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The magnetic moments of several short-lived states in ' Rh, "'" Cd, and ' ' Te isotopes have
been measured by the transient field technique. The results, together with those obtained earlier in
the ' ' Ag isotopes, have been compared to predictions of various models and calculations. In the
Z =45,47 isotopes, the odd proton seems to deform the vibrational core. The data are best ex-
plained within the framework of a triaxially deformed nucleus. In the odd-neutron isotopes with
50&% &82 and Z =48, 52, weak-coupling states coexist with single-particle states in a mix of
configurations.

I. INTRODUCTION

The determination of electromagnetic moments of nu-
clear states has helped to elucidate the underlying struc-
ture of these states because. the moments reAect directly
the shape and nucleon configuration of the nucleus stud-
ied. In particular, magnetic moments distinguish easily
between single-particle configurations and collective
states and, furthermore, are able to clearly point out
whether neutron or proton excitations are responsible for
the observed structure. The advent of techniques com-
bining nuclear hyperfine interactions with magnetic prop-
erties of solids has allowed the determination of magnetic
moments of very short-lived nuclear states. ' Magnetic
hyperfine fields of the order of tens of Teslas can be ob-
tained and therefore spin-aligned states with lifetimes of
the order of fractions of picoseconds can be induced to
precess by measurable angles of the order of milliradians.
The transient field experienced by fast nuclei traversing
ferromagnetic media is one of the highest hyperfine fields
achievable in the laboratory. The technique has been
thoroughly exploited over the last 20 years and has
proved particularly successful in the study of even-even
nuclei.

Precision measurements of many magnetic moments of
short-lived states in nuclei covering the whole periodic
table have been obtained, and considerable understanding
of nuclear structure details has been achieved. New
effects, such as the occurrence of shell closure at Z =64
for %&88, have been investigated. The extension of
such studies to odd nuclei was slow in developing because
of a number of technical difficulties which will be de-
scribed in the next section. Nevertheless, a few cases of
medium-weight, as well as heavy odd nuclei, have
been investigated recently.

The moments of the 2&+ states of even-even nuclei in
the region of 50 ~ X & 82 and 44 & Z ~ 58 have been very
successfully evaluated in terms of the interacting boson
approximation (IBA). The clearest treatment of the odd
nuclei in this region handles the interaction of the odd
nucleon with the excitations of the neighboring even core

via the empirical weak-coupling scheme proposed by de
Shalit. ' However, except for the original case of ' Au,
the weak-coupling model has, at best, provided only a
qualitative description of the nuclear motions and alter-
nate models have been investigated. The interplay of the
odd nucleon with the collective excitations of the core
has been analyzed by coupling the single particle to a
symmetric or an asymmetric rotor, " as well as within the
context of the interacting boson-fermion model
(IBFM).'

Section II describes brieAy the experimental problems
that need to be solved in order to carry out these mea-
surements. Section III outlines the results obtained for
the odd-proton nucleus ' Rh, and for the odd-neutron
nuclei, "'"Cd and ' ' Te. The results for ' ' Ag
have been obtained previously by three different
groups and are included for comparison. Finally, Sec.
IV contains a discussion of these measurements. Prelimi-
nary results have already been reported in various confer-
ences. '

II. EXPERIMENTAL DETAILS

The details of the experimental layout and analysis
procedures have been described extensively in many pub-
lications. ' Only the traits that differentiate the studies of
odd nuclei from those of even nuclei and the particulars
of the present experiment will be outlined here.

(i) The low-lying energy levels in odd nuclei are more
closely spaced than in even nuclei. Hence, high resolu-
tion Ge detectors have to be used.

(ii) The transitions to the levels of interest in odd nuclei
tend to be M1 rather than E2, and therefore the states
are weakly populated in Coulomb excitation.

(iii) The angular distributions of the decay gamma rays
in coincidence with backscattered particles are very pro-
nounced in the case of the even nuclei. However, for the
odd nuclei, these correlations are much weaker. Since
the effect to be measured is directly proportional to the
slope of the angular correlation at the particular angle
where the measurement is taken, the anticipated effects
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are much smaller than for the corresponding even nuclei.
In addition, if the ground state spin is larger than —,, the
angular correlation is nearly isotropic and nuclear preces-
sion experiments will not yield reliable results.

These effects conspire to reduce the counting rates. In
order to obtain similar statistics as those obtained for
even nuclei, much longer running times are required,
namely 10—20 days instead of several hours. Aside from
these differences, the general experimental approach is
quite similar to that used for the even nuclei.

