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EXPERIMENTAL STUDY OF Ap AND = p INTERACTIONS IN THE RANGE 1- 10 Gev/c™
J. M., Hauptman, " J. A, Kadyk, and G, H, Trilling

Lawrence Berkeley Laboratory and Department of Physics
University of California, Berkeley, California 94720
ABSTRACT
P ' * F + - o_-
The reactions Ap - Ap, » Z pn , » Apt n and - 3 p have been

$tudied in the SLAC 82-inch bubble chamber for incident A particles in the

momentum range 1- 10 GeV/c. The incident A flux was produced by the exposure

.of a platinum target mounted inside the chamber to a 12-Gev K béam. A total

of 992 events have been analyzed. The reactions are found to be qualitatively

similar to corresponding nucleon-nucleon reactions, In particular, the slope

. . . d t ‘ .
in the elastic cross section <9 = AeB has been determined

parameter, B, T

as a function of incident momentum and found to be consistent with that for
proton-proton elastic scattering. Angular distributions for the inelastic
- .

channels are compared with those of similar nucleon-nucleon reactions, and

predictions of relevant exchange models,

*Work supported by the U. S. Energy Research and Development Administration,

*¥present address: Department of Physics, University of California, Los
Angeles, CA 9002k, '
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I. INTRODUCTION

The interactions of pioné, kaons and nucleons with protons have beeﬁ
extensively studied and analyzed in the momentum range below 20 GeV/c. By
comparison very little is known about the hyperon-proton interactions, prima-
rily because of the shortness of the hyperon lifetimes, which correspond to
decay pathlengths of.a few centimeters for hyperon momenta éf several GeV/c.
An improvement on the relatively modest sample of hyperon-proton interactions
requirés_a substantial increase iﬁ one or more of the following factors: the
integrated hyperon flux, the density of hydrogen or the hyperon decay length,
Since the meanbdecay_length is proportional to the momentum, the available
decay lengths aré limited by the energy region under study. It is not known
how to appreciably increase the density of hydrogen over that available in a
liquid hydrogen target or a bubble chamber, Hence, the only reasonable possi-
bility appears to be the first: either longer experiments, higher fluxes or
both, |

In the experiment deécribed here, a techniqte is used which enhances_
the‘fqu of A particles., A beam of high-energy K particles strikes a platinum-
plate target mounted inside a large, hydrogen'bubble chaﬁber. ‘The hyperons
prodﬁced,inside the target by K—ePt Aucleus interactions usually emerge into
the bubble chamber volume where they can be observedvto interact occasionally
with protons, The K interactions in the complex nucleus frequently produce
A particles (o(K p - A + anything) = 1.8 mb). In addition, other hyperons
will, as g rﬁgult of intra-nuclear collisions, often produce.A particles as
well, Amdbng the stable hyperons, the A has a relatively long lifetime and
has two othér properties making it an attractive choice for experimental
investigation: it exists in a pure I = O state, and the A decay A - pn-

is especially well-suited to experimental identification and measurement,
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In order that the produced A emerge from the target with high probability,
it is necessary that the térgef thickness be small compared with a decay length,
We chose to study Ap interactions above 1 GeV/c, since thé raﬁge below 1 GeV/c
has been previously investigated [1]. These goalg.were'achieved in the present
experiment by use of a 12—Gev/c K beam at SLAC, striking'a platinum target
of one interaction length thickness mounted inside thé SLAC 82-inch hydrogen
bubble éhamber [2]. The resulting A momentum spectrum has a mean of 2,2 Gev/c,
corresponding.to a 15-cm decay length, Hence, aboﬁt 75% of the produced.A's
escaped-from the plate before decaying. The relatively high momentum of the
A would ﬁot be expected from peripheral production in K- -nucleon collisions,
but at such high energies aé these the pfoduction of A's is dominated by high
multiplicity reactions, which are in turn associated with nonperipheral
~ behavior [3].
Below is a-list of the reactions analyzed in this paper along with the

number of events of each type:

Reaction Number of events

Ap-— Ap (elastic) 584 : . (1)
o - ent 132 (2)
Ap - Z+pn_ \ 60 _ (3)
AP > Apr'w 181 | (4)
ap > =% H (5)
various Eop interactions | - 25

