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We have studied 7’ production using a n* beam incident on deuterium in the 72-in. bubble ° -
chamber, with beam momenta from 1.1 to 2.4 GeV/c. Cross sections for reactions leading
to five- and six-pronged final states are presented. We observe 7’ production in the reac-
tion 7*d — ppn’, with the decay mode 7’ — n*7~n. The cross section for m*n — pn’ (studied
in the impulse approximation) is observed to rise to a maximum of about 100 b at 2.2-GeV
c.m. energy. The production angular distribution develops peripheral peaking with increas-

ing energy.

I. INTRODUCTION

. 'We have studied 7’ production in 7*d interactions
as part of a 250 000-picture bubble-chamber ex-
periment, performed in the deuterium-filled 72-
in. bubble chamber, at the Lawrence Berkeley Lab-

" oratory. We used a 7* beam from the Bevatron at

beam momenta from 1.1 to 2.4 GeV/c, in approxi-
mately 0.2 GeV/c steps. The experiment was de-
signed to study the production of the =0, non-

_ strange mesons in 7*n interactions from 1.7- to

2.4-GeV center-of-mass {(c.m.) energy.

The reactions 77p - nX (where X=7, w, or ')
are difficult to analyze in hydrogen-bubble -cham-
ber experiments, as there are two neutral parti-

‘cles in the final state (with unmeasured momenta)

and the kinematic fits to the reactions are uncon-
strained. However, the charge-symmetric reac-
tions 7'n - pX can be studied in deuterium.

The observed 7 and w production is reported in
Ref. 1. Strange-particle and ¢-meson production
have been studied and are reported in Ref. 2. For.
further references to work published from this ex-
periment, and other n*d studies, see the compila--
tion in Ref. 1. '

In this paper we study the reaction n'd—p pn’,
7'~ 7177, The subsequent 5 decay n— n*r"7° or
n*7 "y yields five- or six-pronged events (depend-
ing on the range of the spectator proton, p,, in '

" the deuterium) while the decay mode 5~ neutrals

is observed among three- or four-pronged events.

Special interest in %’ production in pion-nucleon
interactions was generated in early 1966, when it
was pointed out that the decay 7' - w17y is a good

' place to look for a violation of charge-conjugation

invariance in electromagnetic decays.® To plan an
experiment using the reaction 77p~ ny’, it is help-
ful to.know the cross section for this process. .

One of the goals of the present experiment was the

8

determination of the n’ cross- section and produc-
tion angular distribution as a function of beam

energy.

The experimental details are discussed in Sec.

" II. Cross sections for the five- and six-pronged

final states are presented in Sec. III. (The corre-
sponding data from the three- and four -pronged
events are presented in Ref. 1.) Results on 5’ pro
duction are given in Sec. IV

II. EXPERIMENTAL PROCEDURES

A. Beam Momenta and Pathlengths

The experiment? was run at eight beam-momen-
tum settings, from 1.1 to 2.4 GeV/c in steps of

" about 0.2 GeV/c. Because of the Fermi motion of -

the nucleons in the deuteron, this completely cov-
ers the c.m. energy range for the reactions on a
nucleon from 1.7 to 2.4 GeV. The median values
of the beam momenta at the center of the chamber
were determined experimentally from four-

" pronged events fitted with four constraints. (About

700 events were used at each momentum.) The
beam momenta and pathlengths are given in Table
I. Our estimated proton contamination is <5%; our
estimated noninteracting (u*) beam contamination

" is 10%.

‘B. Scanning and Measuring -

The film was scanned for nonstrange events
(three-, four-, five-, and six-pronged eveats).
The five- and six-pronged events were measured
on a Franckenstein measuring projector, and the
three- and four-pronged events were measured on
a Spiral Reader.®
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TABLE I. Beam momenta and pathlengths'. - ppn’“ﬂ"n'n"y (3)
Beam momentum Tdtal‘pathlength 2 ~pprtr*nt e (MM = 1°1°) (4)
{GeV/c) (events/ub) ] )
~pantntrtn e (5)
1.10 0.45+0.03 ) ’ :
1.30 0.44+0.03 -prtrtTtrTTT (MM > n) - (6)
1,53 2.53+0.13
1.58" 0.43+£0.04 b= '
1.70 3.03£0.16 —drTrTnT (N
1.86 2,92+0.15 - -
2.15 3.09£0.13 =w'r'r'atnTaT (MM> nn), (8)
2.37 0.84+0.08 !

