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Pulsed beams of Si and He were used to determine g factors of eight isomeric states
in ' *'46'4 "48Gd by the time-differential spin-rotation method. The results show that
proton and neutron configurations contribute about equally to the generation of angular
momenta of two high-spin yrast isomers in '46'~4'Gd (I-19 and 49/3) whose detailed quasi-
particle structure is suggested.

After the initial discovery' of an "island" of
high-spin isomers in nuclei near the neutron
shell closure at N =82, considerable progress
has been made in identifying individual yrast
states up to very high spin. The excitation ener-
gies of these states with spins 14 & J & 36 in '"Dy
(Ref. 2) and "'Er,' when plotted versus I(I + I),
follow very closely a straight line characterized
by an effective moment of inertia close to,' or
larger than, ' that for a rotation of a rigid sphere.

Very recent lifetime measurements' in '"Dy have
demonstrated that the reduced E 2 probabilities
for transitions bebveen yrast states are strongly
inhibited relative to typical rotational values, in-
dicating that these transitions involve rearrange-
ments of single-particle orbitals. '

The more detailed structure of the high-spin
yrast states can best be investigated by measure-
ments of g factors since these depend on the coup-
ling scheme for the individual particles, particu-
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larly the re1ative contributions of protons and
neutrons to the total angular momentum. Such
measurements are of great current interest for
the highest possible spin values since the excita-
tion energies in "'Dy (Ref. 2) and '"Er (Ref. 3)
suggest that deformation effects may become im-
portant above I-14. This Letter reports meas-
urements of g factors for two isomers in Gd iso-
topes having spins mell above the I =14 level.
These are the 4.1-ns isomer in '"Gd and the 530-
ns isomer in '"Gd, whose spins (J-18-20 and
& 49/2, respectively) and y-decay schemes have
been determined previously by Borda et al.'

Measurements of g factors in rare-earth nuclei
are difficult because paramagnetic relaxation ef-
fects are encountered that tend to destroy the
orientation of spins aligned by the nuclear reac-
tion. The Gd isotopes occupy a specia1 role re-
lated to the fact that Gd" has an 'S,i2 electronic
ground state' and hyperfine fields are correspond-
ingly small because of the absence of large or-
bital contributions. Vfe report here the magnetic
hyperfine fields deduced for Gd in three metallic
environments and comment on the spin relaxation
mechanism.

The high-spin levels in Gd isotopes were popu-
lated and aligned via (Hi, xn) reactions with pulsed
beams of He and Si at energies of 30 and 108-
144 MeV, respectively. The beam bursts were
& 2 ns wide and pulse repetition times between
0.4 and 3.2 p s were selected to exceed the half-
life of the relevant isomer by at least a factor of
5. The recoil nuclei either were stopped in thick
targets of isotopically enriched '"Sm, "'Sn,
122Sn and 124Sn o~ in the case of 28

reactions- were implanted into backings of Sm or
Pb. Typical applied magnetic fields mere -3.0 T
at room temperature and -1.6 T at elevated tar-
get temperatures between 293 and 968 K. The
time distributions of delayed y rays, detected in
two Ge(Li) spectrometers placed at e

&
=~ 135',

were recorded event by event on magnetic tape.
A more detailed account of the experimental and
analysis procedures is given elsewhere. '

Paramagnetic correction factors, P(T), for Gd
in hosts of metallic Sn, Sm, and Pb were deter-
mined by using the 130-ns, 10' isomer in '"Gd
(Ref. 9) and the 530-ns isomer in "'Gd (Ref. 6)
as probes. Since the Zeeman splitting is small
compared to the thermal energy kT, one can ap-
proximate P(T) by"

p (T) =1+g~p B(J +1)B,/3kT,

where the Lande factor is g~ =1.9913,' J=-2' for
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FIG. 1. Larmor precession pattern. s R(t) for M1E2
transitions (E& = 281, 328 and 545 keV) deexciting the
180 ns, J = 10+ isomer in ' Gd (upper panel). The low-
er panel shows P(t) for the 254-keV y ray, one of about
fifteen deexcitation y rays- exbibjting the effect of the
half-life and g factor of the 580-ns yrast trap in Gd.
The theoretical curves are explained in the text.

