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The ratios of g factors of the first excited states of the ' " Ag isotopes, g( —,
'

)/g ( 2 )= 1.5(3) and

2.3(5), respectively, have been measured by the perturbed angular correlation transient field tech-
nique. The absolute magnitudes of the g factors have been obtained through a calibration procedure
that makes use of the magnetic dipole moments of the first 2+ states of ' Pd and "Cd and are

Ag: g( z, )=0.61(12), g( 2, )=0.41(7) and '~Ag: g( 2, )=0.66(10), g( 2, )=0.29(6). These

results are compared with weak coupling calculations as well as with Nilsson models with sym-
metric or triaxial cores. The latter reveal a sensitive dependence of the g factors on the deformation
parameter y.

I. INTRODUCTION

Precision measurements' of magnetic moments of low
lying states of even-even nuclei in the vibrational region
have amply confirmed the predictions of the interacting
boson approximation model (IBA-2). The model has been
extended to the study of odd nuclei by considering the ef-
fect of the odd fermion coupled to the underlying boson
structure (IBFM). However, few critical tests of the
model, such as provided by magnetic moment measure-
ments, exist for odd A nuclei. The structure of odd iso-
topes had originally been examined in the framework of
the "weak-coupling" model of de Shalit. ~ In the simplest
characterization, the states of the odd nucleus arise from
the coupling of an odd nucleon in its lowest single particle
state to either the ground state or the excited states of the
even-even core. This approach has had however very lim-
ited success and it soon became clear that a mixing of
several of the lowest configurations of the odd particle is
necessary to account for the observed structure. 5' Furth-
ermore, it is well known that the first excited 2+i states of
the '' Pd isotopes exhibit large quadrupole moments in
spite of their apparent vibrational structure. Thus, a cal-
culation of the coupling of the odd proton to a deformed
core is a model that might be tested in the description of
the structure of the ' ' Ag isotopes. The same argu-
ments apply to IBA calculations, where the symmetry
scheme that applies to even-even nuclei is broken by the
coupllilg with tile odd particle ill its Illlxed configuration
state.

The method of transient hyperfine magnetic fields has
been extended to these nuclei in order to determine mag-
netic moments of the low lying —', , and —,', states with

greater precision than obtained in earlier recoil-in-gas
measurements. However, the transient field at Ag ions
cannot be calibrated absolutely because there is no Ag iso-
tope with a state whose magnetic moment is known from
direct methods (Mossbauer effect or perturbed angular

correlations in an external field, for example) and which
can also be examined via the transient field technique.
Thus only ratios of magnetic moments can be unambigu-
ously obtained. Nevertheless, to the extent that the tran-
sient field in Ag can be approximated by the field in nu-
clei of adjacent atomic number, an adequate calibration of
the field can be obtained by interpolating the results from
previous measurements on the neighboring isotopes ' Pd
and "Cd. As a check on the technique and on the cali-
bration, and because Pd also happens to form a possible
choice for the core of Ag, the magnetic moment of the 2+i

state in ' Pd was remeasured under the experimental con-
ditions similar to those used for the Ag isotopes.

While these experiments were in progress, two other
groups reported similar investigations with results in very
good agrtxment with those reported here. '

II. EXPERIMENTAL TECHNIQUES

The energy level diagrams of the ' ' Ag isotopes are
displayed in Fig. 1 and the relevant spectroscopic data are
summarized in Table I.

The details of the experimental technique have been
thoroughly described in previous publications' and only
the details specific to the present experiments will be
given here. The measurements were made on triple-
layered targets consisting of the isotope of interest, a layer
of ferromagnetic iron, and a stopping layer of copper.
The composition of individual targets is summarized in
Table II.

