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0.4 @sec). It is clear from curve B that only the

175-keV transition is strongly in coincidence with the
22-keV transition. The gamma channel was accordingly
set on the 175-keV photopeak. The time spectrum,
shown in Fig. 5, gives a half-life of (9.3+0.7)&&10 '
sec. This value is consistent with the one obtained
from the interpretation of the Mossbauer spectrum in
Eu'", which yielded a lower limit of 6.4X10 ' sec.' It is,
however, in serious disagreement with the previous
electronic measurement performed by Berlovich et ul. s

which yielded a value of (3.3+0.2)&&10 ' sec." The
"prompt" spectrum in Fig. 5 was obtained with Sn"
in which a highly converted transition of 159 keV is in
coincidence with a 161-keV transition through a level
of 3.1&&10 ' sec half-life"

CONCLUSION
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The radiative transitions from the 22-keV states in
both Sm'" and Ku'" are of a predominantly M1
nature. '" In the case of Eu'" the transition can be
interpreted, most probably, as a g7~2

—+d5~2 proton
transition, being, thus, l forbidden (61=2). To find

FxG. 2. Time spectrum of coincidences between the 22- and
328-keV transitions, giving the half-life of the 22-keV state in
Sm'4'.

d III

l20 DAY

keV gave the same value for the half-life. The observed
time spectrum is given in Fig. 2. The prompt curve
was obtained by measuring the coincidences between
the P rays and the 1.17- or 1.33-MeV y rays of Co"
with both channel settings remaining unchanged. The
half-life of the first excited state in Sm"' as determined
from the slope of the time spectrum is (7.6+0.5) &&10 '
sec. This result is consistent with the limit of &2.8
&&10 ' sec obtained from the Mossbauer work of Jha,
Segnan, and Lang. 4

II. The 22-keV Transition in Eu'"
l75

le? 58 p Sec

The Gd'" source, which decays by electron capture
to Eu'", was produced by proton bombardment of
europium oxide enriched in Eu'". Although the decay
scheme of Gd'" is not known in detail, the work of
Shirley and Rasmussen' gives the levels and transitions
pertinent to our measurements as shown in Fig. 3.
The results were confirmed by our own coincidence
studies. The experimental arrangement was identical
to that used for Eu'" with the exception that a NaI(T1)
scintillator was used to detect the preceding y radia-
tion. Curve A in Fig. 4 shows the singles gamma-ray
spectrum in the NaI(T1) detector. Curve B in the same
figure shows the gamma-ray spectrum in coincidence
with the conversion electrons from the 22-keV transi-
tion detected by the electron counter (resolving time

' V. S. Shirley and J. 0, Rasmussen, Phys. Rev. $09, 2092
t,'I958).

22

Fio. 3. Partial decay scheme of Gd'5' as given by Shirley
and Rasmussen (see Ref. 9). Gamma-ray energies are given in
keV.

» During the course of this work, another measurement of the
lifetime of the 22-keV state in Eu151 was reported by D. I.Horen,
H. H. Bolotin, and W. H. Kelly in Bull. Am. Phys. Soc. 8, j.27
(1963).Our result agrees well with their value of (9.5+0.5) )& 10—'
sec.

» A. C. I.i, M. Schmorak, and A. Schwarzschild, Bull. Am.
Phys. Soc. 6, 229, (1961).

is W. T. Achor, W. E. Phillips, J. I.Hopkins, and S, K. Haynes,
Phys. Rev. 114, 137 (1959).
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the retardation factor, we used the Weisskopf estimate
for the radiation width of M1 transitions which is given
by Wilkinson" as

I'~= 2.1&(10 'E~')

where E~ is measured in MeV, and I'~ in eV. To this
is compared the actual radiation width for gamma
decay,

I'ie p) =A/rp=h/1. 44X (1+n~oi) Xr. p,

where v.~ is the mean life for gamma decay alone, T p

is the experimental observed half-life and n is the
internal conversion coeKcient. To calculate the radia-
tive half-life for the 22-kev transition in Eu'", use
was made of the total conversion coefficient as measured
by Achor et al." For the 22-keU transition in Sm'",
the total conversion coe%cient was taken to be o.~.t,
=1.3 P nl. , where nr, was obtained by extrapolation
from the L-shell conversion coeScients of Sliv and
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FIG. 5. Time spectrum of coincidences between the 22- and
175-keV transitions, giving the half-life of the 22-keV state in
Ku'".
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Band. " From the known E2/M1 admixture in this
transition, ' a correction was made according to the
formula

rr = 1.44(1+nt.~) (1+22/Mi)r, „p.

The E2 transition probability was also calculated and
compared with the single particle estimates. " This
comparison shows that the partial electric quadrupole
transition for the 22-keV p ray in Sm'49 is enhanced by
a factor of 83.

The resulting retardation factors, Ii, for the two M1
transitions are 127 and 150 for Eu'" and Sm', re-
spectively. The value for the l-forbidden odd proton
transition of Ku'" is in good agreement with a general
trend of values found in previous publications. ""This
result, however, shows that in the approach to the
region of deformation, the retardation factors for the
l-forbidden M1 transitions to the ground states in Eu' ',
Eu'", and Eu'" do not decrease monotonically, as it
has been previously suggested. '

FIG. 4. The p-ray spectrum for Eu' 9. Curve A—the singles
spectrum. Curve 8—the spectrum in coincidence with the con-
version electrons from the 22-keV transition. The energies are
designated in keV and the channel used for the life-time measure-
ment is indicated.

'3 D. H. Wilkinson, in Nuclear Spectroscopy, edited by F.
Ajzenberg-Selove (Academic Press Inc. , New York, 1960).

' L. Sliv and I. Band, Leningrad Physica-Technical Institute
Report, 1956. (Translation Report 57 ICC Kl, issued by Physi'cs
Department, University of Illinois, Urbana) (unpublished)."L.V. Groshev and A. M. Davidov, At. Knerg. USSR.7, 321
(1959).

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


