23+0.92 E+0
2.0 0.750 -0.187 3.27 0.85%1.97 E~1 1.0 0,750 -1.239 3.12 4.6112.95 E-1
2.0 0.877 -0.344 3.55 -1.08+B.84 E-2 1.0 0.875 -1.795 4,92  0.30%1.01 E-1
2.0 1.000 -D.525 3.93  2.49%2.95 E-2 2,0 0.500 -0.050 2.94  3.66%1.13 E+0
2.0 1.125 -0,742 4.51 1.07+1.29 E-2 2.0 0.625 -0.164 3.08 5.80%5.00 E-1
2.0 1.250 -0.998 5.45 5.41+3.51 E-3 2.0 0.750 -0.308 3.27 1.3742.56 E-1
2.0 1.375 -1.300 7.25 0.B8+1.03 E-3 2.0 0.875 -0.482 3.54  3.02%1.02 E-1
3.0 0.625 0.273 3,98 1.3210.27 E+0 2.0 1,000 -0.690 3.93  2.90%2.87 E-2
3.0 0.750 . 0.19% 4.13 5.40%1.34 E-1 2.0 1.125 -0.936 4.51 -1.01%1.55 E-2
3.0 0.875 0.094 4,32 2.1930.46 E=-1 2.0 1.250 -1.225 5.45 3.35%7.06 E-3
3.0 1.000 -0.020 4.56 1.0440.25 E-1 2.0 1.375 ~1.566 7.25 -1.04+1.89 E-3
3.0 1.125 -0,151 4,88 5.6611.12 E-2 z.0 1.560 -1.972 11.92 -3.24%3.78 E-3
3.0 1.250 -0.301 5.30 1.85%0.44 E-2 3.0 0.756 0.073 4.13  3,58#2.10 E-1
3.0 1.375 =0.470 5.88 2.7741.98 E-3 3.0 0.875 -0.037 4.32 0.2816.78 E-2
3.0 1.500 ~0.659 6.659 =2.47+4.72 E-4 3.0 1.900 -0.166 4,56 B.41%3.95 E-2
3.0 1.625 -0.870 7.90 0.71:£2.29 E-4 3.0 1.125 -0.314 4.88 -1.14%1.06 E-2
4.0 0.875 0.399 5.23  2.,4130.35 E-1 3.0 1,250 ~0.483 5.30 2.7845.72 E-3
4.0 1.001 0.315 S5.44 9.04%1.09 E-2 3.0 1.375 =0.674 5.88  1.7942.29 E-3
4.0 1.125 0.220 5.69 4.69%0.58 E-2 3.0 1,500 -0.887 6.69 1.82+0.99 E-3
4.0 1.250 0.113 6.00 1.4440.23 E<2 3.0 1.625 -1.127 7.90  3.753#2.95 E-4
4.0 1.375 -0.008 6.39 5,92+0.88 E-3 3.0 1.750 -1.393 9.91  0.00+2.87 E~4
4.0 1.500 -0.141 6.89 1.7240.43 E-3 4.0 6.875 0.262 5.23 1.5530.49 E-1
4.0 1.625 ~0,288 7.54 7.35%1.73 E-4 4.0 1.000 0.167 5.44  6.35%2,21 E-2
4.0 1.750 ~0.450 8.41  1.73+0.88 E-4 4.0 1.125 0.059 5.69 3.6510.98 E-2
4.0 1.875 -0.626 9.62 0.00%3.67 E-5 4.0 1.250 -0.062 6.00  1.2940.37 E-2
5.0 1.125 0.515% 6.59 ° 4.76%0.72 E-2 4.0 1.375 -0.198 6.39  6.1542.15 E-3
5.0 1.259 0.430 6.86 1.54#0.33 E-2 4.0 1.500 -0.349 6.89 2.1410.71 E-3
5.0 1.375 0.336 7.18  6.06+1.13 E-3 4.0 1.625 -0.515 7.54  3.55%3.17 E-4
5.0 1.500 0.232 7.57 3.0120.64 E-3 4.0 1.750 -0.698 8.41  4.01%2.11 E~4
5.0 1.625 0.118 8.06 1.06+0.33 E-3 4.0 1.875 ~0.897 9,62 5.7916.45 E=5
5.0 1.750 =0.007 8.66 4.00+1.19 E-4 4.0 2.000 -1.114 11.41  2.1743.28 E-5
5.0 1.875 -0.141 9.43  B.69%5.55 E-5 4.0 2,125 -1.349 14.30  0.00+4.14 E=5
6.0 1.250 0.702 7.77 1.9040.17 E=2 5.0 1.015 0.421 6.39 9.9243.42 E-2
6.0 1.375 0.625 , 8.06 7.6630.85 E-3 5.0 1.125 0.345 6.59 4.74+1.06 E-2
6.0 1.500 0.539 8.40 2.663D.47 E=3 5.0 1,250 0.250 6.86  2.26%+0.57 E=2
6.0 1.625 G.446 ¢t B,Bl  7.53%1.8) E-4 5.0 1,375 0.143 7.18 5.6B+1.86 E-3
6.0 1.750 0.344 9.30 2.88B#1,35 E-4 5.0 1.500 0.026 7.57 2.10+1.81 E-3
6.0 1.875 0.234 9.90 2,4940.87 E-4 5.0 1.625 -0.103 8.06 1.5010.62 E-3
6.0 1.999 0.117 10.63  1.33%3.67 E=5 5.0 1.750 -0.244 8.66 0.44%2.82 E-4
7.0 1.500 0.811 9,29 2.4930.45 E-3 5.0 1.875 -0.396 §.43 1.01%0.91 E-4
7.0 1.625 0.731 9.66 1.24+0.21 E-3 5.0 2,060 -0.561 10.43  9.1145.87 E-5
7.0 1.751 0.644 10.09 3.87#1.01 E-4 6.0 1.250 0.511 7.77  2.09+0.38 E-2
7.0 1.875 0.552 10.60 7.4614.56 E-5 6.0 1.375 0.423 8.06 1,0440.18 E-2
8.0 1.625 0.991 10.56 8.7440.95 E-4 6.0 1.500 0.326 8.40 4,52#1.01 E-3
B.0O 1.751 0.916 10,95  2.43:0.77 E-4 6.0 1.625 0.220 8.8l  2.29%0.55 E-3
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Table XII. (cont'd) R~ subtracted invariant cross sections

Koyp = 17 GeV  (Ppay = 2.659 Gev/c)
Subtraction Interval: Ry = 19 GeV , Kpn = 15 GeV

Plab Pp P; Enin Cross Sec;ion
(Gev/c) (GeV/c) (GeV/c) (GeV) (ub/Gev*)

6.0 1.750 0.106 9,30 8.1332.22 E-4
6.0 1.875% -0.018 9.90 0.81%1.5]1 E-4
6.0 2.000 -0.152 10.63 1.16+0.87 E~4
7.0 1.500 0.586 9.29 4.87+0.92 E-3
7.0 1.625 0.496 9.66 1.4140.58 E-3
7.0 1.750 0.399 10.09 9.4412.62 E-4
7.0 1.875 0.294 10.59 5.,2442.11 E-4
7.0 2.000 0.181 1i.20 1.5740.47 E-4
8.0 1.6825 0.743 10.56 2.1920.38 E~3
8.0 1.750 0.659 10.95  1.2140.25 E-3
8.0 1.875 0.568 11.40 4.3120.82 E-4
8.0 2.000 0.470 11.93 1.4740.90 E-4
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Table XITI. K* invariant cross sections from hydrogen using bremsstrahlung subtraction.