II, EXPERIMENTAL TECHNIQUES

A, Data Collection

The experiment consists of 500,000 photographs with a platinum plate

target mounted in the central plane of the chamber, The plate was 3 inches



- LBL~5541
thick in the beam direction, 10 inches wide (horizontally) across.the chamber,
and 3/h inch high, The beam was altered soméwhat from its usual optical
confiquration in order to obtain a K beam image at the plate only 3/8 inch
high, and about 6 inches wide,

The élate was mounted downstream 6f the entrance window, so that about
2- 3 inches of beam track was visible upstream of the pléte; this permitted
the veftex of the Kf interaction, which is the A origin, to bebrecbnstructed
from the incident beam track as well as from outgoing secondary tracks emérging
from the plate. A large horizontal dispersal of the beam at the plate was
found to be important in avoiding confusion from adjacent tracks ip origin
reconstruction, and in reducing the general background of secondary tracks
immediately downstream from the plate. There were on the average about 6 beam

tracks per picture, of which about 4.5 were K and the remainder were p énd

% . A decay A - pn_ .was seén about every 5 pictures,vanq during the course
of the experiment about 150,000 A were produced and entered the visible'region.
All but about 2% of these decayed without interacting with a progon in the
liquid hydrogen, - A sample of T% of these free decays were used to dete:mine
the A beam flux and momentum spectrum, In the present experiment,'a broad
spectrum of A momentum results from production in the ?latinum plate, as shown
in fig, 1, This spectrum was used to obtain the cross sections for reactions
(1) - (5).

The identification of specific reactions relies upon kinematic reconstruc-
tion of the event, since signatures from the film scan, such as ionizatién,
decays, etc., are not always present, and usually contain a selectién bias.

The reactions (1) - (4) which supplied most of the events in the present analysis
belong to the highest constraint class, and the background from topologically
similar reactions wasAsmall.

The origin of the incident A in the platinum is
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determined from incoming and outgoing charged tracks so that>the only quantity
not directly measured is the magnitude of the A momentum, Reactions
(1)~ (4) are overconstrained‘b? three kinematic equations, and are éalled three-
constraint (3C) fits, Reaction (5) has only one constraint (1C) but there are
very few ambiguities with other reactions of similar topology, providing the
incident A momentum is below about 1.5 GeV/c. For about 25% of the events,
the origin did not reconstruct well, and the loss of the iﬁcidenf'A direction
measurement reduces the events from reactions (1) - (4) to the one-constraint
(1c) class, and such events from (5) cannot be analyzed, The total number of
'Ap events analyzed is 992, which reﬁresentsvabout one-third of all Ap interac-
tions observed., Thus, the unanalyzed Ap reactions, which generally lie in
lower constraint classes due-to one or more neutral secondary‘particlés,
constitute a background from which the reactions (l):-(S) must be separated;

About 65% a$ many Kg - n+n_ decays are observed as A - pnf decays,
and the sz interactions contribute a non-negligible background in the selécf
tion of Ap interactions, especially for the less well-constrained reactions.
However, for the more_highly constrained reactions (1)- (4) this background
is small compared with the statistical uncertainty, and is not a serious problem
in the analysis, |

An appreciable number of hyperons other than A emerge from the plate,
Relative‘to the A flux, the followiﬁg hyperon fluxes are observed in the
chamber: Zi(~ 0.1), = (0.015) and @ (0.0002). The = and Q are observed
with relatively high efficiency by virtue of their decay to A particles, and
are found to have average momenta somewhat higher than that for the A: Qﬁ(h.?
Gev/c), E_(3!7 GeV/c), cf, A(2.2 GeV/c). The charged 5 hyperons are much‘more
difficult to find in scanning, being detected only by the change of track

: . R e
direction as the incident hyperon decays to the secondary: % —» s n, or
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Z+ - pno. The decay angles are quite small for the high.momenta considered
here, and 2— intgraétions and decays are easily confused with similar reac-
tions induced by K beam particles, For these reasons, an analysis of the
Zip interactions was not done, A small number of Eop interactions have been

observed and will be discussed in Sec. IV.