The ' ' Ag nuclei were Coulomb excited into the first
and —', excited states by 80 MeV S beams from the

Rutgers tandem accelerator. The rate of coincidences be-
tween backscattered S ions counted in an annular sur-
face barrier detector and the decay gamma rays detected
in four NaI(TI) detectors, was recorded. Typical coin-
cidence spectra of ' Ag and ' Pd are shown in Fig. 2.
For the precession measurements the four gamma ray
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FIG. 1. Energies and lifetimes of the low lying states in the silver and palladium isotopes.

detectors were placed at angles, 8=(+55', +125'),
(+65', +115 ), or {+67.5', +112.5') where the logarithmic
slope S=(1/W)(dR'/d8) of the gainma rap angular
correlation W{8) is large for the —,', , —,', ~ » transi-
tions in the Ag isotopes as well as for the 2+i-+0/ transi-
tion in ' 8Pd.

Angular correlation measurements were carried out for
each target several times during the cour. ie of the experi-
ment. The data were fitted to the theoretical expressions
W(8) corresponding to the appropriate transitions. The
logarithmic slopes S at the angle where the precession
measurements were made were obtained from the fits. A
typical particle-gamma angular correlation W(8) is
shown in Fig 3 and the resulting parameters are summa-
rized in Table III. An aligning external field of 0.045 T
was used to magnetize the iron foils and was revermd
every few minutes.

The iron foils were annealed at 1073 K for one hour.
Their magnetization was measured before and after each
run by a double coil induction magnetometer and is given
in Table II. The magnetization of the foils remained con-
stant throughout the experiment.

III. ANALYSIS AND RESULTS

gular distribution was obtained from the measured effect

e=(p —1)/(p+1),

p = (pi~/P2i)
1/2

The cross ratios

Pe =(Pz~/Pi3)
1n

which should be unity if there are no instrumental asym-
metries were continuously monitored.

The analysis of the photopeak is straightforward in the
case of the 2+i-+0+i and —, , ~—,, transitions in ' Pd
and the Ag isotopes, respectively. The photopeaks of the
—,
'

&

-+—,
'

i transitions in '0 ' Ag, on the other hand, con-
sist of three contributions: direct excitation, cascade de-
cay from the —,

'
i state which is excited simultaneously

with the —', , state, and a Compton background corre-
sponding to the Compton distribution from the —',

&
~—,

'
&

photopeak.
The measured angular shift 58 „,is given by:

~8meas =e'mess/Smeas ~

The net precession of the gamma ray angular distribu-
tion under reversal of the external magnetic field was ob-
tained from the ratio

and

=Xe;X;/XN;

The subscripts i =1,2, j=3,4 represent the four detec-
tors, Ã,J( t, l ) is the random- and background-subtracted
field up or down coincidence counting rate in the photo-
peak of the ith or jth detector. The rotation 48 of the an-

S =XS;Ã~/XN~

and the subscript i =dir, corn, cas stands for direct,
Compton background, and cascade contributions, respec-
tively. The eq are the asymmetries that would be observed
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if these contributions to the gamma ray spectrum could be
measured separately; the S; are the corresponding loga-
rithmic slopes of the gaI11ma ray angular distributions.
Thc Xg rcprcscnt thc pllotopcak IIltcnsltlcs slllllIncd over
both field directions.

The energy of the ' Pd transition corresponds closely
to the —,', ~—,', transition in the Ag isotopes. Angular
correlation and precession measurements were carried out
on the Compton distribution of the ' Pd gamma ray
spectrum, yteldhng S~m -0 at angles near 65', thus imply-
ing e -0 for these angles. Assuming that similar re-
sults would ensue in Ag, the expression for the precession

reduces to:

58 =(ed;,+as~)/(Sd;, +aS~)
=EE8d;,/(1+ aS /Sd;, )

+ b,8 /(1+Sd;, /aS ),
where b,8d;, represents the precession of the moment of
the directly excited —, , state, a=% /Nd;„and
68~-585~1 because, since the mean life of the —,, state
is long, the Ag ions created in the —,', state traverse the
iron foil in that state and come to stop in the copper back-

TABLE I. Summary of spectroscopic data and of g-factor measurements in the Ag and neighboring Pd and Cd isotopes.