the Gd' ground state, and &, is the value of the
internal magnetic field at T =0 K. The ratios of
y-ray yields, R(t) = [Y(135') —Y(- 135')]/[Y(135')
+Y(-135')], for some transitions deexciting the
isomers are shown in Fig. 1. The data are mell
reproduced with the assumption of an exponential
decay of the y-ray angular distribution coefficient
a, (t) =a,(t =0) exp(- t/7, ), where T, is the relaxa-
tion time. A total of eight different products of
gP (T) were determined and fitted by five parame-
ters: g("4Gd, 130 ns) =1.276+0.014; g('"Gd, 530
ns) =0.446+ 0.008; Bo(GdSn) =- 16.5+ 4.7 T;
Bo(G@m) = —16.7+ 1.5 T; and B,(GdPb) =-16.2
+ 1.9 T. The measured paramagnetic correction
factors are shown in Fig. 2. Our absolute value
for B,(GdSn) is smaller and more accurate than
the one measured very recently by Faestermann
et al." (B,=-31+15T). The measured hyperfine
fields &, differ from those for free Gd" ions"
(B,=-34+ 2 T), indicating for every host substan-
tial and similar conduction-electron contributions.

The relaxation times ~„measured for two nu-
clear g factors differing by- nearly a factor of 3,
are useful indicators of the origin of the spin re-
laxation process. Above the melting point of Sn
(505 K) the relaxation times are nearly constant,
with the values for '"Gd (i, =80+ 10 ns) and '"Gd
(T, =750+ 200 ns) inversely proportional to g'.
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FIG. 2. Paramagnetic correction factor P(T) for Gd
recoils in three metallic environments as a function of
the inverse of the host temperature T, expressed in
K '. The solid line, corresponding to P(T) = & —BB/T,
is consistent with all data points.

This dependence suggests the dominance of mag-
netic relaxation effects. Below the melting point
of Sn, T, becomes much shorter, probably as a
result of additional effects from quadrupole inter-
actions.

The isomer half-lives and g factors, as well as

energies and angular distribution coefficients of
representative, strongly anisotropic y rays, are
given in Table I. The g-factor values were ob-
tained by dividing the measured products gp(T)
by the appropriate paramagnetic correction fac-
tors p (T). In '"' '"Gd, where several isomers
exist, the fitting procedure' took account of up to
four isomers although the bombarding energies
were chosen to reduce feeding from higher iso-
mers to less than 50%. For the short-lived iso-
mers (T», & 10 ns) it was of crucial importance to
determine accurately the beam arrival time and
to include in the analysis the bending angle of the
incoming beam resulting from the external mag-
netic field. In two cases, which show small g fac-
tors (~ g1 & 0.05), only a fraction of a full Larmor
precession was observable, and the quoted values
assume standard a, coefficients for the pure E~
transitions deexciting the isomers. Two of the
eight g factors quoted in Table I have also been
measured very recently by Faestermann et al."
With our more accurate value for B,(GdSn), their
results imply g('"Gd, '-,' ) =0.849+ 0.017 in excel-
lent agreement with our measurement (0.840
+ 0.017). Substantial disagreement exists, how-

ever, for the 7 states in '"Gd where our value
(1.288 + 0.027) is appreciably higher than theirs

TABLE I. g factors of isomeric states in Gd isotopes.

