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The magnetic hyperfine splitting frequencies v =
~
gpNBH„/h

~

of ' Ag (I =6+; Ti~i ——8.5 d)
as a dilute impurity in Fe and Ni have been measured with nuclear magnetic resonance on oriented
nuclei at temperatures of -10 mK as 210.57(3) MHz and 50.76(4) MHz, respectively. With the
magnetic hyperfine field known from "Ag Fe to be BHF(AgFe)= —446.9(5) ko, the magnetic
moment of ' Ag is derived as (+)3.709(4) pN. The magnetic hyperfine field of Ag in Ni is de-

duced to be —107.7(2) kG, which is in contradiction to the value in the literature. From the dif-
ferential resonance displacements of y transitions with different multipolarities, an upper limit for
the electric quadrupole splitting of ' Ag Fe is estimated. In addition, multipole mixing ratios for a
series of transitions in ' Pd were determined. The spin of the 2366 keV level of ' Pd is determined
to be I=5.

I. INTRODUCTION

In the even-A Ag isotopes isomeric states with I"=6+
appear at rather low excitation energies ' Ag: E =87.9
keV, T&&2

——8.S d; ' Ag: E =109.S keV, TI&2
——127 yr;"Ag: E =117.7 keV, T~&2 ——2S2 d. The nuclear mo-

ments of the long-lived isotopes ' '" Ag are known
from optical hyperfine spectroscopy. The magnetic mo-
ments of these states, p(' Ag )=3.580(20) pN and
p(" Ag ) =3.607(4) pN (Ref. 2, recalculated according to
Ref. 1 with the diamagnetic shielding of Ref. 3), suggest
the 6+ state arising from the stretched coupling of
(rrg9/2 )~~2+ and (vd5&2 )5&z+ shell model states. ' The
analogous state in ' Ag has been the subject of two nu-
clear orientation (NO) studies ' utilizing the large hyper-
fine field acting on Ag as dilute impurity in iron. How-
ever, the solubility of Ag in Fe is known to be limited to(10, which may complicate the preparation of homo-
geneously diluted alloys necessary for the correct interpre-
tation of NO experiments. Schoeters et al. prepared an
alloy by quenching from 1200'C to room temperature in
about 30 s. They derived a magnetic moment of 2.8(2)
pN, which is considerably smaller than the magnetic rno-
ments of ' '" Ag . Haroutunian eg al. performed a
similar experiment on a quenched alloy containing activi-
ties of ' Ag and "Ag . By the simultaneous measure-
ment of the y anisotropies of analogous transitions from"Ag Fe, the unknown fraction of Ag nuclei being sub-
ject to the full undisturbed hyperfine field cancels out to
first approximation as the decay properties of "Ag and
the hyperfine splitting of "Ag Ie are known with good
accuracy. Their result for the magnetic moment,
p(' Ag ) =3.71(15)pN, was in better agreement with the
expectation. In view of these facts, a more precise mea-
surement was desirable. The nuclear magnetic resonance
on oriented nuclei (NMR-ON) technique is well suited
for the precise determination of hyperfine splitting fre-
quencies of radioactive nuclei as dilute impurities in fer-
romagnetic metals (Fe, Co, and Ni). As the y anisotropy
serves only as the detector for NMR, its absolute value in-

fluences only the resonance amplitude, which means that
the method is nearly independent of metallurgic proper-
ties such as the solubility, as long as the fraction of im-
purity nuclei on regular lattice sites is so large that the
resonant destruction can be observed with statistical signi-
ficance.

NMR-ON experiments on "Ag in Fe and Ni were
first reported by Fox et al. ' Using sources prepared by
diffusion, the zero-field hyperfine splittings in Fe and Ni
were determined to be 204.8(2) and 56.0(2) MHz, respec-
tively. Recently, Ruter et ah. " performed NMR-ON
measurements on the same systems, the samples being
prepared by mass-separator implantations, with results of
204.78(l) and 49.40(4) MHz. While the resonance fre-
quencies for Fe agree well, there is a large discrepancy for
Ni. Thus a clarifying experiment with another isotope
was desirable from this point of view, too.

