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Cross sections and representative distributions are given for the reactions 77p —7*77n,
7—p —1pn° based on 85000 inelastic events in the c.m. energy region 1400—2000 MeV. The
angular distributions of beam, defined with respect to the final-state particles are given in
terms of their moments as a function of Dalitz plot position and c.m. energy.

I. INTRODUCTION

Although the elastic and charge-exchange chan-
nels of pion-nucleon scattering experiments have
been studied extensively,'™ the data on inelastic
channels remain incomplete.® These channels are
becoming more important since the phase-shift
analyses, which have been successful in revealing
the major features of the 7N system, are in consid-
erable disagreement over the detailed features of
partial waves of low elasticity. For these reasons
we have made systematic measurements of inelas-
tic channels in the energy region 1400-2000 MeV.

The origin of these data are exposures of the
72-in. hydrogen bubble chamber (HBC) at Lawrence
Radiation Laboratory, Berkeley, and the 30-in,
HBC at Argonne National Laboratory to 7~ beams
in the momentum range 550-1600 MeV /c. This
paper is concerned with the study of inelastic two-
prong events observed in this film, i.e.,

7~p—~u*nn, ~51 000 events; (1)
7=p—~u"1°, ~34 000 events. (2)

The other major contribution to the two-prong to-

pology comes from elastic scattering
m~p-~n"p, ~80 000 events 3)

and this has been discussed previously.'

Within three c.m. energy regions, 1400-1600,
1600-1800, and 1800-2000 MeV, our data corre-
spond to approximate pub equivalents of 0.5, 2.0,
and 2.5 events per pb, respectively.

In Sec. II we describe the identification of events
from reactions (1) and (2) and other details of the
data analysis. In Sec. III we give cross sections for
these two channels and in Sec. IV we describe the
general characteristics of the reactions and give
the results of moments analysis of reactions (1) and
(2) throughout our entire c.m. energy region. Sec-
tion V contains the results of an analysis of the
n*nr~n final state leading to a presentation of the Anw
and pN partial cross sections. The results of an
analysis of the A™r* final state over a limited
energy range are also summarized. Section VI con-
tains only a short discussion of the results., The
main purpose of this paper is a presentation of the
experimental results. A detailed discussion of the
partial-wave analyses of the inelastic data now in
progress will appear at a later date.
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II. DATA ANALYSIS

Details of the beams, experimental procedures,
scanning and measuring, and data reduction have
been described previously.!® The film was scanned
for all two-prong events which were then subse-
quently measured on an LRL Spiral Reader. In this
section we are only concerned with the identifica-
tion of reactions (1) and (2).

An attempt is made to fit all two-prong events
with the hypotheses corresponding to reactions
(1)=(3). Because the elastic scattering (3) is more
highly constrained than the remaining one-con-
straint hypotheses, all events that satisfy this hy-
pothesis with a ¥* for the kinematic fit, x.*, less
than 25 were accepted as elastic scatters.

If an event satisfied either (1) or (2) only, with a
value of y,? less than a prescriped value (x,*="17 for
the Argonne film and x,*=8 for the Berkeley film)
then that hypothesis was unambiguously selected.
However, if an event satisfied both of these hypo-
theses, we adopt certain criteria to select the
“best” fit. [In the Argonne film ~15% of inelastic
events were ambiguous between the two interpreta-
tions (1) and (2) after just kinematical fitting. The
corresponding number for the Berkeley film was
~18%] We considered not only the y,* for the ki-
nematic fit but also the x;,,? for the fit of the calcu-
lated ionization to that determined experimentally
from pulse-height measurements of the Spiral
Reader. At the relatively low energies involved in
the present experiment, the difference in ioniza-

TABLE I. Events processed at each energy.