E (MeV) Im ~ (psec) Technique' Ref.
g( —)

g( —,
'

)
Technique' Ref. g (eb)

107AR
2

0.325 7.2(13) RDM 0 51(7)

0.63(9)
0.70(10)
0.61(12)

1.12(29) RIG

1.70(37) TF
1.70(35} TF
1.49(31} TF

9

This work

1,5(2)' Average

109AR
2

0.311 8.5(10) RDM

0.423 2 43.5(29)

54.3(25)
51.4(24)

10

10

0.43(15)

0.37(6)
0.41{6)
0.41(7)

—0.261

TF
TF
TF

0.56(18) 1.66(33) RIG

0.77(10) 2.14(41) TF
0.75{11) 2.14(53) TF
0.66(10) 2.30(48) TF

17

8

9
This work

17

This work

—0.54~ —0.91d 19

2.1(3)' Average

0.415 50.5(28)

s5.8(s4)
47.6(20)

RDM 10

11

12

0.33(10)b

0.36(S}
0.35(7)
0.29(6)

RIG

TF
TF
TF

17

This work

—0.16—+ —0.54d 19

Pd 0 513 2+ 16 9(9)

Pd 0.434 2+ 33.3(9)

8(E2) 13

8{E2) 14

0.40(2)

0.36(3)

RPAC —0.50(5)

—0.56(3)

20

' 'Cd 0 633 2+ 10.0(14) 8(E2} 0.34(9) —0.45(8)

'"Cd 0.658 2+ 7.7(6) 0.29{6} —0.40(4) 15

Abbreviations in the table stand for the following: RDM is the recoil distance method, CE is the Coulomb excitation, RIG is the
recoil in gas, TF is the transient field, RPAC is the radioactivity-perturbed angular correlation.
bRenorma1ized to g(" Pd, 2$)=0.31(3),Ref. 16.' Average results of this work and of Refs. 8 and 9.

A range of acceptable quadrupole moments is given because the sign of the relevant matrix elements was not known.
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TABLE II. Summary of target configuration and kinematics of the recoiling ion. I is the thickness of the target isotope. I. is the
thickness of the iron layer. M is the magnetization of the ferromagnetic layer in an external field H,„,=0.045 T.

Isotope Ref.
I

{mg/cm2)
L

(mg/cm }

E.
(MeV}

Eo.t
(MeV} (~/~o};. (U/~o}„&

This work
This work

0.79
0.62

1.45
1.51

0.1748
0.1744

46.9
48.8

19.8
20.1

4.2
4.3

2.8
2.8

This w'ork 0.53 1.50 0.1754 80 49.3 4.3 2.8

This work
Ref. 16
Ref. 16

0.63
0.77
0.60

1.55
1.33
1.35

0.1729
0.1759
0.1754

48.3
43.7
40.2

15.0
20.4
17.9

4,2
4.0
3.9

2.7
2.7
2.6

'The magnetization of these foils is measured relative to that of the iron samples from which the parametrization of the transient
field was obtained and which were fully saturated. The uncertainty in the magnetization measurement is of the order of 3%.

500
l09A

ing before cascading through the —,', state. Thus,

b8di, —d8 —+a(S /Sd;, )(48 —48)/g) .

The ratio S /Sd;, and the intensity parameter a must
be calculated. The parameter a is related to the excitation
cross sections o, the branching ratio 8=(—,, ~—', , )/
( —,', ~—,', ), and the angular correlation functions W(8)
by the expression

~(ai/2«3/2/ai/2~s/2)[ ncaa(8)/nadir(8)]

The cross sections were calculated from Coulomb excita-
tion theory to be 0.70 and 0.69 for ' Ag and ' Ag,
respectively, and the corresponding branching ratios were
taken" as 4.6% and 6.4%. The angular correlation func-
tions were also derived from theory assuming that only

the + —,
' substates were populated in the backscatter

geometry of this experiment and assuming further that
the + —,

' substates of the —,
'

i state were populated with the
same intensity as those of the —',

i state. The latter were
in fact determined from the analysis of the —,', ~—,',
transition. The multipolarity mixing parameters
5(' Ag)= —0.207 and 5(' Ag)= —0.193 were used. "
The relevant slopes were calculated from the resulting an-
gular correlation expressions and the ratios
S~(8)/Sg(8)=0. 41, 0.44, and 0.45 at 8=55', 65', and
67.5' were obtained. The parameters a were 0.03 and 0.04
for 'O7Ag and '~Ag, respectively.
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FIG. 2. Typical coincidence gamma-ray spectra for ' Ag
and '~Pd.