The levels of interest were Coulomb excited by 72 —80
MeV S beams from the Rutgers Tandem Van de Graaff
accelerator. The coincidence rate between S ions back-
scattered into an annular surface barrier detector and
gamma rays detected in four NaI(T1) or Ge crystals was
recorded.
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FIG. 1. Coincidence gamma-ray spectrum for ' Rh mea-
sured with Ge detectors.

A. Target preparation

Triple layered targets were used for the experiments
described in this paper. These were prepared by eva-,

porating the isotope under study on thin iron foils backed
by copper thick enough to stop the recoiling nuclei. The
iron foils were first rolled to the desired thickness and
then annealed at 800'C for one hour in a hydrogen atmo-
sphere. The magnetization of the foils was measured be-
fore and after each run in an ac magnetometer. ' No
beam induced deterioration of the foil magnetization was
observed.

Evaporation of the isotope at close range of the elec-
tron gun caused the targets to be nonuniform in thick-
ness. Hence, the actual thicknesses of the isotope layer
were measured by Rutherford backscattering of 20 MeV
' C beams. The target was translated across the beam in
order to determine the thickness profile. The target
thicknesses determined by this procedure are listed in
Table I which displays, in addition, the target parame-

ters, and the beam and recoil nucleus kinematics relevant
to the calculation of g factors. It should be noted, howev-
er, that the final result is insensitive to the target thick-
ness. For example, a doubling of the target thickness
causes only a 10% change in the g factor.

B. Gamma-ray detectors

Four 17.6 cm by 17.6 cm NaI(T1) detectors were used
for the Cd isotopes, but four Ge detectors ranging in
efficiency from 6% to 30 Jo of the efficiency of compara-
ble NaI(T1) detectors at 1.33 MeV were needed for the
other nuclei. Particle-gamma coincidence spectra are
displayed in Figs. 1 —3. For the precession runs, the
gamma-ray detectors 2 and 3 were placed at angles
8=+57 or +62 and detectors 1 and 4 at angles
8=+123 or +118 where the slopes of the relevant
particle-gamma angular correlations are appreciable.

TABLE I. Summary of target configurations and kinematics of the recoiling ion. I is the thickness of the target isotope. L is the
thickness of the iron layer. I is the magnetization of the ferromagnetic layer in an external Geld H„t =0.0625 T. u/uo is the ion ve-
locity in units of the Vohr velocity uo = e /A.

Target

Enrichment

Thickness

(mg/cm )

Magnetization

(Tesla)

Beam

E ( 32S)

(Mev)

E;„

(Mev)

Isotope in Ferromagnet
u

out
u

in

(MeV)
uo

, out

' 'Rh-1 (nat)
Rh-2 (nat)
Rh-3 (nat)
Rh-4 (nat)" Cd-1 (96.63)
Cd-2 (96.63)

1.13
1.86
1.47
1.59
1.31
0.69

1.50
1.70
1.61
1.64

2.18
1.62

0.1678
0.1729
0.1775
0.1706
0.1665
0.1636

76.0
72.5
76.1

73 ~ 1

77.9
77.9

41.3
31.9
29.5
32.6
39.4
45.9

15.9
8.90
8.50
9.71
7.9

17.0

4.02
3.53
3.40
3.57

3.80
4.10

2.50
1.87
1.82
1.95

1.70
2.49

" Cd-1 (96.05)
Cd-2 (96.05)" Cd (91.67)

1.52
0.42
0.66

1.55
2.42
1.58

0.1707
0.1666
0.1759

73.0
77.5
78.0

34.2
48.3
45.6

11.6
9.5

17.7

3.53
4.19
4.03

2.05
1.85
2.51

'23Te (76.67)
' 'Te (93.45)

1.29
1.36

1.67
1.61

0.1604
0.1616

78.0
78.0

37.9
37.0

12.4
12.7

3.53
3.45

2.02
2.03



MAGNETIC MOMENTS OF LOW-LYING STATES IN ' Rh, . . .

C. Particle-gamma angular correlations

The angular correlations were measured in all cases by
setting the four detectors at four different angles and nor-
malizing the observed rates by the relative detector

I

efficiencies. These were in turn determined from the
counting rates obtained in the precession measurement in
which the detectors were located at the same angles. The
correlations were fitted to the function

Rk (LLI, I2 )+25Rk (LLI,I2 )+ o Rk (LLIi I~ )
W(8)= g QkBI, (I, )Pk(cosO) 1+5

even

where 5 is the mixing ratio relevant to the mixed M 1/E2
transition, Pk(8) are Legendre polynomials, Rk are
coefficients tabulated in the literature, and the
coefficients 8k are given by

Bk(II)= g W(MI)pk(II, MI) .
MI 0

(2)

pk are statistical tensor coefficients and W(MI) are the
substate population fractions for the states of interest.
The parameters 5 and W(MI ) are obtained from fits to
the data. Qk are the geometric factors which take into
account the finite size of the gamma-ray detectors. These
were numerically calculated for each detector. The Qk's
applicable to the Ge detectors are different from each
other because of the very different geometry of the four
detectors. The maximum spread in Qk among the four

detectors was 2% and 7% for Q2 and Q4, respectively.
In order to extract the angular correlation parameters
from this type of measurement, the Qk's were averaged.
It was ascertained, however, that the fits are not very sen-
sitive to the value of Qk. Hence this averaging procedure
does not alter in a significant manner the determination
of the population fraction, which in turn contributes to
the determination of the slope of the angular correlation
at the angles of interest. Angular correlations are illus-
trated in Figs. 4—7.