Here we report on NMR-ON measurements on ' Ag
in Fe and Ni. For the sample preparation the recoil-
implantation technique was applied. From these experi-
ments a precise value for the magnetic moment of ' Ag
is derived. From the ratio of resonance frequencies in Fe
and Ni, it can be stated definitively that the NMR-ON re-
sult on "Ag Xi of Fox et al. ' is not correct. In addi-
tion, we compare the recoil-implantation behavior of Ag
in Fe with the mass-separator implantation behavior of
Ag in Fe studied reccintly by Nuytten et al. ' The fact
that AgFe samples can be well prepared by the recoil-
implantation technique is also interesting in context with
the study of the relaxation behavior of 3d, 4d, and Sd im-
purities in Fe, Co, and Ni, especially the field dependence
of the spin-lattice relaxation process.

II. EXPERIMENTAL PROCEDURE

A. Nuclear orientation (NO) and NMR
on oriented nuclei (NMR-ON)

The angular distribution of y rays emitted in the decay
of oriented nuclei is given by'
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W(g) =1+ QBkAkPk(c™m)Qk .
k

v~ ~+1=vM+ b v~(m + 2 )+b (1+K)Bo r (5a)

The parameters Ak are products of the normally used an-
gular correlation coefficients Uk and I'k, which depend
on spins and multipolarities of the decay cascade. Tabu-
lated values are given in Ref. 14. The Pk(cos8) are
Legendre polynomials, 0 being the angle between the
quantization axis and the direction of observation, and Qk
are solid angle correction coefficients. The Bk describe
the degree of orientation; they depend on v~/T, where vM
is the magnetic hyperfine (HF) splitting,

vM
I gs NBHF/h

and T is the temperature of the system. In NO experi-
ments the angular distribution W(0) is measured as a
function of T and the magnetic hyperfine splitting is de-
duced by least-squares fits of the theoretical anisotropies
according to Eq. (1). If the hyperfine field at the impurity
nuclei is not uniform in magnitude and direction, the in-
terpretation of y anisotropies may become complicated.
A first approximation is the assumption that a fraction f
of nuclei is subject to the full hyperfine field, while the
residual fraction 1 fis on latti-ce sites with zero field.
This approximation is often used, but the zero-field as-
sumption is not well founded in the general case. Often
the ratio

e( T)= W(0, T)/W(90, T) —1

is analyzed, as in this case it is not necessary to correct for
the decreasing count rate due to the finite half-life. For
an independent determination of Az and A4 it is more ap-
propriate to analyze the linear combinations

where

v~ ——e qQ/h,

bvg =3vg/[2I(2I —I)],
(5b)

v& is the electric hyperfine splitting frequency and Av& is
the subresonance separation. In most cases the subreso-
nance structure cannot be resolved because of a too large
inhomogeneous linewidth I in comparison to the subreso-
nance separation b,v~ ~

. However, in comparison to the
case of a pure magnetic interaction, the resonance is dis-

placed by (m + —,
' )b.v~ and the resonance linewidth is (ad-

ditionally) broadened by n
~

b,v~ ~, where m and n depend
on several parameters such as temperature, rf power, and
modulation width. In Ref. 15 it has been shown that m

depends on the ratio of the angular correlation coeffi-
cients A4/A2 and on the angle of observation. This
means that the observed resonance center is expected to be
different for y transitions with different multipolarities
and that the resonance centers of a particular transition
are different for the observation angles 8=0' and 90. In
the present case of ' Ag, for which the NMR-ON reso-
nance can be measured for many y transitions with dif-
ferent A&/A2 ratio, the quadrupole splitting can be deter-
mined independently via these effects.

