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The major production channels of four-prong final states resulting from # *p interactionsat a center-of-mass
energy of 4.5 GeV are studied. In addition to total production cross sections, comprehensive listings of
partial and resonance production cross sections are also given for each final state of interest. All final states,
including n@r*mtm*m, are found to exhibit copious resonance production.

\

I. INTRODUCTION

A. Experimental procedure

The data reported herein come from an 8.5-
events/ub exposure of the SLAC 82-in. hydrogen
bubble chamber to a 10.3-GeV/c 7* beam. Ninety
percent of the resulting four-prong final states
were measured on Toronto’s automatic measuring
machine, POLLY III, while the remaining 10%
were measured on conventional manual machines
as a check against possible POLLY measuring
biases. No discernible blases were observed.
All events were processed through the BRAVE-
TVGP-SQUAW sequence of programms which re-
constructed and fitted them to specified final
states. We considered all channels for which we
expected detectable cross sections at cur level of
statistical accuracy. The seven reactions fitted
for were

Cmrp~uwtprtaT (9983 events) EGH)
n*p-n*pK*K (552 events) , 4C (2)
T p~7*ppp (122 events) (3)
m*p=npr*n 7° (10428 events) (4)
T p=nr*r*r*r" (3088 events) 1c (5)
T*p=~n*pr*r~ MM (24039 events) (6)

T p=~7'r*r*r" MM (10107 events) oc
After an event has been processed through
SQUAW it is then ready for the next step in the
data processing chain, the Toronto automatic
hypothesis-selection program FREDA. Here one of
three things will happen. Either (a) the measure-
ment will be deemed unsatisfactory and the event

returned for a remeasure, or (b) FREDA will be
unable to decide on a unique hypothesis for the
event and it will be sent for manual editing, or (c)
FREDA will successfully use its fit-selection
algorithm® to decide on a unique hypothesis as-
signment for the event and it will then be added

to our data-summary tape (DST). Events in
categories (a) and (b) above were also eventually
added to our DST after being assigned a unique
hypothesis. A comprehensive description of all
experimental and data-reduction procedures
(beam-path-length calculation, normalization,
scanning and measuring, hypothesis selection,
contamination and loss estimation, etec.) can be
found elsewhere,??

B. Production cross sections

Taking into account scanning and measuring ef-
ficiencies, contaminations, losses, and fiducial-
volume corrections, we have calculated production
cross sections for reactions (1)-(7) at 10.3-GeV/c
incident pion momentum. These measured cross
sections are presented in Table I where they
are compared with those from previous experi-
ments. In addition, our contamination estimate
for each reaction data sample is also given.

In Sec. II we discuss the procedures used to fit
the observed resonances and present the partial
and resonance production cross.sections for each
of the seven reactions studied. Invariant-mass
plots for all particle combinations in each re-
action are also displayed. Finally, a brief sum-
mary of our findings is given in Sec. IIL

II. PARTIAL AND RESONANCE PRODUCTION
CROSS SECTIONS

At 4.5-GeV center-of-mass energy, the reactions
m*p~ four-prong final states are rich in baryon-
and meson-resonance production. In this section
we shall display those invariant-mass distributions
for each particle combination which exhibits reso-
nance production in each of the seven reactions
studied. In general, we used a combination of
background (either phase space or phase space
multiplied by a polynomial in mass) and one or
more Breit-Wagner functions multiplied by back-
ground to fit the invariant-mass distributions of
interest and thus calculate the partial and reso-
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TABLE I. Production cross sections for the reactions n*p —four-prong final states at 10.3

GeV/e.
Cross section (1b)

Final state Contamination (%) Predicted ? Measured,
(1) mrpmta” 2.3+0.6 1640+ 60 1648 +£120
(2) TpKYK™ <4 84+ 28 86 = 7
(3) ™t ppp <3 16+ 2 18.8+ 2.2
(4) mrprtrmO 16.4+1.2° 1622+ 79 1654 =120
(5) mnrtwtatw” 2.9+1.7 568+ 30 503 =+ 38
(6) Tt pmt T MM c d 4465°
(7) THrtntrTMM c d 1880°
Missing mass f 3.6+0.7 d 6345 %455
Four prongs . c 9 6501208 10390 =750

2 Obtained by fitting the existing data above 4 GeV/c to the function o =£Pf,.
b Deleting events with MM? >(2m40)? reduces this contamination to (5.6 +1.1) %.

