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The angular distribution of gamma rays following Coulomb excitation of millimicrosecond 2+ states in
Nd%, Sm!52, Sm!%, Gd!%, Gd'%, and Gd'® were investigated. The gamma-ray angular distributions from
solid oxide targets showed substantial perturbations. The attenuation coefficients for liquid nitrate targets
were measured to be: Nd'®, G3L=140.035; Sm!®2, G,L=1240.035; Sm'™, G.L=1.140.10; Gd'®, G.£'=0.5
+0.06; Gd, GoL=0.620.04; Gd'®, G,L=0.620.06. The influence of the paramagnetic ion and the liquid
environment on the angular distributions are discussed.

The effect of an external magnetic field (Hex) on the unperturbed gamma-ray angular distribution from
liquid targets was measured. The effect was attributed to the precession of the excited nucleus (gyro-
magnetic ratio g) in the external magnetic field that has been modified by the atomic structure (Hefs).
For Nd®, Hee=(2.3+0.3)Hes, g=0.224£0.04; Sm!®2, Hegr= (1.740.2)Hex, g=0.2124-0.04; Sm!%, Hog

= (1.7£0.2) Hex, §=0.212:0.04.

I. INTRODUCTION

HE purpose of this experiment was to measure

the gyromagnetic ratio (g) of 2+ states in even-

even nuclei which are known as rotational states. This

measurement is of interest because the gyromagnetic

ratio will give direct information about the nature of
the collective nuclear motion.

The nuclei investigated were even-even isotopes of
neodymium, samarium, and gadolinium, which exhibit
a fully developed rotational structure. These nuclei
have 2% states of approximately 100-kev energy and
lifetimes of about 10=° sec. In this experiment, the
collective nuclear state was Coulomb-excited, and the
effect of a static magnetic field on the excited nucleus
was detected by the change in the angular distribution
of the de-excitation gamma radiation.

Protons incident on a target, Coulomb-excite a
nucleus that subsequently de-excites by the emission
of a gamma ray. For these measurements, the resultant
gamma-ray angular distribution can be written,}

W (6) = 14-G24 2P2(cos8)+G 1A 4P4s(cosb),

where G; and G, are the attenuation factors that
describe the effect of spin couplings between the
nucleus and its environment. 4, and A4, are determined
by the Coulomb excitation process, the nuclear spins
involved, and the multipole order of gamma radiation.
Py(cosf) and Py(cosf) are Legendre polynomials.

In these experiments, the Coulomb excitation con-
ditions are chosen so that the 44 coefficient is negligible.
Hence, we write

W (6) = 14G14 2P (cosb). )

Because of the strong spin couplings in solids, the
magnetic field measurements must be carried out with
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the nucleus in a liquid environment. We expect that,
in a liquid environment, there will be an interaction
between the quadrupole moment of the excited nucleus
and randomly fluctuating electric-field gradients at the
nucleus set up by neighboring atoms. In a liquid
paramagnetic environment, we would also expect an
interaction between the magnetic moment of the excited
nucleus and randomly fluctuating magnetic fields set
up by the paramagnetic ions. We shall denote the
effect of such time-dependent interactions on the
gamma-ray angular distributions by the attenuation
factor G,L.

In the presence of such time-dependent interactions
in a liquid and also in the presence of a static magnetic
field H placed perpendicular to the plane of the beam
and the gamma-ray counters, Eq. (1) becomes!

GzLAg

W(0,H)=1+

, 3G.L4, (cosZB—}—ZernGgL sin20) 2
, (2
4 14 (Go 205 72)?

where 1, is the mean lifetime of the excited nuclear
state,wr,= gu,H /h is the Larmor frequency, u,= e#/2m ¢
the nuclear magneton, G, the attenuation factor
associated with the time-dependent perturbation. For
the conditions of this experiment, wzr,<<1, Eq. (2)
becomes

W(0,H)=14+31Gs*A2+3G*A4 5 cos260
F3wrTa(G2E)24 5 8in260. (3)

II. EXPERIMENTAL ARRANGEMENT

The experimental arrangement is shown in Fig. 1.
The targets were bombarded by a 2.1-Mev proton beam
from the M.I.T. Rockefeller electrostatic generator,
and two gamma-ray counters were placed at 237 with
respect to the incident proton beam. The ratio of the
counting rates of the two counters is measured for
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F1c. 1. Schematic drawing of experimental arrangement. (In the
center of the figure, 3/4w should read =/4.)

magn.etic field up and magnetic field down:
R(M) (14+31GP4:+3wrr.(GeP)?44)?
R U+iG Ar—Jwrra(GoF) A,

=1+-6(Geh)?dswrtn. (4)

To extract wz from this measurement, independent
knowledge of Go%, A,, and 7, is required. For a 0% to
2+ Coulomb excitation process, 4s can be calculated
accurately.? Measurement of the gamma-ray angular
distribution then gives an independent value for G.r.
Typical values for these experiments are G r=1,
4,=0.2, wr7,=0.05. Thus, R(})/R(})=1.06. To meas-
ure the ratio R(1)/R(}) to 0.19, requires 10° counts.
This is feasible with the experimental arrangement.