B. The decay scheme

A simplified decay scheme of ' Ag is illustrated in
Fig. 1. It should be noted that the AI, coefficients of the

3 W(0) —8 W(90)+ 5

7

4W(0)+ 8 W(90) —12
7

The NMR-ON method is independent of such uncer-
tainties, as an rf-induced change of the sublevel popula-
tions is detected via the corresponding change of the y an-
isotropy, the absolute amplitude influencing only the reso-
nance amplitude. For a pure magnetic hyperfine interac-
tion the resonance condition is given by
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v=v~+b (1+K)Bp,

b= gf N/h lsgn(BHF)

where BHF is the magnetic hyperfine field, K is the
Knight shift parameter, and Bo is the external magnetic
field. For heavy-element impurities in Fe, such as Ir or
Au, it has been found that a small quadrupole interaction
is superimposed on the magnetic hyperfine interaction.
The quadrupole interaction is caused by an unquenched
orbital momentum, which produces an electric field gra-
dient (EFG), eq, at the site of the impurity nuclei. This
effect causes a splitting of the NMR-ON resonance into a
set of 2I subresonances; the center of the subresonance
corresponding to rf transitions between state m) and

~
m + 1) is then given by

3 qr
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FIG. 1. Simplified decay scheme according to Ref. 1. From
the present work the spin of the 2366 level is determined to be 5.
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1199 keV transition can be calculated unambiguously, as
the tensor rank of the (allowed) electron capture (EC) de-
cay to the 2757 keV level is uniquely given by I.p ——1.
This means that the y anisotropy of this transition, to-
gether with the NMR-ON value for the hyperfine split-
ting, will allow the determination of the fraction of Ag
nuclei occupying regular lattice sites.

III. EXPERIMENTAL DETAILS

Samples of ' Ag in Fe and Ni were prepared with the
recoil-implantation technique. A sandwich target consist-
ing of 16 ' Pd foils (isotopic enrichment 98.5%, thick-
ness 1.7 mg/cm ), each followed by a 1.6 mg/cm Fe (or
Ni) foil (purity 99.999%), was irradiated with 68 MeV a
particles at the cyclotron in Karlsruhe for 5 h with an
average current of 2 pA. As a result of the reaction
kinematics, the ' Ag nuclei which are produced via the

Pd(a, 3np) compound reaction (estimated cross section
-300 mb) have a kinetic energy of -2.5 MeV. This ki-
netic energy is sufficiently large that the ' Ag nuclei
which are produced in the rear -0.2 pm surface layers of
the Pd foils leave the target foils. These nuclei are im-
planted homogeneously into the Fe/Ni catcher foils
within a thickness of -0.2 pm. The homogeneous distri-
bution of impurity nuclei in the catcher foils is a decisive
advantage in comparison to mass-separator implantation,
where the implantation depth is, in general, smaller by a
factor of —10, and, in addition, the implanted nuclei are
not distributed homogeneously. After the irradiation
eight foils were soldered with GaIn to the copper cold-
finger of an adiabatic demagnetization cryostat and
cooled to a temperature of -8 mK. The samples were
polarized with an external magnetic field Bo (4 kG. The
radio frequency field was applied with a one-turn rf coil;
it was 1 kHz frequency modulated with a total bandwidth
of 0.1—2 MHz. The center frequency was varied in steps

of 0.05—1 MHz over the resonance region. The y radia-
tion was detected with two 80 cm coaxial Ge(Li) detec-
tors placed at 0' and 90' with respect to Bo. y-ray spectra
were accumulated for 200 s at fixed frequencies. After
the accumulation the spectra were recorded onto magnetic
tape. The intensities of all y rays of interest were deter-
mined with least-squares fitting routines. Always an even
number of single resonance spectra were added which had
been measured with increasing and decreasing center fre-
quency in order to avoid possible shifts of the (effective)
resonance centers due to the finite spin-lattice relaxation
time. In order to investigate the annealing properties of
AgFe an independent experiment was performed. After
the irradiation, eight foils were annealed for 2 h at
-650'C in a high vacuum atmosphere with pressure
& 10 Torr. The cooling down to room temperature was

performed slowly within -3 h. In this experiment small-
er linewidths of the NMR-ON resonances were obtained.
The y anisotropies of 18 transitions were measured in a
magnetic field Bo——3.2 kG at a temperature T =10.0(3)
mK, which was determined from the y anisotropy of

Mn, which appeared as a contaminant activity produced
by the a irradiation in the Fe foils. Samples of '

Ag ¹i
were prepared in a similar manner; they were not annealed
for the NMR-ON experiments.

