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A sample of 3567 events of the reaction n p —z z+n was obtained from the measurement of
about 50 600 two-prong events in an exposure of the Brookhaven National Laboratory 80-in.
hydrogen bubble chamber to an 8-GeV/c 7t beam. The production and decay angular distri-
butions for the p were studied comparing with the predictions of the absorptive one-pion-
exchange and vector-dominance models. The production and decay angular distributions of
the f were also analyzed and compared with the prediction of the gauge-invariance model.
A study of the 7t+7t mass distribution suggests an enhancement at - 2100 MeV.

I. INTRODUCTION

The single-pion production process has long
been of interest for the study of 7trr scattering and

resonances; and more recently the details of p'
production and decay have taken on particular in-
terest in connection with tests of the vector-dom-
inance model (VDM). A number of recent theoret-
ical papers' ' have brought forward refined treat-
ments of one-pion-exchange models and of VDM.
Some of these works emphasize the importance of
data at very small

~ t~ (invariant four-momentum
transfer squared).

In this report, we present an analysis of 3567
events of the reaction

in 8-GeV/c n P interactions. These data were ob-
tained in three separate measurements done at the
University of Notre Dame, the University of Penn-
sylvania, and Tohoku University. In this report,
we treat a data sample 50'%%uq larger than that used
in a previous report on this experiment, ' and we
have carried out some additional kinds of analysis.
Topics of particular interest include a comparison
of the details of p production and decay with par-

ticular reference to the behavior at small
~ t~, and

with a view to making comparisons with the ab-
sorptive one-pion-exchange model (OPEA) and the
VDM. We have also examined f ' production
and decay, and compared with a gauge-invari-
ance model; and finally, we have reexamined ef-
fects in the 7tw system corresponding to higher-
mass resonances.

II. EXPERIMENTAL PROCEDURE

The data reported here were all obtained from
exposures in the Brookhaven National Laboratory
80-in. hydrogen bubble chamber. The Notre Dame
group measured 50000 pictures with an 8-GeV/c
m beam. The Pennsylvania group and the Tohoku
group shared an exposure of 100000 pictures ob-
tained by the Pennsylvania group with a 7.9-GeV/c
m beam. The measurements carried out by Notre
Dame and Pennsylvania have been published pre-
viously. ' The Tohoku group completed the two-
prong event measurement of the Pennsylvania ex-
posure.

In total approximately 50 600 two-prong events
have been measured and analyzed by the three
groups. From these analyses, we have identified
8567 events of reaction (1).
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At Tohoku University, 17 500 two-prong events
which satisfied various criteria for measurement
have been measured on a film-plane digitizer and
image-plane digitizers. The missing-mass-
squared distribution for w P- m w'(M ) was
studied' to estimate the cross section for reaction
(1). The total cross section for all r P interac-
tions at 8 GeV/c was obtained by considering the
pion path length, the density of the expanded hydro-
gen, the number of events of all topologies, and
the number of incident pions, and was determined
to be 26.6 + 1.4 mb. This value was multiplied by
the ratio of the number of events of reaction (1) to
the number of events of all topologies, and the
cross section of reaction (1) was determined to be
1.04+0.15 mb. At Notre Dame, the cross section
was obtained with similar considerations as de-,
scribed in detail in Ref. 6. The total cross sec-
tion obtained was 28.4~1.7 mb, and the cross sec-
tion for reaction (1) was determined to be 0.87
+0.05 mb. At Pennsylvania, the two-prong cross
section was obtained by starting with the counter
value for the total cross section and multiplying
the ratio of observed two-prong events to events
of all topologies. After some corrections for un-
seen elastic events, the cross section of reaction
(1) was determined to be 0.96+0.07 mb These.
three values are in close agreement with each
other. The weighted average of these three values
was used to calculate the partial cross section
for production of resonances. Table I summarizes
these values.

At Tohoku University, 1119events of reaction
(1) were identified using the programs THRESH and
GRIND from the measurement of about 17 500 two-
prong events. In the University of Notre Dame ex-
periment, about 20 500 two-prong events have been
measured and 1321 events were identified as reac-
tion (1) on the basis of HGEGM-GRIND fits. In the
University of Pennsylvania experiment, about
12600 two-prong events have been measured and
1127 events were identified as reaction (1}on the
basis of TRED-KICK fits. The selection criteria
for reaction (1) used by the three groups were
similar and can be summarized as follows:

(a) There is no ela, stic fit.
(b) Ionization of the positive particle is consis-

tent with the fitted momentum.
(c} Probability for reaction (1) is greater than

1'%%up (Notre Dame), 5'%%up (Pennsylvania and Tohoku).
(d) The square of the missing mass is in the

interval from 0 30. to 1.50 GeV' (Notre Dame) and
from 0.30 to 1.44 GeV' (Pennsylvania and Tohoku).