FIG. 3. Measured particle-gamma ray angular correlation
functions for (a} the 2 2 ~ transition and {b}the corn-

bination of direct, Cornpton, and cascade contributions in the
1 3 1—+—~— transition.2 2 2
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TABLE III. Summary of the logarithmic slopes, experimental precession angles, and the relative g factors, g„derived from the
data and the transient field parametrization described in the text.

Isotope Target

107Ag

I 65'
II 67.5'

Average

—1.53(3)
—1.55{5)

5 1

2 2

58 (mrad)

—9.4{15)
—8.7{17)

0.393(63)
0.353(69}
0.375(47)

0.57(2)
0.55(2)

3 1

2 2

he (mrad)

—13.0(30)
—13.5(33)

58 (mrad)'

—13.1(30)
—13.6(33)

0.555(130)
0.560{136)
0.557(94)

109Ag

108pd

III 55'
III 65'
III 65'
III 65'
III 67.5'

Average

—0.97(2)
—1.47(3)
—1.47(3)
—1.46(4)
—1.56(3)

67.5' —3.00(9)

67.5' —3.11(4)

—9.2(48)

—6.3{12)

—6.0{50}
—6.5{11)

—S.s(9) 1

—7.5(8),
—7.1(7)

0.79(2)
0.61(1)
0.60(1)
0.61(1)
0.51(4)

0.263{45)

2+ 0+

0.304(27) Ref. 16

0.288{29) This work

—23.4(52)

—13.1(20)

—23.3(107)

—23.7(52)

—13.2(20)

—23.6{107}
—14.8(18) 0.606{74)

58 was corrected as described in the text to incorporate the direct and cascade contributions to the 2
~ 2 radiation.

Finally, relative g factors, g„, were obtained from the
measured precessions from calculations of the following
expressions:

we= f cede f dX

58= g, (p N—/R)Btt ( u, Z)dt

where dN is the population distribution of the state of in-
terest, and

Btt (v, Z) =96 7(u/uu)~ .Z "M='CB(u, Z) .

The field Bit corresponds to a parametrization of the
transient field derived by the Rutgers groups' from mea-
surements on a variety of ians from 0 to Sm. A scaling
factor C normalizes this parametrized field Bii to the ac-
tual field B(v,Z) that acts on any specific ion traversing a
particular ferromagnetic foil. This scaling factor should
be obtained from the measurement of the spin prceession
of a state whose magnetic moment has been unambigu-
ously measured by independent techniques. No such cali-
bration case exists, however, for Ag ions. The next best
procedure that can be used to obtain an absolute calibra-
tion of the transient field involves interpolation of calibra-

tions of the field obtained for nearby ions in the same
velocity range, in the present case, '~Pd and "uCd. Table
IV presents the data from which the scaling factors C for
Pd and Cd ions traversing iron foils were derived. A scal-
ing factor for Ag ions, C=l.09(11) was interpolated
fram these data and was used to obtain absolute g factors
g =Cg„displayed in Table I. Note that the errors in these

g factors include the statistical error in the precession
measurement as well as the error in the scaling factor.
The error in the scaling factor, in turn, reflects the statist-
ical fluctuations in the original precession measurement,
in the lifetime, and in the transient field calibration run.
The ratio of g factors, however, is free from the uncer-
tainties arising from the transient field calibratians, and
the average of the ratios obtained in the three transient
field experiments was computed (Table I).

The results of this ex eriment agree fairly well with
those of Stuchbery et al. and of Bazzacco et al. which
were carried out under fairly different experimental condi-
tions. In the Stuchbery et al. experiments cobalt was
used as the ferromagnet. Bazzacco et al. used iron, the
Rutgers parametrization Btt, a scaling factor
C =1.20(ll), and a further normalization factor of 0.94
obtained from measurements on ' Pd.