¢ No estimate attempted.
4 Data too scanty to fit.

¢ Obtained by considering the missing-mass cross section and the ratio of the reaction (6) to
reaction (7) candidates. No error estimate has been attempted.

f Reactions (6) and (7) together.

& Measurement at 8.04 GeV/c. The total four-prong production cross section does not ex-

hibit the functional form quoted in footnote a..

nance production cross sections for each final
state.* Estimates of contamination from, and
losses to, other channels as well as corrections
for the resonance tails were taken into account in
these calculations. The mass and full width of the
resonance were constrained within the limits quoted
by the Particle Data Group.” The quoted errors
for the number of resonant events include the ef-
fects of correlations between the fitted param-
eters. Any specific' deviations from the above pro-
cedure are discussed in Secs. IIA-IIE below.

.

A. The reaction *p—>7n"pr*nw™

As can be seen in Figs. 1 and 2, the reaction
T p=~u"pr*7" exhibits copious baryon- and meson-
resonance production at 10.3-GeV/c incident pion
momentum. A comparison of Figs. 1(a) and 1(b)
indicates that A™ production is predominantly
associated with the slower of the two produced
7*’s (in the laboratory frame of reference) (the
slower and faster pions are henceforth designated
by m; and 77, respectively). In addition to the
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FIG. 1. The p7°* invariant-mass distributions for reaction (1). (a) The pr{ distribution. The solid curve represents
our fit to the data as described in the text. (b) The par; distribution.
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FIG. 2. 11';1r' invariant mass Vspw;'invariant mass for reaction (1), The peaks are a reflection of quasi—two—body

production.

striking 4**(1232) signal seen in the pr} distribu- .
tion there is also a A**(1880) signal clearly pres-
ent.® The quantitative results of our fit to the

pm; distribution are given in Table IL A fit to

the pr; distribution indicated that, within error,
no A** events were present.

Production of the A resonance is often accompan-
ied by p- or f -meson production. The presence of
these quasi-two-body states can be seen in Fig.

2 which shows clear p, f, and A bands, the regions
where the bands intersect showing enhancements
due to quasi-two-body production.

To determine the Ap and Af production cross
sections a two-dimensional fit to the data must be

made. This was done using a slice technique’ in
which the number of A’s in several 77 invariant-
mass slices were determined by fitting, The re-
sulting 17;11' invariant-mass distribution of these
A events was then fitted to determine the number
of p’s and f’s in the signal above background. De-
tails of this procedure for the A(1232) and the
A(1880) are given by Zemany et al.® The pro--
duction cross sections for the quasi-two-body
states Ap and Af are listed in Table IIL

Inspection of the 7*7" invariant-mass distribu-
tions [Figs. 3(2)—(3c)] reveals production of the
p('71170).and f(1270) mesons, and a statistically
ivns’igniﬁca'nt bump at the location of the g(1680).*



17 PARTIAL, TOTAL, AND RESONANCE PRODUCTION CROSS...

TABLE II. Resonance production in reaction (1).

Croés section

Particle Fitted Fitted ‘ Number of . ;
combination -Resonance mass (MeV) width (MeV) x2/NDF fitted events _(kb)
At+(1232) 1220= 5° 9010 5464 +131 902 +69
prt 33.3/33
A**(1880) 1871° 2052 382+ 60 . 63411
pr~ A%1232)  1213% . 952 12.8/9 403+ 67 67+12
N(1470) 1454+20° 1802 707 102 11719
prsT A 19.7/14
N(1688) 16882 140° 566 £120. 93+21
P 765 ° 152 2 4392+ 97 725455
i~ I 1270 % 180° 61.1/44 1050= 80 178418
g 16902 180% 108+ 70 18412
e p 7652 152% 19.7/16 .1923+102 317429
P 7652 1522 5926 £146 978 75
T { 36.5/31
(@/event) | . 12702 1802 1790+ 96 295 +27
A4 1100° 39749 1945+115 © 321x19°
Laki ok A, 13102 1022 .21.3/33 175+ 42° 29x 7° .
A 1640 % 300 ° 333+ 79° 55+13°

2 value fixed in the fitting program.

Allowed to vary in order to obtain the best possible fit to the data.
¢ Obtained from the spin-parity analysis discussed in Sec. IIA.