The assembly of the magnetically shielded counters
is shown in Fig. 2. The effectiveness of this design was
checked by placing a Co% source at the target position
and observing the counting rate on the side of the
125-kev gamma photopeak for magnetic field up and
magnetic field down. No shift in pulse height was
observed.
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.003" Sn

Lead Shielding

/Luc’lte Light Pipe
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.The electronic equipment consisted of standard
2-megacycle amplifiers and single-channel analyzers
(Model 500 Atomic Instrument Company) and was
stable for indefinite periods.

The details of the target chamber are shown in Fig. 3.
The magnetic fringe field bends and deflects the proton
beam, changing the incident proton direction and the
solid angles subtended by the counters. To minimize
these effects, the area of the magnetic field was made
as small as possible, and the beam was magnetically
shielded.

The electrostatic deflection plates were introduced
50 cm from the target to eliminate completely the small
(about 2 mm) residual beam deflection. To determine
the electrostatic voltage correctly, the proton beam of
diameter 1 mm was swept electrostatically across a
point palladium target, and the palladium x-rays were
recorded. This measurement was repeated with the
magnetic field turned on. The displacement of the two
beam profiles obtained in this way gives the correct
electrostatic deflection voltage. The effect of the proton
beam displacement on the ratio R(4)/R({) was reduced
to R()/R(})=1240.002 by this method. This is
equivalent to a beam displacement uncertainty of
=+0.1 mm.

The beam bending was measured in two ways:

1. The magnetic field was measured along the proton
beam path, using a Hall-effect probe?® calibrated against
a nuclear resonance meter and the beam-bending angle
was computed to be Af,=0.0834 radian.

2. The short-lived unresolved states near 313 kev in
Agl” and Ag'® were excited. The ratio R(4)/R(}) and
the angular distribution of the gamma radiation were
measured. Because of the short lifetime, the effect of
the precession is negligible. The value of the angle of
the beam bending measured in this way, A6,=0.0829
+0.0015, is in excellent agreement with the above
field-integration value.

These measurements also served to determine the
value of the applied magnetic field H at the target spot.

F1c. 2. Counter assembly
and shielding.
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H=16 0004300 gauss. A survey of the magnetic field
at the target spot showed that the magnetic field was
homogeneous to £=29, in a cube 2 mm on a side.

III. SOLID TARGETS

A preliminary investigation of the angular distri-
bution of the gamma radiation from thick solid targets
was carried out. The targets consisted of 20 mg of the
separated isotope oxide pressed on a i-in. diameter tin
disk. A typical spectrum is shown in Fig. 4. The
background radiation is about 1/20 of the gamma-ray
intensity at the photopeak. Measurements of the
angular distribution of the background were carried
out for thick metallic tin and lead targets at several
photon energies. The intensity, energy spectrum, and
angular distribution of the radiation are in agreement
with those expected for proton bremsstrahlung. For
example, when lead is bombarded with 2.1-Mev protons,
the 125-kev radiation has an angular distribution
W (0)=1—(0.222£0.025) Py(cosf) which compares with

the calculated value? of 4,=—0.22.

o @\ 5

Cobalt lronw

F16. 3. Details of the target chamber.

Inches

The measured angular-distribution coefficients cor-
rected for proton bremsstrahlung background are
compared with the theoretical values in Table I.
Substantial perturbations are evident.

IV. LIQUID TARGETS

The development of a suitable liquid target was the
principal experimental problem. The target require-
ments are (a) a highly soluble compound, or melt,
which is chemically stable under proton bombardment;
(b) a stable proton window; (c) a nonmagnetic con-
tainer, which can conduct the heat away and will
resist chemical attack; and (d) a design that will
permit the use of small (approximately 30 mg) amounts
of separated isotopes.