TABLE IV. Comparison of the experimental g factors, g„ in ' pd and "Cd obtained by the tran-
sient field technique with the accepted values determined from radioactivity measurements required for
the calibration of the transient field for pd and Cd isotopes.

106pd

110Cd

Ag

gr

0.348(30) 16
0.308(44) 16
Interpolated value

0.40{2}
0.28(6)

Ref.

18
18

v. (psec}

16.9{9)
7.7{6)

Ref.

13
15

C =g~g.

1.14(12)
0.93{22)
1.09(11}

'g, is obtained from transient field measurements assuming the transient field is given by 8~.
g is the value of the g factor obtained from radioactivity, or perturbed angular correlation measure-

ments, and recalculated for the latest measurement of the mean life.
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TABLE V. g factors in the single particle model.

Configuration

P 1/2

P3/2

5/2

Free nucleons

g factors
gI =1

g, =5.586

—0.529
2.529
0.026

Renormalized

g factors

gI ——1.1
gg =5
—0.200

2.400
0.257

Semiempirical

g factors
gI ——1.1

g, =0.7gf ——3.91

0.163
2.037
0.475

IV. DISCUSSION

A. The single particle model

It is useful for orientation purposes to compute the g
factors in the single particle model, even though this pic-
ture is not expected to apply for the complex Ag isotopes.

Table V lists the Schmidt values of g for pi &2, @3~2, and

fsq2 orbits for different choices of gi and g, : free nucleon
values, the renormalized values which give reasonable re-
sults for the —,

'
ground state g factor, and the more

universal values which are now widely used for a large
series of nuclei. It is interesting to note that, with plausi-
ble choices of g„ the measured values of the g factor of
the —,

'
ground state and of the —,', state can be repro-

duced bp the calculation. The single particle prediction
for the» state is, however, always too large.

8. %'~& coupling model

The structure of the ' ' Ag isotopes has traditionally
been analyzed in the framework of the weak coupling of

an odd particle to an even-even core. De Shalit con-
sidered the case where the angular momentum of the
valence single particle nucleon is j= —,. The coupling to a
core with I, =2 leads to a "doublet" with I =-', and

I =—', , while coupling to the ground state I,=O, yields
I=—,'. In particular for the Ag isotopes, a @|&2 proton is
coupled to the ' ' Pd cores; alternatively, a p|&2 proton
hole can be coupled to ' "oCd cores. The g factor of a
state of spin I in the odd nucleus is given by

gj j (j +1)—I,II, +1)
2 I(I +1)

g, j(j+1)—I,(I,+1)
2 III +1)+ ~+

where g is taken as the g factor of the —,
'

ground state
of the ' 'Ag nuclei, and the subscript c refers to the
core. The results of this calculation are shown in Table
VI and in Fig. 4.

While the ratios of g factors agree reasonably well with
the model, the experimental moments are larger than the

TABLE VI. Comparison of experimental g factors and their ratios ~ith model predictions.

Expt. '
Weak couplingb

p1/2+Pd p1/2+Cd
1 3K=——
2&2

Symmetric rotor y =(y'
9=32

3
2

E=—
2

Asymmetric rotor'

y =20' y =24'

107Ag

g&/2

g3/2

g S/2

g( —', )

g( —,
'

)

—0.227
0.61(12)
0.41{7)

1.5{2)

0.52(3)
0.27(1)

0.45(12)
0.23(5)

1.92{13) 1.96{67)

—0.229
0.522
0,553

—0.22
0.14
0.38

0.37

—0.22
143
0.83

1.72

—0.22
0.12
0.36

0.33

—0.10
0.55
0.45

1.25

—0.12
0.83
0.38

2.19

—0.10
0.55
0.45

—0.22
0.12
0.36

—0.269
0.631
0.287

0.48(5)
0.24(2)

1.250.332.00(27)2.1(3)

109Ag

g1/2 —0.261 —0.22 —0.22 —0.12

g3/2 0.66(10) 0.40(10) 0.14 1.43 0.83

gS/2 0.29(6) 0.18(3) 0.38 0.83 0.38

g( —,)
2.22(67) 2.19 0.37 1.72 2.19

g( —, )

'The g factors are taken from this work, while the g-factor ratios are averages of the data from this work and Refs. 8 and 9.
Calculated assuming the magnetic moments of the Pd and Cd isotopes given in Table I.' Reference 27.

