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Measurements of magnetic moments in isoSm
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The magnetic moments of the 4~ and 6» states in Sm relative to that of the 2~ state have
been measured by the transient field technique. The resulting g-factor ratios are g(4+i)/g(2i+) =
1.60(12) and g(6i )/g(2i ) = 1.14(34). The g(4i )/g(2i ) ratio is larger than expected for a collective
band. To confirm this result a variety of measurements were conducted with both S and Ni
beams at energies ranging from 80 to 230 MeV incident on targets with both iron and gadolinium
ferromagnetic layers.

PACS number(s): 21.10.Ky, 27.70.+q

I. INTRODUCTION

The magnetic moments of nuclei have traditionally
made an important contribution to nuclear structure re-
search because they provide a sensitive test of difFering
theoretical descriptions.

Medium weight nuclei far-&om-closed shells have been
best described by collective models. The g factors of the
low-lying states of such nuclei are expected to be equal
to Z/A, corresponding to the fact that protons and neu-
trons in a nucleus are assumed to participate equally in
the collective motion [1]. Many g factors of the first 2+
states of even-even nuclei in medium weight nuclei and
in the region 84 & N & 92 and Z = 60, 62 have been
measured [2,3]. Deviations from the Z/A prediction were
attributed to the efFect of pairing, single-particle contri-
butions or subshell closure at Z = 64 and were success-
fully described within the &amework of the interacting
boson approximation (IBA) [4].

Magnetic moments of higher spin states along the yrast
band have also been measured in rotational rare-earth
nuclei with 64 ( Z ( 70 and K ) 90 [5,6]. In general,
the moments remain fairly constant at low spin, decrease
at higher spin, and have been noted to increase at yet
higher spins. These observations were first explained in
the &amework of the cranked shell model approach as
being due to rotational alignment of i&3y2 neutrons fol-
lowed by alignment of protons [7]. Self-consistent cranked
Hartree-Fock-Bogoliubov calculations [8] have also been
very successful in describing the trends observed in sev-
eral nuclei.

For transitional rare-earth nuclei with neutron number
close to 90, a simplified model calculation was performed
in the Nilsson-Strutinsky plus BCS approach by calculat-
ing the spin dependence of the deformation and pairing
gaps [9]. These calculations predict a gradual increase of
g factors with angular momentum increasing up to 10h
for Yb, and a more dramatic rise for Dy; similar

efFects are expected for Gd and Sm. The magnetic
moments of the yrast states in Dy have been recently
measured [10]. Whereas the decrease in the moments
of states above spin 20 has indeed been observed, the
predicted rise of the magnetic moments of the low-lying
states was not confirmed. Thus it becomes interesting to
further test the model in Sm and Gd.

Most magnetic moments of short-lived states are mea-
sured through the transient field technique [11,12] ap-
plied to nuclear states populated either by Coulomb exci-
tation or by (Hl, xn) reactions. The time history of deex-
citing nuclei produced in (Hl, xn) reactions is not always
well established, particularly for low-spin states, setting
limitations on the measurement of the magnetic interac-
tion between the excited nucleus and the host ferromag-
net. However, if the low-lying states can be reached by
Coulomb excitation, their moments can be determined
with higher reliability.

The magnetic moment of the 2+& state in Sm,
g = 0.385(27), has been measured by difFerent tech-
niques, such as recoil implantation into gas, ion-
implantation perturbed angular correlation, and the
transient field [13,14,2,3]. There is, however, only
one transient field measurement of the magnetic mo-
ments of the 4z and 6z states which yields ratios
g(4+i)/g(2+i)=0. 87(10) and g(6i+)/g(2i+)=0. 94(19), close
to unity [15].

In the present study, the magnetic moments of the 2z,
4z, and 6z states in the Sm nucleus were also mea-
sured by the transient field technique [16]. A variety of
experimental conditions were used, and a new analysis
procedure was developed to reduce possible systematic
errors.