D. Precession measurements

The net precession of the gamma-ray angular correla-
tion under reversal of the external magnetic field was ob-
served from the ratio
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FICx. 2. Coincidence gamma-ray spectra for "'"Cd mea-
sured with NaI(Tl) scintillators.

FIG. 3. Coincidence gamma-ray spectra for ' ' Te mea-
sured with Ge detectors.
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103Rh
3/2) I/2) 0.295MeV

w(8)-
I.O—

I I I I I I I I I I

'Rh
5/2, -Irz) O.357VeV

w(8)

I.O

with respect to the plane of the reaction. The measured
efFect,

p 1

p+1 (4)

is related to the desired rotation of the angular distribu-
tion A8 by the expression

A8=e/S,
where S is the logarithmic slope of the angular distribu-
tion at the angle where the measurement is taken,
S=(1/N)(dN/d8), and p=(p, 4/p23)'~ . A summary of
the logarithmic slopes S and measured precession angles
A8 is presented in Table II.

E. Parametrization of the transient field

I I I I I I I I I I I

O ~~ eO I3S
0 (deg)

ISO
The parametrization of the transient field determined

by the Rutgers group for the region of ion velocities used
in these experiments, 1.6 ~ ( U /Uo ) ~ 4. 5,

FIG. 4. Measured particle-gamma-ray angular correlations
for .he 3/2, ~1/2, and 5/2& ~1/2] transitions in ' 'Rh.

where the subscripts i = 1,2, j =3,4 represent the four
detectors. N ( 1 $ );. is the random- and background-
subtracted coincidence counting rate in the photopeak of
the ith or jth detector with the external field up or down

B(U,Z)=96.7(v/Uo) ' Z''M

was used to analyze the data of all isotopes except Cd. In
that particular case, the g factor of the 2,+ state of " Cd,
g =0.273( 17) which is known from independent measure-
ments, ' was used as an internal calibration of the
transient field. M represents the magnetization of the fer-
romagnetic foil. Table III shows the experimental g fac-
tors and mean lives that were used in obtaining the re-
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FIG. 5. Measured particle-gamma-ray angular correlations for transitions in "'"Cd.
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FIG. 6. Measured particle-gamma-ray angular correlations for transitions in ' Te.

suiting g (2,+ ) for " Cd from which the transient field
was calibrated.

The g factor is obtained from the measured angular
precession h6, from the expression

g= —b,8 (IJ, /A) fB(r)e '/'dr

The g factors derived from the data and the Rutgers pa-
rametrization are given in Table II.
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FIG. 7. Measured particle-gamma-ray angular correlations for transitions in ' 'Te.
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TABLE II. Summary of experimental precession angles, logarithmic slopes, and g factors derived from the data and the Rutgers
transient field parametrization.

Angle

0
(deg)

Slope (0)

Isl
(rad ')

Precession

b, O

{rnrad)

g factor

Rutgers
parametrization

Slope {0)

Isl
(rad ')

Precession

60
{mrad)

g factor

Rutgers
parametrization

51

62
57
57
57

1.33(9)
1.09(7)
0.793(71)
0.975(83)
1.122(59)
1.288(76)

0.295 MeV, 3/21 ~1/2
—10.1(152)
—17.1(129)
—14.2(96)
—18.5{89)
—7.8(43)

—14.5(30)

+0.44(65)
+0.74(55)
+0.48{32)
+0.62(30)
+0.28{15)
+0.S2(11)

0.733(12)
1.074(23)
1.332(71)
1.151(32)
1.121(31)
0.976(24)

0.357 MeV, 5/21 ~1/2,
9.1(220) —0.40(98)
0.14(1060) —0.01{47)

—21.1(63) +0.69(21)
—6.32(680) +0.21(22)
—6.99(400} +0.24(14)

—12.7(36) +0.45(13)

Average g ( 3/21 ) = +0.46(8) Average g {5/21 ) = +0.37( 8)

111Cd

57
57
57
62

0.342 MeV, 3/21+~1/2
0.062(27) —23.3(590)
0.02(13) 136(891)
0.132(S8) 17.8(888)
0.120(54) 9.2(740)

+0.81(200)
—4.7(307)
—0.44(210)
—0.24(175)

1.088(21)
1.31(12)
1.138(37)
1.434(63)

0.620 MeV, 5/22+~1/2, +

—10.5(50) +0.37(17)
—3.2(21) +0.11(8}
—6.0(120) +0.15{29)
—7.S(79) +0.18(19)

Average g (3/21+) = +0.025(1100) Average g (5/22+) =+0.15(6)

113Cd.