The nonviscous liquids adopted, which proved to be
entirely satisfactory, were aqueous solutions of the
rare-earth nitrates in excess nitric acid. The concen-
tration of the solutions was 400 grams/liter. Thin
(1 mg/cm? quartz proved to be a superb window
material, through which the liquid behavior could be
monitored. The beam position was also continuously
visible because of the fluorescence of the quartz. The
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F16. 4. Gamma spectrum from solid oxide target of Sm?5,
Counts are normalized arbitrarily.

body of the target was made of completely annealed
nonmagnetic stainless steel (Ryerson No. 202). A
satisfactory design was evolved to remove the gases
formed by proton ionization without disturbing the
liquid layer next to the window. A detailed description
of the target technique will be given elsewhere.

V. LIQUID-TARGET ANGULAR-DISTRIBUTION
MEASUREMENTS

A standard procedure was used in measuring the
liquid-target angular distributions. (a) The face of the
target, which was inclined at 20 degrees with respect to
the direction of the proton beam, was accurately
positioned with a telescope. (b) The x-ray and gamma-
ray counts were recorded for the movable counter for
eleven points between 80 and 30 degrees. (c) The
measurements were normalized to the x-ray counts in
the fixed counter. (d) The beam position was monitored
using a telescope. (e) The value of 4, obtained by a
least-squares fit to the data was corrected for the finite
angular resolution (¢=0.021 of 47) of the movable
counter. (f) The measured value of 4, was corrected
for background. (g) As a check on scattering, the
x-ray angular distributions were measured and found
to be isotropic.

TABLE I. Angular-distribution measurements from
solid oxide (X).0; targets.

Nucleus Az(theoretical) Az (experimental) G2

Nz 0.191 0.067+0.005 0.354-0.03
Sm!152 0.187 0.1144-0.005 0.6140.03
Sm!5 0.143 0.076+0.005 0.534-0.03
Gdise 0.145 0.0414-0.005 0.28+0.03
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Fi6. 5. Gamma spectrum from liquid Sm!® target.
Counts are normalized arbitrarily.

Figure 5 shows a typical spectrum from a liquid
target. As a comparison, a spectrum of the same nucleus
is shown in Fig. 4, when it is bombarded in solid oxide
form. The ratio of the gamma-ray intensities from the
two targets is about 1:15.

In these targets, the ratio of the gamma-ray counting
rate to the background counting rate at the photopeak
is between 3 and 5. To establish the spectrum and
angular distribution of the background, targets con-
sisting of similar solutions of La(NO;); and Pb(NO3),
were investigated. The spectra were found to be
essentially identical so that the background spectrum
could be accurately extrapolated for any given case.
A background spectrum derived in this way is shown
in Fig. 5. The angular distribution was also found to be
similar for La(NO3); and Pb(NOj3), liquid targets. For
example, photons of 125 kev had an angular distribution
of 14+ A44Ps(cosf) with 4;=—0.1554-0.006 for La and
A,=—0.194-0.008 for Pb. The angular distributions
of the radiation from a La(NO;); liquid target is
shown in Fig. 6 for two photon energies.

La (NOs3)3 at 86 kev

I U IR I 1y | 1 b
°0° 70° 60° 50° 40° 32.5°Angle
o Jd 2 3 4 5 6 7 cos2 ©

F16. 6. Angular distribution of radiation from liquid
La target at 85 and 125 kev.
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In the present work, as in all electric excitation work
concerned with gamma radiation, the bremsstrahlung
background is a necessary evil; however, in our case,
it also has one advantage: it reduces the effect of the
beam turning on the ratio R(4)/R({). The precession
is related to the angular distribution of the gamma
rays, whereas the beam turning will depend on the A4,
of the over-all angular distribution. Since the As of
the background is negative and quite large, the over-all
4o will be somewhat smaller than the 4. of the gamma
transition. The results of the angular-distribution
measurements are given in Table IL. A typical distri-
bution is shown in Fig. 7.

VI. INTERPRETATION OF LIQUID-TARGET RESULTS

The gamma-ray angular distributions from Nd!%,
Sm'%2 and Sm!® are essentially unperturbed, in contrast
with the solid oxide target results which exhibited
substantial perturbations. These are further examples
of a liquid environment restoring a correlation per-
turbed in solid environment. Since Nd* and Sm?* are
paramagnetic ions, the perturbing interaction in the
solid could be either an electric or a magnetic interaction

TaBrE II. Angular distributions from liquid targets.

