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The spectrometer response for the muonic L
and K x rays is determined experimentally by
study of the 2.75-MeV line from Na?* and the 6.14-
MeV line following the 8 decay of N,

We have comparable experimental data for
Tal®l U?® and Pu®®, but are still working on the
theory for odd-A nuclei. It is worth noting that
the observed spectra from the last two of these
targets are very similar in appearance to those
presented here.
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We are currently surveying the nuclear emul-
sion data on 7~ -mesic decays of hyperfragments
in order to obtain statistically improved obser-
vations of the final-state interactions present
in these events.!»? Previously other workers
have looked for states of Li*, primarily in re-
actions such as p-He® scattering®™" or He3(d,n).?
A careful analysis of p-He® scattering data by
Tombrello® shows only the possibility of some
very broad states of Li*, for proton energies of
<11.5 MeV. The hyperfragment data for the de-
cay mode (decay at rest)

AHe‘-~n‘+p+He3 (1)
indicate the possible existence of a very sharp-
ly defined state of Li* corresponding to a “two-
body configuration” in ~20% of the events,
namely:

AHe4 -7~ +Li**~p +He® +(10.62+ 0.20) MeV (2)

[using @ , =(37.58+0.15) MeV and B, (,He?)

A AMA
=2.33+0.10) MeV ¥°],

This phenomenon was first noticed in Fig. 1,
where a scattergram of proton energy versus
pion energy is given for all identified cases of
Reaction (1). The solid curve in Fig. 1 is the
boundary of the allowed region calculated using

a binding energy B A( AHe“) of 2.33 MeV.!° The
extraordinary feature is the spike in the pion
energy which has its center at (23.68+0.08) MeV
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FIG. 1. A scattergram of proton energy versus pion
energy for the decay pHe!— 7~ +H!+He3. Solid cir-
cles: A Gaussian ideogram which provides an indica-
tion of the significance of the pion energy peak between
23 and 24 MeV. Solid line: The kinetic boundary
based on B 5 (4 He!) =2.33 0. 10 MeV.
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Table I. AHe4 events which appear to decay via Reaction (2) showing hyperfragment range (Ryp), recoil range

(Ryed), pion energy (T;), binding energy (Bp), and momentum unbalance (Ap)-

Ryp Ryes 7 By Ap

Event? (m) (#m) (MeV) (MeV) (MeV /c) Cos#é
Parma 4 95 37.0 23.68 £0.45 1.48 8 -0.931£0.035
Be 256 voe 14.0 23.65*0.45 1.02 14 0.179+0.053
345 124 34.3 23.72%0.45 2.29 14 -0.8810.028
398 207 20.4 23.66 £0.45 2.04 2 —-0.381%0.045
1-47-9 56 30.2 23.20+0.41 2.33 9 -0.885+0.071
1-50-13 88 5.2 23.92£0.42 2.86 19 0.599 £0.040
2-62-4 18 5.0 23.54 £0.41 3.49 10 0.621+0.051
2-63-2 519 3.5 23.80+0.41 2.18 7 0.837+0.042
3-42-5 87 3.2 23.97£0.41 1.48 36 0.814+0.041

3References for all of these events may be found in reference 10.

with a statistical spread

0=(0.23 +0.20) MeV. (3)

From 7~ range straggling alone one expects
0.40 MeV for (3), which suggests the upper limit
should be taken. The Gaussian ideogram of pion
energies (dotted curve in Fig. 1), based on the
known B, resolution, indicates that the effect is
significant.