2 The effective pathlength for accepted events is about
20% lower due to scanning and reconstruction inefficienc:

C. Geometric Reconstruction
and Kinematic Fitting
We used the program TVGP® for geometric recon-
struction of particle tracks, and SQUAW’ for kine-
matic fitting to final-state hypotheses.

Unseen (spectator) protons were assigned a mea- '

- sured momentum of (P, ,P,,P,)=[(0,0,0)

+ (30, 30,40)] MeV/c. If there are no missing
particles, the resulting pseudo-four-constraint fit
reproduces the expected spectator momentum dis-
tribution reasonably well. If there is one missing
particle, the resulting pseudo-one-constraint fit
systematically underestimates the spectator mo-
mentum: At best, the fit can only determine the

projection of the spectator momentum on the mea- .

sured value for the total missing momentum.
Events which failed geometric or kinematic re--
construction were remeasured; the five- and six-
pronged events which failed again were examined
oh the scan table. Events which had been incor- -
rectly classified as five- or six-pronged events
(e.g., a four-pronged event with a Dalitz pair)
were reassigned to their correct topology; events
- which were not measurable {tooc many scatters,
too many short tracks, vertex obscured) were
tagged as unmeasurable. The cycle of remeasure-
ment and failure checking was repeated for the
five- and six-pronged events until they were either

successfully reconstructed or identified as unmea- -

surable.

III. CROSS SECTIONS FROM FIVE-
AND SIX-PRONGED EVENTS .

A. Final States and Deuteron Cross Sections

The five- and six-pronged events® were fitted to
the following reaction hypotheses: '

(1)
(2

wtd— pprtatnTaT

~pprtntn o

where MM stands for missing mass. [Reactions
(7) and (8) were tried only for six-pronged events.
Only two events of each type were found; they are

. -not considered further.] ) :

The separation of these hypotheses is discussed
at length in Ref. 4. TH¥ following conclusions were
reached: _ '

(a) We cannot completely separate hypotheses (2) -

-and (3); in cases of ambiguity fits to reaction (2)

have been used, since reaction (3) occurs much
less often. :

(b) We estimate that contamination of hypotheses
(2) and (3) by other reactions is <6%, and that loss
from these final states into all other final states
is <6%. ) ‘

(c) We estimate that contamination of hypotheses
(2) and (3) by fits with a #* and proton track inter-
changed is 2%, as this is the fraction of self-
ambiguous events for this final state. :

The number of events assigned to final states
(1)—(6) and the corresponding cross sections are
presented in Table II as a function of beam momen-
tum. The cross section values shown have been
corrected for scanning efficiency, reconstruction
efficiency, and the effect of cuts on fiducial volume.

. B. Nucleon Cross Sections

1. The Spectator Model

The spectator model of the interaction of the in-
cident pion with the deuteron can be described sim-
ply in this way: The pion interacts with only one
nucleon, and the other proceeds with its original
momentum, merely a spectator to the interaction.
We take as the “spectator” nucleon the one with
the lower momentum in the laboratory.

There are two phenomena which affect cross sec-
tion determinatioas in deuterium. These are the
Glauber (screening) correction, and the suppres-
sion of certain momentum states by the Pauli Ex-
clusion Principle. These effects are too small to
be of importance in view of the level of statistics -
in this study; see, however, the discussion in
Ref. 1. .
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Beam momentum (GeV/c)
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o
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1246

1.53
o Events
60+7 113
92 16

1.30
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TABLE II. Cross sections (ub) for five- and six-pronged final states in n*d reactions.
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2. -Comparison of Data with Spectator Model
w94 The distribution of the 3-momentum of the nu-
cleons in the deuteron is taken to be the Hulthén
<« D6 wave-function prediction _
+ H H . . . . -
T OEA P¢’(1>)°Cp(p )2 S )
+o P +Bz S
S g8 The value of a is determined by the deuteron bind-
- " ing energy to be @ =0.0457 GeV/c. In the litera--
ture B has been taken to be Ta (Ref. 9) and 5.18a
S owy . (Ref. 10). We have used 8=5.18a; none of our re-
e g° sults is sensitive to the value of 8.
Figure 1 shows the spectator momentum distri-
o bution for all events from reaction (1), whichis a
|8 {° four-constraint fit. The curve is the spectator
model prediction (Hulthén distribution), normal-