&
Kgup = 6 Gev (Ppax = 1.522 Gev/c) Kgup = 10 GeV (Ppax ® 2.046 GeV/c)
Subtraction Interval: Kgy = 7 GeV , Kpg = 5 Gev Subtraction Interval: XKgy = 11 Gev , Ko = 9 Gev
Plab P Py, Epin Cross Section Plab Pp B Bpin Cross SecgiOH
(GeV/c) (GeV/c)  (GeV/c) (Gev) (ub/Gev?e) (GeV/c) {GeV/c) (GeV/c) (GeV) (ub/GeV¢)
3.0 0.625 0.607 3.49 9,2943.12 E-1 2.0 0.500 0.131 2,44 -6.3933.07 E+0
3.0 0.750 0.549 3.62  7.7640.81 E-1 2.0 0.625 0.041 2.56 5.B741.59 E+0
3.0 0.875 0.479 3.79  3.9310.84 E-1 2.0 0.750 -0.072 2,72 =9.4746.51 E-1
3.0 1.000 0.397 4.00 1.23+0.23 E-1 2.0 0.875 -0.210 2,94 =1.8911.99 E-1
3.0 1.125 0.302 4.28 6.09:0.41 E-2 2.0 1.125 0,567 3.74 =T7.2446.23 E=2
3.0 1,250 ¢.195 4,65 1.60%0.34 E=2 2.0 1.375 ~-1.064 §.01 =-5,0040.16 BE~1
4.0 0.875 0.832 4.73 4.1940.44 E-1 3.0 0.625 0.382 3.49  6.0616,96 BE-1
4.0 1.000 0.772 4.91 1,5630.14 E-1 3.0 0.750 0.309 3.62  7.5945.36 E-1
. 3.0 0.875 0.222 3.7%9  4.25+2.57 E-1
Youp = 8 GV  {(Ppay = 1.802 Gev/c) 308 10123 o.004  4.28  5.4333.36 £-2
. . - . . . . 4343, -
Subtraction Interval: KEI 9 GeV , KLO = 7 GeV 3.0 1.250 -0,129 4.65 4.‘6_"_’1-83 E=2
» . 3.0 1.375 -0.279 5.15 2.87+0.71 E-2
Plab Pp Py, Kpjn Cross 5°°§1°" 3.0 1,500  =-0,448 5,86 4,98%2,25 E-3
{GeV/c) (GeV/c)  (GeV/c) (GeV) (ub/Gev4) 3.0 1.625 -0.636 6.93 1.16+0.52 E-3
- 4.0 0.875 0.539 4.72 1.80%1.01 E-1
2.0 0.500 0.208 2,44 5.46+1.63 E+0 4.0 1.000 0.465 4.91  1,3610,41 E-1
2.0 0.625 0.126 2.56  2,7430.77 E+0 4.0 1.125 0.380 5.14 6.01%1.90 E-2
2.0 8.750 0.023 2.72  9.3143.72 E-1 4.0 1.250 . 0.284 5.42  3,1B#0.68 E-2
2,0 0.875 -0.102 2.94  3,23%0.98 E-1 4.0 1.375 0.177 5.78  2.0240.43 E-2
2.0 1.000 =-0.251 3.26  9.4134.49 E-2 4,0 1.500 0.058 6.23  5.53+1.13 E-3
2.0 1.125 -0.426 3.74 5.29#2,.67 E-2 4.0 1.625 -0.073 6.82 2.41+0.55 E-3
2.0 1.250 -0.634 4.52 -0.36+1.44 E-2 4.0 1.750 -0.217 7.60 5.90%1.64 E-i
3.0 0.625 0.477 3.49  2.9430.53 E+0 4.0 1.875 =-0.373 8.69 8.3645.58 E-5
3.0 0.750 0.411 3.62  7.B233.16 E-1 5.0 1.125 0.687 6.07 8.22#1.31 E=-2
3.0 0.875 0.333 3.79  3.23#1.60 E-1 5.0 1.250 0.612 6.32 1.1740.64 E=-2
3.0 1.000 0.240 4,00 1.90$0.45 E-1 5.0 1.375 0.528 6.61 1.05#0.23 E-2
3.0 1.125 0.134 4.28 8.9131.93 E-2 5.0 1.500 0.435 6.98 5.61%0.83 E-3
3.0 1.250 0.013 4.65 3.033#0.69 E-2 5.0 1.625 0.334 7.42  1.63+0.36 E-3
3.0 1.375 -0.123 5.15 7,66%2.03 E=3 5.0 1,750 0.223 7.98  7.84%1.59 E-4
3.0 1.500 -0.276 5.86 4.1911.01 E-3 5.0 1.875 0.103 8.69 1.7240.62 E-4
3.0 1.625 -0.447 6.93 7.47%2.68 E-4 6.0 1.250 0.899 7.25 - 2.9430.35 E-2
4.0 0.875 0.663 4.73  3.45+0.74 E-1 6.0 1.375 0.830 7.52  1.31:0.17 E-2
4.0 1.000 0.596 4,91 1.5810.22 E-1 6.0 1.500 0.754 7.84 6.3840.64 E-3
4.0 l.125 0.518 5.14 6.88+1.10 E-2 6.0 1.625 0.671 8,22 1.8310.25 E=3
4.0 1.250 O.431 5.42  2.5410.40 E-2 6.0 1.750 0.581 8.68 6.58+1.10 E-4
4.0 1.375 0.334 5.78  1.09:0.16 E-2 7.0 1.500 1.041 8.76 3.18#0.33 E-3
4.0 1.500 0.226 6.23  3.6720.40 E-3
;.g i.ggg g.lgz 6.82 1,08+0.24 E-3 Kgup = 13 GeV {p;ax = 2,364 GeV/e)
. - .9 5.87 1.6030.26 E-1 :
5.0 1.125 0.841 6.07 5.59§D.83 E-2 Subtraction Interval: KBI = 15 GeV , Ko =* 11 Gev
5.0 1.250 0.772 6.32 2.89%0.31 E-2 * ;
5.0 1.375 0696  6.61 B.72:0.93 E-3 Plap Pr FL Emin ~Cross Section
5.0 1.500 0.612 6.98  3,03:0.35 E-3 (GeV/c) [(GeV/c)  (GeV/c) (GeV) (ub/GeV<}

2.0 0.500 0.042 2.44 4.82%1.18 E+0
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Table XIII. (cont'd} K* subtracted invariant cross sections

*
Kgup = 13 Gev tP;ax = 2,364 GeV/c) Rgup = 17 GeV (Ppax = 2+732 GeV/c)
Subtraction Interval: Kyr = 15 GeV , Kpq = 11 GeV Subtraction Interval: Kgx = 19 GeV , Kpq = 15 GeV
® -