B, Scanning and Measuring

The film was scanned for all interactions induced by neutral particles
in.which the decay'ofva charged or neutrai strange particle was observed among
the secondary particleé. All of the candidate events found were cérefully
re-examined by a more experienced scanner to confirm their identification,
and instructiéns for their measurement were prepared. The events were then
measured using projectors with film plane digitization online to an IBM TOhL
computer, In addition to measuring the tracks partiéipating in the hyperon
interaction, measurements were made of tracks associated with hyperon origins
in the target. Entering beam tracks and all minimum ionizing tracks leaving
the plate were measured if they were associated with an interaction in the
platinum, In each view, these target-associated tracks were fit to circles
which were propagated through the plate, including multiple scattering errors
and energy loss correction in a search for potential A origin points, In the
case of A origins resulting from beam track interactions in the liquid hydrogen,

‘the K interaction point was measured in each view, These view-by-view vertex
pointé were passed to TVGP for ﬁse in the three—dimensional reconstruction of
the origin, All kinematic solutions having confidence levels greater than ;%
were ekamined at the scan table for consistency of particle ideﬁtification
Qith bubble density information. The consistent solutions were used in thé
subsequent analysis,

In order to estimate the scanning efficiencies, 30% of the film was scanned
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tWice; and a smaller fraction was done a third time, We find an appreciable
spatial'variation of the scanning efficiency.along the beam direction for all
topologies. A drop in efficiency is observed near the plate due to obscuration
by secondary particles from the K -Pt nucleus collisions, and a soméwhat émaller
decrease in efficiency is seen in‘thé downstream ‘half of the chamber whererevents
- seldom occur, The usual assumptionfthat each event has the same a priori proba-
bility of béing.found by‘a scanner is not a good aséumption inAthe first few
centimeters downstréam of the platinum target [4]. These efficiency variations
aléng'the beam direction have been taken into account iﬁ the subsequent»analysis
dfithé data,

>Cer£ain other biases also require efficiency corrections, The elastic
reaétion suffers from loss of events due to the unrecognizably éhort recoil
proton tracks at low momentum transfer (< 100 MeV/c proton momentum), This
loss has been corrected by an extrapolation to t =»O,Vusing the measured
moméntum—dependent elastic slope barameter. This correction is largest at
the highest momentum, where it amounts to about 7%. The scanning efficiency
for Zi hyperons is biased both by the short decay leng?h and small angle decay
losseé. The short decay length losses are'correctedvfrom the proper-lifetime
distributions, and the small angle decay losses from a study of'thg center-of-
mass decay angular diétribution which should be isotropic. Together these
correctiéns amount to about 15% for Zi decays.i The decay mode Z+ - pno is
not used in any cross-section determination because of its low deﬁection effi~
ciency due to the small angle_decay. |

The fiducial volume for all primary and secondary (decay) vertices was
taken to be 40 cm in x (perpendicular to beam and camera axis), 156 cm in y
(along beam direction), and 21 cm in z (along camera axis, chamber depth)

inside the 82-inch hydrogen bubble chamber,
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C. Background |

Sources of background result from other reactions incorrectly fitting one
of the reactions (1) - (5). The event giving the incorrect fitAmay be produced
by an incident.io, an incident fast neutron, or an incident A, There is little
ambiguity between Kg - n+n_ and A - pn_ decays, s§ that backgrounds result
mainly from‘misidentification of charged secondary particles and a kinematic
overlap with reactions simiiar in topology to (1) - (5), but having one or more "
7%'s. For reactions (1) - (4) backgrounds are small because of their high
constraint class, 3C.| Reaction (5) is a 1C fit, but the resolution is suffi--
cient to separate it well from the background for incident A momentum less than
about 1.5 GeV/c, the only region.where fhe cross section appears to be substantial.
for (5). Monte-Carlo simulation of various pptential background reactions has
confirmed that very few will make successful fits to reactions (1)- (5).