- e " ized to fit the data below 250 MeV/c. The fraction v
o2 of events with spectator momentum over 250 MeV/
a * ¢ is 34%. The nucleons in the deuteron have a

Fermi momentum greater than 250 MeV/c only
o wea 2-7% of the tithe (the number is not well known),
- - 80 it is clear that the majority of high-momentum
- spectators are not spectators to the scattering at
HoHH _a.ll —both nucleons have been struck. Such events
are not described by the spectator model. We thus
require that the spectator momentum be less than
250 MeV/c when using this model to obtain 7N
cross sections. There is quite reasonable agree- -
ment between the data and the curve below 250 .
MeV/c. For the remainder of this paper we will
- consider only events satisfying this condition; we
will correct the 7N cross sections obtained to ac-
- ™ ' ) count for the excluded events. We note that we
found no evidence that the excluded high-spectator
- momentum events are more likely to be misidenti-
xox fied events than the rest.
160
B 120
=
(L)
s
g s0
bt
5 .
s & 4ol
Z =
=k
i Pk
e,
+ S ¢ hg\ ' o)
NP 00 0.2 0.4 0.6 0.8 1.0
&g & Zg SPECTATOR MOMENTUM (GeVv/c)
é 2 ;é _'é 2 FIG. 1. Comparison of spectator model with data

mtd—pprtatrornl/fy

from the reaction w*d--pprtats a~ (1936 events).
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TABLE II. Center-of-mass energy bins and path-

lengths,
- Central value Bin limits Total pathlength 2
(GeV) ‘ (GeV? (events/ub)
(Underflow) 1.68 ’ 0.06
1,73 1.68-1.78 0.45+0,03
1.84 1.78~1.88 o 0.63+0.04
1,94 1.88-1.98 2.77+£0.15
2.02 1.98-2.06 3.06+0.17
2.11 2.06—2.16 3.01+0.15
§ 2,22 ) 2.16-2.28 . 2,86+0.,13
2,33 2.28-2.42 0.90+0.07
(Overflow) 2,42 : 0.02

aThe effective pathlengths for accepted events satisfy-
ing the Spectator cut Py < 250 MeV/c are about 40%
smaller,

3. Calculation of the Nucleon Cross Sectzons
vs ¢c.m. Energy

. The pathlengths at each of the several beam mo-
menta are known (Table I) and the spectator model
is used to calculate the distribution of pathlength
in c.m. energy. The c.m. energy of the beam and
the struck nucleon is given by

Ec.m =[(P5+P¢ _ps)2]1/2_ ’ (10)

Here p,, ps, P, are 4-momenta, and the subscripts
b, d, and s refer to the beam, deuteron, and spec-
tator, respectively.” The nucleons in the deuteron
. are assumed to be moving in a2 random direction
with equal and opposite 3-momenta distributed ac-
cording to the Hulthén distribution given above.

The probability of a collision is weighted by the in-
variant flux factor of Mgller,'? ’

Flux(pb,p,) [(py p,)z-—m 2m 213 /mym,, (11)

where p,=p, —p, is the 4-momentum of the target.

The pathlength values at the incident momenta
given in Table I were distributed in ¢.m. energy ac-~
cording to the Hulthén momentum distribution and
the Mgller flux factor using numerical integration.
The calculated pathlength in several ¢.m. energy
intervals is given in Table HI.

The number of events assigned to each 7°N reac-
tion has been tallied by c.m. energy; these num-
bers are given in Table IV. To determine the cor-
rection for high-spectator-momentum events we
distribute all events in c.m. energy bins in the
same way that the pathlength was distributed; the
same process is applied to the high-spectator-
momentum events. The fraction of high-spectator-
momentum events can then be calculated for each
reaction and ¢.m. energy bin. This procedure