4-C events 1-Cnnm events 1-C prnrm events
Exposure E..m. (MeV) pl., (MeV/c) ¥=14 x2=8 =8
30-in. HBC I 1406 556 648 255 80
1440 609 500 215 82
1472 660 1110 418 245
1496 699 1854 675 499
1527 750 23317 832 701
1556 797 826 340 272
1589 853 997 579 387
1709 1067 1141 585 400
1730 1105 1954 1046 836
1762 1165 2230 1231 899
30-in. HBC II 1811 1259 1544 1096 651
1843 1322 2777 2172 1337
1872 1381 2920 2443 1568
1904 1444 3160 2616 1694
1935 1509 1606 1288 886
30-in, HBC II 1720 1084 687 392 262
1761 1161 1200 786 488
1787 1212 1210 798 476
1806 1250 292 188 122
1821 1278 1740 1098 687
1853 1340 2213 1649 979
1885 1404 2392 1970 1180
1916 1469 3792 3203 2105
1933 1503 1972 1735 1177
1963 1567 4113 3512 2405
1980 1602 3957 3416 2458
=7 =7
72-in. HBC 1628 924 537 358 200
1647 956 5482 3169 1968
1660 979 2697 1430 879
1669 995 5127 2562 1603
1674 1004 4966 2673 1568
1685 1024 4398 2281 1409
1695 1042 2206 1299 871
1740 1125 3594 2259 1786
1766 1174 1733 1120 854
Totals 79911 51477 33 880
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TABLE II. Azimuthal correction factors and errors.

Eo. fa o) 1%
(MeV) Correction Error Correction Error
1406 1.09 0.10 1.00 0.15
1440 1.08 0.10 1.00 0.15
1471 1.15 0.09 1.07 0.08
1496 1.15 0.06 1.06 0.06
1527 1.10 0.06 1.01 0.05
1556 1.08 0.09 1.08 0.09
1589 1.08 0.07 1.05 0.07
1629 1.09 0.07 1.05 0.09
1647 1.03 0.02 1.02 0.03
1660 1.05 0.03 1.01 0.04
1669 1.04 0.02 1.01 0.03
1674 1.10 0.03 1.03 0.03
1685 1.08 0.03 1.00 0.03
1695 1.07 0.04 1.06 0.05
1709 1.07 0.06 1.10 0.09
1720 1.05 0.07 1.08 0.10
1730 1.12 0.05 1.03 0.05
1740 1.05 0.03 1.05 0.03
1761 1.10 0.06 1.00 0.06
1762 1.07 0.05 1.00 0.04
1766 1.02 0.04 1.02 0.04
1787 1.03 0.05 1.02 0.07
1806 1.00 0.09 1.00 0.11
1811 1.05 0.04 1.02 0.05
1821 1.04 0.04 1.02 0.05
1843 1.05 0.03 1.01 0.03
1853 1.01 0.03 1.03 0.05
1873 1.08 0.04 1.00 0.03
1884 1.07 0.04 1.00 0.04
1904 1.01 0.03 1.02 0.03
1916 1.06 0.03 1.02 0.03
1932 1.08 0.04 1.04 0.04
1935 1.03 0.04 1.05 0.05
1963 1.07 0.03 1.02 0.03
1980 1.06 0.03 1.02 0.03

tion between a proton and a pion track can often be
decisive. For the 72-in. Alvarez HBC film we used
the following selection criteria:

(a) We chose that hypothesis which gave the lower
value of the x;.,%, provided the difference was larg-
er than 3,

(b) If the difference in y;,,° for the two fits was
less than 3, we chose that hypothesis which gave
the lower value of x,%, providing this difference
was larger than 1.5,

(c) If the difference in x,? was also less than 1.5,
we selected that hypothesis which gave the lower
value of x;jq,°%.