Nucleus
(ns)

E
. Y

(keV) 2(

a
suggested

main
configuration

gmain exp

Gd 130 + 10

Gd 6.7 + 0.1

10

4.1 + 0.2 (19 )

Gd 22. 2 + 1.5 13/2

324 +0.24

865 -0.19

997 0.45

328 -0.60
-2 2 -2

( d5/2hl1/2) 10(vhll/2

-1
(md5/2hll/2) 7

-1
7/2 11/2

-2 2 -1
5/2 ll/2 ll/2 7/2

iui ( ) + (3 Qxuf 2)

see
text 1.276 + 0.014

1.14

0.58 0.63 + 0.09

-0.037 + 0.011text

l. 39 1.283 + 0.027

21/2 1491 0.24

183 -0.1026. 8 + 0. 7 27/2

-1
5/2 11/2 7/2)

-2 2
(~d5/2hll/2) 10(uf 7/2)

0.75 0.72 + 0.11

0.88 0.840 + 0.017

530 + 30 (49/2 ) 254 0.30 (7rd h )10(uh i f
/

)29/2 0.45 0.446 + 0.008
-2 2 -1

Gd 16.5 + 0.3 0.26 13/2 7/2) -0.12 -0.028 + 0.009

'Relative to a closed Gd core (N = 82, Z = 64).
bThe following basic g factors were used: for protons d5p, 1.66; hff/p, 1.30; for neutrons hffp

—0.18' f 7/2
—0.80; zfPP —0.04.

Paramagnetic correction factors have been applied as explained in the text.
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(1.08+ 0.08). This discrepancy arises probably
from the different reactions utilized to populate
the isomer. Using the reaction '"Sm( He, 2n)'"Gd
we observe essentially no feeding from higher-
lying isomers in striking contrast to the "Si-in-
duced reaction employed by Faestermann et al."

Guided by the measured g factors we have ar-
rived at the most likely quasiparticle structure of
the isomers. The configurations relative to doub-
ly closed '"Gd (N =82, Z =64) are shown in Table
I. Some of the low-spin isomers (J ~ 10) deserve
a brief discussion. The 10' isomer in "'Gd has
a g factor similar to that for the &(h»1,) state in
'"Pr (g =1.30+ 0.08)," in disagreement with the
previously suggested' two-neutron-hole conf igura-
tion, v(h»&, '). Our result is compatible with a
very pure proton structure for this state and de-
emphasizes the importance of the proton shell
closure at Z =64."

Another important g factor, that for the ~ first
excited state in "'Gd, is considerably higher than
that for the g»q,

' neutron orbital in the Pb region
(g =- 0.154)." The difference can probably be ex-
plained by a large (& C3 vf, q, ) octupole component
in "'Gd, which is also consistent with the re-
duced spectroscopic factors for ~ =6 single-nu-
cleon transf er reactions. "

With the basic magnetic moments of single-
particle states from the present work and from
a recent compilation, "we have calculated g fac-
tors for several high-spin quasiparticle states in

Gd. In both cases comparison with experi, -
ment leads to a preferred quasiparticle configura-
tion, although several would have spins in the re-
quired' range. The quoted spins are the most
likely; however, an uncertainty of one unit of @

must be conceded to allow for different vectorial
couplings of the quasiparticle spins. The pro-
posed spin and parity assignments should be of
considerable value for future theoretical and ex-
perimental studies of the yrast properties in these
nuclei. It should be noted that the high-spin yrast
traps have approximately equal numbers of pro-
tons (n~) and neutrons (n„) contributing to the to-
tal spin, and that their g factor can be estimated
byg=n~/(n~+n„) to an accuracy of 25'%%uo. Near
doubly closed shells, the high-spin yrast states,
whose configurations arise from excitations of
both protons and neutrons, can apparently be de-
scribed by the concept of an effective rigid-body
moment of inertia.

A most important open question with regard to
high-spin yrast states concerns the magnitude of
their (oblate) deformation. Perhaps the most di-

rect answer may be provided again by the long-
lived yrast traps whose static deformation can,
in principle, be determined by difficult perturbed
angular- correlation experiments. The relatively
long relaxation times observed in the present
study should encourage such future attempts.
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