II. EXPERIMENTAL PROCEDURES

The transient field technique has been presented in sev-
eral earlier publications [11,12] and only details pertain-

0556-2813/93/48(6)/2640(8)/$06. 00 2640 1993 The American Physical Society



48 MEASUREMENTS QF MAGNETIC MOMENTS IN i5o 2641

ing to the current experiment will be given here.
The experiments were performed at the A. %. Wright

Nuclear Structure Laboratory at Yale University. Heavy-
ion beams of Ni or S with energies ranging &om 80
to 230 MeV were used to Coulomb-excite either the 2i,
or the 2& and 4i, or the 2z, 4i, and 6i states of Sm.
Other states were only weakly excited. Their contribu-
tions were nevertheless taken into account even though
they had only a minor effect on the results. The level
scheme and properties of the low-lying states in Sm
are shown in Fig. 1. The lifetime of the 6& state is not
known. The line shape of the 6& —+ 4& transition in
the measurement is consistent with a lifetime of approx-
imately 2 ps.

The beam-target configurations as well as the compo-
sition of the individual targets of seven difI'erent runs are
summarized in Tables I and II. Targets consisted of en-
riched Sm (99.23'%%uo) evaporated onto natural gadolin-
ium or iron foils rolled to a thickness determined by the
desired exit velocity of the recoil ions v & 2vo, where vo
is the Bohr velocity. The gadolinium foils were annealed
under vacuum (10 Torr) by resistance heating, while
the iron foils were annealed at 800'C for 1 h in a hy-
drogen atmosphere to insure good magnetic properties.
Layers of copper or silver thick enough to stop the recoil-
ing Sm ions were evaporated on the back side of the
ferromagnetic layer. The magnetization of each target
was measured with a 5/0 accuracy before and after each
run as a function of temperature and external polarizing
field by a double coil induction magnetometer f17].

An external magnetic field large enough to fully sat-
urate the ferromagnetic foils, 0.043 T for iron and 0.09
T for gadolinium, was applied to the targets. The field
direction was reversed periodically at time intervals of
about 4 min. The targets with gadolinium as the ferro-
magnet were mounted at the tip of a closed-cycle Displex
refrigerator and were kept at a temperature ranging be-

TABLE I. Summary of beam/detector/target configura-
tions used in different runs.

Run Beam Beam energy Detectors Ferromagnet Stopper
(MeV)

I
II
III
IV
V
VI
VII

Ref. [15]

32S
58Ni
58~.
58N-
58N.
58~.
32 S

58N.

80
230
230
230
180
120
115
220

NaI(TI)
NaI(TI)
NaI(TI)

Ge
Ge
Ge

NaI(TI)
Ge

Fe
Fe
Gd
Gd
Gd
Gd
Fe
Fe

Cu
Ag
Cu
Cll
Cu
CL1

Cu
Pb

tween 40 K and 60 K in-beam. The dependence of the
gadolinium target magnetization on temperature and ex-
ternal field is displayed in Fig. 2.

The deexcitation p rays &om Sm were detected in
coincidence with backscattered beam ions. Four Ge de-
tectors (approximately 20% efficiency) and when appro-
priate, four 17.6 cm by 17.6 cm NaI(Tl) detectors were
operated in coincidence with an annular silicon surface
barrier detector subtending a solid angle of 165 —175 .
For the precession measurement, the four Ge or NaI(T1)
p-ray detectors were placed at angles of (+67,+113'),or
(+63,+117 ), respectively, where the logarithmic slope
S = (1/W)(dW/de) of the p-ray angular correlation
W(8) is large for E2 transitions.

The energies of coincident p rays and particles together
with their relative times were recorded in event mode and
stored on magnetic tape using the Oak Ridge Data Ac-
quisition System. With appropriate cuts in the particle
[Fig. 3(a)] and time spectra, final p-ray spectra [Fig. 3(b)]
were produced, and peak intensities of the Sm transi-
tions were determined.
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III. DATA ANALYSIS AND RESULTS

A. Angular distribution analysis
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FIG. 1. Low lying states in Sm observed in the
Sm( Ni, Ni p) Sm reaction at 230 MeV.