Nucleus Az (calculated) Az (experimental) GoL

Ndtee 0.191 0.192£0.006 1 +0.035
Sm?2 0.187 0.1894-0.006 1 +0.035
Sm!% 0.143 0.1564-0.015 1.1+0.10
Gdr 0.199 0.10 +0.012 0.540.06
G156 0.145 0.08740.006 0.63-0.04
Gdteo 0.143 0.09 +0.01 0.64-0.06

or both. In any event, the effect of an electric or
magnetic interaction in the liquid environment is
small. Since the electric environment (neighboring
water molecules) is essentially the same for the Gd
isotopes, we would expect that the Gd angular distri-
butions are not appreciably perturbed by'a time-
dependent quadrupole interaction. The angular distri-
butions of the Gd isotopes show substantial pertur-
bation, but it is noticeably less than that observed
from the solid oxide targets. The magnitude of the
perturbation is approximately the same for these three
Gd isotopes. If only a time-dependent quadrupole
interaction between the quadrupole moment of the
excited state and the electric field gradient at the
nucleus is involved, then

G.l=(1 +)\27'n)_1,

NoTn o < (g)g(g)z>mrm. (5)

Since the electric environment is identical for the
isotopes, it is possible to estimate the relative values of
Aoty for the Gd isotopes by using the Coulomb excita-

where
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tion data, B(E2) values, gamma-ray energy, and the
value of the E2 internal-conversion coefficients. For
example,

(A2n) cater/ NoTy) gatss= 3.

This effect is certainly not observed.

The magnitude of the perturbation of the Gd gamma
angular distributions is in agreement with that expected
for a static magnetic interaction between the Gd** ion
and the magnetic moment of the excited 2+ state.

The results of recent paramagnetic-resonance experi-
ments show that Gd** has a small hyperfine interaction.*
Gd**+ has (4f)7 electrons, a half-filled shell. The ground
state is an 3572 level. No magnetic hyperfine interaction
is expected for an ion in this state. Low attributes the
measured value to unpaired s electrons resulting from
configurational interaction. This hyperfine structure is
expected to be only slightly dependent on the crystalline
environment. According to Alder,® the effect of an
A(.J)=#w,(I-J) interaction on the gamma-ray

N
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F16. 7. Over-all angular distribution of gamma radiation
and background from liquid Sm!® target.

angular distribution is given by
(2F4-1)(2F'+1)|W(1J2F | F'2) |

Y 1+ (wrprn)? ’
where F=I1+1J, fwrp=34{F(F+1)—I(I4+1)—J(J
+1)}, and 7, is the mean life of the excited nuclear
state. We can estimate A4/gu, from Low’s value for
Gd®¥" and the known value of the Gd'® magnetic
moment.

The lifetime of the excited 27 state in Gd'* has been
measured by Sunyar.® The Gd'%® and Gd!® lifetimes
have been estimated by using the Gd!'* lifetime as a
basis, and the Coulomb excitation data given in
reference 2. The attenuation coefficients are computed
for two values of the gyromagnetic ratio of the excited
2+ state. The measured attenuation coefficients are
compared with the computed values in Table III. The
calculated values are uncertain because of the 109,
uncertainty in the Gd®? moment* and a 159, uncer-
tainty in the lifetime of the excited state. However,

4+ W. Low, Phys. Rev. 103, 1309 (1956).

5 K. Alder, Helv. Phys. Acta 25, 235 (1953).
¢ A. W. Sunyar, Phys. Rev. 98, 653 (1955).
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TasBLE III. Comparison of measured and calculated values of the
attenuation coefficients G* for the Gd isotopes.

Energy GaL (experi- Gsl (computed)

Nucleus (kev) 7n (sec)s mental) (g=0.2) (g=0.4)
Gd®t 124 (1.7040.14)X10™°  0.5+0.06 0.62 0.47
Gdtsé 90 [~2X1079] 0.640.06 0.57 0.39
Gdeo 76 [~2X107] 0.6+0.06 0.57 0.39

& The mean lives in square brackets are estimated values.

the measured perturbations are consistent with those
expected for a static A(I-J) interaction between the
Gd* ion and a magnetic moment whose magnitude is
between 0.4 and 0.8 nuclear magneton.

In contrast with the Gd angular distributions, the
angular distributions of the gamma rays from Nd!%,
Sm!%2, and Sm'*, within the accuracy of the measure-
ments, are unperturbed. This result is unexpected
because of the large magnetic hyperfine interaction
known to exist between the Nd* and Sm* ions and
the nuclei. The unperturbed gamma angular distri-
butions are the consequence of the extremely short
paramagnetic relaxation time of the Nd*t and Sm?t
ions in a liquid environment at room temperature.