57
57

0.298 MeV, 3/2,+~1/2
0.105(39) 10.0(410)
0.161(46) 10.1(235)

—0.36(150)
—0.36(8S)

1.151(18)
1.106(21)

0.584 MeV, 5/22+ ~1/21+
—3.3{31) +0.12{11)
—1.4(25) +0.05(9)

Average g (3/21+) = —0.36(74) Average g {5/2&+) = +0.08(7)

57

0.281 Mev, 3/22+ ~3/2
0.407(81) —26.3{222)

0.440 MeV, 3/22+~1/2
0.640(31) —11.0(47)

+0.82(69) 0.913(41)

0.877(14)

0.347 MeV, 5/21 —+3/21
—1.03(566) +0.03(18)

0.506 MeV, 5/2,+ 1/2,+
—1.73(345) +0.05(11)

Average g (3/2,+)= +0.36(15) Average g (5/2, ) = +0.048(92)

57

57

0.408 Me V 3 /22 ~3 /2 1+

0.908(54) —20.8(47)

0.444 MeV, 3/22+ —+1/2
0.461(41) —0.055{6460)

+0.66(1S)

+0.002(206)

1.829(34)

0.967(32)

0.428 MeV, 5/21+~3/2
—7.33(169) +0.235(54)

0.464 MeV, 5/21 —+1/21+

6.14(601) —0.20(19)

Average g (3/22+) = +0.43(12) Average g {5/21+) = +0.204(52)

57

0.108(89)

1.503(50}

0.636 MeV, 5/2p+ 3/21+
—20.1(617) +0.70(210)

0.672 MeV, 5/22+~1/2&+

6.61(788) —0.23(27)

Average g (5/2,+ }= —0.22(27)

110Cd.

66
66
66

3.009(16)
2.949(42)
2.825{25)

0.658 MeV, 21+ —+0,+
—15.0(9)
—13.9(19)
—9.49(74)

+0.379(23)
+0.534{74)
+0.365(29)

Average g (21+)= +0.382(17)
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TABLE III. g (" Cd;2+) obtained from radioactivity experiments.

Reference

21
22
23

'Reference 24.

g factor
(in Ref.)

0.30(12)
0.35(7)
0.28{5)

Mean life
~ (ps)

(in Ref. )

6.5(6)
6.6(6)
7.2(7)

g factor
recalculated

with r=7.73(7) ps'

0.252(101)
0.299(60)
0.261(47)

Average: g (2+ ) =0.273(35)

III. RESULTS

The energy level diagrams of the low-lying states of in-
terest to this work, the measured 8(E2)'s of selected
ground state transitions, g factors measured by the tran-
sient field technique and g factors of isomeric states mea-
sured previously by other techniques, are shown in Figs.
8 —10.

A. Odd-proton nuclei: ' Rh and ' ' Ag

The measurements, results, and analysis of the previ-
ously reported Ag data are included here for com-
pleteness.

The 3/2, , 0.295 Mev and 5/2, , 0.357 MeV levels of
Rh were measured in the present investigation. The

resulting g factors which depend on the choice of a pa-

TABLE IV. Summary of spectroscopic data and of g-factor measurements of selected states in ' Rh, ' ' Ag, "'" Cd, and
Te nuclei.

Isotope

E (Mev)
J 'll

~ (ps) g( —,
'

)

E (MeV)
J 77

~ (ps) g(-,') Method' Reference

103Rh

107A

109A

111Cd

'"Cd

123T

125T

0.295

3/21
9.7
0.325

3/21
7.2

0.311
3/21
8.5

0.342

3/21+

39.0
0.298

3/21+
46.2
0.440

3/22+
39.0
0.444

3/22+

27.4

+0.46(8)
+0.54(5)
+0.47(14)
+0.61(12)
+0.63(9)
+0.70(10)
+0.51(7)
+0.66(10)
+0.77(10)
+0.75(11)
+0.56(18)
+0.02(79)

—0.26(53)

+0.36(15)
+0.34(6)

+0.43(12)
+0.39(6)