Under the experimental conditions used for the present
experiment, any one state of interest is populated sepa-
rately by multiple Coulomb excitation and by radiative
decay of higher states. The alignment produced by these
two mechanisms is difI'erent and induces a difI'erent an-
gular distribution for the decay p rays. It is not possible
to physically separate the states populated by Coulomb
excitation &om the ones resulting &om the p decay of
higher states &om the p-ray spectra. Furthermore, the
Coulomb excitation probability of each individual state
is not known a priori for a nonrotational nucleus like

Sm which lies between the almost spherical Sm and
the well-deformed Sm. Therefore, simultaneous fits
to the angular correlation of any of the p rays in the
6z ~ 4z ~ 2z ~ 0& or 4z —+ 2z —+ 0& cascades that
are observed in the particular run being analyzed, were
carried out with the relative Coulomb excitation proba-
bilities as &ee parameters.
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TABLE II. Summary of target con6guration and kinematics of the recoiling ion. l is the thickness
of the Sm target isotope. L is the thickness of the ferromagnetic foil. M is the magnetization of
the ferromagnetic layer measured before and after each run at the given external magnetic 6eld H, „&.
(R);„and (R) „t are the average energies of the Sm recoils. (v/vs) is the average ion velocity in
units of the Bohr velocity vo = e /5 and t is the transit time through the ferromagnetic foil.

Run l L
(mg/cm ) (mg/cm )

(@)' (@)o ~ (—„",)' ( —.", )o ~

(Me V) (MeV) (ps)

I
II
III
IV
V
VI
VII

Ref. [15]

0.76
1.43
0.93
0.93
0.93
0.93
0.76

3.0(1)

1.77
4.30
7.08
7.08
7.08
7.08
1.77

4.1(1)

0.043
0.043
0.090
0.090
0.090
0.090
0.043
0.050

0.1551
0.1623
0 ~ 1701
0.1701
0.1701
0.1701
0.1551

40.1
157.4
166.7
166.7
127.8
82.0
59.1
122.0

12.4
25.5
36.7
36.7
22.7
9.4
22.6
16.3

3.3
6.5
6.7
6.7
5.9
4.7
4.0
5.7

1.8
2.6
3.1
3.1
2.5
1.6
2.5
2.1

0.42
0.59
0.88
0.88
1.07
1.47
0.33
0.67

~The target used in Ref. [15] was a complex target containing a 0.10(2) mg/cm indium layer
between the Sm and the ferromagnet.

The p-ray radiations involved in the decay of these
states are all "stretched E2" transitions. Thus, the an-
gular distributions of all the p rays in a particular cascade
depopulating any one of the initial states are the same.

The measured p-ray angular distributions for the in-
dividual cascade transitions can be Gtted simultaneously
to the theoretical expression

where A is a normalization factor depending on the beam
current, measurement time, detector efBciency, and ge-
ometry, P; are the direct excitation probabilities of the in-
dividual excited states, n denotes the excited level, n
represents the highest excited state, and n = 0 is the
ground state. W(8;I; -+ I; q) are the theoretical angu-

&max

W"(0;I„-+I„g) = A ) P;W(0;I; m I; i),
x=n
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FIG. 2. Temperature dependence of the gadolinium target
magnetization used in run III—VI precession measurements at
an external polarizing 6eld of 0.09 T. The error bars repre-
sent a O'Pp uncertainty in the magnetization measurements.
M, t ——0.2115 T or 268.4 emu/g is the saturation magnetiza-
tion for gadolinium at 0 K. T~——295 K is the Curie tempera-
ture for gadolinium.

