
trum are due mainly to random coincidences. One may
deduce from these data that the 9.63, 10.8, and 14.1-
MeV states must have "natural" parity since they de-
cay to the Be',„& state and that "unnatural" parity is
indicated for the 11.8, 12.7, and 13.3-MeV states since
the latter show no evidence for alpha decay to the Be',„d
state.

On the Be'2, 9 curve in Fig. 2 the region corresponding
to the 15.1-MeV C" level shows no evidence for a peak.
Based on the population intensity, as obtained from

(p, y) coincidence runs, the upper limit on a peak in Fig.
2 corresponds to the limit F /F (0.05 for the 15.1-MeV
level.

Similar analyses of two runs at diferent angles on the
C"+He' reaction also lead to F /F(0. 05 for the 15.1-
MeV state.

The experiments which we have carried out have not
been sensitive enough to 6nd the isotopic-spin-violating
alpha-particle decay of the 15.1-MeV of C', although
our limit on this decay mode is sharper than any pre-
viously reported.

DlSCQSS10Q

DoNovAN: I would just like to point out that this experiment
measures not only the isotopic spin purtiy of the 15.1 state in
carbon, but also the isotopic spin purity of the region of Be' that
it might decay to. Since the transition has not been seen, the width
of that level for alpha decay is much less than the gamma width,
or at most a few volts. This certainly indicates an extreme isotopic
spin purity in the region of the 2+ level of Be, which was a point
of earlier contention.

HoLMGREN: Your comment - that the broad peak on the Be8
ground-state kinematic curve might be due to the B"(He, n)B'
reaction is indeed correct. The reaction proceeds through the 2.8-
MeV state of B'. This state appears to decay primarily by proton
emission to the ground state of Be'; whereas, the narrower state at
2.34-MeV decays primarily by alpha emission to the ground state
of Li'. Evidence for these decay modes can be seen in the figures of
the paper by Etter et al. (p. 444).

ALaURGzR: We did confirm that that broad bump didn't have
anything to do with C" levels, because it didn't move in the right
way.

HoI.MGRzx: We have looked at it in detail and it does shift as a
level of B'.
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;Direct '. .".~ree-. 3oc.y .Decay "C-3a in t.ie '. reaction
".3(]b, ct)Za at tae 163..&ev .resonance

D. DEHNHARD*

Physikalisches lnstitut, Vniocrsitaot hLarburg/Lahn, Germany

It has been shown, that in the plane perpendicular
to the proton beam the O.-particle spectrum and the
n—n coincidence spectra reveal a strong anomaly at
the well-known 163-keV resonance of the reaction
"B(p, cr) .' Therefore a detailed study of the reaction
was felt necessary, especially to look for the depend-
ence of the observed anomaly on the incident proton
energy.

The 200-keV Cockcroft —Walton accelerator of the
Physikalisches Institut der Universitaet Marburg was
used. At proton energies of less than 200 keV, the re-
action "B(p, cr) can proceed via three reaction channels:

ceo+Be (g s )~cro+cror+croo

"B+p~"C*—+crr+Bes*(2.9 MeV)~crr+crtt+nts (II)

3(l'.

*Present address: Argonne National Laboratory, Argonne,
Illinois.

'D. Dehnhard, D. Kamke, and P. Kramer, I'roceedings of the
Rutherford JubiLee Internationat Conference, 2d'anchester, 1961,
edited by I. B. Birks {Heywood and Company, Ltd. London,
1961), p. 821; Phys. Letters 3, 62 (1962); Ann. Physik 14, 201
(1964),

The total cross section for the (p, cr) reaction in the
energy range below 200 keV has the following shape.
Superimposed to the tails of two higher resonances at
675 keV (F= 295 keV) and at 1388keV (F= 1160keV)
is the sharp resonance at 163 keV (F=5.8 keV). These
three resonances indicate states in "C at excitation
energies of 16.1 MeV (J =2+, T=1), 16.57 MeV
(Jr=2, T=1), and of 17.23 MeV (Jr=1, T=1).
Because the 163-keV resonance is very sharp, the
cross section below 150 keV and above 190 keV can
be attributed almost completely to the tails of the
other two resonances. Using a very thin target (in
which 200-keV protons lose about 4 keV), one is able
to reduce the contribution of the higher resonances
at 163 keV to about 15% On the other hand, taking
the same target at 200 keV one may reduce the con-
tribution of the 163-keV resonance to about 10oro.
Below the resonance a target of 50-keV thickness has
been used, thus integrating the tails of the cross sec-
tions of the 675-keV and the 1388-keV resonances.