éross séctions were determined from the sample of successfully fitted

. events, suitably corrected for efficiencies and escape loss as discussed above,

by normalization to the pathlength of the incident A beam,

D. The Incident A Spectrum

The determination of cross sections requires an accurate knowledge of

the flux of the incident A beam:

A

g = -
..pNO

ot 1~

where N = number of events (éorrected), N = Avogadro's number, A = atomic
weight of H, p = hydrogen density, and L = total A pathlength., Here the flux
is contained in tﬁe factor L., The quantities g, N and L are all funcﬁions of
the A momentum, p. The distribution, L(p), of pathlength as .a function of
momentum is obtained by summing the A decay lengths for all observed free

decays within each interval (Ap)i,
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N, '
.l

J=1
where the sum is over the Ni events in the momentum interval (Ap)i centered
at P This is equivalent to obtaining the spectrum of A momentum, dN/dp,

and multiplying by the corresponding decay lengths,

The spectrum, and hence the pathlength distribution, was determined by

‘measuring a small fraction, 0,0667, of free A decays, sampled uniformly through-

' - (o]
out the data. These decays were fitted to the 1C hypotheses A - pn , KS -

+ - ' + - . ' . . .
nmw, and y - e e . The resulting A momentum and pathlength distributions
are shown in figs, la-b. -These distributions are also corrected for scanning

. - . o . . s ~ . .
and measuring efficiencies, KS—A kinematic ambiguities, and the branching ratio

" for the visible decay mode,

R(A - pﬁ_) = 0.6 .

The pathlength distribution in fig. la has been scaled from the sampling frac-

~ tion to give the total A pathlength observed in the experiment,

III. Ap INTERACTIONS

A, Elastic Scattering, Ap > Ap

The elastic cross section for Ap scattering has gross features similar
to either pp or np elastic scattering. This cross section is displayéd in

fig. 2 in seven momentum intervals of equal A pathlength over the range from

' . N a a
0.4 to 10 GeV/c. The differential elastic cross sections -ag and -a% are

displayed in fig. 3 as functions of incident A momentum, and one may note, in
particular, the rapid variation in shape of the distribution in cos 6% as the
elastic reaction proceeds from nearly isotropic to highly peripheral scattering.

Fits of the differential cross section in t to the form

Bt
QQ = Ae

T , 0.0l = - t(c;ev/c)2 s 041
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exhibit a shrinkage of the elastic-diffraction peak very similar in both magni-

tude and momentum dependence to that observed in pp elastic sdattering. These

fitted slope‘parameters are shown in fig., 4, together with pp slope parameters

fitted by the same élgorithm over the same range of t. Care has been taken in

the detérmination of the Ap slope.parameters to avoid a kinematic bias which -
can be introduced by averaging data over a finite range in.A center-of-mass -
momentum, The bias is.a result of the cos 9* distfibutibn being mapped onto
different regions of t for different center—éf—mass momenta. We have corrected

for this by transforming t, for each event in a given A momentum bin by the -

X . . *
Jacobian of the transformation relating cos 6 to t:

where q is the center-of-mass momentum of that event, and q, an appropriate

n
average over the momentum bin, q, = .Zi qi. It is clear from fig. 4 that
) s

n
within errors the Ap and pp slopes.ére in agreement, These results are also
compatible with those of ref, [2]. |

" The polérization of the finél state A in the elastic reaction has been
measured over the center-of-mass angular range 0.30 = cos 6% 5 0.95 by using
the known decay asymmetry of the A, and the results are shown in fig, 5{ The
A polarization is found to be small and cohsistent‘with zéro. vAveraged over
the fange 1-4 GeV/c, the A pélarization is (P) = 0.03%0,12, By.contrast,
the proton polarization in pp elastic scattering is 0.20-0.40 in the 1-4 .
GeV/c range as shown in fig. 5, and the corresponding average for protons is
0.28 [5]. A possible explanation of this difference in behavio; is contained
in the model of Arnold and Logan [6]; which predicts that the primary contri-

bution to NN polarization is due to A_, and not ®, exchange interference with

2,

the pomeron., Since the isospin singlet nature of the A forbids A exchange in

2

the elastic reaction, this model would suggest a suppression of the A.polarization,
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The question of cusp-like or resonant behavior in thisrcross éection neéf

the threshold'for the ‘reaction Ap — Zop has been of some interest since the
‘original paper of de Swart and Dullemond [7], and later aﬁAlyses by the same

