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potential, but also by modulation of the number

of each type of state. The number of 2plh states
gives the degeneracy splitting of the virtual level.
The effect of the 3p2h states on the 2plh states

is to change their strength. It is therefore nec-
essary to know where the 3p2h states occur be-
fore one can estimate the width of the 2plh “door-
way states.”

We may summarize by noting that states which
require excitations over only one energy gap can
be plentiful. When two such excitations are nec-
essary, the number of 3p2h states is severely
curtailed. The region of immediate experimental
interest for study of the neutron-proton interac-
tion would therefore be at and near the doubly
magic nuclei.

This survey gives one some feeling for the com-

plexity and systematics of the compound states
that may be built out of particle-hole interactions.
It also predicts regions where the “compound
nucleus” is simple enough to lend itself to com-
putation.

The authors wish to thank H. Feshbach for sev-
eral enlightening conversations and for his con-
tinued interest.
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In this note we wish to discuss our results on
the study of the n*p reaction at 3. 65 BeV/c lead-
ing to four charged particles in the final state.

In particular, we wish to point out an anomaly we
have observed in the mass distribution of the 7p
system. This work was carried out in the 20-
inch BNL hydrogen bubble chamber® exposed in
the Yale-Brookhaven beam? at the AGS. The anal-
ysis® of the four-prong events permitted us to
identify the three reactions*

7 p-7 7w p, 1784 events,

0=3.85+0.30 mb, (1)

Table I. Partial cross sections for channels leading to p°, 79, and N

—natr~n%p at 3.65 BeV/c.?

n+p -1 n_n°n+p, 1998 events,

0=4.3+0.35 mb, 2)

n+p A 71+1r—n, 359 events,
0=0.76+0.07 mb. (3)

In what follows we discuss Reaction (1) and, in
particular, those events leading to p° formation.
Table I gives the summary of the cross section
for all the channels identified in Reaction (1).

The result of our analysis of the reaction products
indicates that the majority of the events involve

’*++(1238) formation in the reaction 1r+p

Branching ratio Cross section

Channel Final state (%) (mb)
(1a) pON*H 30.5 1.17+0.12
(1b) p°+1r+p s 23.0 0.86 + 0. 09
(1c) b 7T:Z§+ 30.1 1.16 £0.12
(1d) f"IY 3.4 0.13 +0.04
(1e) mtr=n*p (“nonresonant”) 13.0 0.53£0.1
Total 100.0 3.85 % 0.30P

2This table refers only to the most prominent features. Finer features such as the A" effect, N*(1238) forma-
tion, etc., are not explicitly incorporated.
The cross sections were calculated by calibration of the total number of 7*p interactions against the cross-
section measurements by M. J. Longo and B. J. Moyer, Phys. Rev. 125, 701 (1962).
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some resonance phenomenon between the outgoing
particles.

One of the dominant processes in Reaction (1)
is the formation of the N*** resonance.® We
found it expedient to classify our events into types
according to whether or not a 7*p mass value falls
inside the N**" band, defined by 1.12<M(p7™)
<1.32 BeV. We call the group of events for which
one 7*p mass falls inside the N** band “type 1”
(1024 events). Those events for which both 7+
mesons form a 7'p mass which lies inside the
N™** band we call “type 2” (118 events). Finally,
“type 3” (642 events) refers to events for which
both 7*p mass combinations lie outside the N *+*
band.® This breakdown into types is illustrated
in Fig. 1. In Fig. 1(a) we present a scatter plot
of the m," p mass against the mp* 7~ mass. As
we pointed out in an earlier communication”™® the

kinematical limits for the resulting scatter plot
are given by an isosceles triangle. Since each

Number of events

event has two 7t mesons, it is represented by
two points in this triangle plot. For clarity we
have left out from Fig. 1(a) those points of type-
1 events which correspond to the “reflection” of
the N ¥t band. These points are shown sepa-
rately in Fig. 1(e), with their projections [Figs.
1(f) and 1(g)]. These correspond to the alternate
7*p mass combination (712+p) not yielding masses
in the N*** band. It is noteworthy that the cor-
responding 171+1r' masses do not show any marked
p° formation either [Fig. 1(g)]. The most prom-
inent feature of the M(n*n~) distribution is p° pro-
duction,®* defined here by 0.65<M(r*77)<0.85
BeV [Figs. 1(c) and 1(d)]. This proceeds with
comparable cross sections through the channels

7r++p-p°+N*++, (1a)

+ +
m +p-—p°+7r +p.

(1b)
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FIG. 1. Scatter plots of the effective-mass distributions for the two-particle composites in the reaction n%p
— 1r+7r'p7r+. The mass projections also are shown. In the present reaction each event contributes two points to
the scatter plot. Those points corresponding to the reflection of the N*** band (a) are shown separately in (e). The

projections have been similarly separated. The large triangles delineate the kinematical limits.

(h) shows the

projection of all points |each event taken twice on the M(7*7") axis]. It should be noted that the scale for mass

projection is not the same in all figures.