It is estimated that there was about 10% contam-
ination from misclassified events and about 10%
loss from events misclassified into other multi-
neutral events. Contamination due to high-momen-
tum-proton events was estimated to be less than
a few percent.

m. GENERAL CHARACTERISTICS

OF THE REACTION

Figure 1 shows the n'm invariant-mass spec-
trum for reaction (1). Figure 1(b) is the Tohoku
data, Fig. 1(c) is the Notre Dame data, Fig. 1(d)
is the Pennsylvania data, and Fig. 1(a) is the com-
bined data. As clearly seen, the p' and f' mesons
are prominent. About 24%%up of all events corre-
spond to p' production and about 17% to f produc-
tion.

The g' meson with a peak mass value of 1670
MeV is also observed. In addition, a bump is seen
at a mass of 2070 MeV peaking about 3 standard
deviations above background. We have fitted the
distribution with a smooth nonresonant background
plus four resonances of Breit-Wigner type and
have obtained the resonance parameters given in
Table II.

In order to see the possible kinematical reflec-
tion on the ~'m mass distribution from nucleon
isobar production, we have shown, in Fig. 2, the
scatter plot of the m'n invariant mass versus the
m'n invariant mass with a histogram projected on
each invariant mass axis. The p' and the f' can
be seen as prominent vertical bands at masses of
0.75 and 1.25 GeV, and a weaker band is seen at
1.65 GeV. The effects of possible nuclear isobars
on the w'n spectrum seem to be negligible. Fig-
ure 3 shows the scatter plot of cos8 versus the

TABLE I. Cross sections and numbers of events for the reaction 7t. p —-vr 7t+n at 8 GeV/c.

Group
Beam

momentum (GeV/c)
Event

number Cross section (mb)

Tohoku
Notre Dame
Pennsylvania
Total event number
Weighted average
cross section (mb)

7.92
8.05
7.92

1119
1321
1127
3567

1.04 + 0.15
0.87+ 0.05
0.96+ 0.07

0.95+ 0.06
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FIG. 1. m+7I invariant-mass distribution (a) for com-
bined data, 3567 events, (b) for the Tohoku data, 1119
events, (c) for the Notre Dame data, 1321 events, (d)
for the Pennsylvania data, 1127 events.

IV. THE REACTION x p~p n

In Fig. 4 we give the production angular distri-
bution of the p'. The p' mass interval was taken
from 675 to 875 MeV. Non-p' background events

m'm invariant mass, where 8 is the angle between
the direction opposite to the outgoing neutron and
the outgoing v in the dipion rest frame (helicity
frame). In the p' and f ' bands, strong peaks are
seen for "backward" angles as well as for forward
angles. In the region of high m'w mass, there is
a strong tendency toward peripheral production,
suggesting that diffractive m 7t scattering domi-
nates in this region. We also note that this effect
could account for the broad enhancement observed
at low masses in the nm' system (see Fig. 2).

in this mass region were estimated to be about
20%. The absolute scale has been normalized to
our value of the total cross section for p' produc-
tion shown in Table I. The resolution in

~
t~ is

estimated to be -0.1J(J.
' at the lower kinematic cut-

off of
I tl and -0.3p' at

I tl - p where p, is the
charged-pion mass. The dashed curve shown in
Fig. 4 is a prediction of the one-pion-exchange
model with absorption (OPEA) of Williams' and
gives a reasonable description of the experimental
do/dt. For comparison, the prediction of the pure
one-pion-exchange model (OPE)' is also shown as
the solid curve in this figure; this prediction is
not in good agreement with the data.

The behavior of the differential cross section
do/dt is of particular interest. In an earlier re-
port on two-thirds of the present data, it was ob-
served that do'/dt showed no dip at the smallest
values of

~
t ~.

' With the addition of data included
in the present report, we see that this is still
true. We note that a recent experiment at 15
GeV/c, with much higher statistics than ours,
shows that do/dt for p' production does fall at the
smallest ~t~ values. " The data in Fig. 4 disagree

TABLE II. Resonance parameters for the combined data.