Plab PT PE xmin Cross Section Plab PT PL Rmin Cross sEC;IOn
(GeV/c) (GeV/c)  (GeV/c) (GeV) {ub/GeVv?) {(GeV/c) (GeV/c) (GeV/c) (GeV) (ub/Gev<)
2.0 0.625 -0.060 2.56 4.05+7.04 E-1 2.0 0.625 -0.164 2.56 0.17+1,25 E+0
2.0 0.750 -0.187 2.72  9.89+3.30 E-1 2.0 0.750 -0.308 2.72  3.5616,04 E-1
2.0 0.875 -0.341 2.94 3.76+1.15 E=1 2.0 0.875 -0.482 2,94 2.7242,35 E-1
2,0 1.125 -0.742 3.7¢ 3.92%1.26 E~2 2.0 1.000 =-0.690 3.26 3.5610.90 E-1
2.0 1.375 =-1.300 6.01 3.1612.46 BE=3 2.0 1,125 -0.936 .74 1.0940,28 E~1
3.0 0.625 0.273 3.49 2,9040.57 E+0 2.0 1.250 -1.,225 4.52 2.85+1.42 E-2
3.0 0.750 0.191 3.62 8.6311.29 E~1 2.0 1,375 -1.566 6.01 0.72+4.75 E-3
3.0 0.875 0.094 3.79 3.2810.61 E-1 2.0 1.500 -1.972 9.8% 1.2431.71 E-3
3.0 1.000 -0.020 4.00 2.2240.52 E-1 3.0 0.750 0.073 3.62 1.2210.48 E+0
3.0 1.125 =0.151 4.28 6.59+1.25 E-2 3.0 0.875 -0,037 3.79 3.4811.24 E-1
3.0 1.250 ~0.301 4.65 3.7730.79 E-2 3.0 1.000 -0.166 4,00 1.64+0.97 E-1
3.0 1.375 ~0.470 5.15 2.1130.35 E-2 3.0 1,125 -0,314 4,28 1.2640,30 E-1
3.0 1.500 -0.659 5.87 B.70+1.9% E-3 3.0 1.250 ~0.483 4.65 4.30+1.68 E-2
3.0 1.625 -Q.870 6.93 3.1710.87 B-3 3.0 1.375 -0.674 $.15 -5.27+5.38 E-3
4.0 0.875 0.399 4.73 7.6740.78 E=1 3.0 1.500 -0.887 5.86 =-0,12+3,34 E-3
4.0 1.00% 0.315 4,91 1.85+0.28 E-1 3.0 1.625 =-1.127 6.93 =~0,43+1.09 E=-3
4.0 1.125 0.220 5.14 7.88+0.87 E~2 3.0 1.750 =-1.393 8,69 -=5,4545.43 E-4
4.0 1.250 0.113 S.42  3.24+0.44 E-2 3.0 1.875 =1.690 12.13 1.114+1.29 E-4
4.0 1.375 -0,008 5.78 1.54+0.23 E=-2 4.0 0.875 0.262 4.73 3.12$1.01.E-1
4.0 1.500 -0.141 6.23 5.66+1.13 E=-3 4.0 1.000 0.167 4,91 2.24+0,44 E-1
4,0 1.625 -0.288 6.82 2.62+D.46 E-3 3.0 1.125 0.059 5.14 1.23+0.19 E-1
4.0 1.750 -0.450 T.60 1.04%0.17 E-3 ! 4.0 1.250 -0.062 5.42 6.61+1,18 E=-2
4.0 1.875 -0.626 8.70 3.15%0,.61 E-4 4.0 1.375 -0,198 5.78 1,9340.53 E-~2
4.0 2,000 -0.818 10,31 0.11%3.59 E-5 4.0 1.500 ~0.349 6.23  7.96+#2,06 E~3
5.0 1.010 0.584 5.88 1,95+0.22 E~1 4.0 1.625 -0.515 6.82 2.94%0.97 E-3
5.0 1.125 0.515 6.07 7.6440.85 BE~2 4.0 1.756 -0.698 7.60 1.2730.44 E-3
5.0 1.251 0.429 6.32 5.3910.66 E-2 4.0 1.875 -0.897 8.70 6§.70+2.38 E-4
5.0 1.375 0.336 6.61 2,02+0.29 E=-2 4.0 2.000 -1.114 10.32 2.3411.10 E-4
5.0 1.500 0.232 6.98 7.9411.10 E-3 5.0 1.125 0.345 6.07 1.2740.18 E=-1
5.0 1.625 0.118 T.42 3.52+0.53 E-3 5.0 1.250 0.250 6.32 3.35+1.20 E-2
5.0 1.750 -0.007 7.98 1.7040.32 E-3 5.0 1.375 0.143 6.61 1.15%0.70 E-2
5.0 1.875 -0.141 8.69 6.88+1.35 E-4 5.0 1.500 0.026 6.98 9.,2342.89 E-3
6.0 1.250 0.702 T+25 4.41%0.28 E=2 5.0 1.625 =-0.103 7.42 3.6540,94 E-3
6.0 1.376 0.624 T.52 2.11+0,17 E=2 5.0 1.750 -0,244 7.98 8.3517.93 E-4
6.0 1.500 0.539 7.84 9.73%£1.22 E-3 5.0 1.875 =0.396 8.69 1.0642.08 E-4
6.0 1.625 0.446 8.22 3.67+0,.34 E=3 5.0 2.000 =-0.561 9,60 2.1741.14 E-4
6.0 1.750 0.344 8.68 1.48+0.20 E=3 6.0 1,375 0.423 7.52 2.0740.31 E-2
6.0 1.875 0.234 9.24 7.1210.95 E-4 6.0 1.500 0.326 7.84 1.0210.22 E-2
6.0 2.000 0.116 9.92 3.67+0.78 E-4 6.0 1.625 0.220 8.22 5.43%1.23 E-3
7.0 1.500 8,811 8.76 7.50+0.73 E=-3 6.0 1,750 0.106 B.68 1.7030.36 E-3
7.0 1.625 0.731 9.10 3.5840.37 E-3 6.0 1.875 -0.018 9.24 9.52+2.83 E-4
7.0 1.751 0.644 9.51 1,6310.1% E-3 6.0 2.000 -0.152 9.92 1.76%1.72 E-4
7.0 1.875 0.552 9.98 5.98+1,11 E-4 7.0 1.500 0.586 B.76 1.3540.19 E~2
8.0 1.625 0.991 10,02 2,590.18 E-3 7.0 1.625 0.496 9.10 6.,29%1.31 E-3
8.0 1.750 0.916 10.39 1.45#0.16 E-3 7.0 1.750 0.399 9.50 2.7640.66 E-3
8.0 1.875% 0.836 10.82 4.53%0.61 E-4 7.0 1.875 0.294 9.98 1.81+0.41 E-3
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Table XIII, (cont'd} K* subtracted invariant cross sections

Kgup = 17 GeV  (Pp,, = 2.732 GeV/c)
Subtraction Interval: Ryr = 19 GeV , Kpgq = 15 GeVv

Plab Bp PE Kpin Cross Section
(GeV/c) {GeV/c)  (GeV/c) {GeV) {ub/Gev?)

7.0 2,000 0.181 10.56 5.2741.67 E-4
8.0 1.625 0.743 10.02 5.46%0.76 E-3
8.0 1,750 0.659 16.39 2.5130.69 E-2
8.0 1,876 0,567 10,82 1.1430.20 E-3
8.0 2,000 0.470 11,33 3,28%1.02 E-4
B.0 2.125 0.365 11.92  2.90%6.96 E=5
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Table XIV. T invariant cross sections from hydrogen using bremsstrahlung subtraction.

N *

Rgub = B8 GeV  (Pp,, = 1.372 Gev/c) . Kgyp = 13 GeV  (Pp.. = 2.046 GeV/c)
Subtraction Interval: Kyy = 9 GeV , Kyg = 7 GeV Subtraction Interval: Ry = 15 GeV , Kiq = 11 GeV
Piab Pp Pz Kpin Cross Section Piab P PE Rpin Cross Section
(GeV/c) (GeV/c) (GeV/c) (GeV) {(4b/Gev2) {GeV/c}) (GeV/c) (Gev/c) (GeV) {ub/Gev?)
3.0 0.625 0.271 5.25 1.69i0.44 E-1 3.0 1.375 -0.736 8.30 1.2510.4) E-3
3.0 0.750 0.20% 5.47 4.42+0.92 E-2 3.0 1.500 -0.925 9.74 0.61%1.15 E~4
3.0 0.875 0.126 5.76 1.4140.35 E~2 4.0 0.875 0.197 6.46 5,36%0.86 E-2
3.0 1.000 0.034 6,14 5.00%1.20 E-3 4.0 1.001 0.113 6.74  1.5840.24 B=2
3.0 1.125 -0.072 6.65 1.3310.40 E-3 4.0 1,125 0.018 7.09 1.0210.14 E=2
4.0 0.B75 0.506 6.46 1.6140.34 E-2 4.0 1.250 -0,090 7.52  3.7940.53 BE-3
4.0 1.001 0.438 6.74  4,.5940.58 E-3 4.0 1,375 -0.210 8.08  4.02£1.71 E-4

4.0 1,500 ~0.344 8.80 4.55%1.14 E-4
Kgub ™ 10 GeV (P;!ax = 1.673 GeV/c) ) 4.0 1.625 =-0.491 - 9,77 l.48+6.87 E=5
Subtraction Interval: Ky = 11 GeV , Ky = 8 GeV 23 T e IR Ssaal-ma s
* . 5.0 1.375 0.173 . 8.59 8.16+2.64 E-4
Piab Pp P Kpin Cross 5°°§1°" 5.0 1.500 0.069 9.11 4.47%1.62 E-4
(GeV/c) (GeV/c) (GeV/c) {GeV) (ub/GeV<) 5.0 1,625 -~0.045 8.76 2.730.97 E-4
5.0 1.750 -0.169 10.57  1.03#0.57 E-4
3.0 0.625 0.149 5.25 6.5636.71 E-2 6.0 1.250 0.566 8.97 2.6740,44 E-3
3.0 0.750 0.077 5.47 5.9942.27 B-2 6.0 1.375 0.489 9,32 1.40%0,20 E-3
3.0 0.875 ~0.010 5.76 2.58+0.64 E=2 6.0 1.500 0.403 9.75 2.61+1.27 E-4
2.0 1.000 -0.112 6.14 6.2243.14 E~-3 6.0 1.625 0.310 10.26  1,3110.60 E-4
3.0 1.125 ~0.229 6.65 2,7911.04 E=3 6.0 1.750 0.208 10.88  2.1640.71 E-~4
3.0 1.250 -0.362 7.33  1.3440.37 E-3 7.0 1.500 0.694 10.53  4.91%1.36 E-4
3.0 1.375 ~0.512 8.30 0.36+1.01 E-4 7.0 1.625 0.614 10,97 9.0125,08 E-5
4.0 0.875 0.363 6.46 3.00%0.64 E=2 R
R R ) o 1 1 o0 P = 32 v/
. - . . .0840. - ; . -
4.0 1. 250 0.107 7.52 8.63¢3.73 E~4 Subtraction Interval: Kyr = 19 Gev , Kpo 15 GeV
4.0 1.375 0.000 8.08 5.3142.50 B-4 * :
4.0 1.560  -0.119 8.80 2,.5420.91 E-4 Plab Pp P Kpin Cross Se°§1°“
5.0 1.125 0.545 7.82 2.79+0.78 E-3 (GeV/c} (GeV/c} {Gev/c) (GeV}) {ub/GeVe)
5.0 1.250 0.470 8.17 1.25#0.33 E=-3 .
5.0 1,375 0.386 8.59 3.57+1.57 E=4 3.0 0.750 -0,232 5.47 5.0945.30 E=2
6.0 1,250 0.781 8.97 7.30%2.75 E-4 3.0 0.875 -0.343 5.76 1.88¢1.81 E=2
. 3.0 1.000 -0.471 6,14 =2,02%8.30 E-3