For the 30-in. MURA (Midwest Universities Re-
search Association) HBC film, we employed a sim-
pler selection criterion. We formed a linear com-
bination of x,* and x;.,%, which is called the com-
bined )® or X omy2.'> We assigned an ambiguous
event to either reaction (1) or (2) depending on
which fit gave the lower value of x.,?. To com-
pare the results of the two selection procedures,
we made the selection in both manners for a sam-
ple of events. The resulting identifications were
esentially identical.
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In Figs. 1 and 2 we present the pull quantities for
the beam track, shown separately for the four-ex-
perimental runs that comprise the experiment and
the two reactions (1) and(2). In Figs. 3 and 4 we
plot the x* values xx?, Xjon’, and x ., Wwhile in
Fig. 5 we show the missing mass squared of the
missing particle in events assigned to reactions
(1) and (2).

In order to study whether the ambiguities have
been correctly resolved, we examine several quan-
tities corresponding to the “wrong” hypothesis in
the sample of ambiguous events. Figures 6 and 7
display the missing mass squared for both the
“right” and “wrong” interpretations. The distribu-
tions for the “wrong” choice appear far too broad,
especially in comparison with the corresponding
plot for the “right” choice. The shaded histograms
correspond to the samples of these events with x;,,>
less than 12 for the “wrong” hypothesis. The dis-
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tributions are not improved by this cut and thus
none of these events are examples of the reaction
corresponding to the “wrong” choice. In Figs. 8
and 9 we show the x;,,? and x ,,> distributions
corresponding to the “wrong” choice. They do not
display the correct characteristics of two- and
three-constraint fits. From these observations we
have concluded that the selection criteria we have
adopted are reasonable and introduce negligible
contamination in the total sample of events.

After the events were measured, processed, and
separated according to the reaction type, we ob-
tained a total of ~51 000 events in the final states
7*r~n and ~34 000 events in the final state 7-n%.
The statistics, broken down by energy regions, are
given in Table I. The energy is the central value
determined from the corresponding sample of elas-
tic scatters. We chose to use these values because
of the higher statistics and smaller errors in this
final state together with the fact that we used the
elastic data for normalization in obtaining the cross
sections.!®
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III. CROSS SECTIONS

In determining the total elastic cross section we
used a procedure of normalizing our data in a limi-
ted range of the angular distribution to counter
measurements in the same region, after the neces-
sary corrections had been made.!® This then gives
the cross section per event for the various energy
regions of our film, both for the elastic and inelas-
tic reactions. This procedure would be unsatisfac-
tory if elastic events are fitted and accepted more
efficiently than inelastic events. No evidence of
this exists, the proportions of elastic and inelastic
events being the same in both the first measure-
ments of the data and the subsequent measurements
of those events which initially failed.

EXPERIMENTAL RESULTS ON
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In the case of the inelastic data we again investi-
gated the distribution of events about the beam di-
rection. We define a normal to the plane of the two
outgoing tracks and look at the azimuthal distribu-
tion of this normal using a coordinate system in
which the camera axis is defined to be the x axis
and the beam direction the z axis. A small loss of
events is observed when the normal is perpendicu-
lar to the camera axis. The corrections for this
effect are given in Table II and Fig. 10.

After making these corrections the cross sections
for the two inelastic reactions are given in Table
I, together with the total elastic cross section at
the same energy.!® Figures 11 and 12 display
these inelastic cross sections while in Fig. 13 we
compare the total cross section of Carter et al.,'?