Resonance

P ~ 7I' 7I'

f 0

go

g'(2070) -m'~

Cross section (mb)

0.233 + 0.018

0.169+ 0,014

0.04

0.02

Mass (GeV)

0.787+ 0.010

1.258+ 0.010

1.67

2.07

Width (GeV)

0.144+ 0.012

0.166+ 0.014

-0.18

0.16



FURTHER ASPECTS OF THE REACTION v P- n v'n AT 8 GeV/c 1269

3.0-

(HELICITY FRAME i

~ ~ ~
~

~
~g ~

~ ~ ~ ~
75

Tl-P-P h

69 1 EVENTS

~ ~
~ ~ ~ 1 ~ ~ ~ ~

~ ~ ~~ ~ ~ ~ f ~ ~
~ ~ ~

~ o~ ~ ~ ~ ~ ~
~ ~ ~ ~ ~ ~ ~

~ ~ ~
~ ~ ~ ~ % ~

~ ~ ~ ~ '~or

~ ~ ~

~ ~

~ ~ ~ ~ ~ ~ oo ~' ~ '
4 I~' ~~"

~ ~

~ ~
~ ~ ~ ~

~ ~ I ~ ~ p%~ ~ ~ ~ ~ .~- ~ 2
~ ~ ~ k ~ ~~ ~

~
~~ ~ ~ ~ ~ ~ ~ ~ fs 1$~~

~t
~ ~ ~ 0

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ zo ~ ~~ ~ ~ ~ ~ ~

~ ~ ~ ~ I& ~ ~ ~ ~~ ~ ~ ~ ~ ~

~ ~
~0 ~ ~

g ~ ~ ~ ~ ~
~ ~ ~ ~ ~5 ~ ~ ~

~~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Oy ~ ~ $
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I~ ~ ~ ~ ~ ~ ~ ~

~ ~

0 ~
~

'" ~

~

~. . .
~

'
~

' 'w
~

o~
~

~
~ ~

'~~ ~ ~I ~ + ~ ~

a ~ ~

~ ~

o ~ ~ ~ ~ ~a'' 'a ~ ~ ~ ' ~

f .. ' ' '
r . '' ~

' ~ ~,~ „f ~ ~ M ~

~ +~ ~ ~~ ~ ~ '~ ~ ~ '~ ~ ~1 0 ~ ~ ~
~ 10 ~ ~

~ P ~ ~
~ ~ t ~ ~ ~ ~

~~ ~ ~ g ~ ~ ~ ~
~ ~ ~

~ ~
~ ~ ~ ~

~ ~
~ ~ ~ ~ ~ ~ ~

~ ~ g Oy \ ~ ~ ~ ~ ~ ~ '~ ~ ~ ~ g e~% ~
~ ~ \ ~ ~

~ ~ 0 ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~
~ ~ ~ ~ ~ ~

~0
~ ~

~ ~

2.5- ~ ~

~ ~

2.0- '

~ ~

~ ~
~ ~ ~

~ ~ ~

0.5-

0.0—l.0 —0.6 —0.2

cos8

0.2 0'.6 l.0

FIG. 3. Scatter plot of cose versus j/I(m. +~ ).

with the behavior of the data in Ref. 10, but only
by 2 standard deviations in the first bin.

We have analyzed the decay angular distribution
of the events in the p' mass band. In our analysis,
we have utilized the decay variables, cos8 and P,
in the helicity frame as well as in the Gottfried-
Jackson frame. Between these two reference
frames, the choice of the spin quantization axis
(z axis) differs: In the helicity frame, the z axis
is opposite to the direction of the outgoing neutron
in the p' rest system, whereas in the Gottfried-
Jackson frame, it is chosen as the direction of
the incident pion. Figure 5 shows the scatter plot

Ol

E

20

~~ 50

O
C)

l.O—
~ 25-
LLI

UJ

DELIMIT

Ol
0.0

l

O.I 0.2 0.3
--=r &

o.4 O.S

(GeV/c) '

FIG. 4. Differential cross section da/dt for the po

mass region, 675 to 875 MeV. The solid curve is the
prediction of the pure one-pion-exchange model and the
dashed curve is the prediction of one-pion exchange rvith
absorption corrections. No correction has been made
for the kinematic cutoff in the first bin.

of cos8 versus p in the helicity frame together
with the projections on both axes. A strong diag-
onal correlation between cos8 and P is seen as
was observed previously. ' The asymmetry pa-
rameter in cos8, 8 = (E-B)/(E+B), is found to
be 0.35 + 0.04 in the helicity frame, where I and
B are the number of events with cos8 ~ 0 and
cos8 & 0, respectively. The forward-backward
asymmetry found here corresponds to the long-
known presence of a substantial S-wave m'n in-
teraction in the p' mass region.