FIG. 3. (a) Typical coincidence particle spectrum of 230
MeV Ni ions backscattered from Sm, (b) correspond-
ing p-ray spectrum in coincidence with Ni ions with energy
in the indicated particle window (a). The unlabeled p-ray
triplets in the 350, 280, and 185 keV regions correspond, re-
spectively, to the 81 —+ 61, 61 ~ 41, and 41 —+ 21 transi-

t 156,158,160G
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lar distributions of pure I; —+ I; q transitions. This ex-
pression can be modified to take into account side feeding
&om other cascades. The ground- and higher state ex-
citation probabilities, Pg, and P, , are normalized such
that

with

M=I;
Bg(I,) = ) to '(M) pg(I, , M),

M=0

~max1=P, +)P;. (2)

The theoretical angular distributions of the pure E2
I, + I, 1 transitions can be expressed as

W(8;I; m I, i) = &+ Q2A2Pg(8) + Q4A4P4(8)) (3)

where Q2 and Q4 are geometrical attenuation coelB-
cients which take into account the finite size of the detec-
tors [18], P2(8) and P4(8) are Legendre polynomials and
A2 and A4 are given by [19]

where BI, are tabulated coe%cients, pg are statistical ten-
sor coefIicients, and mal'(M) are the substate populations
for the state with spin Ii. In the present experiments
with cylindrical syInmetry only the M = 0 and M = +1
states need to be taken into account; they satisfy the
normalization condition

tol'(M = 0) + 2zo *(M = —1, &)

In the analysis, the measured angular distributions of
all cascade transitions are fitted simultaneously by min-
lmlzlIlg

&max

A'„= Ag[ur *(M)] = Bg(I;)Bg(2 2 I; I; i), (4)

i = n, . . . , n „and A: = 2, 4 where the y are defined by

[W"(8~; I„+I„ i) —W", ,(8, ;I„m I„. i)]
[bW", , (8~", I„-+I„ i)]2

R", , are the measured p-ray intensities of the I
I 1 transitions at angles 0~, and bR', are the statis-
tical errors.

With values for A2's and A4's &om Eq. (4) and an
assumed set of wl" (0) parameters, the angular distribu-
tions are fitted to determine the direct excitation param-
eters. Because the population parameters were at first
arbitrarily chosen, the whole calculation is repeated for
a range of substate population parameters in order to
establish a minimum in the y surface in the n „+1
dimensional space. The analysis of the data for run V for
instance shows that the 2+1 state has a well-defined pop-
ulation parameter at to2~ (0) = 0.92. If the population
parameter is fixed at that value, y + exhibits a shallow2+

minimum at uy4& (0) = 0.96. The final results for the

direct excitation probabilities obtained from the analysis
of the angular correlations are shown in Table III. The re-
sults are insensitive to the particular choice of population
parameters to(M) and are in good agreement with exci-
tation probabilities calculated from the statistical tensors
obtained with the coUI,Ex code for a "rotational" Sm
nucleus.

Figures 4, 5, and 6 show the angular distributions ob-
tained from the simultaneous fits of the data from runs
IV, V, and VII.

B. Precession analysis

The procedure for extracting Lo;, the angle of pre-
cession of the magnetic moment of the directly excited

TABLE III. Comparison of the direct excitation probabilities PI extracted from. a simultaneous
6t of all angular correlations with the excitation probabilities PI "' obtained from the Coulex
code. The P,"'"were used to normalize the experimental Py's.

Run PCoulex
g.S. P+

1

pCoulex
2+1

P+
1

PCoulex
4+1

P+
1

p Coulex
+

I
II
IV
V
VI
VII

0.796
0.308
0.308
0.433
0.832
0.386

0.315
0.339
0.456

0.435

0.196
0.303
0.245
0.419
0.163
0.468

0.385
0.248
0.111

0.179

0.008
0.281
0.316
0.133
0.005
0.132

0.105

0.0001
0.098
0.132
0.014
0.0001
0.013

The 6i -+ 4i transition was too weak in the NaI{T1) spectra to be analyzed.
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FIG. 4. Simultaneously 6tted angular correlations of the
6+~ ~ 4» 4~ —+ 2~, and 2~ ~ Oi transitions in Sm
measured in run IV with a 230 MeV Ni beam.