(X3

Events
234
125

29

2.33
o
1617
97420

48557
204+ 39

Events
485
188
41

2,22

o

343+29

~ 14515
6+2
407

Events
305
81 .
13

2.11
[
204£19
56+8
442
134

2,02
Events
179
39

4
27£5
2+1
42

Center-of-mass energy (GeV)
123+13

1.94
o Events
558 70
8+3 11
1x1

. TABLE IV. Cross sections (ub) for m*n reactiona,
9

1.84
Events

o
30x10

1,73
Events
2

(44
12+9

‘wtn—patrtaTiTnly
rn —~prtrtrrT MM

Reaction

(MM = 779
mtn —nntrtrteTr, or

mp—prtntrtnTr”

ttn—~prtatoTrT
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»~ BEAM: MOMENTUM (GeV/c) P E
o 2.0 3.0 4.0 E
T ] ' N 1.0E
rta—>prteteT e ) . o 9;
1.00l—  (THIS EXPERIMENT) _ } . s/ YE
. C ® E
> X T p—> netety 2 . i 8 0_8;—
£ | ~
g ors— o : L 5. 07E
E | E: 2 E
§ : o l. 0.6
@ 0,50 - ' } - z 3
o - ) = 0.5
[ 4 . . - . . E
e 3
2 0.4F

0.25— : - 3 _ .
= o : a _ 08 09 10 1. L2 1.3 1.4 1.5 L6
o x K | i ] ‘ . M(ststy s x%0r y) (GoV)
1.6 2.0 2.4 2.8 ‘
FIG. 3. M (r*7~ neutral) vs M (n*n* 7~ 2~ neutral)
Ec.m (GeV)

where the neutral is a 7% or vy (4 combinations for each

: - of 451 events).
FIG. 2. Cross section for r'r ~=pnta*7~ 1~ from this )

experiment, and for the charge—symmetric reaction

1p~nm*r*r"n" from other sources (Ref. 13). ) - n -1 (g~ neutrals)v (32%) (12)
=1 (g-mtrTr% or wtnTy)  (13%) (13)
yields the probability of a rescattering of one of ~1°1° (n=w*7"1° or T'17y)  (6%) (14)

the final-state particles with the spectator nucleon, -
assuming that the high-spectator-momentum events ~TTy - (29%) (15)-
are due to such a rescattering. _ —~ (neutrals) (20%) . (16)
The cross sections, corrected for the cut on high- '
spectator -momentum events, have been calculated
and are shown in Table IV. Reaction (5) has a neu-
tron spectator 59% of the time, averaged over all
c¢.m. energies; the cross section given is the sum
of the 7*n— nr'n*r*n ™1~ and #'p—~pr*r*ar*nr n” cross -
sections. : ' .
Our determination of the 7*n - pa*7*1™ 7" cross
section is shown in Fig. 2. Charge-symmetric

The 7’ has also been observed in the reactions
"+p-' A++nr,18 1T-P- nn/,19-21 and ﬂ-td_.ppn/_ZZ-zq
The amplitudes for the reactions 77p~ ny’ and

“7*n~ pn’ should be equal, by the charge symme-
try of strong interactions.

data for the reaction 7v™p~ nu*s*n"n" are also.. : T I N
shown; these data are compiled from many experi- i
. ments.’® The agreement between the two sets of - . N
data justifies the above procedure for cross-sec- E 30— —]
tion determination. . ; ~
IV. 7' PRODUCTION ‘S’ 20— —
A. Known Properties of the 7 Meson 0’5_’ | n
. w
The 7’ meson was discovered in K p experiments @ ol— _ ]
in 1964.141° Its mass is 957.5+0.8 MeV, and its : :
quantum numbers are I°=0*and JP=0" (or 27).1817 - T S |‘L‘“'L 1
The n’ decays into the state wan 64% of the time."” ' ol ,.rfr 1 L1
Using the known neutral-to-charged branching ra- 0.8 1.0 1.2 1.4 1.6

“tio of the 1 meson, and the fact that the (wm),_,
state is 7'n” two-thirds of the time, the branching
ratios of the 5/ into the various final states are cal- FIG. 4. Mass of r*a*a 1~ 1%y, from the reactions
culated to be : ' . wtd—pprtatr o a%/y (451 events).

Mlr* w7 7 0 OR y)i{GeV} -

it
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100 4 : TABLE V. Cross section for 7’ production.
- : ' Ecm. (GeV)
2 80} - ) 1.94 2.022 2,112 2.22 2.33
o » .
o Events: :
c 60 -] 3—4prongs 11 2 24 52 21
?\_) : Events: . - .
z 40 S . - 5—6 prongs 4 17 21 19 5
: 5 ' Cross section
20 — : (ub) 23+7 91x33 112+30 11415 127x25
| : : ) 3 At 2.02 and 2.11 GeV the 3- and 4-pronged sample is
Y . O:" incomplete. At these energies the cross section is based
on 5- and 6-pronged events alone,
M(x* =7 x° OR y) (GeV) o
tp= 0 ' i R o
FIG. 5. Mass of 7*n~ 7%y, from reactions n*d if their c.m. energy is not correctly determined.

