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Nuclei of ' Ag embedded in an iron matrix have been oriented at low temperatures. The decay to ' Pd
allowed determination of the spin values for the levels at 2366 keV (J = 4), 2351 keV (J = 4), 2283 keV (J = 4),
2077 keV (J = 4), and 1932 keV (J = 4). The E2 fractions Q = 8'l(1+ S') could be deduced for 12 mixed M1-
E2 transitions (energies in keV): Q(222) = 0.017 ~0.005, 8 & 0; Q(391) =0.996 0006, 8 & 0; Q(406) = 0.91 ~0.01,
8 &0; Q(430)= 0.982~0.003, 8 &0; Q(474) = 0.01~0.01 or Q(474) = 0.94+0.02, 8 &0; Q(601) = 0.03~0.03
or Q(601) = 0.90 0'06, S &0; Q(616) = 0.990~0.005, 8 &0; Q(703) = 0.54~0.14, 8 &0 or Q(703) = 1.00—0.04,
5&0 or 5 &0; Q(793) = 0.00+0.01, 8 )0 or Q(793) = 0.980 0020, 8 &0; Q(825) = 0.002~0.002 or
Q(825) = 0.97 ~ 0.01, 5 & 0; Q(1046) = 0.005 + 0.003, 8 & 0; Q(1528) = 0.07 ~ 0.01 or Q(1528) = 0.84 ~ 0.02,
8 & 0. In addition, the magnetic moment of 6+ isomeric state of ' Ag was determined to be

~p, ~

= {2.8 ~ 0.2)p,„.

HADIOACTIVITY ' Ag; measured I&(0) polarized nuclei, deduced pH.
Pd deduced J; &, 6. SHe-4He refrigerator, Ge(Li) detectors.

The structure of the '~Pd levels populated in the
decay of Ag has been studied extensively in re-
cent years. "Most spins and energies of the ex-
cited levels have been determined; ambiguities
remained, however, for five spin values, and
only a few mixing ratios of Lower-energy y rays
could be derived from the conversion data."'
In the vibrational '~Pd nucleus this information
is very important for the interpretation of the
level structure. We have performed a nuclear
orientation experiment on '~Ag in iron to deter-
mine the unknown spin values and the mixing ra-
tios of 12 M1-&2 transitions. A second purpose of
our investigation was to measure the hyperfine in-
teraction of the 6 isomeric state of ' Ag in iron.

The '~Ag (8.3 day) activity was produced by
bombarding natural Pd power with 20 MeV deuter-
ons for 9 p, Ah. The only important contamination
was "O'Ag (40 day). A '~Ag"(Fe) nuclear orienta-
tion sample was prepared by vacuum melting 1 mg
Pd and 100 mg of high purity iron and rolling it to
a thickness of 0.1 mm. To produce a substitution-
al. alloy, the sample was quenched from 1200 C in
about 30 seconds. ' As a test a second identical
sample was vacuum annealed at 1200 C for 8 h
and cooled over a long period.

In two separate experiments, the two samples
were soldered to the cold finger of a 3He- He re-
frigerator, which has been described previously. '
Spectra were taken with two 30 cm' Ge(Li) detec-
tors and recorded with a PDP 11/20 computer-
based multichannel analyser sys tern. The detec-
tors were positioned at 0' and 90' with respect to
the orientation axis, established by a polarizing
field of 3 kOe of a superconducting coil.

The decay scheme of ' Ag is given in Fig. 1.
To determine the hyperfine interaction p.B of
'~Ag in iron, the anisotropies of the E1 radia-
tion of 451 keV and the E2 radiation of 1199 keV
were used. They were fitted to the usual expres-
sion'.

W(8) = 1+g Q,U+,B,P, (cos8) with 0 = 2, 4 .

W(8) denotes the normalized probability of emis-
sion in the direction defined by the angle 8 with
respect to the quantization axis. The Q» factors
take into account the finite solid angle of the de-
tectors. The U~ and F„ factors characterize the
angular distribution of the radiation and have been
tabulated by Yamazaki. For a mixed transition
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FIG. 1. Decay scheme of ~O~Ag as given in Ref. 1, including our spin assignments.

E„must be replaced by
[F/(LL) + 20F/(LL') +O'Fr(L'L')]/(1+ 6~). The B»
functions contain the temperature dependence of
the radiation pattern and depend on the magnetic
hyperfine splitting of the parent nuclei. The I'~
functions are the well-known Legendre polynomi-
als of order k. In the least-squares fitting the
ratio e = W(0')/W(90 ) was used to correct for the
8.3 day half life. An example of the temperature
dependence of the emitted radiation is given in
Fig. 2. The mean value derived for the hyper-
fine interaction of the quenched sample was

~
i/, B

~

= (1235+ 80) p, „kG. With a field value of
B=—447.2(2) kG, '0 it yields

~
i/.