~g=3.2 corresponds to the deformation of the ' Pd 2t state. The calculation is carried out for either K= 2, K =
2 or Coriolis

mixed K =
2 and X=

2 bands, and is independent of the number of neutrons.

'These calculations frere carried out vrithout consideration of the possible effect of the different neutron numbers in ' Ag and '~Ag,
and for g, =0.7gf, @=0.26, and g~ ——0.43.
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FIG. 4. Comparison of the measured g factors with some of the theoretical predictions.

model predicts. Furthermore, the formula can be rewrit-
teIl as

g. =[g( 2 )+g(-,' }l/2

from which g, =0.55(6) and 0.51(6) are obtained for the
Pd and ' Pd cores, respectively. This result disagrees

with the measured g(2+) (Table I) but is in accord with
Bohr and Mottelson's observation2 that the values of g~
are systematically larger for odd proton nuclei than for
the neighboring even-even nuclei.

Note that the single particle g factor for the —,
'

i state
(g =0.257 for g, =5} is very close to that obtained from
the weak coupling wave function [p &/z, 2+]. If the two g
factors were exactly the same, one could construct a wave
function

p( —,
' )=+(1—a )[Pi/2, 2+] +af5/2

which would yield a g factor independent of a. Thus, one
would not be able to determine from the g factor alone
whether the state is described by a single proton (or hole}
configuration, a weak coupling scheme, or a mixture of
bot .

C. Axial Nilsson model

In an alternative approach, the deformed Nilsson model
1n %which the I =

2 I g 1 2 I amI g ~
states are

members of a K = —,
' band while the —',

z and —,'2 states
are associated with a It. = —,

' band can be invoked. It is
not reasonable to assume that the —,', and —,', states are
members of a pure K =—', band, because this configura-

tion would imply a —', , state at 0.55 MeV, while the first
state lies at 0.91 MeV. Nevertheless, a small admix-

ture of K =—, into the basic K = —,
'

band is possible via
the Coriolis interaction.

The fact that the spectra of the nearby Pd nuclei are
identified as vibrational is somewhat disconcerting for
this deformation model. The vibrational model in its
simpler form would predict a vanishing quadrupole mo-
ment for the 2+i states of these nuclei, while in fact the
measured quadrupole moments are appreciable (Table I).
For example, for ' Pd, a deformation parameter P=0.16
is obtained from the measured spectroscopic quadrupole
moment Q(2+~) and the expression for the intrinsic quad-
rupole moment:

Qo ———( —, )Q =(3/~5m)ZRDp[1+( —', )&5/4mp].

This deformation suggests a prolate shape and a wave
function for the 2+, states of Pd that is intermediate be-
tween vibrational and rotational descriptions.

The quadrupole moments of the —',
&

and —',
i states of

Ag have also been measured by Coulomb excitation
with He and ' 0 projectiles (Table I). While the magni-
tude of the results depends on the unknown relative si~ns
of the matrix elements coupling neighboring —', , or»
levels, it is clear that both states have negative quadrupole
moments and, furthermore, that the —', , state has ap-
parently a fairly large quadrupole moment. It can be seen
from the rotational model expression

Q (I)=Qo[3K —I(I +1)]/[(I+ 1)(2I+3)]
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FIG. 5. Deformation dependence of the g factors in the sym-
metric rotor model.

that if the —,', , —,', , and —,', , states are members of the

K =—,
'

band, the measured negative quadrupole moments

correspond to a prolate deformation.
The Nilsson model in its simpler form was therefore

applied to the odd Ag isotopes and the values of the g fac-
tors were obtained for the —,', , —.. . and —,', states. The
renormalized g factors were used as input parameters be-
cause they yield a good fit to the ground state moment.
The free nucleon values, on the other hand, yield a g fac-
tor for the ground state a factor of 2 larger than the ex-
perimental value.