TABLE III. Cross sections.
THh—Tp Tp—n"TN p =11
Ec.m,
(MeV) o (mb) 60 (mb) o (mb) 60 (mb) o (mb) 60 (mb)
1406 10.24 0.62 3.67 0.46 1.06 0.21
1440 12.86 0.94 4.79 0.62 1.69 0.33
1471 15.32 0.80 5.25 0.55 2.86 0.32
1496 19.07 0.74 5.84 0.47 3.98 0.35
1527 19.91 0.71 6.12 0.47 4.74 0.35
1556 14.91 0.96 5.30 0.60 4.24 0.49
1589 14.47 0.84 6.83 0.64 4.44 0.44
1629 18.80 1.32 12.38 1.47 6.66 0.93
1647 21.62 0.46 10.10 0.47 6.21 0.33
1660 23.16 0.66 10.47 0.64 6.19 0.43
1669 26.42 0.58 10.76 0.50 6.54 0.35
1674 24,22 0.54 10.92 0.54 6.00 0.32
1685 26.30 0.75 12.17 0.69 6.96 0.42
1695 26.01 0.86 11.45 0.77 7.60 0.58
1709 23.65 1.10 9.46 0.83 6.65 0.73
1720 19.48 1.35 9.33 1.06 6.41 0.87
1730 17.95 0.74 8.07 0.59 5.93 0.46
1740 18.29 0.47 7.64 0.40 6.04 0.32
1761 13.66 0.78 7.56 0.74 4.26 0.45
1762 15.01 0.50 6.49 0.47 4.43 0.31
1766 15.73 0.61 7.95 0.61 6.06 0.47
1787 12.45 0.59 6.92 0.55 4.09 0.40
1806 13.31 1.08 7.22 0.98 4.68 0.75
1811 13.80 0.61 8.30 0.64 4.79 0.41
1821 12.80 0.55 6.76 0.47 4.15 0.33
1843 13.09 0.45 8.33 0.54 4.93 0.34
1853 12.38 0.45 7.40 0.50 4.48 0.36
1873 12.53 0.39 8.73 0.55 5.19 0.32
1884 12.34 0.50 8.68 0.67 4.86 0.39
1904 11.95 0.36 7.84 0.47 5.13 0.31
1916 10.87 0.36 7.31 0.45 4.62 0.30
1932 11.69 0.49 7.97 0.61 5.21 0.41
1935 10.39 0.47 6.76 0.58 4.74 0.44
1963 10.21 0.29 7.43 0.42 4.85 0.28
1980 9.82 0.33 6.36 0.36 4.40 0.26
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with the cross section for reactions (1), (2), and
(3). In Fig. 14 we give the ratio of the cross sec-
tions for production of the n*n~r and 7-pn° final
states as a function of energy. In these graphs we
also include other measurements of the inelastic
reactions.'®

IV. EXPERIMENTAL RESULTS

In this section we describe the properties of the
two inelastic reactions and give representative
distributions throughout our data. Preliminary
analyses of these final states are left until Sec. V.

A. Mass-Squared Distributions

In Fig. 15 we show the Dalitz plots for the two in-
elastic channels at four energies within our range,
while in Figs. 16 and 17 we give the corresponding
projections (the origin of the curves in Fig. 16 is
discussed in Sec. V). The major features of reso-
nance production are apparent from these plots.

At low energies there is copious 7A(1238) produc-

THE REACTIONS 7-p—~ m7N... 21705

tion, Clebsch-Gordan coefficients favoring the pro-
duction of A= in the I=3 component of the 7*7™n
final state,'* which has large contributions from the
D,,(1530), D,(1670), and F,;(1680) resonances. At
higher energies pN production becomes increasing-
ly important, eventually dominating 7A production.

At low energies the well-known enhancement at
high 77 masses is observed in the 7*7~n final state'®
but not in 7~ 7°. The origin of this effect is com-
plicated and requires a sophisticated analysis for
its interpretation.®

From approximately 1700 MeV onwards the pro-
duction of A”, particularly in the backward direc-
tion, falls rapidly (see Sec. V) as one might expect
in the absence of exotic resonance contribution to
the diagrams indicated in Fig. 18.

B. Production Angular Distributions
In Figs. 19 and 20 we show the production angular

distributions of the three final-state particles at
the same c.m, energies. At lower energies the 77N

TABLE IV. Fractions of resonance and phase-space production in the reaction 77p — 7tn™n.

EC¢m.