If both S- and P-wave pion-pion interactions are
considered, the general decay angular distribution
can be expressed with the density-matrix elements
p in an appropriate frame, and it is expressed
as follows:

li'(8, p) =4 [p«cos'8+p» sin'8 —Y 2 Re(p„) sin28cosp —p, , sin'8cos2$]

+4 [-2v 2 Re(p~, ) sin8cosg+2Re(p~~) cos8]+4 pa~, , (2)

where pop corresponds to pure S-wave effects and
p„and pyp correspond to S-I' interference effects.
Normalization was made according to the equation

8
Poo+ 2piz+Poo= 1 ~

The explicit dependence of Eq. (2) on pa~, may be
eliminated and the relevant quantities which may
be determined experimentally are (poo —p»),
Re(p„), p, „Re(p,~, ), and Re(p~~). We have ob-
tained the values of these elements from the ob-
served decay angular distributions by the least-
squares method. The density-matrix elements
thus obtained in the helicity frame are shown in

Fig. 6. The solid curves in Fig. 6 are the theoret-
ical calculations in the GPEA model' neglecting
any S-wave contributions. Here again, the OPEA
predictions are in reasonable agreement with the
data.

We compared the density-matrix elements with
those obtained from the 15-GeV/c v P data of
Bulos et al."and found that p» —p», Re(p~~), and

Re(p„) are in reasonable agreement with each
other. However, our py y seems to show a nega-
tive value for t between -0.1 and -0.4 GeV', where-
as p, , in Ref. 10 shows a positive value for this
t range. We also note that p, , obtained from the
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4-GeV/c n P bubble-chamber data of Johnson
et al." shows a negative value for this t range.

It was suggested by Gell-Mann and Zachariasen"
that the hadronic electromagnetic currents are
dominated by the vector mesons p, &o, and Q.
Various theoretical predictions and their experi-
mental tests have been carried out. ' " Recently
Biswas et al."discussed the effect of some pos-
sible D-wave 7tv interaction in the p mass region
in connection with the validity of the vector-domi-
nance model. We checked for the presence of D-
wave effects in the p'-mass region in the same
manner as Biswas et al. before we tested the vec-
tor-dominance prediction. For a I'-wave interac-
tion, it can be shown that the average value of the
quantity cos2$ as a function of 0 is given by

0.3 0.3
(cos2$) = —,p, , sin'0, (4)

0.0

-0.3- —0.3

0.0 0.2 0 4 0.0 0.2 0.4

(GeV/c) ~ (6eV/c)

FIG. 6. Density-matrix elements for the p as a func-
tion of t in the helicity frame. Theoretical curves are
predictions of one-pion exchange with absorption cor-
rections.

and it is independent of the presence or absence of
S-wave un interaction; but Eq. (4) is no longer val-
id if partial waves with l ~ 2 are taken into account.
Figure 7 shows the values of (cos2$) as a function
of cos8 for the p' events with

~
t

~

~ 0.3 (GeVjc)' in
the helicity frame. The solid line in the figure is
the best fit with expression (4). The data seem
to be in good agreement with expression (4), and
D-wave effects might be negligible in the p' mass
region. Figure 8 shows the comparison of our
measured differential cross section with the new
vector-dominance predictions by Cho and Sakurai. '
Figure 8(a) shows S'der jdt, and Fig. . 8(b) shows
2S'p„do/dt, where p» was calculated from the val-
ue (p„—p»), assuming that the S-wave contribu-
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tion is 7% in the p' mass region. " Solid curves in
the figures are taken from Cho and Sakurai. ' The
dashed curve in Fig. 8(b) is calculated including
the 7% S-wave contribution. Figure 9 shows rele-
vant density-matrix elements in the Gottfried-
Jackson frame. The dashed curves represent the
predictions by Cho and Sakurai. ' Considering the
fact that the theoretical curve has no variable pa-
rameter in the predictions, the agreement with
the data is quite good.