FIG. 6. Simultaneously fitted angular correlation of
4~ —+ 2~ and 2~ ~ 0~ transitions in Sm measured in
run VII with a 115 MeV S beam.

i " state &om the variation in the counting rates as a
function of the magnetic Geld direction, has been out-
lined previously [20,15] for cases in which the states are
excited by single or multiple Coulomb excitation. If, as
is the case in this work, lifetimes of all states of inter-
est are much larger than the transit times of the ions
through the ferromagnetic layer, then the nucleus in any
given state undergoes a precession in the ferromagnetic
foil only when the state is directly populated. The mea-
sured effects e can then be written in terms of the relative
excitation probabilities P,. and the logarithmic slopes S;
of the angular distributions W(ep., I; ~ I; i) of radia-

2,
' —I 0,

6.0-

tions deexciting the ith state as

„"P,W(0p) S;AO,

„"P,W(op)

p —1
e„(8p)

p + 1
(10)

where p = (pi4/p2s) ~ is determined &om the double
ratios [11]

~gn /~$n
Ntn Ngn '

where 00 is the angle at which the measurements were
carried out. I, and S; were extracted &om the simul-
taneous fits of the measured angular distributions. The
measured effect can be expressed as

cD 4 0-

2.0-

0.0
0

I I I I
I I I I

I

30 60 90 120 150 180

Angle (deg)

FIG. 5. Simultaneously fitted angular correlation of
4~ ~ 2i and 2i ~ Oi transitions in Sm measured in
run V with a 180 MeV Ni beam.

where the coeKcients k = 1,2, l = 3, 4 represent
the four detectors; N& and N& are the random- and
background-subtracted coincidence counting rates of the
photopeak of the transition I ~ I i in the kth or /th
detector with the external field up(g) or down($) with
respect to the plane of the reaction. Similar "cross ra-
tios, " p, = (p24/pis) and e, were calculated &om the
data in order to check for systematic effects that might
mask the true precession. In all cases, vanishingly small

were obtained.
As evident &om the previous section, the errors in the

degree of alignment of the 4& or 6& states cannot be
determined by the fitting procedure because of the in-
sensitivity of the fits to the population parameters. It
is important, however, to examine the effect of uncer-
tainties in the population parameters on the precession
angles. The population parameter of the 2z state was
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TABLE IV. Summary of the measured asymmetry ratios t', the calculated precession angles &8
(in mrad), and the magnetic moment ratios of the excited states of the Sm nuclei.

Run I

0.065 (3)

Run II

0.043(4)
0.041(8)

Run III

0.056(4)
0.049(6)

Run IV

0.079(3)
0.062(5)
0.039(11)

Run V

0.070(2)
0.045(5)

0.040(2)
0.024(5)

0.063(1)
0.030(2)
0.026(4)

Run VII Ref. [15]

&8z+ -22.7(1.0) -22.5(4.1) -26.7(3.5)
&84+ -40.9(7.7) -46.76(6.2)
ae,+

-38.0(3.6)
-64.1(7.6)

-43.4(12.2)

-24.9(8) -16.2 (1.1) -34.2 (2.7)
-38.7(4.0) -22.3(5.0) -29.7(2.5)

-32.0(6.0)

g
1

g
1

1.82(47)' 1.75(33)" 1.68(26) 1.56(17) 1.37(32) 0.87(10)

1.14(34) 0.94(19)

The 6+i -+ 4+i transition was too weak in the NaI(T1) detectors to be analyzed and e and A8 were
obtained as though the 6~+ state had not been excited at all.
Private communication from Stuchbery.

'This ratio assumes the 6~ state has not been excited.
Since the conditions of runs III and IV were identical except for the difFerent detectors, the results

of run III could be reanalyzed assuming the efFect e(6i ) to be the same as that observed in run IV,
namely 0.039(ll). The resulting ratio g(4i )/g(2i ) = 1.85(49) is well within the statistical error
obtained by neglecting the contribution from the 6+~ state. If e(6i ) were to be varied by 20%%uo, the
ratio would only change by O'Fo.