The pr}m”~ combination [Fig. 3(d)] indicates pos-
sible N(1470) and N(1670) baryon production,*
and a A%1232) signal is present in the p7° in-
variant-mass distribution [Fig. 3(e)].

The m*w*n~ distribution shown ini Fig. 3(f)
shows a low-mass enhancement at values of in-
variant mass less than 1.5 GeV, and another at
around 1.65 GeV. In order to separate the A mes-
ons responsible for these enhancements and to
quote reliable production cross sections we have
carried out a simplified spin-parity analysis using
a method similar to that of Lamsa ef al.® It was
assumed that the A mesons decayed in a two-step
process, and that the intermediate 7*7~ system
was an €° meson (mass 0.70 GeV, width 0.30 GeV),
a p° meson, or an f° meson. The following spin-
parity states (J%,I) were considered: 1*S and
2" P for the mp system, 0°Sand 1*P for the e
system, and 2°Sfor the 7mf system. A maximum-
likelihood fit was performed in 100-MeV bins of the
371 mass distribution from which events containing
the 4**(1232) [m(pr*)>1.34 GeV] were excluded.
The results are shown in Fig. 4. The low-mass
region is dominated by the 1* state (identified as
the A, meson) and the higher-mass region by a
2" state (the A,, centered at 1.6 GeV, with a width

'TABLE IIL. Partial cross sections for reaction (1).
The sub$cript nr refers to nonresonant production.

Reaction Cross section (pb)
Ttp—~AT+(1232)p 339+ 37
T p A (1232)F 174+ 20
THp A (1232)g 18+ 12°

. mtp—~A**(1880)p 31+ 8
T p— AT+ (1880)f 7+ 4
Tt —ATH(1282)(TH T )nr 371+ 82
Tp A (1880) (T T Yar 25+ i4
ntp —~A%1232)rt gt 67+ 12
Trp = (1" plasP 608 & 84
T p— (1 Placf 114+ 34
Tp—ASp 29% 7
mtp —mtN*(1470) 117+ 19
T p —1"N*(1688) 93+ 21
Sum of partial cross section 1993+135
Total production cross ééction . 1648 +120

2 Upper limit.

2891
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FIG. 3. Fitted reaction (1) invariant-mass distributions. The solid curves represent our fits to the data as des-
cribed in the text. (a) 7y 7~ (b) 7s7” (¢) 7" 7" (2 combinations/event) @ pren™ @ pr O 7 1T,

of 0.3 GeV) decaying to S -wave f7 (~65%) and '
P_wave pr (~35%). The A, is seen as a distinct
2" peak at around 1.3 GeV.

The remaining invariant-mass distributions for
this channel (pr;7;, prsn~, m;m]) exhibit no reso-
nant production.

The quantitative results of the above fits are
given in Table II and the partial cross sections ob-
tained from them are listed in Table III. An ex-
amination of Table III indicates that our reaction (1)
data are consistent with 100% production via
quasi-n-body intermediate states.

B. The reactions n* p—>=*pK* K ~and n*p —~>n*ppp

Figures 5(a)-5(c) display the 7*p, 7*K~, and
K*K" invariant-mass distributions, respectively,
of reaction (2). A very strong A**(1232) signal is
evident in the 7 *p distribution while an equally
strong K*(892) signal can be seen in the 7°K"
distribution along with a smaller K*(1420) signal.
Both these distributions were fitted as described in
Sec. I to obtain the production cross sections of
these three resonances. The KK distribution shown
in Fig. 5(c) indicates the presence of ¢(1020),
£(1270),'° and a narrow enhancement around 1580
MeV which we shall refer to as the “1580” (most
likely a statistical fluctuation at the 23 standard
deviation level). The latter two enhancements were
fitted as described in Sec. I while for the ¢(1020),
we simply counted the number of events above a
handdrawn background.*

17

The results of the above fits are listed in Table
IV and the partial cross sections obtained from
them are given in Table V. Within error, the ¢,
f, and “1580” were found to be completely anti-
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associated with the A™(1232). As with reaction
(1), reaction (2) is consistent with 100% pro-
duction via quasi-z-body intermediate states.

The A**(1232) is the only clear resonant state
produced in reaction (3). This final state has been
extensively discussed in a previous publication'?
to which the reader is referred for details.

C. The reaction 7*p > m*pr*nn0

The invariant-mass plots for those particle
combinations in the n*p7*n° final state which ex-
hibit resonance behavior are displayed in Figs.