(MeV) N AF o0 Phase space
1496 0.529+0.087 0.052+0.079 0 0.419+0.118
1527 0.500+0.069 0.187+0.066 0 0.313+0.095
1556 0.565+0.086 0.337+0.082 0 0.098+0.119
1589 0.639+0.056 0.157+0.050 0 0.204%0.075
1629 0.357+0.072 0.017+0.064 0.091+0.049 0.535%+0.108
1647 0.551+0.024 0.036+0.020 0.011+0.015 0.402+0.035
1660 0.545+0.035 0.051+£0.030 0.003+0.021 0.401+0.045
1669 0.535+0.026 0.025+0.021 0.010+0.016 0.430%+0.037
1674 0.537+0.026 0.016+0.021 0.031+0.015 0.416%=0.037
1685 0.576+£0.027 0.072%+0.023 0.003+0.016 0.349+0.039
1695 0.554+0.036 0.006+0.029 0.004 +£0.020 0.564+0.050
1709 0.440+0.068 0.000+0.052 0.011+0.034 0.451+0.092
1720 0.590+0.064 0.114+0.055 0.000+0.037 0.296+0.092
1730 0.452+0.039 0.001+0.031 0.082+0.025 0.465+0.056
1740 0.569+0.026 0.075+0.020 0.057+0.017 0.299+0.037
1761 0.590+0.043 0.111+0.036 0.097+0.030 0.202+0.064
1762 0.431+0.036 0.096+0.030 0.108%0.025 0.365+0.052
1766 0.348+0.038 0.000+0.028 0.225+0.027 0.427+0.054
1787 0.412+0.044 0.087+0.034 0.173+0.033 0.328%0.065
1806 0.363+0.082 0.056+0.068 0.278+0.071 0.303+0.128
1811 0.330+0.034 0.081+0.028 0.231+0.029 0.358+0.053
1821 0.279+0.034 0.006+0.026 0.293+0.029 0.422+0.053
1843 0.245+0.023 0.045+0.019 0.307+0.029 0.403+0.042
1853 0.250+0.025 0.069+0.022 0.337+0.024 0.344+0.041
1873 0.179+0.020 0.042+0.017 0.364+0.020 0.413+0.033
1884 0.249+0.022 0.030+0.017 0.411+0.022 0.310%0.035
1904 0.184+0.018 0.079+0.017 0.377+0.020 0.360+0.032
1916 0.174+0.016 0.057+0.014 0.424+0.018 0.345+0.028
1932 0.149+0.021 0.061+0.019 0.412+0.024 0.378+0.037
1935 0.154+0.024 0.109+0.023 0.404+0.028 0.333+0.043
1973 0.142+0.014 0.075+0.013 0.426+0.017 0.357+0.026
1980 0.125+0.087 0.087+0.013 0.426+0.017 0.362 +0.090
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FIG. 28. (a) and (b) The moments W# as a function of
energy in the final state m=7% for 680 < M(r~1") <840 MeV
normalized such that W{=1 [see Eq. (4')]. The x axis
is defined as ﬁ, and the z axis as 5,,—>< 5,0.

system is dominated by the decay of s-channel res-
onances leading to more symmetrical and isotrop-
ic distributions. However as the energy increases
a peripheral nature of the reactions begins to
emerge as characterized by the production angular
distribution of the final nucleon. One other feature
worth remarking on is the presence of the forward
peak in the 7* production angular distribution in
the 7*r"n final state, If interpreted in terms of a
t-channel effect (see Fig. 18) this would imply the
presence of exotic exchange but it is probably due
to the persistence of s-channel contributions. As
remarked earlier, the production cross section of
the A~ is falling rapidly at the higher energies.
These data have already been used to indicate an
explanation of forward A~ production observed in
the reaction'®™8

pPn—-A"wp.
C. Moments Analysis

A complete description of 3-particle final states
in terms of angular and mass projections is impos-
sible. A better description, though still not com-
plete, is in terms of moments.'®*™?? To do this we
express the angular distribution of the incident tar-
get proton in a c.m. coordinate system defined by
the final-state particles. We write

1/2
- > BL1)"” ave o), @

where ¢ and ¢ are the polar coordinates of the in-
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FIG. 29. The fractions of resonance and phase-space
production in the reaction 77p — r"1*n.
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cident proton. Equation (4) can be rewritten as

036_7471 ZE<2L+1>
=_; 53> <21‘;; 1) " way 0,9, %)

L=1 M

—£v¥ 6,9

e., W? is normalized to unity.