group, However, in.the present data there seems to be no evidence for such

N

éffécts, as can be seen from fig, 6,

B. Ap > Zipni'
The an'feactions (2) and (3) are the simplest inelastic Ap interactions
" in the 3¢ constraint class, and meaéured cross sections for these are shown
in figs. Ta and Tb,
' Reactions (2) and (3) are especiélly'interesting for poﬁential insight
" “into the mechanisms of inelastic Ap processes. Some of these ekpected to be
présent are indicated by figs, 8a-g. Since the ¥ has an isospin df’unity,
6ne expects pion exchange to play a prominent role in réadﬁion (2); as, for
éxample, in fié. 8e. This should result in strong AT+ fprmation.as well as
peripheral production of the ¥ . Similar behavior is expected for 2+, reaction
'(3), fig. 8a, except'that here the A° is formed with a weaker coupling than
was the AT+ in reaction (2). Figures 9a and 9b show'the sqﬁare of the effective
"masses for the baryon-pion combination; and figs. lOa.and 10b give the angular
distributions of the 5, These distributions generally fulfill the expected
behavior.
As indicafed by figs. 8b and 8f, a Y* resonance may be formed at the top
.vertex from exchange of either‘isospin zero Or one, Althéuéh the (an+) mass
plot seems to show a peak in the vicinity of 1400 Mev, this is probably a
reflection of the Aﬁ+, éﬁd theré is no conclusive evidence for Y* production,
Howevér, some appreciablé amount of Y* production cannot be excluded by these
results,

K or K* exchange would result in backward production of ¥ (see figs, 8c-d
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and 8g). However, as can be readily seen, this would constitute a double charge
exchange in the case of reaction (2) (fig, 8h), and is presumably suppressed.
However, there is no such inhibition for reaction (3) (fig. 8d), and this fact
méy explain.the suggestion of a backward peak in this reaction which is absent
for reaction (2).

Reaction (2) may be mediated by the same exchanges as the pp reaction

pp > nprn . ~ (6)

In parficular, a Ar+ may be formed at one vertex by s exchange, while only
much weaker resonance production can occur at the oﬁher vertex (figs. 8e-f). A
comparison of the cross sections for these is made in fig. Ta. The cross section
fo; the pp reaction has been scaled by a normalization factor 0.18 ‘obtained
from a fit to the ratio of these cross sections at the same final state Q-value.
The comparison was done in this way to help remove kinematic effects near
threshold due té the A-Z mass difference, The general shapes of the plots

are seen to agree well.

The relative magnitude of the cross sections are related by SU(3) couplings,

. . +
A¥n and NNx, at the upper vertex, the lower vertex being dominated by A +.
While the former is purely symmetric, the latter has mixed symmetry, and the
relative amount of each coupling is related to the ratio of cross sections as.

o(Ap —» AT

.2
(1 - £)
O(PP - n£T+)

wlr

2

1 exchange

where £ = is the ratio of antisymmetric to (symmetric plus antisymmetric)

F+D
couplings., A calculation of f from the best fit for the ratio of cross sections
gives

f=o0.48+0,07 .

This value is in reasonably good agreement with several other determinations [8],

as indicated in fig., 11,

O
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A similar COmparison between reaction (3) and np — ppn is made in fig.
Tb. Here several exchanges may contribute to comparable degrees, and it does
not séém possible to méke.a convinéing argument about the exchange mechanism,
However, as indicated in fig, Tb, the cross sectidn for vnp'—a ppn_ seems to-
agree weilvin shape with the cross section for reaction (3).