IV. RESULTS

A. y anisotropies

From the y anisotropies 8'(O, T) and W(90, T) mea-
sured at T = 10.0(3) mK for the annealed sources, experi-
mental values for A2 and A4, were determined via the
linear combinations 8'2 and 8'q of Eq. (3), where the
B2 4 coefficients were calculated with the NMR-ON value
for the hyperfine splitting (see Sec. IV B). In this way, in-
dependent values for A2 and A4 are obtained, which are

TABLE I. Measured A24 coefficients for transitions in ' Pd.

(keV)

222
391
406
430
451
616
703
717
748
793
804
808'
825

1046
1128
1199
1223
1528

(keV)

2306
2757
2757.
1558
2757
1128
1932
1229
2306
2351
1932
2366
2757
1558
1128
2757
2351
2757

(keV)

2084
2366
2351
1128
2306

512
1229
512

1558
1558
$128
1558
1932
512

1558
1128
1229

4
5+
5+
3+
5+
2+
4+
4+

4+
4+
5+
5+
3+
2+
5+
4+
5+

3
5+
4+
2+
4
2+
4+
2+
3+
3+
2+
3+
4+
2+
0+
3+
2+
4+

+ 0.41(2)
+ 0.24(2)
+ 0.49(2)
+ 0.07(1)
+ 0.28(1)
+ 0.08(1)
+ 0.27(4)
—0.31(1)
+ 0.26(1)
+ 0.14(3)
—0.32(2)
—0.26(3)
+ 0.26(2)
+ 0.28(1)
—0.25(2)
—0.42(2)
—0.32(3)
+ 0.65(2)

—0.10(4)
—0.36(4)
+ 0.36(4)
+ 0.16(4)
—0.05(3)
—0.03(3)
—0.03(8)
—0.06(3)
—0.07(3)
—0.03(6)
—0.06(4)
+ 0.02(6)
+ 0.48(4)
+ 0.17(3)
+ 0.07(5)
—0.17(5)
—0.14(6)
+ 0.39(4)

'IneIuding a contamination from ' Ag.
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listed in Table I. The "full-field" fraction f was found to
be 0.88(2). 210.5-

106 m

B. NMR-ON on 'o6Ag Ee

With an external magnetic field Bo ——0.80(2) kG, the
resonance was searched by varying the center frequency in
1 MHz steps, starting at 190 MHz, and analyzing the in-
tensities of the strongest y transitions. (Counting time
200 s, modulation width +1 MHz. ) After the resonance
signal was detected at -210 MHz, the frequency region
was reduced, and the further measurements were per-
formed with a resolution of 0.2 MHz and a frequency
modulation bandwidth of +0.3 MHz. Figure 2 shows
NMR-ON resonances of the 1528 keV transition mea-
sured in external fields of 0.80(2), 2.40(5), and 4.0(1) kG.
The total resonance linewidth (including the broadening

N
210.0-

209.5-

LL

209.0—

v=a+b'Bo
a=210.55(2) MHz

b=-0. 458(9) MHz/kG

I I I I

0 1 2 3 4

Polarizing field (kG)
FIG. 3. Shift of the NMR-ON resonances of ' Ag Fe with

the external magnetic field Bo.
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due to the frequency modulation bandwidth of +0.3
MHz} was found to be —1.0 MHz, which is smaller than
the linewidth reported for a mass separator-implanted
(not annealed) sample of " Ag in a Fe single crystal. '

The resonance centers versus polarizing field are shown in
Fig. 3. The least squares fit yields

v(Bo ——0)=210.55(2) MHz,

dV/dBo ———0.458(9) MHz/kG .

For the annealed samples, NMR-ON measurements were
performed only for Bo——0.80(2) kG, with modulation
bandwidths of +0.05, +0.1, and +Oo2 MHz. A NMR-
ON resonance of the 1528 keV transition is shown in Fig.
4. The average center frequencies of the 16 strongest y
transitions were found to be 210.137(3), 210.141(3), and
210.148(2) MHz, respectively. The slightly different ef-
fective center frequencies for the measurement with dif-
ferent modulation bandwidths strongly indicate that a
small quadrupole splitting is superimposed on the mag-
netic hyperfine splitting. Therefore, the resonance dis-
placements (m+ —,

'
) for 8=0' and 90', co and c9O, were
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&t lt

I
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1.2- Bo=4.0(1}kG

v =208.70(3) MHz
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Bo —Oo80(2) kG

v =210.14(2)MHz

I
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I
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0.8—

I I I I I I

208 210 212
Frequency ( /Hz)

FIG. 2. ' Ag Fe NMR-ON resonances of the 1528 keV
transition for the unannealed sample in different external mag-
netic fields Bo. The total resonance linewidths (including the
broadening due to the frequency modulation bandwidth of +0.3

MHz) are —1.0 MHz.

