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The group n4 is absent at 0' but appears at 0=14'.
Further, this group was absent at 0' when the bom-
barding energy was varied in 500-keV steps in the range
24—26.5 MeV. On changing the energy the intensity of
the other groups fluctuated strongly (Fig. 5).
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I'IG. 5. Relative intensity at 0' for alpha particles
from the reaction 0"(0"n)Si".

reaction C"(0' u)Mg" at 24 MeV both these groups
were observed at angles near 0'.'

The group n4, present at 8 =12', is shown in Fig. 1
to disappear at 8 =0' for a bombarding energy of 16
MeV. This behavior was found to persist as the
energy was raised by 250 keV intervals throughout the
range 16—18.5 MeV. During this procedure the intensity
of other groups fluctuated strongly as shown in Fig. 3,
and it was clear that at least several compound nucleus
resonances exist in this interval so that the possibility
of accidental cancellation at all measured points was
extremely small.

4. DISCUSSION

The results of the last section confirm the parity
assignments for levels in Mg" and Si" given in Fig. 2.
With the exception of the two states shown to have
"unnatural" parity, (—)~+', the parities are now known
with the same certainty as the spins. The "unnatural"
parity assignments to the 5.22 MeV (3+) level in Mg"
and 6.28 MeV (3+) level in Si" depend on the reason-

0" (C",a) Mg'" E~» = 16 MeV

C. Angular Distributions

Angular distributions for laboratory angles less than
50' were measured for both of the reactions studied.
The results are given in Figs. 6 and 7. In many cases
the distributions are strongly forward peaked but it is
not possible to infer direct interaction from this. In-
deed the strong fluctuations with energy shown in Figs.
3 and 6 do not favor such an interpretation. Also, the dis-
tributions for C"(0'su)Mg' obtained at Aldermaston'
appear in many cases to favor symmetry about 90'.
The sharp forward peaking does indicate that high
angular momenta are included in the compound states.

B. 0"(0"4r)Si"—0' and 14'

This reaction was studied at greater energy (25 MeV)
because of the higher Coulomb barrier. The alpha-
particle spectra obtained at 0' and 14' are given in Fig.
4. The spacing of the alpha-particle groups is in agree-
ment with that calculated from the known level spacing
in Si" (see Fig. 2). The group labeled C"(0"us)Mg'4 is
ascribed to the presence of carbon in the target and the
position of the peak coincides with that calculated from
the knOWn kinematiCS Of the reaCtiOn C"(046,ns)Mg'4.
For this reaction 8=0' corresponds to 0=180' for
0"(C's,u)Mg" and the emission of ns at this angle con-
6rms the result obtained in Sec. A for 8=0' in the reac-
tion 0"(C",ns) Mg".

The alpha-particle spectra from the contaminant re-
action C"(0",n)Mg'4 at the same energies and angles
shown in Fig. 4 have been studied using carbon tar-
gets. ' The groups from this reaction corresponding to
excited states of Mg" are shown by the dashed curves
in Fig. 4. The yields of the excited-state groups which
have been appropriately normalized to the value of the

6 R. D. Bent, J. E. Evans, and G. C. Morrison (unpublished).
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PIG. 6. Angular distributions (laboratory system) for alpha par-
ticles from the reaction 0"(C"46)Mg" at an incident C" energy
of 16 MeV. The excitation energy in Mg" is indicated in each
case.
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able assumption that it is unlikely that zero yield at 0'
will accidentally persist over a wide energy range.

The prominent Quctuations with energy of the excita-
tion curves (Figs. 3 and 5) suggest that a compound
nucleus process dominates in the reactions. Of course,
excitation of "unnatural" parity states cannot come
through a one-step direct-interaction process and the

I

I 0 20 IO 20
LABORATORY ANG LE (DEGREES)

Fro. 7. Angular distributions (laboratory system) for alpha par-
ticles from the reaction 0"(0"n)Si" at an incident 0"energy of
24 MeV. The excitation energy in Si' is indicated in each case.

fact that such states are strongly excited is additional
evidence for the compound-nucleus process. The
measured widths average 170 lMV c.m. for the
0' (C"n)Mg" reaction and ~600 keV c.m. for the
0's(O" n) Si" reaction, corresponding to mean lifetimes
of 3.5X10 " and &X10 " sec for the compound sys-
tems, respectively. The sharp structure and forward
peaking of the angular distributions indicate that com-
pound states of high spin are involved. This is not sur-
prising since at the energies used here the incident nuclei
can readily interact with 8 or 10 units of A of angular
momentum. It is noted that, although the resonance
structure is clearly evident in individual channels, it
averages out to give a smooth featureless energy de-
pendence of the total cross section. ' This behavior is
diferent from that observed in the C"-C"system at low
collision energies where the total-reaction cross section
shows clear resonance behavior. ~
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R. B.MOLER AND R. W. FrNKt

Department of Chemistry, University of Arkansas, Fayetteeille, Arkansas
(Received 27 December 1962; revised manuscript received 18 March 1963)

The multiwire proportional counter method has been applied to measurements of the L and E radia-
tions arising from orbital electron-capture in gaseous sources of 290-day Mn", 2.6-yr Fe", 270-day Co',
and 72-day Co~ . The presence of gamma transitions and positrons in the decay of Mn", Cos~, and Co' is
shown not to interfere with an accurate measurement of the L/E-capture ratio. The experimental values
of the L/E-capture ratio are 0.098+0.006, 0.106+0.005, 0.099+0.011, and 0.108+0.004 for Mn", Fe",
Cos~, and Co", respectively. The result for Fe'5 is in excellent agreement with the earlier value measured
by Scobie, Moler, and Fink, although the present value has been corrected for counter escape somewhat
more exactly. These values lie above the theoretical results of Brysk and Rose by some 9% for Mn'4, 9.3%
for Fe", 7% for Co", and 17% for Co". These discrepancies are reduced by application of the exchange
correction pointed out by Bahcall to the theoretical results of Brysk and Rose. This correction for the eGect
of exchange among the various electrons participating in the electron capture process apparently explains
the well-established general discrepancy between the precision experimental values and the theory of Brysk
and Rose. Remaining slight discrepancies probably can be traced to systematic experimental errors.

INTRODUCTION

ARI.IER we reported' a precision measurement of
~ the l./E-capture ratio in Fe's decay using gaseous

radioactive ferrocene in the counting gas (9:1 argon-
~ Supported in part by the National Science Foundation and the

U. S. Atomic Energy Commission. This investigation is based in
part on the M.S. thesis of R. B. Moler, which contains more de-
tailed information concerning the experiments on Fe" and Co' .

t Present address: Department of Physics, Marquette Univer-
sity, Milwaukee, Wisconsin.' J. Scobie, R. B. Moler, and R. W. Fink, Phys. Rev. 116, 657
(1959).

methane) of a multiwire proportional counter. In the
present work, I e55 has been remeasured but with more
exact corrections for counter escape, and the result is
found to be in slightly closer agreement with theoretical
results. In addition, I./E'-capture ratios for 290-day
Mn", 270-day Co'~, and 72-day Co" have been
measured by utilizing gaseous manganocene and cobal-
tocene as radioactive sources in the counter gas (see
Appendix Il).

A general discussion of experimental results on L/E-