Angular distributions of the Jackson angle, cos ¢, and thé Treiman—?ang
angle; ¢, for Ap - AT are shown in fig, 12, Although it is clear that
neither distribution agrees well with predictiohs for pure pion.exchange, there
are similarities between” the aistributions for reaction (2) and tﬁe correspdnding

. PP reactionv[9] shown- as dashed curves,

c. Ap —> Apn+n_

'The cross section for the two-pion production reactioﬁ (h); Ap - Apn+n_;
is displayed in fig. 13, in which the solid curve superposed is a.représenta—
tion of the np - npn+n— cross section obtained from the literature. These
two crosé éections are equal, within experimental uncertainty, at all‘momenta
from threshold to 10 GeV/c.v

This reaction procéeds partly through the quasi-two-body process:

Ap > %) 2850036 -

This may be seen by examining the (An) and (pn) invariaht masé distributions
in figs. 1k and 15. For incident A momentum of 3-5 GeV/c, where reasonable
statistics are available, an analysis of these‘mass distribptiops has been
made assuming that;they are a sum of ‘a Lorentz invariant phase space and a

and A resonant states., Estimates

1385 1236

of the relative contribution of each of these parts was obtained, and the solid

p-wave Breit-Wigner for each of the X

lines of fig; 16 are the result of these determinations. The lower curve on
each plot is the contribution of phase space alone, and the upper curve is the
sum of phase’ space and the fitted Breit-Wigner. The results of these fits are

given in table 1,



-1h- o LBL-5541
In addition to the mass distribution‘analyses of the preceaing paragraphs,
we have examined the hypothesis that the reaction (4) proceeds by single pion
exchange, The Gottfried-Jackson and Treiman-Yang angular dependences at the
prd vertex, agree reasonably well with this hypothesis, as is seen in fig, 17,
With the exception of the point at cos g~ - 1,0, the experimental distribu-
tions follow closely the expected ones:
Iw(cos a)[2 « 1+ 3 cos® a
and
'W(Q)I? « constant .
These results show that the double pion production reaction Ap — Apn+n— is
qﬁalitatively similar to double pion production in nucleon-nucleon scattering

in cross section, resonance production, and single pion exchange characteristics.

D. Ap - Zop

The cross section for reactiop (5) rises sharply above threshold (PA =
0.642 GeV/c) to a peak of about ~ 8- 10 mb (at Py~ 0.85 Gev/c), and then
falls rapidly. This result agrees with that of an“earlier experiment, as ﬁay
be seen in fig..lB.’ Although this reaction is not highly constrained (1c at
the production vertex), there are very few ambiguous evénts for PA 2 1.5 GeV/c,
and we believe that the background ié small.

A comparison can be made beﬁween the cross-section for'réaction'(5) and
the reaction

2—p - An

by assuming SU(2) invariance and detailed balance to transform to-the equivalent
A momentum, Such a comparison is shown in fig. 18, and there is seeﬁ fo be>
only_crude agreement between the different experiments [9], the £ p data lying
systematically lower in the region of the peak,

In fig. .19 1s shown the production éngular distribution for reaétion (5).

~

Here we have included data from an earlier Ap experiment [10], and the A momentum
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has been restricted to lie below 1.0 GeV/c, to show the strong effect of partial
waves higher than S~wave entering, even closevto threshold, The shape of this .

distribution suggests the presence of an appreciable P-wave component,

1v. ="p INTERACTIONS
. -0 . . . . . .
Twenty-five T interactions (table 2) have been unambiquously identified,
These correspond to a cross section of about 21 mb averaged over the Eo momentum

range from 1,5 to 12 GeV/c.' This cross section estimate was made assuming that

both the number and spectrum of = hyperons produced are the same as those for

the = hyperons observed in this experiment, and the =° pathlength distribution
based on this assumption is shown in fig., 20, This Eo pathlength distribution

is obtained from the corresponding = distribution by multiplying 'the ordinates

‘ : : . . . _.._0 — . ' .
by a factor equal to the lifetime ratio of = and =Z . Previous experiments

reporting =N interactions at lower energies are noted in fef;'[ll].

0 . . ‘ oy . C
The = p interactions observed which yield a final state having a = or

: . . . - _O .
‘two hyperons are given in table 2, where the incident = momentum is listed

for each event; also,'the corresponding cross sections averaged over all momenta
are. given, The distribution of incident =° momentum values for these events
compared with the flux giveﬁ in fig, 20 indicates that this part of the total
cross section is roﬁghly constant in Eo momentuh.