~
=(2.8+ 0.2)i4„ for

the magnetic moment of the J' =6 isomeric state.
The annealed sample yielded a ~ i/B~ value whic, h

was 25/g smaller, confirming the preparation
technique of Johnston and Stone. ' If one takes the
shell model structure

perimental result, although the three quasiparti-
cle description is clearly favored. Even for the latter
configuration the discrepancy is large and calls
for more detailed calculations. The field value
used in deriving p, may also be questioned al-
though the preparation of the sample was analo-
gous to a well-measured case.' A nuclear mag-

)20

)00

~((err/2) ]g/r, ~HA'rn) (+s/a) ]5/2' 80

and empirical g factors from neighboring nu-
clei, ' ~ one calculates a theoretical value of
4.5p.„. However, there is some evidence that
the 6 isomeric state might be a three quasipar-
ticle state in the proton side." If one accounts for
this in the calculation of the g factor according to
the jj-coupling model, '4 one obtains a value of
3.6p~. None of these values agrees with the ex-
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FIG. 2. Temperature dependence of the anisotropies
of the 451 and 1199keV transitions.
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TABI,E I. The E2 fractions @=6 /(1+6 ) of mixed
M1-E2 transitions. The sign after the Q value is the
sign of 4.

Transition energy
(keV)

222

406

430

601

616

703

825

1046

1528

Present work

0.017+ 0.005

p 996+0,004

0.91 + 0.01

0.982+ 0.003

0.01 + 0.01
or

0.94 +0.02

0.03 + 0.03
or

p 9p+0,03

0.990 + 0.005

0.54 + 0.14
ol

1.00 —0.04

0.00 + 0.01 +
or

0.980'-0.020

0.002 + 0.002
or

0.97 + 0.01

0.005+ 0.003

0.07 + 0.01
or

0.84 + 0.02

Previous work

C
0.10 () g0

1 0+00-0 4

p 9+O.i

C
1 0"'

«0.985

«0.035

' The alternate root is disallowed by conversion-
coefficient measurements (Refs. 1 and 2).

Sign convention of Ref. 15.' From Ref. 1.
From Ref. 2.

netic resonance (with oriented nuclei) experiment
would be a solution to this problem but is hamper-
ed by the small activities we have yet managed to
obtain. An eventual error in the field cannot, how-
ever, alter the conclusions about the decay scheme
which follow. The uncertain spin values of the lev-
els at 2366, 2351, 2283, 2077, and 1932 keV have
been fixed unambiguously by analyzing the anisot-
ropies of the y rays reaching or deexciting these
levels. The only possible values were restricted
to J=3 or J=4, all with positive parities. '

2366 keV level. A value J"=3 for this level
would establish the 391 keV transition as &2 and
hence involve a negative anisotropy [E2(I&, L„I;,I;)
=E,(3, 2, 2, 5) = —0.42]. The other possibilityJ"= 4' would involve M1-&2 character and allows
both positive and negative anisotropies, depending
on the mixing ratio. The observed positive anisot-
ropy at 24 mK, e(391 keV) = W(0')/W(90') = 1.07
+ 0.04, points uniquely to a J"=4' assignment.

235l keV level. Again, a spin value of 3' would
require the 406 and 601 keV y rays to be E2 and
have large negative anisotropies in contradiction
with the measured anisotropies e(406 keV) = 1.34
s 0.02 and e(601 keV) =1.31+0.10 at 24 mK. As a
check we note that the 4 spin-parity involves an
E2 character for the 1223 and 1839 keV transitions

- deexciting this level in agreement with their large
negative & values.

2283 keV level. If this level. would have J=3,
the weak 474 keV transition should have E2 char-
acter. Our experimental result e(474 keV) = 1.27
+ 0.03 at 24 mK clearly excludes this possibility.

2077 keV level. The 229 keV transition reaching
this level starts from a 4 level. A transition
4 -3' has E,(11)= 0.31 and a transition 4 -4'
has E,(11)=-0.44. At 24 mK we measured an
anisotropy e(229 keV) =0.75+0.02. As the 229
keV transition is known to have E1 character'
this value is only compatible with a 4 spin-parity
assignment.

1932 keV level. A 3' spin-parity would require
the 825 keV radiation to be &2. As we measured
e(825 keV) =1.20+ 0.02 at 24 mK, the tentatively
assigned 4' value' is confirmed.

The E2 fraction Q = &'/(I+5') and the sign of 5
of 12 mixed M1-~2 transitions have been deter-
mined. The results are summarized in Tabl. e I.
For comparison, results of other measurements
are also included.

The spins and parities of particularly the lower-
lying excited levels in '"Pd are typical of quadru-
pole vibration in a spherical nucleus and have
therefore been wel. l studied. Extension of these
studies to the higher-energy states was made dif-
ficult by the lack of information on spins and mul-
tipolarities. Theoretical calculation of the vibra-
tional character of these states and especially of
their possible anharmonicity may become more
attractive now.

The appearance of three quasiparticle states too
has been found in different models"'"; calculation
of their moments has been restricted mostly to
comparing the g factors of the single quasiparticle
and the three quasiparticle state. Only in few
cases" more detailed calculations have been pub-
lished. According to our results they may turn
out to be interesting for '~Ag .

The authors wish to thank the Belgian Univer-
sitair Instituut voor Kernwetenschappen for finan-
cial support. They are indebted to the cyclotron
staff of the Universite Catholique de I ouvain for
the irradiation facilities. The calculations have
been executed on the IBM 370/158 computer of the
Universitair Rekencentrum of the Katholieke
Univers iteit Leuven.
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