+0.357

5/21
85.1

0.423

5/2
51.4

0.415

5/21
47.6

0.620

5/22

14.4
0.584

5/22
13.0
0.506

5/21
26.0
0.464

5/21+

18.8
0.672

5/22

1.9

+0.37(8)
+0.43{3)

0.38(13)
+0.41(7)
+0.37(6)
+0.41(6)

0.43(15)
+0.29(6)
+0.36{5)
+0.35(7)

0.33(10)
+0.11(5)

+0.06(5)

+0.05(9)
+0.040(25)

+0.20(5)

+0.12(4)

—0.22(27)

1.24(34)

1.26(14)
1.22(18)
1.49(31)
1.70(37)
1.70(35)
1.12(29)

2.30(48)

2.14(41)
2.14(53)

1.66(33)

TF
TF
RIG
TF
TF
TF
RIG
TF
TF
TF
RIG
TF

TF

TF
IMPAC

TF
IMPAC

TF

This work

25,26
27

5

6
27

4

5

6

27

This work

This work

This work

This work

This work

'Abbreviations TF and RIG stand for transient field and recoil in gas techniques, respectively. IMPAC refers to ion implantation
perturbed angular correlation experiments.
"The results from Ref. 27 were normalized with respect to g(" Pd, 21+)=0.31{3)as described in Ref. 4.
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5/2+

o)

0 0' 0'

E(Me V) g g(E2) g

0.5369

5/2—

3/2—

00
1&

0.3574

0.2950
85 pB

9.7 ps 28

0.37(8)

0.46(8)

9/2+
7/2+
I/2—

0.09300
0.0398
0

I.6 ns

80.9 min

-0.1 76

45 58

FI~. 8. Energy level diagram of the low-lying states of ' 'Rh. The bold lines represent the gamma-ray transitions measured in this
work. The values of the p(E2)'s in Weisskopf units assigned to a particular state correspond to the transition probability from that
level to the ground state. The g factors listed for the short-lived state are those measured in this work. The g factors of the ground or
isomeric states were taken from Ref. 31.

rametrization of the transient field, and the g factor ratios
which are independent of a given parametrization, are
displayed in Table IV together with the results obtained
in other investigations.

B. Add-neutron nuclei: "'"Cd and ' '2 Te

The g factors of the low-lying —,
'+ and —,

'+ states were
determined from measurements of the precession of the

gamma rays indicated by bold lines in Figs. 9 and l0. In
addition, the spin of the 0.5056 MeV state in ' Te has
been unambiguously determined as —,'. Mixing ratios
o(E2/M 1) for the —', ~—,', —', ~—', , and —,

' ~—,
' transitions

were extracted from the fits to the angular distributions
and are listed in Table V.

The results for the Cd isotopes were obtained by nor-
malizing the observed precessions to those measured for a

TABLE V. Summary of multipolarity mixing ratios.

Isotope

'"Rh

111Cd

'13Cd

123T

125T

(MeV)

0.295

0.342

0.298

0.159

0.281
0.347
0.440

0.408

0.428

0.444

0.636

Transition

3/21 —+ 1/21

3/21+ ~ 1/2,+

3/21+ —+ 1/21+

3/21+ —+ 1/21+

3/2+ 3/2,+

5/21+ —+ 3/21+
3/22+ ~ 1/21+

3/22+ ~3/21+

5/2,+~3/2,+

3/22+ 1/21+

5/22+ ~3/21+

5={E2/M1)

0.55(3)
ir =o. is

—0.31(2),4.6(4)
~6 =0.36'

—0.21(2), 3.0(1)'
0.02—1.8

f6/ =o.o84'
—5.6- —0.1

1.9
0.1-1.7

161=—2 i(i)'
—1.9-—0.3

—1.6(1), 0.32(2)
1.1

—0.6(1)
—0.95{2)
/6/ =0.4s
0.04—1.9
—2.3{1)

—2.5- —0.9

Reference

This work
29

This work
29

This work

This work
29

This work
This work
This work

28

This work
28

This work
28
30
29

This work
28

This work

'These 6's were used to evaluate the 8 (E2) transition probabilities quoted in Figs. 8 —10.
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similar target of " Cd measured under experimental con-
ditions as close as possible to those pertaining to the odd
Cd isotopes. The g factors of the "'"Cd isotopes nor-
tnalized to that of " Cd(2 ) are displayed in Table IV.

No such calibrator exists in the Te isotopes. Hence the
Rutgers parametrization was used to extract the final g
factors for the Te isotopes. In principle, the g factor of
the long lived 3/2, , 0 159 MeV state in ' Te,
g =0.48(8), ' could be used to calibrate the transient
field in the Te isotopes. The state is, however, only weak-
ly excited by direct Coulomb excitation and the resulting
angular precession cannot be measured with sufhcient
precision to extract a value for the transient field
strength. The resulting g factors are shown in Table IV.