An examination of table 2 indicates that, apart from reactions such as
Eop Y EoNn, our ensemble of reactions represénts nearly the wholé of the

. . .0 . . . ' : . ' .
inelastic = cross section in this energy region. We make this assertion on.

the basis of the Ap data [3] and nucleon-nucleon data in which the three- and

four-pion production cross sections are only 10- 15% of the one- and two-pion
production cross sections. In addition, there are many candidates for the

. -0 e . . . ' : . .
reactions = p - YKN + pions, but this class is totally ambiguous with the

class np — YKN + pions, since the K, K states both decay visibly as a
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Ki - n+n_. The available phaée space for the former is only slightly larger
than for the latter; and we have assigned these events to thé np class since
the n flux is mﬁch larger than the EQ flux. 1In the Ap feactions we have found
that £he cross sectibn for Ap - KNN + pions 1is guite small, and it is

expected that the YKN final state is similarly only a small part of the Eop

- . N -0 O _o© o) o+ .
interactions, If the missing channels = p - = pn and = p -» = ng (w1th
or without additional pions) are assumed to have cross sections roughly equal

to the first two listed in table 2, then an estimate of the total inelastic

EQp cross section is about 25 mb from 1.5 to 12 Gev/ec.

V. CONCLUSIONS
In ﬁhe present experiment, we have studied the high momentum behavior of
~the Ap interaction in the elastic and four inelastic reactions; and have found
théﬁ to be qualitatively similar to the corresponding nucleon—nucleQn reactioﬁs.
The differential elastic Ap cross section is very similar in shape and - momentum
~dependence to the pp cross section, implying that the general features of the
A-proton and nucleon-nucleon interaétions are very similar, The inelastic
channels proceed predominantly through single pion exchénges, and resemble
corresponding.nucleon-nucleon eXchahge processes. Finally, the Eép total

inelastic cross section is estimated to be approximately 25 mb.
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T_a_ible 1. Mbmentum—évéraged cross séctions in the reac-
tion Ap - Apn+n_ for incident A momentum 3 to 5 GeV/c,
Reaction o (mb)
. + -
Ap - Apn = . 5.09+1.0
Ap > Am AT 1.20+ 0,70
Ap o Ax 1 0.20%1.0
- +
+
Ap — 213859n 1,40+ 0,50
Ap > b 1.0 0.4
AP - 1385911 . * 0O,
A N 0.76+0
P = 2385 .76£0.35
po > 5o 00 0,12% 0, 3k
P2 %1385 e
Table 2, Eop intéractions and cross sections,
) . Number
. Number of '~ corrected
Reaction events Pzo values (Gev/e) . by su(2) o (mb)
o —  + ‘ » ‘
Zp > = pn 5 2.h2, 2.69, T.22 7.5 3.1+1.4
3.86, 2.65
=% - Z pr (nn°) 2 514, 3.36 3.0 1.240.9
=°p > M 2 2.66, 2.02 v k.5 1.9+ 1,1
=°p » Mx'(0n®) 2 6.10, 8.87 1.5 1.9+ 1.1
=% > M n 1 4. 82 , 2.2 0.9%0.9
=p » Az’ 3 3.43, 2.22, 8.17 . 6.0 2.5%1.5
=p 5 A (nn°) -3 5.74, 8.80, 2.17 9.0 3.7%2,2
_o + + - L :
Zp > Maax 3 8.99, 3.98, 3.88 6.0 2.5%1.5
=p > A x 3 h.71, 3.87, 6.61 4.5 1.9+1.1
=5 5 T 1 W49 2.0 1.2+0.9
49.2 21 + U

25
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FIGURE CAPTIONS
Fig., 1. (a) The A pathlength distribution for the entire experiment; (b) the
measured.A mowmentum distribution in a sample of the data,
Fig, 2. The Ap —» Ap elastic cross section from 0,5 to 10.0 GeV/c A labofatofy
momentum. The solid line represents the proton-proton elastic cross section
for comparison, ‘and the dashed line represents the Ap elastic cross section

‘below 0.5 GeV/c.