In order to give a useful representation of the
data we have calculated the moments W¥ for the
following categories of events as a function of en-
ergy:

(i) all data,

(ii) events lying within

1.140 < M (n-n) <1.320 BeV (n*n~n),

1.140 <M (n7p) <1.320 BeV (n-pn°);
(iii) events lying within

1.140 < M(n*n) <1.320 BeV (n*r™n),

1.140 < M(n°p) <1.320 BeV (1 p7°);
(iv) events lying within

0.680 < M(n*r~) <0.840 BeV (n*717n),

0.680 < M(n~1°) <0.840 BeV (17p1°),

So that the angular distributions are suitable for
comparison with models for the production of A and
p resonances we have used a variety of coordinate
systems. In all cases we have taken the normal to
the final 3-particle plane as the 0Z axis

0z =_§W_X_ISN+ (n*n'n),
0Z=P,-xP,0 (17p1°),

but the definition of OX changes., These definitions
are

(i) and (iv) OX =By;
(i) 0x=B,+ (n*r7n),
0x=P,0 (17pn°);
(iii) 0X=P,- (a*n7n),
0X=P- (1 pn°).
The axis OY is then given by
0Y =0Z X 0X.

PN, P,, , and P are the momenta of the three final-
state particles measured in the c.m. system.
Parity conservation?“+?? implies that

=0 if L+M is odd.

Interference waves of the same parity contribute to
those W¥ with L even, while interference of waves
of opposite parity only give W¥ with L odd.2»??

In Figs. 21-28 we give the variation of these mo-
ments for L <5 throughout the range of our data.?®
The data are available in tabular form elsewhere.*
Moments for L>5 are consistent with zero as are
those moments forbidden by parity conservation.

A wave of total angular momentum j contributes
to terms with L<2j-1, In the region of ~1700 MeV
L =4 moments are nonzero due to the presence of
the D ¢ and F,; resonances. However L=5 mo-
ments, corresponding to the interference effects of
these resonances, are consistent with zero indicat-
ing the presence of cancellations in the Dalitz plot.
Even at the highest energies these moments in-
dicate that only waves of j< 3 are necessary, but
one should be careful in light of the cancellations
we know can occur.

The structure in W} in the region of 1500 MeV we
presume is due to interference between P, and D,
resonances. Indeed the large values of moments
with L odd indicate the presence of appreciable
quantities of waves of opposite parities at all c.m.
energies.

V. INTERPRETATION AND ANALYSIS
OF THE DISTRIBUTIONS

Two preliminary analyses of the data have been
made: (i) an analysis of the Dalitz plot in the 7~ 7%
final state; (ii) a partial-wave analysis of a sub-
sample of events comprising the reaction

Tp-mtAT

in the region of the F,; and D, resonances. This
latter analysis has been presented elsewhere.?®

A. Analysis of the Dalitz plot in 7" 7™

The Dalitz plot has been fitted using the maxi-
mum -likelihood fitting program MURTLEBURT. This
uses an incoherent sum of processes to describe
the reaction, the processes in this case being

IMAGINARY IMAGINARY
0.5 0.5

D5

PS

02 \p

-0.5 0.2 REAL|0S

-0.2

-05 UNITARITY
LIMIT

SOLUTION A

SOLUTION B

FIG. 30. Variation of the partial-wave amplitudes in
two solutions 4 and B, resulting from fits (Ref. 21) to the
reaction 7p —n*A”. Tick marks correspond to the c.m.
energies 1647, 1685, and 1740 MeV.
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TABLE V. Fy; and Dy; resonance parameters from a partial-wave analysis
of the reaction m7p — A~ 7",

Resonance Parameter Solution A Solution B
Fys Mass 1.690+0.005 1.686+0.009
Width 0.077+0.022 0.130:J. 332
Am branching fraction 0.13:3-%3 0.393:%
Dy Mass 1.671+0.004 1.680+0.009
Width 0.112+0.017 0.1583:989
Ar branching fraction 0.63 £0.07 0.6320:9

Relative sign of D5 and F 5 coupling to Am

- +

Tp—-mtAT
-7"A"
- 0% (only above a c.m. energy of 1600 MeV)

- m*r~n phase space.