Frequency (MHz)

FIG. 4. NMR-ON resonance of the 1528 keV transition of
the annealed ' Ag Fe sample measured in an external magnetic
field Bo——0.80(2) kG. In comparison to the unannealed sample,
the linewidth is considerably smaller, I =0.36(2}MHz (includ-
ing the broadening due to the frequency modulation bandwidth
of +Oo1 MHz). In comparison to the unannealed sample the
resonance amplitude is larger by a factor of -2.
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calculated as outlined in detail in Ref. 15. In Table II co
and c9O are listed, which were calculated with the follow-
ing parameters: T=10 mK; ratio of total modulation
linewidth to quadrupole subresonance separation equals 6,
stepwidth to quadrupole subresonance separation equals 3,
measurement time per step 200 s. The Korringa constant
for AgFe was taken from Ref 1.1. The quadrupole split-
ting was determined by a self-consistent iteration pro-
cedure. The result is

b,vg ——+0.012(6) MHz,

v~ ——+0.53(27) MHz,

0.20—

0.15—

0.10—

0.05—
I

~ 0.00—
r&r

CO

z 015

Bo =1.20(2) kG

v =50.21(4) MHz 106A m N.

~

TABLE II. Calculated resonance displacements of different
transitions for 0=0' and 90' at T = 10 mK in units of the quad-
rupole subresonance separation Av~. (Modulation width equals
6

I
~vs

I
)

E/keV

222
391
406
430
451
616
703
717
748
793
804
808
825

1046
1128
1199
1223
1528

Cp

—3.21
(+ 1.00j
—3.79
—4.16
—3.27
—3.08
—3.32
—3.53
—3.19
—3.24
—3.53
—3.35
—4.09
—3.74
—3.18
—3.65
—3.66
—3.73

C9p

—3.53
—3.92
—2.86

(+ 5.70)
—3.50
—3.58
—3.46
—3.30
—3.54
—3.51
—3.30
—3.45

(—0.13)
—2.99
—3.54
—3.15
—3.13
—2.99

which means that a correction of 0.03(2) MHz has to be
applied to the effective zero-field hyperfine splitting fre-
quency to obtain the pure magnetic hyperfine splitting.
The average effective resonance center of the 0.80(2) kG
spectra of the unannealed sample is 210.182(5) MHz. The
difference of -0.04 MHz to the annealed samples cannot
be ascribed completely to quadrupole effects. This shows
that the average hyperfine splitting deduced from the
center of the resonance lines depends (in this case slightly)
on the treatment of the samples. It is astonishing that a
larger hyperfine splitting is deduced from the sample with
the larger linewidth, which indicates that the hyperfine
splitting is not necessarily reduced by crystal imperfec-
tions, but may be enhanced. Taking into account the dis-
placement due to the quadrupole interaction and the un-
certainty due to the differences of the effective center fre-

ncies, the mag~~tic hyperfine splitting of ' Ag in Fe
is finally deduced to be

vl(' Ag Ee) =210.57(3) MHz .

It should be noted that the linewidth of -0.3 MHz ob-
tained in the measurement with a modulation bandwidth
of +0.05 MHz is rather small. It has to be compared

0.10—

0.05—

Bo -3.20(6) kG

v =49.30(7) 9Hz

I I I I

49 50
Frequency (MHz)

FIG. 5. ' Ag Ni NMR-ON resonances of the 1528 keV
transition for different external magnetic fields Bp.

with I =0.65(5) MHz obtained by Duczynski' with"Ag in an Fe single crystal prepared by mass-separator
implantation and subsequent annealing.