Ksub = 13 GeV  (Fpay = 2.046 Gev/c) 300 1T2s0  -0.789 7.3 -bioksi.02 63

Subtraction Interval: Kgy = 15 Gev , Rio = 11 GeV i 1.375 —0.979 8.30 "7'0ii4'79 E-4
" . 3.0 1.500 -1.193 9,74 5.31+2,90 E-4

Plap Py PL Epjp Cross 5°°§‘°“ 3.0 1.625  -1.432  12.09 0,20%8.40 E=5
(GeV/c) (GeV/c)  (GeV/c) (GeV) {ub/GeV4) 4.0 0.875 0.030 6.46  4.5641,33 E-2
4.0 1.000 -0.065 6.74 2.45+0.84 E-2

3.0 0.625 0.007 5.25 4.3230.56 E-1 4.0 1.125 -0.173 7.09  7.4712.49 E-3
3.0 0.750 =0.075 5.47 1.89+0.30 E-1 4.0 1.250 -0.295 7.52 1.0740.91 E=-3
3.0 0.875 -0.172 5.76 8.45%1.04 E-2 3.0 1.375 -0.431 8.08 1.2740.44 E-3
3.0 1.000 -0.,286 6.14 2.71:0,51 E-2 4.0 1.500 -0.581 8.80 =0.0841.74 E-4
3.0 1,125 -0.418 6.65 1.45%0.21 E-2 4.0 1.625 -0.748 9.77 3.01%7.86 E-5
3.0 1.250 -0.567 7.33  2.63:0.71 E-3 4.0 1.750 -0.930 11.10 -1.23#6.07 E~5

18T



Kgup = 17 Gev
Subtraction Interval:

Prab
(GeV/c)

4.0
5.0

IR R
Y-~ 1-F-N-E-E-R-N-X-K-N-R-N-R~-F_-N-N-J-N-J_J- N

WOOM~J~~w~ahAOLnILnLNTWL

Py
(GeV/c)

1.875
1.015
1.125
1.250
1.375
1.500
1.625
1.750
1.875
2.000
1.250
1.375
1.500
1.625
1.750
1.875
2.000
1.500
1.625
1.750
1.875
2.000
1.625
1.750
1.875
2.000

Table XIV.

{(Ppax = 2459 Gev/c)

L g
Py,
(GeV/c)

=1.129
0.234
0.159
0.063
-0.044
~0.161
-0.25%0
=-0.431
-0.583
-0.748
0.354
0.266
0.170
0.064
-0.051
=-0.175

P =0,308

0.452
0.362
0.265
0.160
0.047
0.626
0.541
0.450
0.352

Knin

(GeV)

13.04
7.57
7.82
8.17
8.59
9.11
9.75

10.57

1l.63

13.04
8.97
9.32
9.75

10.26

10.88

11.65

12.60

10.53

10.97

11.49

12.11

12.86

11.78

12.23

12.77

13.41

Cross Section

(cont'd)

(ub/Gev?)

3.5515.48
2.65£1.05
1.26%0.29
5.5841.51
1.6710.50

-4.29%2.87

-0.3131,51

-0.3331.03

-3.0645.61
4.80%3.76
8.4621.32
1.7320.49
5.7612.44
1.8411.30

-1.3331.03

-1.00%0.95
1.7617.60
2.0332.08
1.4830,92
1.9230,77
3.5131.57
6.1046.41
1.7230.92
4.05%6.97
0.98%3.36
3.36%3.23

E=-5
E=-2
B-2
E-3
E~-3
E-4
E-4
E-4
E=5
E=-5
E~3
E-3
E~4
E~-4
BE-4
E-4
E=5
E-4
E-4
E-4
E~4
E-5
E-4
E=5
E=5
E=5

¥ subtracted invariant cross sections
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Ksub = 6 GeV
Subtraction Interval:

P1ab Bp
{GeV/c) (GeV/c)

0.625
0.750
0.500
0.625
0.750
0.875
1.000
1.125
1.250
0.625
0.750
0.875
1.000
1.125
1.250
1.375
0.875
1.000
1.125
1.250

MR EEEEE T
OO0 00000SOO00O0D

B WWWWWWWRNRNNONNNRN N -

L ¥
M I I )
o0

Ksub = 8 GeV

Table XV.

P invariant cross sections from hydrogen using bremsstrahlung subtraction.

(Ppay = 1.616 GeV/e)

PL
{GeV/c)

=0.807
-1.044
0.052
-0.021
-0.112
=0.,223
=-0.355
-0.511
~0.635
0.430
0.371
0.301
0.219
0.125
0.018
-0.103
0.697
0.637
0.569
0.491

(Phax

Knin

(GeV)

1.17
1.78
1.79

- 1,90

2.04
2.26
2.59
3.12
4.11
2.84
2.96
3.11
3.32
3.59
3.96
4.48
4.06
4.23
4.45
4.73

Kﬂx a 7 GeV r KLO = 5 GeV

Cross Section

(ub/Gev?)

1.7610.12
7.27£0.89
7.94%0,69
5.500.72
3.5740.43
2.9340.22
1.0520.06
6.33%0,40
1.72+0.14
1.8830.21
1.83%0,06
1.10%0,07
4.8330.27
2.43%0.05
9.6620.48
3.6230,20
4.8530.32
2.7520.14
1.2610.06
5.1936.19

= 1,883 GeV/c)

E+l
E+0
E+0
E+0
E+0
E+0
E+0
E-1
E-1
E+0
E+0
E+0
E-1
E-1
E=-2
E=-2
E-1
E-1
E~-1
E-2

Subtraction Interval: Kyr = 9 GeV , Kyg = 7 GeV

Piab Pp
{GeV/c) (GevV/c)

0.625
0.750
0.500
0.625
0.750
0.875
1.000
1.125
1.250
1.375
0.625
0.750
0.875
1.000
1.125
1.250
1.375
1.500

" a8 e e 8 * s s 8 9 8 e &
000000000 ODDO0O0ODO0OO

WiWWWWWWWRNMNMAMMNONNN RN -
.

"
Py
(GeV/c}

=1.002
=1.269
=0.091
-D.174
-0.276
~0.401
=0.550
=-0.726
=-0.933
-1.177

0.271

0.205

0.126

0.034
=0.072
-0.193
-0.330
=-0.483

Knin

{GeV)

1.17
1.78
1.79
1.90
2.04
2.26
2.59
3.12
4.11
6.57
2.84
2.96
3.11
3.32
3.59
3.96
4.48
5.26

Cross Section

(ub/Gev?)

1.0240.15
6.08%1,37
6.0231.26
4.63:0.71
3,490, 40
2.05%0.14
1.04%0.07
4.3720.45
2.01%0.25
4.2410,24
4.4820.38
2.1210.26
7.77:1.43
5.57$0.50
2.40%0, 22
1.2010.09
5.2330.31
2.1730.16

E+l
E+0
E+0
E+0
E+Q
E+(
E+0
E-1
E-1
E-2
E+0
E+D
E-1
E-1
E-1
E-1
E=-2
E-2

NN WL dady bl B e

+ 8 8 B 8 " 4 s a4

Piab By
(GeV/c)} (GeV/c)

1.625
0,875
1.000
1.125
1.250
1.375
1.500
1.625
1.002
1.125
1.250
1.375
1.500
1.251

COOO0OoOOOODOO000

Kgup = 10 Gev
Subtraction Interval:

Piab Py
(GeV/c} (GeV/c)

0.500
0.625
0.750
0.875
0.500
0.625
0.750
0.875
1.000
1.125
1.250
1.375
0.625
0.750
0.875
1.000
1.125
1.25¢
1.375
1.500
1.625
0.875
1.000
1.125

W e o L L L L G B L W B N N B B B N N B e e
o000 0OLODLODOLOODOoOLDOO000

L ]

sub = 8 GeV
Subtraction Interval:

(Ppax = 1.883 GeV/c)

PL
(GeV/c)

-0.654
0.506
0.43%
0.362
0.274
6.177
0.069

-0.050
0.774
0.714
0.646
0.569
0.485
0.970

Kymin
{GeV)

6.53
4.06
4.23
4.45
4.73
5,08
5.53
6. 14
5.19
5.39
5.62
5.91
6.27
6.57

KHI = 9 GeV ] KLQ = 7 GeV

Cross Section
(ub/Gev?)