Five surface-barrier detectors have been used. ' One
of these counters could be moved to any point of a

~ D. Dehnhard and P. Kramer, Nucl. Instr. Methods 20, 337
(1964).
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hemisphere; the other four counters C2' C" C2'"
and C2' have been mounted in one plane, which could
be moved into any position with respect to the proton
beam. Usually two measurements have been done in
each of the planes at 8»=90', 120', 150', and 180'
between counter C~ and the various counters C~ for
the first run, and of 8~j= 75', 105', 135', and 165' for
the second run. The four detectors have been con-
nected in parallel within the chamber in order to super-
impose the individual spectra. These pulses were fed
into the I" input of the two-parameter analyzer, whereas
the pulses coming from counter C~ are fed into the X
input. The energy spread in counter C& was 50 keV,
in the counter assembly 150 keV; the resolving time
was 80 nsec. Corresponding to the kinematics of the
reaction, coincident events are expected to fall in
four areas on the XF plane )or eie2 plane, where ei ——

Ei/(Ei) ~,„and ~2 E2/(E2)——,„]specified by the angle
0» between the detectors and by the solid angle de-
fined by the opening of the two detectors (AII» ——15').
Because of the small incident energy, c.m. transforma-
tions were not necessary.

Figure 1 shows the result of a measurement at 163
keV with the equipment described above. The five
detectors have been moved into the plane perpen-
dicular to the proton beam, the angles being 8»=90',
120', 150', and 180'. The ellipse drawn within the
e&e2 plane corresponds to the angle 8»——180', whereas
the straight line connecting c~

——0.75 and &2=0.75 on
the axes corresponds to 8»=90'. The two ellipses for
120' and 150 have not been drawn, but one can easily
see the two groups of coincident events for 120' (going
through the center of the eie2 plane) and for 150'.

The next run for the intermediate angles filled up thy
valleys between the various groups. Because Fig.
shows an experimental result that covers only four
areas of the whole plane, one expects maxima of the
coincidence rate at the points at which the ellipses
cross lines of constant energy c&, e2, and e3 if the decay
proceeds via intermediate states of Be'.

Although for ei=0.99 (corresponding to the decay
via the ground state of Be') one finds strong peaks on
the 8» ellipse, no maxima were found for ~~ ——0.66 and
82= 0.66 (decay via the 1 excited. state of Be ) on the
120' ellipse. Only for 8»=150' has a high counting
rate been found at the crossing point of the two lines
6y= 62= 0.66. The density of events on the Dalitz plot
can be obtained from the eie2 plot (Fig. 1) by multi-

plying the measured coincidence rate by sin 8» to
correct for the solid angle. This factor means that the
density, especially for the area between 175' and 180',
is much less than one would expect from inspection
of Fig. 1. The broad distribution along the 8»——120'
shows that the density on the Dalitz plot is almost
constant over a large area in the middle of the plot.
In contrast, a stepwise decay would lead to a deep
minimum in the center of the plot, as has been found,
below and above the resonance. Figure 2 shows slices
through the density of events along ellipses 8»——120'
passing exactly through the center of the Dalitz plot.
These . slices have been obtained by projecting the
measured coincidence rate on a line ca=constant. The
minimum at the center is not as a pronounced for the
run at 180 keV as for that at 200 keV because the con-
tribution of the sharp resonance cannot be neglected.

For 8»= 180', the points are distributed over an area
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Two points of the Dalitz plot, the center and the
intersection of the two resonance bands at ei ——0.66
and e2=0.66, were studied in more detail. It was foun
that the excitation function of the density at the center

at the crossing points (Fig. 4). The excitation function
for the center is even more resonant than the cross sec-

onl the two resonances at 163 and 1388 keV have to
be taken into account. Therefore one
on y e wo

h t the hi h density in the center of the plot is asso-
ciated with the 16.1-MeV state of C (J =

P. Kramer3 has pointed out that for the case of a
decaying three-alpha-particle system with total angu ar
momentum 1.=2 and positive parity there exists a
completely symmetrized three-particle wave function

h d e of the plot. This includes the region inat t e e ge o e
w ic 6y~E2~h h 075 and e 0. The experimenta sp3~ e

ex ected for(Fig. 3) are compared with the shape expec e or
the stepwise decay via Res* (2.9 MeV) (broken hnes .

The poor statistics of the run at 200 keV do not allow
a clear conclusion that the stepwise decay takes place,
but the spectrum obtained at 163 kev is far from eing
in agreement wi eth the predicted shape. Experiments

n de-f ed in other planes have revealed a strong e-per orme in o e
n the an lepen ence od of the coincidence counting rate on g

r of thewith respect to the beam. However, the center o
plot has been ulled up only at the resonance.
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dences are omitted. Channel num erb j8 d
0.75.

for which the probability of finding each pair of 0.
'

1
' J =2+ state is very high. This means

that a resonant interaction such as t at in e
MeV can take place between each pair o a p pof al ha ar-

'
1 On this basis one is able to explain the measuredtic es. n is

as a result of aangle-energy correlation at 163 keV as a r
direct three-body decay.
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