~rn

&8 = —g B(v, Z) exp( —t/r)dt,5 (12)

where piv is the nuclear magneton, B(v, Z) is the tran-
sient Geld, t is the transit time through the ferromag-
netic foil, and ~ is the meanlife of the state. Since t is
short compared to the mean lifetimes of the states, the
ratios of g factors are equal to ratios of the measured
precession angles 40 and are independent of a precise
knowledge of the transient Geld.

The experimentally determined precession eKects e, the
precession angles 40, and g-factor ratios for each mea-
surement in this study are displayed in Table IV, and the
ratios g(4i )/g(2i ) are plotted in Fig. 7.

kept fixed at the well-defined minimum, while the popu-
lation parameters of the 4z and 6z states were changed
independently over a fairly wide range. The changes in
the resulting precessions were smaller than the statistical
errors.

The g factors may be obtained from the observed pre-
cession through the following expression:

tal conditions. However, in this case the 2~ and 4~ states
have very diferent lifetimes. If some of the recoiling Sm
ions were to stop in the ferromagnet, the long-lived 2&

state would precess in the static hyperfine field, while
the short-lived 4z state would not. Unfortunately, the
static Gelds at Sm ions embedded in iron or gadolinium
hosts are not well known [21]. The static hyperfine field
at Sm ions in iron at 300 K varies from +0.140(16) to
+0.22 kT, while the value of the static field at Sm ions
in gadolinium at 1.5 K has been quoted as lying between
—0.0295(30) and (—)0.3648(21) kT. With these rather
large static fields, even if only a small number of ions

30"

Average

Ref.15

IV. DISCUSSION

The ratios of g factors obtained in the various runs
are in good agreement with each other. However, they
disagree with the theoretical prediction for magnetic mo-
ments within a collective band, g(I+2)/g(I) = 1, and are
significantly larger than the ratios obtained in the exper-
iment of Ref. [15]. As previously discussed, the ratio of g
factors should be independent of the specific experimen-

0.0
II III IV V VII

Runs

FIG. 7. g-factor ratios g(4i+)/g(2~+) in Sm as measured
in difFerent runs (open circles). The weighted average of the
g(4i )/g(2i+) ratios for runs II—V and VII is indicated by an
open square and the ratio measured in Ref. [15] by the solid
square.
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stop in the ferromagnetic host, their contribution to the
measured precession can be appreciable. The total ob-
served precession will be increased for the positive static
Geld in iron and decreased for the negative static field in
gadolinium.

The total measured precession can be written as

~grneas ~0TF + ~ostatic
)

where 0 & z & 1 is the &action of ions that stop in the
ferromagnet, LO is the precession resulting &om the
transient field interaction, and the contribution due to
precession in the static Geld is given by

70

60.. Sm

5Q.
&O

I

th 40"0
V
O

3Q ~ ~

E
z 20

10"

0
0

I

I

I

I

I

I

I

I

I

I

2

Gd

4 6 8 10 12
Thickness of target in microns

(a)

14

static P~AO = —g Bt t 7-,
h

(14) 60
(b)

where 7. and g are, respectively, the mean lifetime and g
factor of the state of interest. Thus, the ratio of the g
factors becomes

50"

g+ LO+ ' gg TF
1

~emeas ~OTF + & ~gstatic2+ 2+ 2+ 21

(15)

An experimental test of possible static Beld contribu-
tions was carried out in which the energy of the Ni
beam was decreased to 120 MeV using the target of runs
III—V. A strong angular correlation with a logarithmic
slope S = —3.18(29) was measured for the 2z state and
a precession with opposite sign to that observed in the
higher-energy experiments was observed (Table V), indi-
cating that the precession in the static field does indeed
d.ominate the precession in the transient Geld. Prom this
measurement, the known value of g(2+~), and an assumed
static Beld B = 0.3648 kT, the fraction of stopping ions
was determined to be x = 12'%%uo.