The resonance amplitudes are written in the form
of a relativistic Breit-Wigner?’

v () () Gt e ©

ro-n ) )

and
w =diparticle mass,
g=momentum in diparticle decay,
w, =resonance mass,

g, =momentum of particles when w =w,,

I'y=width of the resonance at w=w,,
I’ =decay width at mass w,
B, (gqr) =barrier penetration factor,?®

L =orbital angular momentum in the decay of
the resonance.

The factors present in (5) normalize the ampli-
tude at resonance to unity. We use the following
values for the masses and widths of the resonances
in the fit.

M(a)=1236 MeV, T,(A)=130 MeV,
M(p) =165 MeV, T,(p)=130 MeV.

The fractions of the various resonance and phase-
space contributions determined by this method are
given in Table IV and Fig. 29. The quality of the
fits can be seen by inspecting Fig. 16 where the

curves are derived from the final fits. Below a
c.m, energy of 1496 MeV no fits were obtained due
to the large overlap of the A bands in the Dalitz
plot. The steady decrease in the fraction of A™ is
apparent together with the rapid increase in p° pro-
duction from threshold.

A similar attempt to fit the 7~ 7% final state was
inconclusive, presumably because the incoherent
sum of the amplitudes for the various processes
cannot describe the final state.
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——SOLUTION B
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FIG. 31. Fits to the production angular distributions
of the 7* in the reaction 7 — 7* A~ in solutions A and
B.X
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B. Partial-wave analysis of 7~ p—>n*A”
in the c.m. energy range 1647-1766 MeV

The analysis of this reaction has been described
elsewhere?® and we present only a summary of the
conclusions here.

The production angular distribution and cross
sections for the reaction were fitted using the par-
tial-wave analysis described by Brody and Kernan.?®
The partial-wave amplitudes used were (the nota-
tion employed is L, 2J where L is the 7A orbital
angular momentum and J the total angular mo-
mentum)

(1) P5 containing the F,; resonance,

D5 containing the D, resonance,

(2) S3, P1, D1, and F7 containing background
amplitudes.

The resonances are described by Breit-Wigner
shapes and the backgrounds are parametrized as
linear functions of the c.m. momentum.

In the analysis two solutions, A and B, were
found. The F,; and D, resonance parameters cor-
responding to these solutions are given in Table V,
while the variations of the resonant amplitudes and
the background amplitudes are shown in Fig. 30. In
Fig. 31 we display the fits to the production angular
distributions at all energy points in our analysis
and in Fig. 32 we give the contributions of the in-
dividual waves to the cross section.

VI. DISCUSSION OF RESULTS

The interpretation of the single-pion production
data is exceedingly complicated. The analyses de-
scribed here are only a beginning and more sophis-
ticated approaches are required.'>??? At present
we are pursuing an analysis (within the spirt of iso-
bar model) using a maximum-likelihood fit to the
data. Such analyses require large quantities of
time and we felt it worthwhile to present the experi-
mental data at an earlier stage. Only when this
analysis is complete will we begin to have a de-
scription of the 77N final state,

However, even the experimental presentation of
3-body final states presents many problems which
we do not pretend to have surmounted. In the fu-
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FIG. 32. The experimental 7" 7™z cross section [1140
<M (7m) <1320 MeV] together with the contributions of
the various partial waves in solution A and B.M

ture we hope to have available magnetic tapes con-
taining the experimental information, this being
the only solution to these problems.
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FIG. 18, Diagram for
the production of forward
7" mesons in the reaction
1p—TtA”.
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