5.3040.56
7.8910.56
3.4010.21
1.6610.13
7.7710.49
3,6540,20
1,380,068
5,4210,38
2.5230.22
1,09+0,09
4,1330.31
2,1610.12
8.14+0.46
2.3430.17

{Ppax = 2.117 GeV/c)

7
(GeV/c)

=0.957
-1.167
=1.461
-1.89%
=0.205
-0.296
-0.409
=0.546
-0.710
-0.903
-1.131
~1.400

0.14%

0.077
=-0.010
-0.112
-0.229
-0.362
-0.512
-0.680
-0.868

0.363

0,288

0.203

Knin

{GeV)

0.94
1.17
1.78
7.95
1,79
1.%0
2.04
2.26
2.59
3.12
4.11
6.57
2.84
2.96
3.11
3.32
3.59
3.96
4.49
5.26
6.53
4.06
4.23
4.45

KHI = 1] GeV ’ KLO =9

E-3
E-1
E~-1
E-1
E=-2
E=2
E=-2
E-3
E-1
E-1
E-2
E-2
E-3
E-2

GeV

Cross Section
(ub/Gev?)

-2.4841.14
1.1920.22
2.97+1.14
3.60%0.13
1.4310,26
9.30$1.53
5.10%0.60
1.950.31
1.2940,20
5.52+0.88
1,990,325
4.4910.87
0.00%6.72
1.9644.54
1.0030. 24
3.41%0.90
2.4320.39
1.2740.24
4.40%0.96
1.48%0.27
5.8810.89
5.15%0,84
3.60%0.39
1.37+0.22

E+l
E+l
E+0
E+0
E+l
E+0
E+0
E+0
E+0
E-1
E=-1
E-2
E-1
E-1
E+0
E~-1
E-1
E=1
E-2
E-2
E~3
E-1
E-1l
E-1
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Table XV. (cont'd} P subtracted invariant cross sections

*

Bgub = 10 GeV  (Ppuy = 2.117 GeV/c) Koup = 13 GeV  (Ppa, = 2.426 GeV/c)
Subtraction Interval: Kyy = 11 GeV , Ko = 9 GeV . Subtraction Interval: Kyy = 15 GeV , Kyg = 11 GeV
Plab PT PE Knin Cross Section Plah By PE Knin Cross Section
{(GeV/c) (GeV/c) {Gev/c) (GeV} (ub/Gevz) (GeV/¢c) (GeV/c) {GeV/c) ({GeV) (yb/GeVz)
4.0 1.250 0.107 4.73  7.0240.83 E-2 3.0 1.500 -6.925 5.27  3.19#0,1% E-2
4.0 1.375 0.000 5.08 6.66%0.55 E=2 3.0 1.625 -1.137 6.53 1.13#0,09 E-2
4.0 '~ 1.500 -0.119 5.53 1.8410.17 E=2 4.0 0.875 0,197 4.06 9.0640.60 E~1
4.0 1,625 ~0.250 6.14 5.5210.78 E-3 4.0 1.001 0.113 4.23  3,96%0.27 E-1
4.0 1.750 -0, 393 6.97 2,43$0.32 E-3 4.0 1.125 0.018 4.45 1.94:0,09 E-1
4.0 1.875 -0.550 B.19 6.38%1.50 E-4 4.0 1.250 -0,090 4,73  1,06%0,05 E-1
5.0 1.125 0.545 5.39  9.63%1.29 E-2 4.0 1.375 -0.210 5.08  3.4930,26 E~2
5.0 1.250 0.470 5.62 4.9330.66 E-2 4.0 1.500 ~0,344 5.53 2.61%0,15 E=2
5.0 1.375 0.386 5.91  2,1440.29 E-2 4.0 1.625 -0.491 6.14 1.2130.06 E-2
5.0 1,500 0.293 6.27 1.04%0.10 E-2 4.0 1.750 -0.652 6.97 5.03%0.26 E-3
5.0 1.625 0.192 6.72  4.10£0.50 E-3 4.0 1.875 -0.828 8.19 1.90£0.12 E-3
5.0 1.750 0.081 7.28 1,5010.24 E-3 4.0 2,000 -1.020 10.13  6.2620.94 E-4
5.0 1.875 -0.039 B.0l 6.58#1.20 E-4 5.0 1.010 0.422 5.20 3.33$0.18 E-1
6.0 1.250 0.781 6.57 3.1420.38 E-2 5.0 1.125 0.352 5.3  1.6110.08 E-1
6.0 1.375 0.712 6.83 1.60$0.12 E-2 5.0 1,251 0.267 5.63 8.49%0.61 E-2
6.0 1.500 0.635 7.14 5.62+0.64 E-3 5.0 1.375 6.173 5.91  3.6810.28 E-2
6.0 1.625 0.552 7.51  3.3040.30 E-3 5.0 1.500 0.069 6.27 1.7310.11 E-2
6.0 1.750 0.462 7.97 1.3040.16 E-3 5.0 1.625 -0.045 6.72 1.0010.06 E=2
7.0 1.500 0.939 8.06 4.5930.34 E-3 5.0 1,750 =6.169 7.28  4.06%0.36 E-3

. 5.0 1.875 -0.304 8.01 2.10%0.18 E=3
“eup * 13 S8V (Pmax = 2.420 Gev/c) &0 LPe i 6la1 a76s0i13 be2
Subtraction Interval: Kgy = 15 GeV , Kjq = 11 GeV : N * N * o330
HI R A1) 6.0 1.500 0.403 7.14 1.2320.09 B2
* 6.0 1.625 0.310 7.51 6.05%0.32 B-3
P1ab Py Py, Kpin Cross Section 6.0 1.750 0.208 7.97  3.09%0.20 E-3
(GeV/c) (GeV/c) (GeV/c)  (GeV)  ( b/Gev?) 6.0 1.875 0.098 8.53 1.3810,10 E-3
6.0 2.000 -0.020 9.22 5.7110.80 E-4
1.0 0.500 ~1.145 0.94 3.2740.29 E+] 7.0 1.500 0,694 8.06 1,0410.07 E=2
1.0 0.625 -1.382 1.17  1.1340.23 E+l 7.0 1.625 0.614 8.40 4.4720.31 E-3
1.0 0.750 -1,712 1.78 © 5.9140.35 E+0 7.0 1,751 0.528 8.80 1.80+0.16 E-3
1.0 0.875 -2.204 7.95 1.3840.16 E+0 7.0 1.875 0.435 9.27 1.1210.11 E-3
2.0 0.500 -0.344 1.79 (10.00%1.01 E+0 8.0 1.626 0.888 9.32 2.,92#0.17 E-3
2.0 0.625 -0.445 1.90 7.7240.65 E+0 8.0 1.750 0.814 9.68 1.,44+0.13 E=3
2.0 0.750 =0.572 2.04  4.33:0.40 E+0 8.0 1.875 0.733 10,11  7.00#0,59 E~4
2.0 0.875 -0.726 2.26 2.69%0.17 E+0 N
g.g i.oon -0.910 2.59 1,1510.17 E+0 Kgup = 17 Gev {Ppax = 2.786 GeV/c)
- .125 -1.128 3,12 6.3420.25 E-1 ; . - -
g.g }_ggg -1'222 .11 2.3130.18 E-1 Subtraction Interval: Ky = 19 GeV , Ko = 15 GeV
. . -1, 6.57 6.27:0.54 E-2 * .
3.0 0.625  0.007  2.84 4.4230.32 E+0 Plab Fr PL Enin  Cross Section
3.0 0.750 -0,075 2,96 2.10%0.10 E+0 (GeV/c) (GeV/c) (GeV/c) (GeV) {1b/GeV+)
3.0 0.875 -0.172 3.11  1.17+#0.05 E+0
3.0 1.000 -0.286 3.32 6.6320.44 E-1 1.0 0.500 -1.358 0.94  7.1634.27 E+D
3.0 1.125 -0.418 3.59 3.4740.14 E-1 1.0 0.625 -1.626 1.17  1.39%0.36 E+1
3.0 1.250 -0,567 3,96  1.6240,08 E-1 1.0 0.750 ~1.999 1.78  1.22:0.66 E+0
3.0 1.375 -0.736 4.48 7.65£0.35 E=2 1.0 0.875 -2.555 7.95  4.4830.27 E+0
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Table XV. {cont'd) P subtracted invariant crogs sections