6 and 7. The quantitative results of the fits to
these distributions are listed in Table VI

As in reaction (1) there are distinct differences
between distributions containing the 7} and those’
containing the 7, the most striking contrast being
apparent in the p7; and p7; invariant-mass distri-
butions. With respect to these differences we have
fitted certain invariant-mass distributions both
with the fastand slow 7*’s separately and together.
This allows a consistency check on the cross-sec-

2893

Fitted reaction (2) invariant-mass distributions. The solid curves represent our fits to the data as des-

tion measurement as well as distinguishing be-
tween the different production mechanisms for the
resonance in question. No other cuts have been
used in the data with the exception of the 47 mass

distribution!

There we have used cuts in the

37 (r*7"m° 2 combinations/event) mass requiring
either w or 71 production'® to distinguish B- and .
A,-meson production, respectively. The relevant
distributions are shown in Fig. 7. A listing of the
partial cross sections for reaction (4) is given

in Table VIIL

D. The reaction n*p—>ann*n*n*n -

At 4.5-GeV center-of-mass energy the final

state nm

* ok

77”7 is also rich in baryon- and

meson-resonance production. These include
A™(1232), a™(1232), A**(1880), N(1535), p(770),
f(1270), and A,(1310), all of which are produced

in measurable quantities. However, before we

can calculate their production cross sections by
fitting their invariant-mass distributions to Breit-
-Wigner functions we must first determine the func-
tional form of the nonresonant background under them.

TABLE IV. Resonance production in reactions (2) and (3).

Cross section

Particle Fitted Fitted Number of

Reaction combination Resonance mass (MeV) width (MeV) x%/NDF ~ fitted events {ub)

(2) . prt A*+(1232) 1255 42 99+14°2 26.7/16 216 £20 34 x4

}' K*(892) 892 b 50P 143+19 22 x4

(2) K 31.0/25

{K*(Mzm 14217 108° 25+10 3.9+1.6
¢ 15+ 5 2.3+0.8

2 KK~ f 1270° 180" 21.5/20 131+19 20 3
“1580” 1580° 40P 27+11 4.2+1.7
(3) bt A*T(1232) 1209102 132+25% 9.1/13 57+10 '8.8+1.9

& Allowed to vary in order to obtain the best possible fit to the data.

b value fixed in the fitting program.
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TABLE V. Partial cross sections for reactions (2) and

®).
Reaction Cross section (utb)
777777777777 Reaction (2)
mtp =1 po 2.3+0.8
Ttp =7t pf 20 +3
Tty —~7*p“1580” 4.2+1.7
Ttp—+AY+(1282)KY K™ 34 4
Tt p —pK* K*(892) 22 4
T'p —pK T K*(1420) 3.9£1.6
Sum of partial cross sections 86 =7
Total production cross section 86 £7
Reaction (3)
mtp—A*TT(1232)pp 8.8+1.9

1. Generating the nonresonant background

In order to determine this functional form we
used the Monte Carlo event generation program
SAGE ' to generate a large number of peripheral
phase-space events. SAGE generated final-state
particle four-vectors with a phase-space density
corresponding to exp(-20}., p;/27) where p; is
the component of the ith outgoing particle’s mo-
mentum transverse to the beam direction, and ¥
is a paranieter that characterizes the degree to
which these components are limited in the gen-
eration. N is the number of final-state particles

to be generated, five in our case.
A parameter that characterizes the limitation of

transverse momenta and represents { p,2 /2 for

the generated particles was also used. This

TABLE VI. Resonance production in reaction (4).