The small triangles shown as inserts to the figure as well as on the fol-

lowing figures indicate by the shaded region that part of the four-particle phase-space triangle which is displayed

in the particular figure.
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The production mechanism of the p® meson ap-
pears to be distinctly different in the two chan-
nels. In channel (1a), p° mesons are produced
with small four-momentum transfer A* to the

N *++, which we interpret to mean that the reac-
tion proceeds principally via a peripheral col-
lision. The A,? distribution has a full width at
half-maximum of about 15m ;% In channel (1b),
on the other hand, the formation of p° mesons
proceeds via much larger momentum transfers
to the nucleon and pion system (full width at half-
maximum about 50m ;%). It is in this latter chan-
nel that we observe a strong enhancement in the
distribution of M(p°7") in the mass region 1.0 to
1. 4 BeV over that predicted by phase-space con-
siderations. For purposes of discussion we refer
to this enhancement as the formation of a state
A% according to

1r++p-A++p, (4)

which breaks up according to
AT~ (5)

To investigate the possible m-p interaction fur-
ther, we now consider channels (1a) and (1b) as
a three-“particle” final state, viz. p°n*p, and
construct the corresponding Dalitz plot. In Figs.
2(a) and 2(b) we have plotted M?(p7n™*) versus
M?(p°7"). Because of the width of the p° meson
we have two boundaries for the Dalitz plot. We
note the strong N*** band as well as a distinct
enhancement in the region M2?(p°r+*), between 1.0
and 2.0 (BeV)*. In Fig. 2(a) all 777~ mass dou-
blets falling inside the p° mass band are shown.
Events in which both mass doublets fall inside the

p° band will thus contribute two points correspond-

ing to different M?(pnt) but equal M2(p°nt) values.
We call these “double-p events.” In Fig. 2(b)
and in all subsequent discussion we show only one
point chosen arbitrarily for double-p events;
furthermore, we have left out the m, "7~ type-1
combinations [see Fig. 1(g)] to avoid excessive
background in our p° sample. The projection on
the M?(pn*) axis is given in Fig. 2(c). The N***

band is clearly seen as well as a long tail towards

higher 7*p mass values. The latter events be-
long exclusively to type 3. In Fig. 2(d), we show
the projection of the type-3 events on the M2(p°nt)
axis (i.e., excluding the N*** band). It is this
projection as well as in the Dalitz plot itself that
we note the A* enhancement effect over phase-
space predictions. The 110 double-p° events

(out of 428 type-3 events) are indicated by the
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FIG. 2. (a) A Dalitz plot for the three “particles”
p°7r+17. The two curves correspond to the two mass
limits used to define the p® meson. (b) A Dalitz plot of
the same variables as in (a) is shown—excluding, how-
ever, the points due to the reflection of the N*** and
showing one point only per event for double-p? events.
(c) and (d) show the projection of (b) on the M? axes as
indicated.

dashed histogram in Fig. 2(d). It is noteworthy
that the double-p events contribute considerably
to the A* enhancement. This raises the question
whether the A" enhancement might be related to
Bose symmetrization or possibly be a dynamical
effect favoring “double-p” formation. However,
on closer examination of the problem, double-p
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formation does not appear to be unduly enhanced.
This can be appreciated by making a two-dimen-
sional array in which the mass of the nfﬂ' pair
is plotted against that of the n2+1r' pair. Such an
array for type-3 events clearly shows the two
p° bands. The crossing of these p°-meson bands
corresponds to a particular symmetry in the
7tn-nt system, i.e., double-p® events. We find
that the number of double-p° events agrees with
a simple superposition of the two p° bands.

We note that the “A* state” is produced with

formation. This is illustrated in Fig. 3 where we
present a Chew-Low plot for the type-3 events.
The projection of A? is given on the ordinate for
the M?(p°7%) region 1 (BeV)? to 2 (BeV)? and sep-
arately for the remaining mass regions. The
peaking of the small values of A% for the region of
the A* enhancement is self-evident. The distri-
bution falls to half its intensity at about 25m 7.
On the abscissa we show mass projections for
A%< 50m® and those for higher four -momentum
transfers. The enhancement in the A* region

small four-momentum transfer, A%, to the proton, for low momentum transfer is clearly seen.
while this is not the case for Alz, the four-momen- A possible interpretation of our observation is

tum transfer to the 7%p in the corresponding p°

that we are dealing with a resonance in the 7*p°
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FIG. 3. A Chew-Low plot for the events of type 3. The four-momentum transfer to the proton A? is plotted
against the M2 of the pln* system. (b) and (c) show the projections on the A? axis for the events, respectively,
inside and outside the A* band. The projections on the M%(p’r") axis are shown in (d) and (e) for A? values less

than and greater than 50m 3 respectively.
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system. ! In this case the relevant parameters
known at present are Eq4+=1.2 BeV, I41*+=0.35
BeV, the G-parity is odd, and the isotopic spin
T=1or 2. Alternatively, there may be some
structure to the AT enhancement and our observa-
tions could arise from two unresolved peaks.
Furthermore, the enhancement effects considered
by Nauenberg and Pais,'? which would not corre-
spond to a unique isotopic spin and angular mo-
mentum state, could play a role in accounting for
the lower half of the observed A* enhancement,
i.e., in the region near 1 BeV.
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Dr. Geoffrey Chew, and Dr. Charles Zemach, for
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Ling-Lie Chau, Mr. Allan Hirata, Dr. Thomas
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The purpose of this note is to report strong
evidence for the existence of a resonance in the
P,, state of the pion-nucleon system. Previous
pion-nucleon resonances were discovered from
observations on the qualitative behavior of ex-
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perimental observables. The resonance sug-
gested in this paper, however, is not associated
with conspicuous features in the observables
measured so far and has been inferred from a
more quantitative analysis.