Rgub = 17 GeV  (Ppa, = 2.786 GeV/c) Roup = 17 GeV  (Phay, = 2.7B6 Gev/c)
Subtraction Interval: FKgp = 19 GeV , Kpg = 15 GeV Subtraction Interval: Kyp = 1% GeV , Kpg = 15 GeV
Plap Py Py Kpin ~Cross Section Plab Pp P Kpin Cross Section
{GeV/c) (GeV/c)  (GeV/c)  (GeV)  {ub/Gev?) {GeV/c) ({(GeV/c) (GeV/e)  (GeV)  {ub/Gev?)
2.0 0.625  =0.607 1.90  1.1241.15 E+0 8.0 1.750 0.541 9.68  2.760.55 E-3
2.0 0.750  =0.751 2,04 -6.9936.92 E-1 8.0 1.876 0.449 10,11 1.28%0,18 E-3

2.0 0.875  -0.925 2.26  2.2430.34 E+0 8.0 2,000 0.352 10,61 5,4930,90 E~4
2.0 1.000  -1.133 2.59  1.3930.15 E+0 8.0 2.125 0.248  11.20 3.5410.66 E-4
2.8 1.125  -1.379 3.12  5.46%0.49 E-1 8.0 2,250 0.136 11,91  2,2930.55 E-4
2.0 1.250  -1.668 4.11  2.2330.25 E-1
2.0 1.375  -2.009 6.57 6.84%1.10 E-2
3.0 0.750  ~0,232 2,96  2.9530.39 E+0
1.0 0.875  -0,343 3.11  8.80%1,14 E-1
3.0 1.000  -0.471 3.32  7,0730.91 E-1
3.0 1.125  -0.620 3.59  2.9930.33 E~1
3.0 1.250  ~0,789 3.96 1.6730.18 E-1
3.0 1.375  -0.97% 4.48  6.5730.57 E-2
3.0 1.500  -1.193 5.26  3,0830.37 -2
3.0 1.625  -1.432 6.53  1.1830,12 E-2
3.0 1,750 -1.699 8.93  4.20%0.64 E-3
4.0 0.875 0.030 4.06 7.2530.76 E-1
4.0 1.000  -0,065 4.23  4.5030,42 E-1
4.0 1,125 -0.173 4.45  2.71#0.20 E-1
4.0 1.250  -0.295 4.73  1.15%0.13 E-1
4.0 1.375  -0.431 5.08  6.5330.61 E-2
4.0 1.500 -0.581 $.53  2.31%0.27 E=-2
4.0 1.625 ~0.748 6.14 1.40%0.13 E=-2
4.0 1.750  -0.930 6.97 5.3610.63 E-3
4.0 1.875  -1,129 8.19  2.02:0.33 E-3
4.0 2.000 ~1.346  10.13 8.87+2.03 E-4
5.0 1.125 0.159 5.39  1.7830.16 E-1
5.0 1.250 0.063 5.62 9,47+l.14 E-2
5.0 1.375  -0.044 5,91  4,2430.75 E-2
5.0 1.500 -0.161 6.27 2.6140.31 E=-2
5.0 1.625 -0.290 6.72 9.54%1,.10 E-3
5.0 1.750  -0.431 7.28  5.3530.97 E-3
5.0 1.875  -0.583 8.01  2.160.28 E-3
5.0 2.000  -0,748 8.98 1.1740.19 E-3
6.0 1.375 0.266 6.83  3.16%0.26 E-2
6.0 1.500 0.170 7.14  2.12:0.18 E-2
6.0 1.625 0.064 7.51 8.69%1.12 E-3
6.0 1.750  -0.051 7.97  3.60%0.37 E-3
6.0 1.875  -0.175 8.53  2.2740.28 E-3
6.0 2.000  -0.308 9.22 . 1.2930.19 E-3
7.0 1.500 0.452 8.06  1.34%0.16 E-2 -
7.0 1.625 0.362 8.40  6.69%1,05 £-3
7.0 1.750 0.265 8.79  5.5930,62 E-3
7.0 1.875 0.160 9.27  1.95%0.36 E-3
7.0 2.000 0.047 9.84 1.0230.17 E-3
8.0 1.625 0.626 9.32  4.88%0.50 E-3
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Particle

XVI.

applied to the subtracted data.
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Chi~squares for the integral fit when

The

errors have been adjusted as mentioned

in the text.

6 GeV

0.7 (14)
2.1 (15)
0.8 ( 5)
7.7 ( 2)

1.8 (13)

-

-
-

Chisq/DOF

for K =
8 GeV 10 GeV
0.6 (27) 1.0 (36)
1.4 (28) 4.1 (36)
1.7 (18) 1.0 (27)
0.9 (21) 2.5 (26)
5.0 ( 1) 2.0 (11)
2.6 (25) 4.8 (34)

(DOF)

13 GeV

1.2 (47)
1.0 (47)
1.1 (36)
2.3 (41)
3.5 (22)
1.2 (46)

17 Gev

0.8 (52)
2.2 (49)
1.0 (42)
2.0 (42)
1.7 (24)
5.4 (47)



Table XVIIL,

Prab Py
1.0 0.625
1.0 0.750
1.0 0,875
2.0 1.000
2.0 1.250
3.0 0.750
3.0 1.125
1.0 0,625
1.0 0.875
3,0 0.750
3.0 1.125
5.0 1.000
5.0 1.375
1.0 0,625
1.0 0.87%
4.0 1.000
4.0 1.500
6.0 1.375
6.0 1.625
1.0 0.500
1.0 0.750
4,0 1.000
4,0 1.375
6,0 1.250
6.0 1,625
8.0 1.626
8.0 1.875
1.0 0.500
1.0 ©.750
1.0 ©.875
4,0 1.125
4.0 1.500
6.0 1.375
6.0 1,750
B.0 1.625
8.0 1,875
8.0 2.125

P

2.6440.07
3.50%0.07
5,8640, 25
2,89%0.06
3,820, 40
2,2230.06
3.0330.14

2.5740.05
5.4130.20
2.20%0.03
2,6910.05
2.4610.06
2.8410.14

2,70£6.07
4,9410,15
2. 3310. )]
3,1440.15
2,78x0.12
2.9240.33

2,4420.03
3.2830.05
2.2410.04
2.5340.07
2.2820.06
2.7620.12
2.5940.11
2.8640,27

2,2240,031
3.2510.07
4.9040.12
2.3310.04
2.68+0.09
2.4230.07
2.54%0.14
2,47%0,10
2.4530.15

-

ot

1.5240.03
1.5240.03
1.7310.06
1.6330.05
2.4930.19
1.6240.02
1,7240.04

1.5740.02
1.6940.04
1.70%0.02
2.0020.08
1.9430.08
2.770,28

1.5740,02
1,61£0,02
1.7840.,03
1.8510.06
1,8310.04
2.02$0.10
1.8810.08
1.9740.18

1.7140.03
1.5040.04
1.6130.0%
1,7130.03
1.6840.06
1.8740.04
1.8740.09
1.87%0.10
1.7740.15
3.3640.55

K-
K. = 5 GeV

[+]
7.12¢3.02
7.3842.46
3.80%1.80

2.7310.93
4,2132.84

K

1.5620.03
1.6410.05
1.6740.03
1.7840,04
1.5740,03
2.4240.15

= 7 GeV

3.0310.80
2.93tl1.49
2.324¢0.20
2,01£0.30
2.0210.41
6.4315.19

o

K, = 9 GeV

e}

2.2810.10
1.9840.58
1,6340.43
2.1910,.41

K, = 15 GeV

1o
4.6540.81
5.21%1.28
2,0540.13
1.95¢0.15
1,8540.17
J3.2810.54
2.3040.32
4.52¢1.59

K, = 19 Gev

(]

16.2445.10
3.,8141.19
4.7541.78
1.9210.16
2.0820,.42
1.67x0.18
2,4310.42
1.9920.29
2.7840.49

Deuterium to hydrogen ratlos of the integral

K+

1.5740.06
2.0340.15

1,8620,10
1.8510.11
1.45:0.07
2.8940.36

1.8010.07
2.03%0.17
2.01+0.18
2.3610.42

1.9140.08
1.8140.12
1,5740.08
1.8040.17
1.9240.16
2,4210.37

1.70£0.09
1.7640.14
1,8340.09
1.8130.17
1.7430.17
1.8640,28
1.71%0.64

invariant cross sections

P

5.4144.16
6.3648.31

1.5910.32
4.5811.69
1.35+0.66
1,2940.46

-

2.69+0.29
2.22+2.14
1.8840.95
9.75¢35.8

2.20£0.24
2.9310.48
2.4010.41
2.5120.67
1,6520.43
1,4020.85

1.4920.23
1.6410.49
2.3940.42
1.7740.56
1.6410.52
2,31%1.14

-

B

1.8410.03
2.6840.03
12,.5740,45
1.8940.03
3.7410.13
1,7410.03
2,1940.03

1.7940.02
10.7140.33
1.75+0.04
2.0040.03
1.8530.03
2.3210,10

1.8440.02
7.09%0,15
1.86%0.03
2,2810.06
2.04+0.09
2.2430.16

1.67+0.02
2.26x0.02
1.8310.03
2.0410.05
1.9510.06
2.0410.10
1.9710.12
2,0720.20

1,9940.03
2.3830.04
2.5940.04
1.8740,04
1.904£0,05
2.07t0.06
2.0410.09
2,3240.13
2,1840.21
1.8640.33
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Table XVIII.