The results of paramagnetic-resonance experiments
on Nd* and Sm®* show that such a strong magnetic
hyperfine interaction exists’ (4=0.006 cm™). This
interaction corresponds to a magnetic field at the
nucleus of order 10 gauss; i.e., w;7,>> 1. If the electron
shell were in a stationary state for a time 7,>7,, a
considerable perturbation would be observed. If the
electronic paramagnetic-relaxation time is very much
less than the nuclear lifetime 7,7, then the effect of
the hyperfine interaction on the gamma-ray angular
distribution can be removed. Abragam and Pound!
show that

Gol'= (1+NoFr) 7,
where
NolTy & T 5T

We can estimate the paramagnetic-relaxation time if
we assume the g-factor of the excited state to be the
same as that of the odd-4 isotope, Sm!% (4=0.006
cm™l, J=3). For Sm'®?, G,¢=140.035, the para-
magnetic relaxation time 7, must be of order 81013
sec to account for the unperturbed result.

Therefore, the difference between the Gd*t case and
the Nd* and Sm?" cases is due to the difference in
paramagnetic-relaxation times. Because Gd*t is an S
state, J=S8 is not coupled to the lattice via the spin-
orbit coupling. Sm?*, on the other hand, has an unfilled
(4f)® shell. The ground level is an H; state, which
should strongly couple to the liquid environment.

VII. MAGNETIC FIELD EXPERIMENTS

The g-factor runs were interlaced with the angular
distribution runs. A typical combined g-factor and

’R. J. Elliott and K. W. H. Stevens, Proc. Roy. Soc. (London)
A219, 387 (1953).
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TaBLE IV. Magnetic-field experiment results.

Nu- Energy

cleus (kev) wLTn g7n (sec) 7n (sec)? g

Ndise 130 0.09450.005 5.3 X10710 [2.38 X1079] +0.224-0.04
Sm!%2 125 0.0568-0.004 4.2 X10710 (2.02+0.14) X107 +4-0.213-0.04
Smist 84 0.110 0.008 8.0 10710 [3.80X1079] +0.21 +0.04

& The mean lives in square brackets are estimated values.

angular distribution run, using a single target, would
last about 10 hours. Energy spectra were taken at the
beginning and the end of the run. No change in the
liquid-target spectrum was observed. The number of
gamma rays recorded per microcoulomb of the proton
beam were used as a further index of target performance.
Because of the large differences in this ratio between
liquid and solid targets (a factor of 15), precipitation
of the solute would be immediately obvious.

The g-factor measurements were made alternating
the magnetic field direction about every minute. The
value of R($)/R({) obtained in this way is corrected
for the beam-turning effect and for background. To
interpret this corrected value of the ratio R($)/R(}),
we assumed Ge'=1 and used the theoretical value of
A» as suggested by the results of the liquid-target
measurements. The values of wyr, obtained in this
way are shown in Table IV. To obtain the gyromagnetic
ratio, the value of the effective magnetic field at the
nucleus must be computed.

The external magnetic field is modified by the atomic
structure. Both Nd and Sm are strongly paramagnetic,
and for any given orientation of the atom (i.e., fixed
value of J ), fields of the order of 10 gauss are produced
at the nucleus. In the absence of an external field, this
field averages out to zero during the lifetime of the
excited nucleus because the atom changes its orientation
in a random manner within a time that is small com-
pared with the nuclear half-life. When an external field
is applied, the atomic levels belonging to 4+J, and —J,
are split, and the thermal equilibrium under these
conditions implies a nonequal population for the +J,
and —J, states. The excess population in one group
of levels will produce a finite mean field at the nucleus.
The process is very similar to the ordinary atomic
polarization; and, in fact, the atomic field at the
nucleus is a localized manifestation of the field pattern,
the spatial average of which produces the atomic
susceptibility.

To evaluate the field at the nucleus, we write the
interaction of the nucleus with external fields as

HI:‘”ngn(HI)—l_A(JI),

where J is the atomic angular momentum and 4 is a
constant related to the hyperfine splitting. H=H,y is
the applied magnetic field.

The mean value of H, for a given value of I, (where
the z axis is in the direction of H) but averaged over
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the atomic states is given by
ﬁlz,ungnHIz"}'Ajzlz;

where J, is the mean value of J,.
The atomic susceptibility is given by?®

X0=Nﬂegej2//H7
where V is the number of atoms per cc and
| SEHD)+HI U+ - L(L+1)
' 27(J+1) '

ge=1

We therefore have

_ AX,
H1=ﬂng,,IzH(1+—-————).
Nﬂe/—‘ngcgn

In reference 8, a g is defined by
Xo=Nulget/3kT.