. The amount of 5’ at threshold requires special
discussion. When the c.m. energy is just above n’
threshold (1.94 GeV) the five-pion phase space
peaks at a mass of 960 MeV/c?, with a width of 90
Me¥/c?. Also, when the five-pion mass is 960
MeV/c?, the three-pion phase space peaks at the 5

 mass, 550 MeV/c?, with a width of 140 MeV/c?.,
Thus background and resonance can be separated -
only by the narrow width of the resonance peaks.
There are only 11 events in this region, so that
background and resonance estimates are difficult.
The lower and upper bounds for the amount of 7’
production {by eye) are 0 and 75%. We have also
performed a maximum likelihood calculation,
using a Gaussian resolution function with =12
MeV/c? for the resonance shape, and phase-space
background, which gives the amount of 7’ produc-

" tion as 36+16%.

~epprtrtas n 7%y (four combinations for each of
451 events). :

B. Producﬁbn in Five- and Six-Pronged Events

The final state pprtn*n 7~ (7°/y) has been studied
for evidence of 7’ production in 7*d interactions.?®
. The evidence for 7’ production in this final state
is summarized by the scatterplot of the (7*r~#°/y)
mass (all four combinations are plotted) versus
_the (7*r*n"n"1°/y) mass. This plot is shown in

Fig. 3. The correlation of 5 and n’ events is clear.
The (n*r*r"7"1°/y) mass plot is shown in Fig. 4; a
strong 7’ signal occurs at a mass of 0.96 GeV/c®
with no more than 20% background. The apparent
structure near 1.1 and 1.25 GeV/c? coincides with
the phase-space maxima for the 1.9 and 2.1 GeV/c
beam momenta, respectively. ‘

The (n*r”71°/y) mass plot is shown in Fig. 5. _ * . C. 7’ Production in Three- and Four-Pronged Events
There is a strong 75 signal here, much more than i ’
can be accounted for by 5’ decays alone. "The . There are three known decay modes of the 5’ that
amount of 7’ production was determined by esti- lead to three- and four-pronged topologies inour =
mating background and counting eveats in the 7’ ~ experiment (Reactions 12,14, 15). We discuss here
and 75 peaks. Every event in the 7’ region has at - only n’ - n*n"y, p—~neutrals, as this is the largest
least one associated (7*r"7°/y) combination in the - .  decay mode, and the most bias-free. )
region of the 7. : v Most of the three- and four-pronged events have

The amount of 1’ production is shown as a func- been analyzed elsewhere."'?® (The three-pronged
tion of c.m. energy in Table V. The c.m. energy events were not mmeasured at all beam momenta.)
calculated for an event depends on the spectator The events of interest are those with a missing
momentum; since the spectator momentum for a - mass equal to the 5 mass (within errors), and
one-constraint odd-pronged event is systematical- which have no satisfactory fits to other hypotheses.
1y low (see Sec. 1), its c.m. energy is systemati- - ~We have examined this sample of events for evi- ,
cally too close to the median c.m. energy for its - dence of 5’ production. The same cuts were made -
beam momentum. To avoid uncertainties due to on the fiducial volume as for the five- and six- -
the incorrectly determined c.m. energies, the c.m. pronged events. The three- and four-pronged
energy bins were chosen to center on the median - events were measured on the Spiral Reader, and
value for each beam momentum setting. Thus the bubble density information was used to sepa-

these events are assigned to the correct bin, even rate the track-mass hypotheses. ' The kinematic
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S - 0.46 0.50 0.54  0.58 0.62
§ MISSING MASS {GeV)
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60}~ " (b) —
40— ’ ‘ —
20— - -
’ ]
o A SRR RN S R

0.50 - 0.54 0.58
' MISSING MASS (GeV)

FIG. 6. Missing mass for (a). three-pronged events
(978 events), (b) four-pronged events (365 events).

and ionization confidence levels for the accepted
hypothesis are required to be greater than 1%.
For this study, we also require that the spectator
proton momentum be less than 250 MeV/c.