Particle

Fit of invariant cross sections at 90°

in the center-of-mass and a photon

energy of 12 GeV to the form a*e

a (ub/Gev?)

9.59+0,21
1.3940.31
3.8740.51
8.74+0.73
3.58+1. 30
8.76+0.36

E+2
E+3
E+2
E+2
E+4

E+4

b (Gev/c 1)

-7.3540.07
~7.5440.02
~7.7540.12
-7.56%0.07
~10.6540.27
-10.69+0,03

E+0
E+0
E+0
E+0
E+0

E+0

Chisq/DOF (DOF)

5.04
4.88
0.40
0.07
0.04
1.04

b*M

(11)
(11)
(11)
(11)
( 8)
(11)
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Table XIX.
experiment.
from reference 28.
go as (l/s)N.
Particle N N
(this expt.) (ref. 28)
m 8.97+0,13 8.6+0.8
at 9.2740,13 7.3+0.4
Kt 9.2040.,25 ~ 7
P 11.31+0.3 ————
10.1+0.1 7.610.7

s dependence of do/dt at xp=1l from an

extrapolation of the inclusive data of this

Also shown are some results

The value N is if one

assumes the cross section, dog/dt, to

Exclusive Process

(ref. 28)

7= Attt
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Appendix A -- Inclusive Kinematics

1. Inclusive Variables

In the study of inclusive reactions, new variables have

2

come into use. Feynman“ suggested reactions should scale in

a normalized longitudinal momentum variable in the center of
mass. This quantity is defined by x=PE/P;ax. At very high
energies, P;ax—->sqrt(s)/2, which explains why x is
sometimes written as Z*PE/sqrt(s). An offshoot of x is xg,
or x-radial. This normalizes the total center of mass

momentum in the same fashion that x normalizes the

*

longitudinal part. Thus xR=P*/Pmax.

Note that x ranges
from -1 to +1, while xp ranges from 0 to +1, with x=xp only
for P;=0.

To study the region near x=0 in more detail, one can

use the rapidity variable, y, where

(E4-pL) <A-1-1>

y =1 fn ———=
(E - Pp)

A useful property of vy is that, for Lorentz frames which
differ only in the boost along the collision axis, the
difference between the rapidities of the frames is a
constant. So, while the values of the rapidity plots may
change, the shape will not.

One of the variables used in fitting the data from this

experiment was the longitudinal mass, M;, defined as
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ML=sqrt(PT2+Mgetected). The normal exponential in Pq can
then be replaced by an exponential in M;, since M;-->Pq for
Pp>>Mzetecteds The reasoning behind the name longitudinal
mass comes from

ML =PT + M

Finally, there are a number of approximations arising
from the Mandelstam wvariables (s,t,u) that occur quite
frequently, and their origin will be shown here. Consider
the reaction A+B-->C+X (refer back to figure 2) in the
center of mass frame, where theta is the angle between the
projectile (A) direction and the outgoing detected particle
{C)e The masses of A, B; and C will be ignored in all
cases. Therefore, if P, is defined as the center of mass

momentum of A or B, and all non-invariant quantities are

assumed to be center of mass quantities,

) <A=1-3>
g = (PA + PB)
2 2
—EA +EB +2EAEB
=4 p 2
[a]
_ 2
t (PA PC)
=n.24+m? - 28 E + 2P.P. cos0
A c AEc afc

—2P0PC(1 - cos0)
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= - 2

2 2
B + L ZEBEC + ZPBPCcos{ﬂ - 0)

-ZPOPC(l + cos8)

= m

R

Various combinations of these quéntities give some of the

important inclusive variables mentioned above:

<A=-1-4>
ttu —"£'=-x
8 R
o
t - ) Pccose }
s P X
o
tu 2 2. _ 2
= PC sin 8 = PT

If the masses of A, B, and C are ignored, and M is used for
the missing mass (mass of X), then the Mandelstam variables
satisfy s+t+u=M2, or

2 <A-1-5>
M- t+u
s =1+ 5 )

Using the expression for (t+u)/s, one gets the approximation

that arises in, for example, the CIM:

{A~-1-6>
2
ﬂ—= l-x
s R

If one substitutes the expression for (t-u)/s in ean. A-1-4,
the resulting expressions are those that arise in Regge

applications:

2 <A-1-7>

Moo x+sE
s
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and

2 2u <A-1-8>

0|

2. Cross Section Equivalents

While the quantities quoted in this paper are invariant
cross sections, E d%VdP3, other differential cross sections
may be desired. By using the proper Jacobians, the
following relations can be derived, but for convenience will
merely be stated here:

<A-2-1>
e
3

dp

]

]
to
o1
B
L]
Q.
Q
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Appendix B -~ Bremsstrahlung Considerations

1. Bremsstrahlung Beams

While SLAC can produce a monochromatic photon beam,
this experiment used a bremstrahlung beam because (1) it
has a higher incident photon intensity than a monochromatic
beam, (2) it is easier to-produce and use, (3) understanding
the bremsstrahlung spectrum, it seemed possible to unfold
the integral curve, and (4) a bremsstrahlung subtraction
could always be done to get results approximating a
monochromatic beam. In the bremsstrahlung mode, the
electron beam strikes a radiator and generates photons
distributed in energy from zero to K, (the "endpoint energy"
or energy of the incident electrons). The resulting photons
hit the target, while any remaining charged particles were
swept away by a magnet into a beam dump.

The number of photons as a function of energy, K, for a
given.endpoint energy, falls roughly as 1/K. This is
generally written as

dn a(K,Kq) <B-i-l>
R R SR
where b is an overall normalization factor and a(K,K,)
describes the deviation of the spectrum from a 1/K shape.
a(K,K,) is defined such that a(K,K;) = 0 for K>K, or K<O.

Also, af(K,K;) will vary with radiator thickness and atomic
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number.

A typical bremsstrahlung curve for a(K,K;) is shown in
figure 33a, where K =19 GeV and a 2.5% copper radiator were
used. The dotted line corresponds to a(K,Ko)=l, which is
frequently a useful first approximation. The normalization
is chosen such that

1 <B=1=23

a(K,K ) - dcgi) =1
0

or equivalently,
K
0 | <B-1-3>

a(k,K ) * dK = K_

0

Photoproduction results from bremsstrahlung beams are
usually gquoted as yields per equivalent gquanta (EQ), where
the number of EQ is defined as EQ=U/K0. U 1is the total
energy contained in the bremsstrahlung beam integrated over
the duration of the run, usually measured by some
integrating charge or energy beam monitor (e.g. SEQ,
calorimeter, etc.). In the case of an SEQ, the total
charge, Q, is collected, measured, and calibrated to give
the total energy in the beam. Hence U is proportional to Q,
or U=c*Q,. Rewriting the definition of EQ in the form

U=EQ*K,, and applying conservation of energy gives
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K
- o, . dn <B-1-4>
U= f K K dK

=fK C o 2GR | g

Therefore b = EQ and

<B=1-5>
dK
dn = EQ °* a(K,KD) ‘X
2. Bremsstrahlung Subtraction

In doing a bremsstrahlung subtraction in the manner
described in Chapter III, the major concern is how much of a
contribution comes from outside the region from K; (low
endpoint energy) to K, (high endpoint energy). In figure
33b is shown a specific case which is representative of some
of the runs taken on this experiment. Plotted on the
vertical axis is (a(K,KZ)-a(K,Kl))/K, where K;=15 GeV, K,=19
GeV, and a 2.5% radiator is assumed. The dotted line again
represents the case a(K,K;)=l. For the proper choice of the
constant for «(K,K;), the approximate and more exact forms
would give quite good agreement for the range from K; to Kj.

In the range from K to Ky, it is evident that the

min

further below K; that K ;, is, the more low energy photons
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contribute. For this particular case, a value of Knin 2s
low as about 8 GeV has only a few percent effect if the
cross section is roughly constant. On the other hand, by
the time K_ i, gets on the order of 2-3 GeV, about 30% of the
photons are from the lower energy region. To check on the
contributions for a variety of Kminls' Table XX tabulates
the ratio of the number of photons in the interval from Knin
to 19 GeV to the number of photons in the interval from 15
GeV to 19 GeV, as a function of Kpjin:

<B-2-1>
K

19 19
[a(K,lg) - a(K,lS)] dk/K / [o:(K,19) - u(K,lB)] dK/K
15

Kmin

Again, this is assuming a constant cross section over the
energy range involved. If the cross section actually rises
as the energy falls, then the error will be worse, while if

it falls, the error won't be quite so bad.