C. NMR-ON on ' Ag Xi

%ith Ni as host lattice, NMR-ON measurements were
performed on unannealed samples. Two NMR-ON spec-
tra of the 1528 keV transition measured in external mag-
netic fields of 1.20(2) and 3.20(6) kG are shown in Fig. 5.
Additional measurements were performed for
Bo ——2.20(4) kG. The linewidths were found to be
0.33(7), 0.51(8), and 0.59(8) MHz for the measurements
with Bo——1.20, 2.20, and 3.20 kG, respectively. The in-
creasing linewidth is probably due to experimental
reasons: It is known that the spin-lattice relaxation time
for Ag in Ni is considerably longer than the spin-lattice
relaxation time in Fe, and that a field dependence exists,
corresponding to larger relaxation times with increasing
polarizing field. " As our measurements were performed
with a constant "sweep" rate for the center frequency of
0.3 kHz/s, the centers of single NMR-ON spectra are
shifted in sweep direction. In order to compensate the in-
fluence of this effect on the resonance center, always an
even number of NMR-ON spectra with opposite sweep
direction were added. The observed linewidth is artificial-
ly broadened by this procedure, but the resonance centers
are unaffected, as has been shown in Ref. 17. The reso-
nance centers versus 80 are illustrated in Fig. 6. From a
least squares fit

V(BO ——0)=50.76(4) MHz,

d v/dBo ———0.456(16) MHz/kG,

is obtained. No resonance displacement of the NMR-ON
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50.5-

50.0—
CJ

CT

49.5-

v=a+b B&

a =50.76(4) MHz

b=-0.456It6) MHz/kG

106A m ~.

I I I

0 1 2 3
Polarizing field (k G)

FIG. 6. Shift of the NMR-ON resonances of ' Ag 1Vi with
the external magnetic field 80.

resonances of different transitions could be detected, first,
because of the small y anisotropies due to the smaller hy-
perfine splitting (the ratio hv~/k&T is only -0.2 at
T = 10 mK), and second, because the quadrupole splitting
is expected to be smaller than that in Fe. No further at-
tempts were made to perform measurements on annealed
samples as the accuracy obtained in this experiment was
sufficient to derive a reliable value for the hyperfine field
of Ag in Ni.

V. DISCUSSION

A. Hyperfine interaction aspects

The currently known magnetic hyperfine splitting fre-
quencies of Ag isotopes in Fe and Ni are listed in Table
III. Our ratio for the hyperfine splittings of ' Ag in Fe
and Ni, 4.148(5), is in perfect agreement with the corre-
sponding ratio for "Ag of Ruter et al. ,

"4.145(5), and
proves uniquely that the NMR-ON frequency of"Ag Ni and thus the value for the hyperfine field of
AgNi of Fox et al. ' is incorrect. Taking the magnetic
moment of "Ag as p=3.607(4) p, &,

2 the g factor and
magnetic moment of ' Ag are from the ratio of reso-
nance frequencies found to be

g(' Ag )=(+)0.6182(7),

p(' Ag ) =(+ )3.709(4) pz .

Here hyperfine anomalies can be neglected, as the struc-
ture of both states is similar and the magnetic moments
are nearly equal. The hyperfine fields of Ag in Fe and Ni
are the following:

BHF(AgFe) = —446.9(5) kG,

BHF(AgNi )= —107.7(2) kG .

%'ith the known NMR-ON frequency the y anisotropies
of ' Ag Fe of the unannealed and annealed sample can
be interpreted. In the framework of a two-site model we
find the fraction of Ag nuclei on full-field lattice sites to
be f)0.90 and 0.88(2) for the unannealed and annealed
sample, respectively. (The uncertainty for the unannealed
sample is due to the fact that the temperature was deter-
mined from the y anisotropy of Mn, which appeared as
contaminant activity, for which the fraction f is also un-
known. It has been estimated from the systematics on
other recoil-implantation experiments, in which a second
independent thermometer had been used. ) This can be
compared with the result of Duczynski, ' who obtained