To separate the decay (12) from the other two
modes in this topology (14, 15), we have to rely on
the missing-mass measurement. The missing -
mass of three-pronged events with a missing mass
between 0.45 and 0.64 GeV/c? is shown in Fig. 6(a);
the missing-mass measurement. The missing
a missing mass between 0.5 and 0.6 GeV/c? is
shown in Fig. 6(b). There is no evidence for g
mesons in Fig. 6(a); however, we estimate that
there are 70 to 100 events in the peak at the mass
of the n meson in Fig. 6(b). The resolution in

whoud

6 - n'PRODUCTION IN 7'd INTERACTIONS... ' 3065

0.60

0.55

0.50

0.45

JJlnllnnlllllnllll_lnln‘uulnnu

MISSING MASS (GeV)

0.60

l;

ATISIATINNNINET

(b)
. 0.55

0.50

09 1.0 11 2 1.3 1.4 1.5 1|16
' M(xts"n) (GeV)

" FIG. 7. Missing mass vs M (n*n™n) for (a) three-
pronged events (888 events), (b) four-pronged events -
(359 events).

missing mass in the region of the 7 is +50 MeV/c?
for three-pronged, and +15 MeV/c? for four-
pronged events. ’

This resolution is clearly adequate to separate y
from 7, and therefore decay (15) is not expected
to contaminate our sample. However, for decay
(14) the missing-mass spectrum peaks near the 5 .
mass,'® and a considerable amount of contamina-
tion from this source is expected, especially in
the three-pronged sample. This contamination
will not affectthe %" production angular distribu-
tions to be discussed below. In order to find pro-
duction cross sections, this contamination has to
be taken into account. '

“The events shown in Fig. 6 have been fitted to the
one-constraint hypothesis n*d—ppr*n~n, n- neu-
trals. The scatter plot of missing mass versus
(7*7™n) mass-is shown in Fig. 7 for the three- and
four-pronged events. There is a good n’ signal in
both these plots; the plots also show that the back-
ground can be reduged if we make a more restric-
tive cut on the acceptable missing-mass range.
For the rest of the analysis we require that the
missing mass lie between 0.50 and 0.64 GeV/c* in
the three-pronged events, and between 0.52 and
0.58 GeV/c? in the four-pronged events. With
these mass cuts we estimate that about 70% of the
events.from decay (14) are included with the three-
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pronged events, amounting to a 14% contamination
of the sample. Among the four-pronged events the
acceptance is about 40%, the contamination 8%.
The (7*n™n) mass plot is shown in Fig. 8. The '
peak 1s sharp and clear here, even f(r the three-
pronged events. The background under the 7’ peak
is about 20% for both topologies. The amount of 5’
production was determined as a function of c¢.m.
energy; the results are tabulated in Table V.

We.can calculate the 7’ production cross section

separately using the 3-4 prong and the 5-6 prong
samples. Within statistics, the two samples are
consistent. The ratio for the combined data from
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-~ N*(2190)~n’p. The amount of data available is

the three energies at which we have complete sam-
ples is 1.1+0.3. :

D. Summary of n’-kesults

' The cross section for n’ production in 7*n and -
7”p interactions is shown in Fig. 9 and Table V.
Our results, combined with other measurements,?’
indicate a rapid rise above threshold to a maxi-
mum of about 100 pb, and a slower decrease at
higher energy.

The 7’ production angular distribution was
studied by making a cut on the (7*77n) mass be-
tween 0.94 and 0.98 GeV/c®. The production angu-
lar distributions for the three- and four-pronged
events are consistent with each other, and with the
five- and six-pronged angular distributions. The
production angular distributions for the combined
sample in the " mass region are shown in Fig. 10.
No corrections have been made for the effect of
the background (<20%).

While the angular distribution is reasonably flat
near threshold, it rapidly develops a peripheral
peaking with increasing energy. _

Since the cross section reaches its maximum
near E.n,. =2190 MeV, and the width of its peak is

about 300 MeV, the question arises whether or not. -

the reaction is dominated by the process 7*n

not adequate to perform a phase-shift analysis,

and therefore we cannot determine the size of the
N*(2190) contribution. We note, however, that the
backward peaking in the 2160-2280 MeV region is

an indication that this contribution may be substan-

tial.

The size and the energy dependence of the total
cross section in the reaction we explored are simi-
lar to those found in the reaction K™p—-n'A.'® We

" suggest therefore that for future high statistics ex-

periments designed to explore the characteristics
of 7’ decay the reaction 7°p - n’n is an attractive
one in view of the availability of high flux 7~ beams
in the 2-GeV/c region, -
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