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Oblate shapes of four high-spin isomers in Gd isotopes (10+ in '44Gd, —,' +, —, , and —, +

in ' 'Gd) were established in measurements of the signs of the respective quadrupole mo-
ments. A combined tilted-multifoil and time-diff'erential perturbed-angular-distribution
technique was employed. The present results are direct evidence for the presumed oblate na-
ture of high-spin states in the 3 = 150 region.

PACS numbers: 21.10.Ft, 21.10.Ky, 23.20.En, 27,60.+j

An intriguing problem in nuclear physics is the
possible shape transition from nearly spherical or
prolate at low spins to oblate at high spins. ' The
prevailing view is that such transitions occur in the
rare-earth region as a result of the alignment of
several valence nucleons, occupying orbitals of high
angular momenta, and a subsequent polarization of
the core into an oblate shape. The model further
predicts' the existence of high-spin yrast traps,
discovered experimentally and explained theoreti-
cally. Indirect verification of the oblate nature of
the isomers has been presented but to date there
has been no direct measurement of the sign of the
deformation (negative for oblate shape, positive for
prolate).

The magnitudes of the quadrupole moments for
several Gd high-spin isomers are known: in
'4 Gd, 73(7), 126(8), and 314(17) e fm2 at spins
—, , —, , and —, , respectively; and in ' Gd, 145(5)
at I =10. The values of the Gd quadrupole mo-
ments are not consistent with the spherical shell
model, ' and the authors of Ref. 8 conclude that a
significant core deformation, up to ipi =0.18 at
I = —", , is present. A neg"tive sign of the deforma-
tion was inferred from calculations with the de-
formed independent-particle model. ' The oblate
nature at high spins in ' Gd has also been deduced
from discontinuities in the slope of the yrast line:
A reduced slope at high spins has been interpreted
as evidence of increased oblate deformation. "

The present work addresses itself directly to the
question of the nuclear shape of high-spin Gd lev-
els, The signs of the quadrupole moments of the
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FIG. 1. A scheme of the experimental arrangement
[shown for the '44Gd(10+) isomerj.

four Gd isomers were measured by a technique
which has been developed in our laboratory and
tested on the ' Fe(10+ ) isomer, where it yielded a
positive quadrupole moment. ' ' In convention-
al time-differential perturbed-angular-distribution
(TDPAD) experiments the nuclei are aligned by
the reaction and only the magnitude of 0 can be
determined. The present technique employs the
tilted-multifoil interaction to polarize the reaction
products prior to the TDPAD observation, and al-
lows the determination of the sign of Q as well as
the magnitude.

The polarization process and the apparatus are
discussed elsewhere'; here we describe the experi-
mental arrangement only briefly. The Gd isomers
were populated by fusion evaporation reactions of
pulsed Si beams from the 14UD Koffler Pelletron
accelerator at Rehovot and the BNL tandem Van de
Graaff accelerator with 600-itLg/cm isotopically en-
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TABLE I. Experimental conditions.

Reaction
(28S1)

(MeV)
Number of

C foils

Interfoil
flight distance

(p, m)

Observed

y rays
(keV)

Isomer
studied

I 1T

122Sn(28gj 4111144Gd

124Sn(22S1 5n)147Gd

136
120

144

18
22

24

150
400

450

328,545
272,278,997,1491

254, 339

10+
27 13 +

49 +

riched Sn targets tilted with the normal at 60' to the
beam (Fig. 1). The recoiling reaction products
passed through arrays of equally spaced 4—8-
p, g/cm -thick C foils and stopped in a single crystal
of Gd, oriented with the c axis along the beam
direction. The interaction of the recoiling ions with
the exit surfaces of the C foils induced an electronic
polarization along an axis perpendicular to the nor-
mal to the foils and the beam direction (tilt axis),
which in turn was transferred to the nuclei via the
hyperfine interaction in vacuum. ' ' After stop-
ping in the hexagonal Gd host, the polarized nu-
clear spins underwent a spin precession due to the
hyperfine quadrupole interaction with the internal
electric field gradient (EFG); the sense of the rota-
tion depends on the sign of Q and the sign of the
EFG.

The number of C foils and the interfoil distances
(Table 1) were chosen to maximize the induced nu-
clear polarization, given the g factors and recoil
velocities, ' and to minimize the stopping in the C
foils and frames. The tilt direction (left or right re-
lative to the beam) was alternated periodically, cor-
responding to measurements with polarization up
and down. '

Four coaxial Ge(Li) detectors were used to accu-
mulate time spectra of decay y rays of interest. For
each measurement two summed time spectra were
formed:

Y, (t) = Yt U(t) + Y2D(t) + Y3 U(t) + Y4D(t)

and

Yb(t) Y1,D(t) + Y2.U(t) Y3,D(t) + Y4, U(t)

for detectors 1-4, in the polarization directions up
and down, after normalization and subtraction of
background time spectra.

