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MeV state in 0" cannot be distinguished from those
from a 6.25-MeV level in N'7. The gamma-ray tran-
sitions in 0' are known for only a few states, but not
the states between 4.45 and 6.86 MeV. A transition
from the 6.19-MeV state to the 1.98-MeV state could

account for those gamma rays observed with the protons
associated with the 6.45-MeV state in N".

Little new information was learned from the 3"-
(Li,d)N" 8"(Li~,t)N" orB"(Li,n)C' reactionswhich
were also studied.
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Lifetimes of the flrst excited states in Ru" (90 keV) and Xe'" (40 keV) were measured using the delayed
coincidence technique. The half-lives obtained are (20&1)&&10 e sec for Ru'e and (0.96&0.05))&10~
sec for Xe'9. These are in agreement with the lower limits previously determined by Mossbauer experiments.
The B2 part of the 90-keV transition of Ru~ is enhanced by a factor of ~50 relative to the Weisskopf
estimate, while the nfl part is retarded by a factor between 2400 and 7400. The 40-keV M1 transition in
Xe"9 is retarded by at least a factor of 31 relative to %'eisskepf estimates.

INTRODUCTION

ECENTLY the Mossbauer effect has been
observed with the 90- and 40-keV transitions in

Rue and Xe",respectively. The widths of the resonance
lines correspond to half-lives of about 8 nsec ' for the
90-keV first excited level in Ru" and 0.8 nsec' ' for
the 40-keV 6rst excited level in Xe" . However, meas-
ured widths of resonance lines are often appreciably
larger than the natural width, and provide only lower
limits for the state lifetimes. Since a knowledge of the
natural widths of these levels would facilitate the inter-
pretation of the Mossbauer spectra, we performed an
accurate determination of their lifetimes using the
delayed-coincidence technique. The Ru transition has
been observed in Coulomb excitation by Temmer and
Heydenburg' and we compare our results with their
eB(E2) value.

10-MeV protons from the Brookhaven cyclotron. The
measurements were performed several days after bom-
bardment to allow for decay of the 4.5-h Rh" activity.
No chemical separation was necessary. The partial
decay scheme of Rh" is shown in Fig. 1 where only
those levels and transitions pertinent to our measure-
ments are shown. The source of Rh" was viewed by a
gamma-ray counter and an electron counter which were
both Naton 136 plastic scintillators having dimension
2.5 cm thick)& 2 cm diam and 1 mm thick)(7 mm diam,
respectively. The scintillators were mounted on 56
AVP photomultiplier tubes, the multiplier used for

Rh99

I6.I OAY

EXPERIMENTAL PROCEDURE AND RESULTS

I. The 90-keV Transition in Ru"

A source of Rh" was prepared by bombardment of
ruthenium metal powder, enriched in Ru", with FIG. 1. Partial decay

scheme of Rh~. Gamma-
ray energies are given in
keV.

t Under the auspices of the U. S. Atomic Energy Commission.
*Permanent address: C.C.R. Euratom, Ispra-Varese, Italy.' O. C. Kistner, S. Monaro, and R. Segnan, (Ruw) Phys. Letters

5, 299 (1963);Xene (to be published).
'During the course of this work, another measurement of .the

lifetime of the 40-keV state in Xe'9 performed by Mossbauer
eGect was reported by C. L. Chernick, C. E. Johnson, J. G. Maim,
G. J.Perlow, and M. R. Perlow, Phys. Letters 5, 103 (1963).Their
result was r~g2= (0.58&0.07) nsec.

s Nuclear Data Sheets, compiled by K. Way, et al (Printing.
and Publishing 0$ce, National Academy of Sciences—National
Research Council, Washington 25, D. C.), NRC 61-1-49, 50, and
59; G. M. Temmer and N. P. Heydenburg, Phys. Rev. 104, 967
(1956).
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CONCLUSIONS

The ground-state spin of Ru" has been measured by
GrifFith and Owen as ~.~ The spin of the 90-keV level
has been determined to be ~, and the mixing ratio is
5'=E2/M1=2. 4&0.9.s Combining these results with
the theoretical conversion coefficients and the measured
lifetime, the partial p-ray transition rates can be deter-
mined. The results of these calculations are that r~(E2)
= (1 04+s.rs ")&&10 sec and r~(M1) = (2.4 r.4+")
X10 ' sec. Comparison of these rates to the Weisskopf
single-particle estimates indicates that the E2 tran-
sition is enhanced by a factor of 50, and that the M1
is retarded by a factor of between 2400 and 7400. Thus
the E2 appears to be of a collective nature and the M1
is one of the most highly retarded M1 transitions known.
A more complete discussion of the nature of these levels
of Ru' will be presented at a later date. It should be
noted that the E2 speed determined from this experi-

' J. H. E. GriSth and J. Owen, Proc. Phys. Soc. (London) A65,
951 (1956).

The determination of the spin of the 90-keV level and the
mixing ratio for the transition was performed by O. C. Kistner
and R. Segnan using the Mossbauer effect. A short report of this
work was presented in an abstract at the Washington APS
meeting, Bull. Am. Phys. Soc. 9, 396 (1964) and will be published
in detail in The Physica/ Review. The mixing ratio for the tran-
sition was also determined from measurements of internal con-
version-coefBcient studies of P. L Connors and A. Schwarzschild
(to be published).

9 Calculated from the. formulas given in ENclear Spectroscopy
Tables, edited by A. H. Wapstra, G. T. Nijgh, and R. Van Lieshout
(North-Holland Publishing Company, Amsterdam, 1959).

ment is in some disagreement with early Coulomb
excitation results. ' Combination of the new mixing
ratio and spin results with the eB(E2) determined by
Heydenburg and Temmer yields a state lifetime of
1.3)&10 ' sec as compared with our value of 2.0)&10 '
sec.

The 40-keV transition in Xe'" takes place from the
—,'+ first excited state to the —,+ state. ' Level systematics
in this region indicates that the 40-kev state has a d3/2

character while the ground state in Xe"' is expected to
be an s~i2 single-particle state. The 40-keV transi-
tion is therefore an l-forbidden M1 neutron transition
with most probably very little E2 admixture. The total
M1 conversion coefficient as derived from the tables of
Sliv and Band' is a~, t,

——10. Combination of this value
with the measured lifetime leads to a y lifetime v ~= 10.5
X10 sec. By comparing this value with the single-
particle Weisskopf estimate, ' a retardation factor of
at least 31 is found for the 40-keV 3f1 neutron tran-
sition in Xe"'. The magnitude of this retardation factor
is in agreement with a general trend of values found in
previous publications. " "

"L. Sliv and L Band, Leningrad. Physics Technical Institute
Report, 1956, ((English transl. : Physics Department, University
oi Illinois, Translation Report 57 ICC Ki) (unpublished) j."L.V. Groshev and A. M. Davidov, At. Energ. (USSR) 7, 321
{1959).

"M. Schmorak, A. C. Li, and A. Schwarzschild, Phys. Rev.
130, 727 (1963).

"O. C. Kistner, A. C. Li, and S. Monaro, Phys. Rev. 132, 1733
(1963).