Particie

Number of Cross section

Fitted Fitted
combination Resonance mass (MeV) width (MeV) xZ/NDF fitted enents (Kb)
A**(1232) 1208+ 9% 130 =*12° 4536 180 809 +32
by o 42.0/26
b b R
A*+(1880) 1871 205 220+ 30 40 £ 5
mpm p* 758107 - 120 +18% 25.8/16 = 736+ 65 132 £16
p? 757+£10% 115 #19° 1192 £110 203 +26
mm 42.1/28
Vi 1270° 180" 224+ 48 40 %10
minl pt 726+26° 203 +50°% 12.5/13 1435% 90 256 %25
atT p? 770" 152" 13.1/17 754+ 45 129 +14
770 p~ 770+ 62 165 =12%  8.1/10 698 65 124 £16
A4,(1310) 1310P 102° 301+ 41 54 + 9
rtatn” 9.7/14
F,(1540)  1540° 60° 68+ 25 12 5
A,(1310) 1310° 102° 433+ 39 77 £10
1r}7r'1r° 15.2/10
A5(1640)  1640° 300° 588+ 46 105 12
00 760+10% 131 +20°? 2212110 378 £35
o
47.6/20
(2/event) | © 1270° 180° 596 100 106 20
0 : .
T p* 765° 152° 18.7/14 1763+142 314  £35
(2/event) ' -
w 783+ 5° 23.1% 5° 691+ 35 123 12
-0
L { 62.0/55
@/event) |, 551+ 4°  12.5% 4° 101% 13 18 + 3
B —wrt  1201+15% 125° 28.2/22 101+ 20 18 =+ 4
! g —4mn* - 1690° 180" 21.2/18 277+ 60 50 11
A,—~nmt - 1310° 102" 15.3/21 31+ 9 5.5+ 2

2 Allowed tg vary in order to obtain the best passible fit to the data.
b value fixed in the fitting program.

17
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FIG. 6. Fitted reaction (4) invariant-mass distributions. The solid curves represent our fits to the data as des-
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FIG. 7. Fitted invariant-mass distributions for reaction (4). (a) r* 7~ 7° (2 combinations/event) () 7* 7* 7= n° for
events satisfying the w mass cut described in the text. (¢) 7" 7" =~ 7 for events satisfying the 7 mass cut described

in the text. )

parameter R determines the distribution of the
transverse momenta of the generated particles and
is related to the standard deviation of the Gaussian
distribution by

R={pHY2=2N-1)/N. (8)

We set R=0.4 GeV/c since this is what has been
found experimentally in the past. As hoped for,

TABLE VII. Partial cross sections for reaction (4).
The subscript nr refers to nonresonant production.

Reaction Cross section (ub)
T p — AT (1232)(1F 110y 752+ 32
Tp AT (1232)w 45+ 5
T p — AT (1880) (1 171 0)ar 24+ 6
Ttp = AT (1880)w 16+ 3
Tty —mwtpptaT 266+ 252
mtp —mtppnf 129+ 142
TP — (1 et 44+ 13°
T p = (T P)ye 12+ 4
m*p — pF (1540)70 12+ 5
mtp —~B*(1235)p 18+ 4
Sum of partial cross sections 1308+ 46
Total production cross section 1654 +120

3 Lower limit.
b No B meson.

this value of R proved very satisfactory and no
further adjustment to this parameter was required.

Using this peripheral phase-space background
the invariant-mass distributions of interest were
then fitted as described in Sec. IL

2. Resonance production cross sections

In Figs. 8(a)-8(d) we display the nr~, nr*,
nw*w*, and 77" invariant-mass distributions for the
the 3088 neutron events in our final physics data
sample. The curves superimposed on these distri-
butions represent our overall fits to the data.

The A%(1232), the p(770), and the (1270) domin-
ate the resonance production in this channel with
some indication of the resonances A*(1232),
N(1535), A™(1880), and A,(1310). The cross sec-
tions depend on the precise nature of the assumed
background. The accumulation of events in the
nm* distribution at the A*(1232) and N(1535) .is en-
hanced by the exclusion of combinations which in-
clude the fastest 7* [ Fig. 8(b), shaded histogram].
A fit to the n7” invariant-mass distribution to
two Breit-Wigner shapes and the Monte Carlo—
generated background indicates that we cannot
demonstrate the production of these resonances
at a statistically significant level. However, the
values of cross sections so determined are quoted
for the sake of completeness.*

The presence of an enhancement above the Monte
Carlo background in the (nm,,7;) mass distribu-
tion in the region of 1.9 GeV is also apparent®;
details of the enhancement in this and other final
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TABLE VIII. Resonance production in reaction (5).

Resonance Number of Fitted Fitted Percentage ® of Cross section ?
produced fitted events x%/NDF mass (MeV) width (MeV) total sample " (ub)
p(770) 1559+65 15.9/25 770 155 52 261+23
AT(1232) 324 +20 93.1/69 1230 120 11 54+ 5
f(1270) 269+25 15.9/25 1266 160 9 45+ 5
Ay(1810) - 184 +20 23.4/13 1315 107 8 39+ 5
A**(1880) 213+50 25.5/22 1893+25° 244 =45 7 36+ 9
N(1535) 157 £60 11.6/8 1525 74 5 26+10
A*(1232) 54 £22 11.6/8 1230 120 2 9+ 4

2 These numbers have been adjusted to take into account both the losses and contaminations inherent in the neutron

data sample.