This result was corroborated by calculating the frac-
tion of stopped. ions via a Monte Carlo simulation of the
slowing down process using Ziegler's TRIM-91 code [22].
Figure 8(a) shows the range distribution of ions through-
out the target, with the dashed line representing the in-
terface between the ferromagnet and the backing. The
result of this calculation yields 2: = 16% in qualitative
agreement with experimental results. However, the &ac-
tion of stopped ions is a very sensitive function of the

TABLE V. Measured asymmetry ratios e and calculated
precession angles &8 (in mrad) for 120 MeV Ni (run VI).
The positive value for the angular precession of the 2~ state
is indicative of a large precession in the static field at Sm in
gadolinium.

4+

-0.022 (5)

6.9(1.7)

0.042(37)

-36.5(32.2)

The feeding of the 2+~ state from higher states is negligible
(see Table III). The precession angles were calculated with
the logarithmic slope of the pure 2~ —+ 0~+ [S = —3.18(29)j
and 4~ -+ 2~ (S = —1.15) transitions.

30 "
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O

I

CO

10am

0-15 -10
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target thickness

0
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5 10
% increase in
target thickness

FIG. 8. (a) Monte Carlo simulated range d.istribution of
Sm recoils, assuming the target and beam arrangement

used in run VI, (b) dependence of the fraction of ions stopped
in the ferromagnet on the Sm and gadolinium target thick-
ness.

target thickness, as shown in Fig. 8(b). The Monte
Carlo calculation was then carried out for all target-beam
combinations used in the present study. In all cases the
percentage of stopped ions was found to be negligible.

In Ref. [15] a possible contribution from the static
Beld was not taken into account. In order to check the
discrepancy in the g-factor ratio between Ref. [15] and
the present work, Monte Carlo calculations were carried
out for the data of Ref. [15]. The calculation indicates
that 1.6(0.9)% of the ions might stop in the iron layer.
The error quoted rejects a 3'%%uo uncertainty in the tar-
get thickness. This result would add 3.0(1.7) to 4.7(2.7)
mrad to the transient Geld precession, depending on the
actual value of the static Beld at Sm ions in iron. How-
ever, the inclusion of the static field. contribution is not
large enough to explain the discrepancy in the g-factor
ratios.

The ratio of g factors for runs II—V and VII are shown
in Fig. 7. All results are consistent with each other even
though they were obtained under radically diferent ex-
perimental conditions, and yield an average g(4&+)/g(2+&)
= 1.60(12). The resulting g(4& )/g(2+&) is unexpectedly
large. This large ratio cannot be explained through
purely collective excitations or through IBA models with
either a restricted Sd-boson or an extended 8dg-boson ba-
sis [23]; it must involve decoupling single particles yield-
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ing a higher magnetic moment for the 4z state. In the
most naive shell model, one could construct the low-lying
states with protons in d5/2 and neutrons in h9/2 shells for
which g = 1.13 [24]. Thus even a small admixture of such
configurations could indeed result in magnetic moments
that deviate &om the predictions presented above. A
more specific explanation will have to wait for new single-
particle calculations, an examination of the structure of
this vibrational nucleus within the framework of the IBA
model or more detailed calculations of the effects of de-
formation on pairing gaps and alignments.

A future measurement of the magnetic moments of the
low-lying states of Gd could also help elucidate the
structure of the N = 88 isotones in terms of particle-
collective core interactions, IBA models, or the BCS pic-
ture with deformation and spin dependence on angular
momentum.

V. CONCLUSIONS

The magnetic moment ratios g(4&+)/g(2+&)
g(6~ )/g(2~ ) in Sm have been measured by the tran-

sient field technique in a variety of experiments involving
different targets mounted on difFerent magnetic materi-
als, difFerent beams at difFerent energies, and difFerent de-
tectors. While individual moments may be very sensitive
to the details of the transient field velocity dependence
and target inhomogeneities, ratios of moments ought to
be &ee from such systematic errors. The results are con-
sistent with each other &om run to run but yield ratios
that are too large compared with previous experiments
as well as with current theoretical predictions. Future
experiments with increased accuracy as well as similar
measurements in Gd may yield an explanation of these
discrepancies.
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