3. Subroutine BREM

From a practical point of view, the computation of
a(K,K,) represented a significant overhead in the analysis.
Since each run would generally have a differen;:‘Kmin to K,
range for the bremsstrahlung integral in addition to any one
of about 6 or 8 different radiators, each run would require
a new set of o(K,K,) calculations. Therefore, rather than

use R. Early's bremsstrahlung program35, which is the



198
official SLAC bremsstrahlung program, an approximate
calculation used by Group F at SLAC was used. The Group F
version, hereafter referred to as BREM, had the double
advantage of being very quick, and also being written in
roughly the same computer language as the analysis program.

To verify that BREM was a reasonable approximation, a
direct comparison was made. The SLAC program was run to
obtain values of a(K,K,) for the case where K,=15 GeV and 3%
copper and aluminum radiators were used. BREM assumes a
radiator in the copper-aluminum region, so a 3% radiator and
15 GeV endpoint energy were put in and run for the same
values of K as the SLAC version., The results are shown in
Table XXI and indicate that BREM appears to be good on

approximately the 1% level.
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Table XX. Ratio of the number of photons in the interval

from Kmi to 19 GeV to the number in the

n
interval from 15 to 19 GeV as a function of

Knin using bremsstrahlung subtraction. For

convenlience, BS(Kl,Kz) has been defined to be

Ko
J. [¢(K,19) - a(K,15)) AK/K
Ky

Kpin (GeV) BS(K_in+19)/BS(15,19)
15 1.00
14 0.99
13 0.98
12 0.98
11 0.98
10 0.99

9 1.01
8 1.03
7 1.06
6 1.10
5 1.15
4 1.20
3 1.26

2 1.34



Table

14.5
14.0
13.0
12.0
11.0
10.0
9.0
8.0
7.0
6.0
5.0
4.0
3.0
2.0

1.0

XXI.
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Check of BREM as a suitable method for

generating bremsstrahlung spectra.

SLAC a(K,K,)

Al

0.8818
0.8830
0.8700
0.8575
0.8503
0.8498
0.8568
0.8716
0.8947
0.9262
0.9663
1.0153
1.0735
1.1411
1.2185

Cu

0.8899
0.8899
0.8763
0.8638
0.8567
0.8564
0.8636
0.8788
0.9022
0.9341
0.9748
1.0244
1.0831
1.1514
1.2296

BREM a(K,Ko)

0.8906
0.8879
0.8723
0.8592
0.8524
0.8529
0.8613
0.8778
0.9026
0.9358
0.9774
1.0276
1.0863
1.1536

1.229%6

SLAC/BREM
Al Cu
0.9901 0.9992
0.9945 1.0023
0.9974 1.0046
0.9980 1.0054
0.9975 1.0050
0.9964 1.0041
0.9948 1.0027
0.9929 1.0011
0.9912 0.9996
0.9897 0.9982
0.9886 0.9973
0.9880 0.9969
0.9882 0.9971
0.9892 0.9981
0.9910 1.0000
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Appendix C -- Data Corrections

This section contains the wvarious <corrections and
considerations put into the yieids to convert them to cross
sections. Estimates of systematic errors, where they exist,
are also included. Unless specifically stated, the
systematic errors are absolute and not relative. That is, a
20% correction with an estimated systematic error of 10%
means a correction of 20+410%, and not 20+2% (10% of 20%).

With this understanding, the corrections and errors are:

1. For spectrometer angles less than 649, the full target
length was seen by the spectrometer. The largest
angle data point run was 60°, hence no effective
target length correction made.

2., Since the computer needed several milliseconds to
process an event, more than one trigger per beam spill
resulted in computer deadtime. Scalers recorded the
total number of triggers seen by the OR circuit, and
the total number passed to the computer by the EVT
circuit. These scalé;s were readable by both the
computer and the experimenters. At the end of each
run, the computer automatically corrected the number
of events by the ratio of EVI/OR. This correction was
almost always less than 5%.

3. The theta and momentum hodoscopes, consisting of a

double row of scintillation counters, were 99%
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efficient. The X-hodoscope consisted of only a single
row of counters and was 98% efficient. The estimated
error on all hodoscopes together is 2%.

Particle loss by absorption in the target was between
1 and 2%.

Measurements showed that the lucite Cerenkov counter
was 98 to 99% efficient for particles above the
momentum threshold. For the gas'Cerenkovs, CT and CK'
measurements were made of detection efficiency as a
function of gas pressure. Cp was not very sensitive
to pressure differences once above threshold and was
always run at 98% efficiency. Cyg was more sensitive,
but was typically run in the 92 to 98% range. Also,
Ckg was run at a number of different voltage and
attenuation settings, not all of which had efficiency
versus pressure measurements. It was possible to
interpolate reasonably well, but a 3% systematic error
on Cx is assigned because of this problem.

Because of some concern over electron backgrounds, and
the discovery that sufficient beam intensities could
be achieved with a ~ pure photon beam, only the very
early data points were taken in the near targeting
mode (roughly half of the positive charge data at the
1l GeV endpoint energy). When electrons were brought
into the end station to strike the pre-target

radiator, a correction had to be applied to account
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for additional radiation lengths of material found in
the beam line due to beam monitors, vacuum windqws,
half the length of the target, and so on. A radiator
extrapolation done using the SKMN indicated the
equivalent of a 6.2% radiator in the beam line (which
would include the residual material in the beam as
well as the effect of electroproduction).

The SEQ, over all the endpoint energies and the course
of the experiment reproduced its calibration constant
to within roughly 1%. If not properly zeroed, leakage
problems with the SEQ would give beam currents 5 to

108 off the true value for 1low incident photon

.intensities. This effect was checked for and

corrected by making use of ratios with the other beam
monitors, However, the correction for leakage was put
in by hand, so SEQ leakage currents up to ~2% would

not be noticed. As a result, a 2% systematic error is

- assigned to the SEQ leakage correction.

A correction for pion and kaon decay-in-flight was put
in for the 23.8 meter flight path to the main trigger
counters,

Events would be rejected as ambiguous by the computer
if multiple tracks occurred in any of the three
hodoscopes. The principle sources of extra tracks
were (i) electron knock-cns caused by particles

interacting with the material in the counters and (ii)
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rate dependent effects in the fast electronics
(primarily random tracks per gate). Using the
hodoscope summary information on the number of good
and multiple tracks in each hodoscope, an algorithm to
correct for multiple tracks was worked out. This
correction was put in on a run by run basis and was
generally less than 25%. In general, this algorithm
seemed to work fairly well. Because of some observed
fluctuations in the 5-10% range and some doubts on
just how écgurate this method was, a 10% systematic
error was assigned.

At low momenta, range and absorption problems needed
to be considered. Comparing particle triggers from
the front of the spectrometer to triggers from the
back indicated a 163% effect for a lab momentum of 1
GeV/c. This effect was undetectable at the higher
momenta run in the experiment. This effect was seen
in a series of runs, and the estimated variance was
roughly 2%, hence a 2% systematic error on this
correction was assigned.

When S3 was in coincidence with 82, its coincidence
efficiency had to be taken into account. Because of
the flight path from S2 to S3, it was possible for a
particle in a good event to hit S2 and miss S3. The
53 efficiency was essentially 1.00 at the higher

momenta (~5~8 GeV/c) and dropped to ~0.75 at a
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momentum of 1 GeV/c. A 2% systematic error is
assigned to the S3 efficiency correction.

12. In putting in the density of the liquid target, a 1%
systematic error is assumed. This ié based on studies
done by the target group at stacl? in designing a
liquid hydrogen target capable of handling a high
current (30 ma.}, high enerqy (20 GeV) electron beam
with no greater than a 1% fluctuation in the hydrogen
density. Since the photon beam is not only at a lower
power level, but also spread over a wider beam spot,
the demands on the target should even be less.

13. While this experiment tried to used a well understood
portion of the 8 GeV/c spectrdﬁeter solid angle, there
is an estimated 5% systematic error that should be

assumed to cover the uncertainties involved,

As can be seen, the bulk of the systematic error arises
from the solid angle ‘uncertainty and the correction for rate
and knock-on effects. Adding the above systematic errors in
quadrature gives an overall systematic error of roughly 13%.
The effect of the systematic errors should be to basically
shift all the <c¢ross sections up or down, since the same

systematic errors are in common to all the data points.
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