U. THE REACTION m' p~ f n

Figure 10 shows the t distribution of the f ' cross
section. The mass interval of the f' events was
taken from 1170 to 1370 MeV. The absolute scale

FIG. 9. Density-matrix elements for the p events
in the Gottfried- Jackson frame compared with the pre-
dictions by OPEA (solid curve) and by Cho and Sakurai
(dashed curve).

of the cross section has been normalized to our
estimate of the production cross section of the f '
given in Table II. The first bin in Fig. 10 has been
corrected for the kinematical limit of t.

Hogaasen et a/. "have calculated the production
and deca, y angular distributions for the f ' using
the OPEA model and have obtained the results that
the OPEA prediction of the cross section is larger
than the experimental value by a factor of about 2.
Poirier et a/. ' have also compared the predictions
with the 8-GeV/c ~ data and found the same re-
sults. In this paper, instead of showing the OPEA
predictions, we will compare the data with pre-
dictions of Takeda et a/. " This calculation is
based on gauge invariance in analogy to the vector-
dominance model for the p' case and no absorption
effects are included. The dashed curve in Fig. 10
is the predicted shape from this model. For com-
parison, we also show the OPE prediction" as the
solid curve. Both curves are normalized to the
experimental d&x/dt at t = —0.02 (GeV/c)2; the nor-
malization factors are 2.5 for the gauge invariance
model and 2.4 for OPE. We note that the predicted
shape of the gauge-invariance model gives better
agreement with the data than that of OPE.

The decay angular distributions of the f ' events
have also been analyzed. As in the p' case, the
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decay angles 8 and P have been evaluated in the
helicity frame. Figure 11 shows the scatter plot
of cos8 versus Q in the helicity frame together
with the projections on both axes. A fairly strong
diagonal correlation is also seen here, as in the
p' case. It is interesting to note that the cos6 dis-
tribution is more symmetric than in the case of
the p', but the Q distribution looks less symmetric.
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(GeV/c)2. The dashed curves are fits using pure D wave
according to expression (5); the solid curve uses both
P and D waves.

This seems to indicate that there might be non-D-
wave background in the f' mass region. Consider-
ing only the D-wave component for the f', the de-
cay angular distribution can be expressed in terms
of the density-matrix elements p ., in an appro-
priate frame, and is given by

ip(S, p) =
( ) icsinpp(p„op, , coop p)+ sin'2 p(p„—p, , cos2p) + pc,„(cos'S—-', )'

—4 sin'8 cos8[Re(p») cosP —He(p, ,) cos3 P]

+ (2v 6) He(p») sin'8(cos'8 ——', ) cos2$ —(2v 6) Re(p„) sin28(cos'8 —-', ) cosP), (5)

where we have the normalization condition

pop+ 2pxz+ 2p22 = 1 . (6)

The dashed curves in Fig. 11 show the results of
fits for the projections on the cos8 and P axes
using Eq. (5). We also fit the projections using
the P- and D-wave parametrization. " The solid
curves are obtained from this fit and give better
agreement with the data.

Figure 12 shows some spin density-matrix ele-
ments obtained from our decay angular distribu-
tions by a least-squares fit. poop p», and p» were
obtained by fitting Eq. (5) integrated over P. p,
+ V 6/3(Rep») and p, , were obtained by fitting Eq.
(5) integrated over cos8. The negative p„ is due

to the background component in the f ' mass region.
Solid curves in these figures are the theoretical
predictions of the gauge-invariance model. This
model describes the experimental ppp fairly well,
but not other density-matrix elements. It is, how-
ever, interesting to note that this gauge-invari-
ance model predicts nonzero values for p», py
and Re(p, o) without inclusion of absorption effects.

Since there exists a large amount of non-D-
wave background in the f ' mass region, "the den-
sity-matrix elements assuming a pure D wave for
the f ' represent too simple an analysis and should
not be taken as correct. A recent paper by Carroll
et al."gives a, detailed analysis of the f ' region
using a considerable amount of data at I GeV/c.
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FIG. 13. vr 7t invariant-mass distribution for com-
bined data, 3567 events with 75-MeV mass bins.

The decay angular distribution of the v'm sys-
tem is analyzed as a function of dipion mass in the
helicity frame, giving various moments for Le-
gendre polynomials. The (P,) moments (I = 1 to 8)
are shown in Fig. 15. Again, no significant effects
were observed in these distributions near 2100
MeV.