f= 1.0, 1.0, and 0.80 for (room-temperature) mass-
separator implantation into polycrystalline Fe foils, a
(001) Fe single crystal, and a (110) Fe single crystal,
respectively. Nuytten et al. ' studied the implantation
behavior of In and Ag in Fe at low temperatures. They
argued that the chance for implanted impurities of popu-
lating the substitutional site might increase for low-
temperature implantations compared to room-temperature
implantations or implantation at higher doses. These con-
clusions were drawn from the fact that Cohen et al. ' ob-
tained only a fraction of 0.44(3) in a room temperature
implantation of "Ag into Fe. The results on the room
temperature implantation of "Ag into Fe of Duczyn-
ski' mentioned before contradict this speculation. It
should be noted, however, that the narrowest NMR-ON
resonance lines were obtained with the (room-temperature)
recoil-implanted ' Ag Fe samples of the present work,
which proves that the crystal structure is less destroyed in
this type of implantation. Moreover, the samples
prepared by recoil implantation can be annealed without
losing a significant fraction of nuclei on full-field lattice
sites. (Duczynski' reported a significant reduction of f
from -0.80 to —0.50 after annealing a (110) "Ag Fe
single crystal sample. ) Here it should be added that the
resonance amplitude with the annealed ' Ag Fe sample
was larger by a factor of -2 than the corresponding reso-
nance amplitude of the unannealed sample, although the
full-field fractions were almost identical.

From the resonance shifts with the external magnetic
field Bo ~ g(1+@)

~

is deduced to be 0.601(12) and
0.598(21) for Fe and Ni as host lattice, respectively. With
the g factor known more precisely from the zero-field
splitting, the Knight shift parameters are deduced to be
XF,———0.03(2) and Kz; ———0.03(4), which agree within

TABLE III. Hyperfine splittings of Ag isotopes in Fe and Ni.

Isotope

106A m

vFJMHz

210.57(3)

v~;/MHz

50.76(4)

&Fe~&Ni

4.148(5)

Ref.

This work

110A m 204.8(2)
204.78(2)

56.0(2)
49.40(4)

3.66(2)
4.145(5)

10
11
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E/keV

222
391

406
430
616

703
793

825
1046
1528

TABLE IV. Multipole mixing ratios.

mL'/~L

E2/M 1

M 1/E2

E2/M 1

E2/M 1

M 1/E2

M 1/E2
E2/M 1

E2/M 1

E2/M 1

E2/M 1

—0.08(2)
—0.03(8}
—0.6{2)
—3.5(2)
—9(1)
—0.07(4)
—1.9(2)
—0.6(4)
+ 0.06(3)
—8(2)
—6.8(6)
—3.8(3)
—2.5(1)

0.6-

0.4-

0.2-

0.0-

5+ 3+

-04-

-0.2-

I

-1.0 -0.5 0.0
!
a -5' 5+

0.5 1.0

FIG. 7. A2-A4 plot for the 391 keV transition with the as-
sumption of I =3+ 4+, or 5+ for the 2366 keV level in ' Pd
The experimental A24 data definitely rule out I =4+, which
was adopted before.

one standard deviation with KF, ———0.047(5) and
KN; ——+0.007(7), which were deduced by Duczynski'
from the resonance shifts of "Ag

B. Levels and multipole mixing ratios of ' ~Pd

With the experimental Az 4 coefficients listed in Table
I, multipole mixing ratios 5 were determined with a
simultaneous least-squares fit of all Aq4 coefficients to
the complex decay scheme. A simultaneous fit is neces-
sary as the 5's influence not only the y anisotropy of the
respective observed transition but also the orientation of
the levels following in the decay cascade via the deorienta-
tion coefficients Uk (and thus the y anisotropies of all
transitions in the cascade). The results are listed in Table
IV. For the 391, 616, and 793 keV transitions the accura-
cy of A4 did not allow to exclude definitely one of the two
results for 5 obtained from the more sensitive A2. There-
fore both results are listed in Table IV. In Table V we
have compiled the E2 fractions 5 /{ I+5 ), together with
the respective results of Schoeters et al. , Grau et al. ,

'

Tivin et al. , Shevelev et aI. ,
' and Babenko et aI.

%ith the exception of the 793 keV transition, most ambi-
guities are removed now.