The odd proton occupies the No. 26, E= —,', Nilsson

orbit, which in the limit of zero deformation, becomes a

pi&i, state. The resulting g factors are shown in Fig. 5 as
a function of the Nilsson deformation parameter i1 =20p.
In fact, as the deformation increases, the moments for nei-

ther the oblate nor the prolate shapes agree with experi-
ment. Indeed an examination of Fig. 5 indicates that the
best agreeinent with the measured data is obtained for
rl=O, while the calculation for the prolate deformation

i) =3.2 which corresponds to the quadrupole moments of
th '-Pd -d -- m 2, t -, ~ - --.l t
disagreement with experiment (Table VI).

An intriguing result has emerged from this calculation.
In the limit of zero deformation, the expressions for g fac-
tors given by the Nilsson model for the —, , and —,', states
brome identical with the expression derived in the weak
coupling model. Furthermore, g ( —,

'
) goes into the

Schmidt value.
A calculation including Coriolis mixing was also per-

formed in which the closest K =—', band (No. 19},was ad-

mixed perturbatively into the basic K = —,
' band (No. 26).

A separation of 0.4 MeV between the two bands was as-
sumed and admixtures of about 0 25% of. K =—', into the
basic K = —,

' state were obtained for a wide range of defor-

mations. The results are also shown in Fig. 5. The
overall picture does not change very much, and the pro-
late deformation still does not represent reality.

While most of the available evidence, such as the quad-
rupole moments of the —,', and —,', states, of the ' ' Pd
and ' "OCd 2+, states and the systematics of energy lev-
els points to a prolate deformation, within the limitations
of the axial Nilsson model, the large magnetic moment of
the —,

&
state tends to support an oblate shape. In order to

understand this point, it was assumed that the two —,
'

states seen in the Ag spectra and belonging, respectively,
to the K = —,

' and K =—, bands, are strongly mixed. The
resulting wave function can be written as

P{&=—,
' }=&1—a P(K= ,

' )+a/—(K= ,' ) . —

The g factor of the state becomes a strong function of a,
and, for example, g( —,', }=0.135, 0.633, and 0.745 for
a=0, —0.25, and —0.3, respectively. Thus a 9%%uo mixing
of K =—,

' into the basic K = —,
' state is needed to change

the magnetic moment sufficiently to agree with experi-
ment while the Coriolis mixing calculation yields a value
of a which is much too small (a-0.05}.

D. Triaxial Nilsson plus rotor model

A calculation of properties of the Ag isotopes has been
carried out in the asymmetric rotor model by Vieu et al.
The Hamiltonian is written as

H =H, +H(Nilsson}+H (pairing},

where

H, =X% Rx2/[SPe sin2(y+2km/3)] .

An additional parameter y and a new source of K mixing(~=2) over and above that given by the Coriolis in-
teraction (~=1) is introduced. Further details are
given in Ref. 23. The authors obtained e and y from a fit
to the energy levels, but did not include in this fit the stat-
ic properties of the —', , and —', , states, namely the quad-

rupole and magnetic moments. Their best fit yields
@=0.26 and y=32'. The axial asymmetry is large and
slightly on the oblate side. This choice of e and y, howev-
er, leads to static properties that do not agree well with
experiments; for example, the signs of the predicted quad-
rupole moments Q( —, )=0.2904 and Q( —,

' )=0.2281
are opposite to those of the measured moments. The cal-
culated g factors (Table VII) are not dissimilar to the
values obtained with the symmetric Nilsson model for an
oblate shape rl = —2 {Fig. 5), but do not agree with experi-
ment either.