In terms of getr, we have

pe 4 geff2
leﬂngnIzH(l'*'_”m )
Mn 2RT gogn

This may be interpreted as an interaction of the
nucleus with an effective field:

Me 4 geff2
Heff=H 1+-~— )

tn 3T gegn

Strictly speaking, 4 and g, refer to the excited 2+ state
in the even-even nucleus under investigation. However,
4 is proportional to g, and, therefore, 4/g, will be the
same for all levels of all the isotopes of that nucleus;
e.g., the ground level of an odd-4 isotope.

The values of 4 for odd-4 isotopes may be computed
from the paramagnetic hyperfine-structure data.” These
values are 4=0.0076 cm™ for Nd* and 4 =0.006 cm™!
for Sm?*. The values of g, are also reported in that
paper. From these, it will be seen that

He=(2.34£0.3)H for Nd3+,
He= (1.740.2)H for Sm3+.

The error is due to the uncertainty in the values of g,.

It is important to note the foregoing analysis is valid
only if the atomic structure in the neighborhood of the
decaying nucleus is in a state of thermal equilibrium
at room temperature.

The recoiling ion of energy ~50 kev travels in a
straight line, leaving a tube of ions each with about
~30-ev energy. The characteristic time for the temper-
ature to decay by 1/e is given by o?/6K,® where K is
the diffusivity of the material and « is the radial

8 J. H. Van Vleck, The Theory of Electric and Magnetic Suscepti-
bilities (Clarendon Press, Oxford, 1932).

®H. S. Carslaw and J. C. Jaeger, Conduction of Heat in Solids
(Clarendon Press, Oxford, 1948), Chap. 7.
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dimension of the cylindrical region. We can set an
upper limit to the thermalization time by estimating
the characteristic time when the region is close to room
temperature; that is, when o is large. a~3X10~7
cm corresponds to about four times room temperature.
For water, K=1.4X10"% cgs units. Thus r,~1X10"1
sec. Hence, we conclude that the ion reaches thermal
equilibrium at room temperature in a time short
compared with 7,=2X10"° sec.

VIIL. g-FACTOR RESULTS

Sm!%2 Sm!%,—The half-life of the 122-kev 2% state
of Sm'? has been measured by Sunyar® to be T3}
= (1.440.1) X107° sec. The ratio of the mean lives of
the 84-kev 2+ state in Sm!* to that of the 122-kev 2+
state in Sm'® can be computed using the values of
B(E,) and internal conversion coefficient given in
reference 2. The computed mean life of the 84-kev 2+
state in Sm!* is 3.80X 107 sec. Using these mean lives,
the observed value of the precession angle, and the
effective value of the magnetic field Hess for the Sm?+
ion, we extract the gyromagnetic ratio of the 2+ states.

g=+0.2140.04,
g=+0.2140.04.

Nd!*0,—The ratio of the mean lives of the 130-kev
2+ state in Nd'*° to that of the 122-kev 27+ state in
Sm!% can be computed using the values of B(E;) and
internal conversion coefficient given in reference 2.
The computed mean life of the 130-kev 2+ state in
Nd® is 2.38X10~° sec. Using this mean life, the
effective value H of the magnetic field for the Nd3*+
ion, and the observed precession angle, we obtain the

122-kev 2* state in Sm!%?;

84-kev 2t state in Smi%:
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gyromagnetic ratio of the 2+ state:
130-kev 2+ state in Nd'%0, ¢=0.22+0.04.

These results are summarized in Table IV.

IX. CONCLUSIONS

The gyromagnetic ratio of 2+ states in Sm'%2, Sm!%
and Nd'*° are within 209, the same. The magnitude of
the g-factor is near +40.2, assuming the conditions
discussed previously. This value may be compared with
the value g'=7/A=0.4. The value Z/A results if the
spins are coupled to zero and if the angular momentum
is carried by a representative fraction of the nuclear
matter.

The effect of a paramagnetic ion in a liquid environ-
ment on the gamma-ray angular distribution is shown
to depend on whether the paramagnetic relaxation
time is shorter or of the same order as the nuclear
decay time. The magnitude of the perturbation of the
gamma-ray angular distributions in the Gd isotopes is
in agreement with that expected for a static magnetic
interaction between the Gd** ion and the magnetic
moment of the excited 27+ state.
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