IV. DISCUSSION

A. Models

1. Single-particle model

Calculations of the magnetic moments of odd nuclei
can be best carried out in the single-particle model, where
the angular momentum characteristics of the odd particle
in the appropriate shell level determine the g factor of the
nucleus. Table VI lists these values for odd protons and
odd neutrons in the p1/2 p3/2 fs/2 1n d3/2 and ds/2
orbits which are relevant to the present nuclei. However,
except for the g factor of the 5/2,+ state in ' Rh, the

5/2+

0)
(g

O' 0' 0'

E(Me V) 7 B(E2) g

0.6200 14 ps

3/2+
5/2+

0
o 0.4166

0 39eO
O

~& ~ 0.3419
0.2454

0.17 ns
70.1 mtn -0.201

39 ps 17 0.02(79)
121 ns 0.22 -0.306(10)

I/2+ -1.19

III
SCd6~

E(Me V) 'C B(E2) g

5/2+
0.6030

/
0.5839 13 ps 29 0.06(5)

(5/2)+
3/2+
IIi2 — /

0'

0'

0.442
h

0.3161

o ~ 0.2984
Q 0.2637

46 ps
20 yr

)10
9.7 ns 0.8

-0.26(53)
-0.198

16
1.3 x 10 yr

II
48&6s

FICi. 9. Energy level diagram of the low-lying states of "'"Cd. The bold lines represent the gamma-ray transitions measured in
this work. The values of the B(E2)'s in Weisskopf units assigned to a particular state correspond to the transition probability from
that level to the ground state. The g factors listed for the short-lived state are those measured in this work. The g factors of the
ground or isomeric states were taken from Ref. 31.
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measured values are much smaller than the calculated
single-particle values.

Magnetic moments are very sensitive to configuration
admixtures. The single-particle energies of the neighbor-
ing even-even nuclei, " '" Cd and ' ' Te, were calcu-
lated with the eA'ective SKa Skyrme-type interaction
and a spherical constrained HF+BCS code. The SKa
force gives the right single-particle orbitals for Sn iso-
topes, and allows a reasonable to very good description of
a wealth of nuclear properties in the mass region
(A —100). The result of these calculations shows that the
energy difFerence of the single-particle states (3s»z) and

(2d3/z ) ranges from hE -0.5 MeV for "~Cd to
AE-0. 15 MeV for ' Te. This result suggests that even

at moderate values of the residual quadrupole interaction,
the wave function of the valence particle in the
ground state should contain admixtures of both orbitals.
The ground state wave function can therefore be written

/-'+ &, =mfa„, &+(1—a')'"[(&+ed», )-,' & .

However, the mixing parameters that yield the observed
ground state moments, a('"Cd)=0.53 and a(' 'Te)
=0.66, are much too small to be realistic. The same ap-
proach, when applied to the 3/2,+ state fails entirely,
yielding o', ) 1, independently of whether the s, &z

configuration or the actual ground state wave function is
mixed with the d3/p orbital. These results suggest more

E(MeV) '6 B(E2) g

5/2+ O~

w/p+ 0 O'

0.5056 28 ps
/0. 489 44.3 ns

0 4402 39 ps 28

0.Q5(9)
0.225(4)
Q.36(15)

I I/2—

3/2+

e
O

0.27 ns0 I590

oP 0.2475 173 d

O'

-0.168

5 0.48(8)

-1.47

E(Me V) 'C B(E2) g

5/2+

OOQ'OQgO «4z

(9/2-)
5/2 + ii ) y ~&- O'OO

~ )& e art . OO
3/2+ j
(,9/2)-

Q 67I5

/ 0.642 I

/i 0.636I
0.525I
0.4634

g+ 044&4
0.52IO

-0.06 ns 0.225

19 ps
27 ps
0.99 ns

0.2Q(5)
0.43(12)

1.9 ps 11 -0.22(27)

3/2+
I/2 +

~O
i( O' O. I 4 07

0.0355

84 d

2.13 ns

-0.1 79

0.403(3)
-1.68

l25
52 875

FIG. 10. Energy level diagram of the low-lying states of ' "'Te. The bold lines represent the gamma-ray transitions measured in

this work. The values of the B (E2)'s in Weisskopf units assigned to a particular state correspond to the transition probability from

that level to the ground state. The g factors listed for the short-lived state are those measured in this work. The g factors of the

ground or isomeric states were taken from Ref. 31.
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TABLE VI. g factors in the independent single-particle model.

Configuration

~p3/2 )

(fsn)~.