Fig. 3. (a) The Ap elastic differential cross section in millibarns per steradian
averaged over five regions in A laboratory mémentum; (b) the Ap elastic
differential cross section in millibarns pef (GeV/c)e'of momentum transfer
squared averaged over the same five regions of laboratory momentum,

Fig. I, The Ap elastic slope paramete; B from fits of the elastic differentiali

‘cross section in t to the form AeBt, for 0.0l s t (GeV/c)2-§ 0.41. ‘The pp
elastic slope parameter fitted in the same manner over the same t rangé.for
data in the literature is showﬁ for comparison,

Fig. 5. The Ap elastic polarization averaged over three regions in A moméntum
and averaged over a range in center-of-mass scattering angle in which the
nucleqn—nucleon polarization is large and of one sign, The éolid curve is
a representation of the pp elastic polarization avefagéd over the same
angular range,

Fig. 6. The Ap elastic cross section in lOO.MeV/c momentum bins.at the low end
of our momentum spectrum, No elastic e&ehts were observed below 300 MeV/c.
Fig, 7. (a) The Ap - 2_pn+ cross section measured in this experiment, (b) The
Ap - Z+pﬁ_ cross seétion. The solid lines are representations of the cross

sections for pp - npn+ and np — ppn— plotted at the same Q values as
the correspondihg Ap - Zpm reactions.‘ The pp —>_npﬁ+ cfoss section

has been scaled down by the factor r = 0,18 (see text),
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Fig. 8. Possible exchange diagrams contributing to the reactions Ap - % pn -
and Ap _>"2_én+, and to similar nucleon~nucleon reactions,
. } : . v_+ .
Fig, 9. (a) Dalitz plot for the reaction Ap - % pn . Note that the density
of events in this plot would not be uniform even in the absence of resonant
production since these data are summed over an incident A momentum spectrum
which populates regions of this plot unequally; (b) Dalitz plot for the
' s + - '
reaction Ap - ¥ pn .
' i + . . . -
Fig, 10, (a) Distribution of the 3 production angle in the reaction Ap — Z+pn ;
: - o . o U
(b) distribution of the ¥ production angle in the reaction Ap - £ pn .
Fig. 11. Measurements of the ratio of the antisymmetric to the (symmetric plus
antisymmetric) su(3) couplings at the NNj vertex from this experiment and
from other previous analyses,
Fig., 12. (a) Distribution of the cosine of the Jackson angle at the ASn vertex
in the ti A sart
in e reaction Ap - 12367

pion:exchange; (b) distribution of the Treiman-Yang angle for the same. data,

assuming the reaction is mediated by single

The dotted lines are representations of data obtained for the reaction
pPp - n£;+ at 5.5 GeV/c. |
Fig; 13, Cross section for the.two—pion production reaction Ap - Apn+n—.
The sélid line is a representation of data in the literature on the cross
section for np - npn .
Fig. 1, Triangle plot of the baryon-pion mass combination (An_) égainst the
mass (pn+) in fhe reaction Ap — Apn+n_. The density of events in this
plot would not be expected to be uniform even in thé absence éf resonant
production since the distribution is summed pvef the A momentum spectrum,
which populates regions 6f'the triangle plot unequallj.
Fig, 15. Triangle plot of Méss(An+) against Mass(pr ) in thé reaction .Ap - Apn+ﬂ-.
Fig. 16. Baryon—pion.mass spectra in the reaction Ap — Apn+n— fit to A1236

or 7, Breit-Wigners plus. phase space,. restricted to incident A momenta

1385

between 3,0 and 5.0 GeV/c. Curves represent phase space and (phase space +

Breit-Wigner), (SeeAtext.)
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Fig. 17. (a) Distribution of the cosine of the Jackson angle at the prA

vertex in the reaction Ap —» I (b) distribution of the Treiman-

1385°1236°
Yang angle for the same events, The dotted lines are the expectations of
single pion exchange in the reaction,

Fig, 18, Cross section for the reaction Ap - Zop. The thin-lined data are
the measurements of Kadyk et al. [lO], and the dashed d&ta_are the expected
cross sections from measured Z-p —- An cross sections using su(2) symmetry
and the principle of detailed balance.

Fig., 19, Producﬁion angular distribﬁtion of the zo in the reaction Ap — 2Op.

Fig. 20, Estimated EO pathlength distribution in this experiﬁent assuﬁing that

. _O '
both the number and momentum spectrum of = are the same as those measured

for Ef in K Pt nucleus collisions at 12 GeV/c.
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