From the summed yields, the ratio function was
generated,

~ (t) = [Y, (t) —Yb(t) 1/[Y, (t)+ Yb(t) l,

and least-squares fitted by the expression'

R (t) = —'
, PtF2 g—„S„'1Sin(na1&&t),

where Pt = (Iz)/[I (1+1)]'t' is the nuclear polari-
zation induced by the multifoil array, and F2 is the
y-ray angular distribution coefficient. ' The coeffi-
cients S„'~ are defined, for example, by Dafni
et al. ' and roe= 3e qg/4I (2I —1)tf [6e'qg/4I
x (2I —1)ir] for integer (half-integer) spins.

The sign of the EFG, eq, for Gd in a Gd matrix is
known to be positive' and the sign of F2 is known
for each of the measured y rays. Thus, the sign of
Q is deduced directly from the fits. (Note that the
S„'12 coefficients are negative. ) In all fits, the mag-
nitude of o)p was in agreement with the published
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FIG. 2. Upper part: experimental ratio function and a

fitted curve for the ' Gd(10+) isomer. Data for the
328- and 545-keV transitions are summed together.
Lower part: ratio function for the 511-kev radioactivity,
serving as a control measurement.
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FIG. 3. Experimental ratio function and fit for the
997-keV transition, depopulating both the 2 and

isomers in '476d. The two-level fit (solid line) yields a
negative sign of Q for both isomers; the dashed line is
calculated with the assumption of positive Q for the —,

27—

state and negative Q for the 2
+ state.

values; the parameters determined were I'I and
the sign of g. The levels studied are as follows:

(i) ' Gd(10+) (Fig 2).—Run. s with different in-
terfoil spacings gave essentially identical results.
Control measurements using beam-induced ra-
dioactivity lines or with the polarizing C foils re-
moved from the assembly yielded a null effect.
The negative effect in Fig. 2 corresponds to a nega-
tive sign of g since F2 is positive for the observed
9 8+ and 8 7 transitions. '

(ii) Gd(—, +,—,
' ) (Fig. 3).—Under the pres-

ent experimental conditions the 997-keV
transition contains information about both

the —, + and —, isomers depopulated by it. This
is actually a fortunate situation since the lifetime of
each isomer by itself is too short to allow a sensitive
measurement. The solid line in Fig. 3 represents a
fit by a two-level formalism, ' which yields a nega-
tive sign of g for both isomers (with negative F2,
Ref. 8). The dashed line in Fig. 3, with the as-
sumption that the quadrupole moments of the two
isomers have opposite signs, demonstrates the sen-
sitivity of the present experiment to the relative
signs of the two quadrupole moments. A control
experiment without C foils yielded null results. For
transitions depopulating the —", state directly we

have applied a different analysis procedure consist-
ing of integration of the yields in a time window
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FIG. 4. Experimental ratio functions and fitted curves
for the 254- and 339-keV transitions from the decay of
the ' 'Gd( —, +) isomer. The opposite sign and different

magnitudes of the effects for the two y rays are due to
different F2 coefficients; both measurements are con-
sistent with the same value of 0)p and I'I and a negative
sign of Q.
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after the prompt y and normalization by absolute
efficiencies obtained by measurements without C
foils. This procedure also yielded a negative sign of
g for the —", state.

(iii) Gd(—", +) (Fig. 4).—This is the most in-
teresting case in the present study, being the
highest-spin isomer with a measured quadrupole
moment. The two main transitions depopulating
this isomer, the —, + —, + 254-keV and the

339-keV lines, have F2 values of oppo-
site signs and different magnitude (negative and
large for 254 keV, positive and small for 339 keV ).
The data for the two transitions yield consistent
values of coo and I'I with amplitudes of the effect
corresponding to the known F2 values (Fig. 4).
The sign deduced for the ' Gd( —,'+) quadrupole
moment is negative.

In conclusion, the signs of the electric quadrupole
moments of four Gd levels, including the
'47Gd( —", +) isomer, have been determined to be
negative. This is the first direct evidence for the



VOLUME 53, NUMBER 26 PHYSICAL REVIEW LETTERS 24 DECEMBER 1984

presumed oblate shape of high-spin states in the
A =150 mass region. A deformation parameter
value of P= —0.18, previously suggested for the

Gd( —,
' + ) isomer, ' is now confirmed.
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