Several experiments have been carried out to
search for high-mass dipion resonances and some
evidence for resonances at about 2100 MeV has
been reported. " The effect observed at 2080 MeV
in our data may correspond to the effect reported
in those experiments.

VII. CONCLUSIONS

VI. SEARCH FOR A POSSIBLE

DIPION RESONANCE

As shown in Fig. 1(a), together with the po and
the f, the g' peak at 1670 MeV can be seen. To
investigate possible dipion effects in the high an.

mass region, Fig. 13 shows the m'n mass distri-
bution with 75 MeV mass bins. Above the g', we
observe a possible effect at about 2070 MeV which
is about 3 standard deviations above background.
We have also plotted the dipion mass spectra for
the events in the backward region of cos8 where
we expect to have less background. Figure 14(a)
is for the events with cose & -0.5 and Fig. 14(b) is
for those with cosL9 & -0.8. These distributions,
however, do not show any statistically significant
peak at 2070 MeV.

We have studied the reaction w P- m m'n at 8
GeV/c, and have observed the production of p',
f', and g' mesons. An indication of a new reso-
nance at a m'm mass of 2070 MeV is also seen.
The n'n invariant mass distribution indicates that
isobar production is relatively small, and that the
effects on the m'm mass distribution from isobar
reflection are weak. The production and the decay
angular distributions for the p' have been studied
and the density-matrix elements have been calcu-
lated assuming an 8-wave m'm interaction is
present together with the P wave. These data
have been analyzed in terms of the one-pion-ex-
change model with absorption (OPEA). It is shown
that the predictions of OPEA are in good agree-
ment with the data.

We have also compared our data on p produc-
tion in the very forward region with the predictions
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of the vector-dominance model (VDM). The VDM

predictions are in good agreement with the ob-
served differential cross section and with the I'-
wave density-matrix elements.

The production and decay angular distributions
have been studied in the f' ma, ss region. The cos6
distribution is more symmetric than in the case
of the p, but the p distribution is relatively asym-
metric. This might be due to the possible presence
of non-D-wave m'w interactions in the f' region.
The gauge-invariance model without absorption
effects seems to give a fairly good description of
the shape of Ar/dt and p„ for the fo.

The production and decay angular distributions
of the m+w system were studied in the vicinity of
a small bump found at 2070 MeV. Weak evidence
is found suggesting that this bump might corre-
spond to a m'71. resonance.

FIG. 15. Legendre polynomial coefficients as a func-
tion of 7r+x mass.
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Energy Range 1700—2100 MeV*

A. J.Van Horn, R. P. Ely, and J. Louieg
E. O. Laserence Berkeley Laboratory, University of California, Berkeley, California 94720

(Received 6 March 1972)

Cross sections, angular distributions, and polarizations are presented for the reactions
K p Ax and K p K n for 19 incident beam momenta in the c.m. energy range 1709-2106
MeV. Legendre-polynomial expansion coefficients to seventh order are also given for the data.
The experimental procedures and results from two exposures in the Lawrence Berkeley Lab-
oratory 25-in. hydrogen bubble chamber are discussed.

I. INTRODUCTION

This paper presents new data for the reactions
K p-A7t' and K p-K'n at 19 c.m. energies be-
tween 1709 and 2106 MeV with an average of about
0.8 events/pb at each energy. Several earlier
experimental studies of these reactions may be
found in the literature. ' The data of this experi-
ment are in an intermediate energy range which
is rich in s-channel resonant structure. In par-
ticular our data span the region around 1900 MeV
where the isospin-1 partial waves are notably am-
biguous. ' The reaction K p -An', a formation re-
action which is pure isospin-1, should be particu-
larly revealing of this structure. Likewise, the

charge-exchange reaction K p-K'n can be used
in conjunction with the elastic scattering measure-
ments to determine the partial waves in this en-
ergy range.

This paper presents the experimental procedures
and results from two exposures in the LBL 25-in.
hydrogen bubble chamber. Cross sections, angu-
lar distributions, and polarizations are presented
for 19 incident beam momenta. The Legendre-
polynomial expansion coefficients are also given.
The data are presented in a form which can be
readily adapted for analysis, either alone or in
conjunction with other experimental data.

A partial-wave analysis of the first exposure is
available in unpublished form in Ref. 3, and pre-