(s)/2)~
(d3/2 )

~ds/z )v

Free nucleon

g factors

Proton

g, =5.586
—0.529
+2.529
+0.345

Neutron
=0

g, = —3.826
—3.826
+0.765
—0.765

Renormalized

g factors

g, =1.1

g, =5
—0.200

2.400
0.543

Renormalized

g factors

g, =1.1

g, =0.7, gf„,=3.91

0.163
2.037
0.699

complex configurations for the states of these odd nuclei.
A second approach was tried, which incorporates into

the ground state a 1+ excited state of the core as pro-
posed by Arima and Horie:

~jm » —~Im &+e~l+J;Jm &,

&, .=~ls~~2 & &+(1—a')'"~(2+@d„,)-,' & . (10)

The admixture parameter e was taken from the measured
magnetic moments in " '" Sn. The mixing parameters a
obtained with these wave functions, a(" Cd) =0.803 and
a(' Te) =0.882 are reasonable.

Another argument supports a single-particle assign-
ment to the ' Te, 3/2, state. ' I (—', +) beta decays al-
most exclusively to the 3/2&+ states of ' Te by a
Cxamow-Teller Ml transition with a log ft=5. 5, even
though decay to other low-lying states is energetically
favorable. As the ground state of ' I is likely to be well
described by a (d3&2), the nature of the beta decay im-
plies that the' Te 3/2,+ state is also predominantly a
(d3/2 ) single-particle state. Similar arguments do not,
however, apply to the Cd isotopes, where the lowest —',
state might indeed be collective, as discussed in the next
section.

Finally, magnetic moments can also be calculated
within the framework of the quasiparticle model. A cal-
culation carried out by Kisslinger and Sorensen yielded
g ( —', ) =0.32 and g ( —,

'
) =0.04.

2. Weak-coupling model

Collectivity can be achieved by coupling an odd parti-
cle (or hole) to the excited core of the neighboring even-
even nucleus. ' The g factor gl of a state of spin I having
such a configuration can readily be calculated from the
coupling of the g factor of the odd particle (or hole), g,
in its single-particle configuration and the g factor, g„of
the excited core nucleus with spin I, :

g, j(j+1) I,(I,+1)—
gI 1+

2 I(I + 1)

g, j(j +1) I,(I,+1)—
I(I+1)

In this approach it is realistic to take g as the measured
moment of the ground state of the odd nucleus, and g, as
the measured moment of the core nucleus excited into the
2+ state. The results of such calculations are shown in
Table VII.

In the Te isotopes where the single-particle (3s, zz) and

(2d3&z) states are nearly degenerate, the —,', state main-

tains a predominantly single-particle structure while the
higher —,', and —,'2 doublet can be assumed to correspond
to the weak-coupling states. In the Cd isotopes these dis-
tinctions are less pronounced. The single-particle (3s, &2),
and (2d3&2) states are 0.5 MeV apart. Thus the —', , state

appears higher in energy and may mix appreciably with
the collective states.

3. Axial and triaxial Nilsson models

Both the axial and the triaxial Nilsson models have
been invoked to explain the level scheme, and more re-
cently the electromagnetic moments of the Ag isotopes.
The Nilsson model in its simplest form was not successful
in predicting the observed moments. However, the intro-
duction of triaxiality" yields results in fair agreement
with observation. In particular, deformation and anisot-
ropy parameters @=0.26 and y=20' —24 seem to give
good agreement not only to the level scheme but also to
the measured magnetic and quadrupole moments.
Dejbakhsh et al. carried out a very extensive analysis of
energy levels and transition probabilities for ' Rh, but
have not calculated electromagnetic moments. Moment
calculations have not been carried out either for the Cd
or the Te isotopes.

4. Interacting boson fermion model (I-BFM)

The IBFM and supersymmetric extensions of the
IBFM have been used to interpret level schemes of the
Rh and Ag isotopes and magnetic moments of low-lying
levels have been calculated.
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TABLE VII. Comparison of experimental g factors with g factors deduced in the weak-coupling
scheme. The weak-coupling g factors were calculated by using the experimental ground state g factor
of the odd nucleus and the following g factors for the core nuclei: g(' Ru, 2+)=0.371(31), Ref. 31,
g(' Pd, 2+) =0.46(4), g{"Cd, 2+) =0.273(35), g (" Cd, 2+) =0.32(8), g(" Cd, 2+)=0.29(7),
g(' Te, 2+)=0.33(3), g(' Te, 2+)=0.26(3), g{' Te, 2+)=0.19(3). The Pd and Cd data are from Ref.
36, and the Te data from Ref. 37. The Te isotopes were also measured by the transient field technique
by Dunham and collaborators (Ref. 38) and by Hubler et al. by the IMPAC technique (Ref. 39), with

very similar results to those quoted here. However, in the interest of consistency, only the Rutgers
transient field data were used for the comparisons shown in the table.