Better results for the static properties are obtained in
the asymmetric rotor model if the parameter y is made
smaller than 30', corresponding to a more prolate shape.
Calculations have been carried for several sets of parame-
ters and some of the results are listed in Table VII. The
parameter e has been kept fixed at the value a=+0.26,
but y has been varied from 20' to 32'. The reduction in y
not only changes the sign of the quadrupole moments but
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TABLE VII. Static moments in the particle asymmetric rotor
model for Ag calculated for a deformation parameter a=0.26
and the semiempirical g factor g, =0.7gf

0.43
20'

0.43
24'

0.43

28

0.36

32

g( —)

g( —,)

g(&)

g( —,')
g( —,

'
)

—0.10

0.55

0.45

1.25

—0.12

0.83 1.15

0.28

4.11

—0.18

1.23

0.14

Q(T~) eb

g( —,') eb

—0.46

—0.75

—0.24

—0.59

0.07

—0.28

0.29

0.23

also produces magnetic moments in fairly good agreement
with experiment (Table VII). On the ather hand, increas-
ing the spin quenching from g, =0 7gt,~ to g~ =0 6gtr~
reverses the sign of the ground state magnetic moment.
While the resulting quadrupole moments now have
the correct sign, their magnitude and ratio
[Q( —, )/Q( —', ) &1] do not yet fit experiment. It would

certainly be worthwhile to actually measure the signs of
the relevant matrix elements in order to obtain a unique
solution for the experimental quadrupole maments. The
optimum fit requires a y in the range 20'&y &24', but
even in this narrow range, the results are still very sensi-
tive to the choice of y and g, . The present data and
analysis are supported by recent measurements of the
magnetic moment of the 1.734 MeV isomeric state in

Ag. This particular measurement together with similar
data from ' "' Pd and ' ' Ag have bM:n interpreted by
means of the cranked shell model and the assumption of a
configuration-dependent triaxiality that reflects the in-
teraction of a soft nuclear core with the quasiparticle.

E. Interacting bean approximation calculation

The properties of the low lying levels of the Ag isotopes
have been thoroughly analyzed in tmns of an interacting
Base-Fermi model by Wood et ttl. They have obtained
fairly reasonable agreement with the experimental data
(Table VI). They show that while these calculations can
easily fit energy spectra, additional data such as 8 (M 1}'s,
8(E2)'s, and magnetic moments are required to critically
test the model in agrtement with the recent conclusions of
I.oiselet et al. ' reached from a measurement of the hfe-
times of the —,', and —', , states of ' ' Ag.

V. CONCLUSION

The magnetic moments of the —', , and —', , states of the
Ag isotopes have been measured by the transient hyper-
fine magnetic field technique. The ratios of these mo-
ments are independent of the details of the transient field
and are therefore free of systematic errors arising from
the incomplete understanding of the field. The absolute
values of the measured g factors have uncertainties of
about 15% which arise mostly from uncertainties in the
calibration of the transient field.

Both the ratios and absolute values of the magnetic mo-
ments agree qualitatively with either weak coupling or
IBFM models. A calculation done with Nilsson deformed
nucleus wave functions provides the best results for the
limit of zero deformatian (which was shown to be identi-
cal to the weak coupling scheme}, a conclusion somewhat
at odds with the collective character of the 2+i states of
the even-even cores in ' ' Pd and ' '" Cd and with the
observation of large quadrupole moments for the —', , and

» statesin ' Ag.
This puzzle is to a large extent solved by giving up axial

symmetry, as was done by Vien et al. ' in their particle-
asymmetric rotor model. It has been shown here that the
static magnetic dipole and electric quadrupole moments
of the excited —,', and —,', states are extremely sensitive
to the choice of the deformation parameters e and y. The
original choice (e=+0.26, y=32') which gave the best
fit to energy levels and transition rates, yields quadrupole
moments with the wrong sign, and a value of g( —, )

which is much too large. A change towards prolate defor-
mation (e=0.26, y=20' —24') produced quadrupole mo-
ments of the right sign, improved the g factors, gave an
acceptable energy spectrum, and resulted in even better
values of 8(M1)'s and 8(E2)'s than obtained with the
earlier choice of parameters. The fits to the g factors are
not yet perfect, indicating that these nuclei may exhibit
greater complexity than is afforded by the asymmetric ro-
tor model. The data and calculations presented here
demonstrate that the static properties of excited states
constitute an essential input into the phenomenological
determination of the asymmetry parameter y and effec-
tive nucleon g factors and provide stringent and challeng-
ing tests for theory.
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