However, our data are inconsistent with an assignment
I =4+ for the 2366 keV level assumed previously.
Originally I=3,4 had been assumed for this level. It is
fed in the cascade

5+(2757) ~ 3+,4+, 5+(2366) ~ 3+(1558),

where we added the possibility I=5. The assignment of
the correct spin can thus be performed via the A2 4 coeffi-
cients of the 391 and the 808 keV transitions. Figure 7
shows the allowed A24 combinations for the 391 keV
transition for I =3+ {E2), I =4+ (E2+M 1), and
I =5+ (E2+M 1). It is obvious that I =3+ can be ex-
cluded from A2. To exclude either 4+ or 5+, the in-
dependent knowledge of A2 and A4 is necessary.
Schoeters et al. analyzed e(T), which is not sensitive to

TABLE V. E2 fractions 5 /{1+6 ) for mixed E2/M I transitions.

E
(keV)

222
391

406
430
616

703

793

1046

1528

This work

0.006(4)
O.999(+»}
0.77(10)
0.925(13)
0.988(3)
0.995+7
0.22(4)
0.73(24)

0.985{12)
0.004(4)
0.979{4)

0.935(11)

0.864(12)

Ref. 5

0.017{5)
0.996(+6)

0.91(1)
0.982{3)
0.990(5)

0.54{14)
1.00—0.96
0.980(+20)
0.00(1)
0.97{1)
0.002(2)

0.005(3}
0.84(2)
O.07(1)

Ref. 20

0.006(+6 )

o.98(+,')
0.9—0.999
0.989(+7)

0.84(+3)
0.16(10)
o.95(+', )

0.14(9)

0.96(+2)
0.14(3)
0.85( (4)
0.23(10)

0.030(7)
0.80 (25}

1.0—0. 15
0.30{12}
1.0—0. 13

1.0—0. 12

0.68(14)

0.20—0.08

dominant EZ
dominant E2

dominant E2

dominant E2
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the difference between 4+ and 5+. From the independent
determination of A2 and Aq via W2(T) and 84(T),
1 =4+ must be excluded. Thus I =5+ is proposed for
the 2366 keV level. The A2 4 data for the 808 keV transi-
tion, which deexcites the 2366 keV level, are consistent
with a pure E2 multipolarity. In this context we want to
point out that the mixing ratios deduced from the present
work are partly in disagreement with the recommended
values in the table of Krane. Furthermore, our A24,
data are partly in disagreement with A24 data of Grau
et ai."

Isotope

106Ag

108Ag

110Ag

1+
1+
1+

2.85(20)
2.6884(7)
2.7271(8)

Ref.

24
25
25

106A m

108Agm

110A m

6+
6+
6+

3.709{4)
3.580{20)
3.607(4)

This work
2
2

TABI-E VI. Magnetic moments of 106, 108, »0Ag and 106, 108,110Agm

C. Magnetic moment

The magnetic moment of ' Ag,
~ p ~

=3.709(4) pN, is
in good agreement with the less precise value

~ p ~

=3.71(15) AN, derived by Haroutunian et al. from
a simultaneous measurement of ' Ag and "Ag . This
proves that the NO measurement of Schoeters et al.
must have been misinterpreted, from which @=2.8(2) pN
had been deduced. The argument of Haroutunian et aL
that "the E2/M1 mixing ratios given in Ref. 5 are not
affected within experimental errors by the erroneous mag-
netic moment used, as the distribution parameters were
normalized to a pure E2 transition, " is not correct. In
Sec. VA it has been shown that the multipole Inixing ra-
tios deduced in this work are partly different from those
of Ref. 5. This proves again the necessity of applying in-
dependent techniques, such as NO and NMR-ON in the
present case, for the determination of the magnetic mo-
ment and the decay parameters.

The magnetic moments of ' ' "Ag and

*"Ag are listed in Table VI. The 1+ ground states
and the 6+ isomers are described by the antiparallel and
parallel coupling of (mg9&2)7 + and (vd5~2) '+ shell
model states. The small variation of the magnetic mo-
ments of the ground states and the isomers suggest that
the neutron core polarization influences the magnetic mo-
ments of these states only weakly.
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