Isotope

*g{3/2, )

*g(5/2, )

g(3/21 )

g(5/21 )

Expt.
(*this work)

+0.46(8)
+0.37(8)

1.24

102R

+0.480(37)
+0.262(25)

1.83

Calculation

104Pd@ p
+0.587(48)
+0.333(32)

1.76

111Cd

( 3/2+ )

g(5/21+ )

*g(5/22+ )

113Cd

*g(3/21+ )

g (5/2,+ )

'g(5/2, +
)

123T

g (3/21+ )
*g(3/22+ )

*g(5/21+ )

125T

g (3/2+)
*g(3/2, )

*g(5/21+ )
'g (5/22+ )

+0.02(79)
—0.306(10)
+0.11(5)

—0.26(53)

+0.06(5)

+0.48(8)
+0.36(15)
+0.05(9)

+0.403(3)
+0.43(12)
+0.20(5)
—0.22(27)

110Cd@

+0.566(42)

—0.020(28)

Cd s1/2

+0.633(96)

+0.007(64)

122Te s1/2

+0.69(36)

—0.031(24)
124T

+0.667(36)

—0.147(24)

112Cd@

+0.622(96)

+0.018(64)

Cd $1/2

+0.597(84)

—0.017(56)

124T

+0.607(36)

—0.087(24)
126Te s 1/2

+0.583(36)

—0.203(24)

B. Comparison with experimental data

Odd-proton nuclei

The comprehensive study of the Ag nuclei which de-
scribed most structure characteristics such as energy lev-
els, transition probabilities, and electromagnetic mo-
ments, and which suggested that the addition of a pro-
ton to the vibrational neighboring even-even core pro-
duces a triaxial rotor with prolate deformation, was
equally successful in understanding the ' Rh spectra.
This latter analysis should be extended to include calcula-
tions of electromagnetic moments.

IBFM-1 calculations of the ' Rh energy levels and
transition probabilities agree reasonably with experiment,
but also suggest possible changes in the core such as
those considered in the asymmetric rotor model, and sup-
port the possibility of y softness in these nuclei.

The weak-coupling calculations predict moments in
fair agreement with the observed ' Rh g factors. How-
ever, unlike the case of the Ag isotopes, the ratio of

g( —,')/g( —,'), which is fairly independent of systematic er-

rors and experimental uncertainties, deviates consider-
ably from the weak-coupling scheme.

2. Odd-neutron nuclei

The measurements of the magnetic moments of the
short-lived low-lying states of "'"Cd and ' ' Te nu-
clei complete the systematics in a region that has been
thoroughly studied and where moments of long-lived iso-
mers are well known. A clear signature of an evolution
of nuclear structure as neutrons are added does not
emerge from these data. The multiplicity of the —,

' and —,
'

states suggests, however, that these nuclei have a fairly'
complex structure and may contain both single-particle
configurations and collective degrees of freedom. Consid-
er, for example, the states in "'Cd that have large B (E2)
transition probabilities (3/2&+ and 5/2&+). These states
have magnetic moments that agree roughly with the pic-
ture of weak coupling of the odd neutron to the collective
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vibrational 2,+ core of the neighboring even nucleus
(Table VII). On the other hand, the state for which
8 (E2) is small, the 5/2,+ state, has a negative magnetic
moment that corresponds more closely to that of a single
odd dszz neutron (Table VI). Thus while some states can
clearly be described by the behavior of a single indepen-
dent nucleon, these states coexist with collective states
described by weak coupling of the odd nucleon to the ex-
cited core of the neighboring nuclei or some other form
of collective structure. In "Cd, while the g factor of the
5/2&+ state agrees reasonably well with weak-coupling
predictions, the moment of the 3/2,+ state is much small-
er than the weak-coupling schemes or the single-particle
model predict. Similarly in the ' ' Te isotopes, the mo-
ments of the 5/2&+ and 5/22+ states, respectively do agree
with weak coupling, but the moments of the —,

'+ states are
smaller than any of the predictions. Additional experi-
mental multipole branching ratios and theoretical work
are required for a complete understanding of the struc-
ture of these nuclei.

V. CONCLUSIONS
Magnetic moments of odd-proton and odd-neutron

medium-weight nuclei have been measured in order to
understand the coupling of an odd nucleon to the even-
even core. Specific structures can be associated with par-
ticular nuclei. The odd-proton Rh and Ag nuclei seem to
acquire an asymmetric shape as a proton is added to the
even Ru or Pd nucleus. In the Cd and Te isotopes,
single-particle configurations appear to coexist with col-
lective core excited states. More extensive calculations as
well as more measurements are required to distinguish
between various possible models for these nuclei.
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