® The mass and full width of the A**(1880) were allowed to vary in order to obtain the 'best possible fit to the data.

states are provided in Ref. 8.

To investigate A, production we plotted every
7' 77" invariant-mass combination which had at
least one of the 7*7° combinations in the p mass
band [0.62 GeV< m(m*7")<0.94 GeV] since it is
well known that the 37 decay of the A, goes 100%
via pr.5 This distribution was then fitted to a
Breit-Wigner function for the A,, two Breit-Wigner
function for the A, and A; kinematic enhancements,
and a polynomial for the background. The qualita-
tive results of this fit are displayed in Fig. 8(e).

The quantitative results of all the above fits are
given in Table VIII where the resonance production
cross sections, adjusted for both. contaminations
and losses, are quoted. For the 4, cross section,
corrections for the p tails have also been taken in-

800,

to account.

The remaining two-, three-, and four-body
invariant-mass distributions exhibit no significant
enhancements above the smooth background. It
should be noted that the amount of resonance for-
mation present in this final state depends on the
precise nature of the assumed background. The
Monte Carlo calculation described above does
seem to give a good representation of this back-
ground, and it would be difficult to believe that
the resonances reported in Table VIII are not
indeed present in this final channel, with the pos-
sible exception of the N(1535) and the A(1232).
However, even excluding these enhancements from
consideration, it is clear that at least 80% of
reaction (5) can be attributed to intermediate reso-

Events/0.05 Gev®

Events/0.1 Gev?

(b)

50H

MM2(GeV?)

FIG. 9. Missing-mass-squared distributions. (a) Reaction (6). The solid curve represents our fit to the data as

described in the text. (b) Reaction (7).
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nance formation.’® In fact at our level of statistics

the reaction (5) final state is consistent with the
assumption that it is produced entirely via one or
more intermediate resonant states.

No previous study of the nw’n” 7 n" final state
has reported the copious resonance production
we observe.!®"? Some A" (1232) production has
been observed,!”™?° and slight indications of
A*(1232),'° p°,'%2° and A, (Ref. 21) have been seen
in different experiments. The failure of previous
workers to clearly observe this behavior may, at
least in part, be due to the difficulty of separating
a clear sample of the nn'r*nr*7” final state from the
background. This is a problem which we believe
we have largely overcome.®

E. The reactions 7*p = n*pn*n* MM and w*p > 7w n*n ~MM

Figures 9(a) and 9(b) display the missing-mass-
squared (MM ?) distributions for reactigns (6) and
(7), respectively. The former distribution in-
dicates significant 1° production (i.e., the
reaction 7*p—7m*pr*r"1%. To measure the cross
section for n production we fitted this distribution
to a Gaussian functiont for the n and a multi-7°
production background.?? This fit yielded a cross sec-
tion of (397 £ 43) ub for the reactionm*p - m*pmr*r n° at
10.3 GeV/c.

The pr; invariant-mass distribution of re-
action (6) [Fig. 10(a)] and the 7*7~ invariant-mass
distributions of reactions (6) and (7) [Figs. 10(b)
and 10(c)] indicate significant 4**(1232) andlimited
p°(770) production, respectively. However, owing
to uncertainties in the background, no fits to these
distributions were attempted. No hint of a
A**(1232) signal was observed in the pr; invari-
ant-mass distribution of reaction (6).

III. SUMMARY

We have given a comprehensive listing of the
partial, total, and resonance production cross

sections for seven production channel resulting
from the reactions 7*p - four-prong final states
10.3-GeV/c incident pion beam momentum. Of
the seven channels studied, the final states
n*pntn, 7pK K", and nr*w*w*r™ were found to be.
compatible with total production via quasi-n-body
intermediate states. While this has been a well-
known characteristic of the former final state for
some time now, the same has not been so for the
latter two. In fact, while a number of investiga-
tors have noted significant resonance production
for the 7*pK *K~ final state, previous data re-
garding the nr*n*7¥n" final state have indicated

a lack of any major resonance production.
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