The events in the 23.68-MeV spike were ex-
amined for possible contamination by other
species (notably AHe*"). Table I presents the
data relevant to this question for the ,He*—-7~
+p +He® events with pion kinetic energy 23 <T_
<24 MeV. The last four events in Table I have
short ranges for the He® recoil, and from a
critical examination carried out in a previous
work!® one expects this subsample of events to
contain at most a contamination of one or two
AH65 hyperfragments. Essentially this is due
to the confusion of He® with He* recoils at very
low momenta. However, the first five events
in the Table have very long He® recoils, and
thus are reliably identified. Other features to
note are (1) the generally low momentum un-
balance found which also suggests good identi-
fications, (2) the fairly long hyperfragment
ranges which stand as evidence against a con-
tamination by rare decay modes of heavy (A >5)
hyperfragments, and (3) the fact that the bind-
ing energies measured show no significant devi-
ation from the known population for AHe“ events.
Thus, a total background of not more than two
events is reasonable for the 23.68-MeV spike.

Conceivably, contamination could be ruled
out in a 7~ spectrum from ,He* decays as ob-
served in the helium bubble chamber,!! where
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heavier hyperfragments are absent. Unfortun-
ately, the errors on the present helium bubble
chamber measurements of pion momenta are
too large to permit a detailed interpretation of
the spectrum.’? One may conclude, however,
that these data are not inconsistent with the nu-
clear emulsion results.

Figure 2 shows a scattergram of pion energy
versus cosd where 6 is the angle of the He® re-
coil relative to the pion direction, calculated in
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FIG. 2. A scattergram of pion energy versus cosé

where 6 is referred to the center of mass of the recoil -
ing H'-He® system as shown. The shaded portions of
the histograms indicate events probably involving Li**.
The shaded portion of the cosé histogram is not incon-
sistent with a cos?6 distribution.
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the center of mass of the proton-He® system.
The preponderance of negative values of cos¢
for all events plotted is a well-known effect!
due to the identification bias favoring long He®
recoils, as discussed above. Figure 2 sum-
marizes the scanty experimental information
on the spin of this Li* state and is consistent
with a cos?# distribution. AHe“ has J=0 and the
decay A —-p +7~ goes dominantly to an s-wave
final state. Simple arguments then show that
the quantum numbers JP =1~ are the only ones
consistent with a cos®d distribution.

In conclusion, an effect in the 7~ -energy his-
togram from AHe“ decays in nuclear emulsions
has been observed, and is best interpreted as
evidence for an excited state of Li*, (10.62
+0.20) MeV above decay to proton and He®. The
width observed is (0.23 £ 0.20) MeV, which agrees
with the pion energy resolution (~0.40 MeV) in
nuclear emulsions only if the upper limit (0.43
MeV) is taken. The narrow resonance width at
this excitation energy could be understood in
terms of an I=2 state of Li*, whose p-He® decay
would be forbidden by isospin conservation.
However, a number of difficulties are encoun-
tered if we adopt this isospin assignment:

(1) There are 3 MeV available for the allowed
3p +n decay mode which is not seen; (2) appli-
cation of the AI= 3} rule suggests that the decay
aHe* =7 *+H** should occur with frequency
equal to yHe* -7~ +Li**, which is inconsistent
with present hyperfragment observations; and
(3) arguments given earlier suggest a spin of
1~, but with isospin assignment I=2, a 1~ state
is rather unlikely.!s

These results should be checked by conven-
tional experiments such as proton-He® scatter-
ing in the previously unexplored energy region

around’ E, =11.5 to E, =19 MeV.}*
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EVIDENCE FOR AN N* RESONANCE AT 1425 MeV*
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Strong evidence has been found for the exis-
tence of a resonance in the pion-nucleon system
at an effective mass of approximately 1425 MeV.

A sample of 30000 photographs was obtained
from the CERN 32-cm hydrogen bubble chamber
of a separated K~ meson beam of momentum
Pp-=1.455+0.025 GeV/c.»»? All events of two-
prong topology were studied. We base our con-
clusions on those which were kinematically fit-

ted in the inelastic modes:
(@) K= +p-n1t+K~ +n (732 events),

(L) K" +p~p+K~ +7° (381 events),

(c) KT +p-p+1~ +K° (553 events).

The mode identifications were checked by mea-
suring the bubble density along each track and
comparing it with the expected ionization due to
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