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ABSTRACT : Hyperfine structure HFS have been recorded for Au
with A=191 and 186 using PILIS II (Post-ISOCELE Laser Iso-
bar Separation) apparatus. The quadrupole moment values
obtained yield decisive information on gold nuclear shape.

INTRODUCTION. - Recently, spectroscopic investigations of gold isotopes

Cl,23 were carried out and a sudden change in nuclear charge radius r_

was observed between A=187 and A=186. This corresponds to a large in-

crease in the deformation parameter p. Since up to now no quadrupole

moments have been measured, it is impossible to affirm that the sharp

change in the S<r^> corresponds to a sign change of 0. Indeed the large

difference of the r value observed between the nuclei ' ' - « T I

C33 in their ground and isomeric states does not lead to shape coexis-

tence in those nuclei. It is well known that for the even-even nuclei

in this region, potential energy curves calculated assuming axial sym-

metry exhibit two minima : one corresponding to an oblate shape, the

other to a prolate shape. Using HF+BCS calculations, the <r > values

can be determined for the prolate and oblate solutions of the Hg and ?t

cores. This allows us to compare in fig.l the S<ri
c> values measured

for gold isotopes with the theoretical results for Hg and Pt cores. For
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the mercury for example, the sudden change in the r
c
 value is not

necessarily accompanied by a change of sign of the Э value. Indeed, for

the prolate solution, we can see an abrupt change of the radius between

A=190 anci A=188. The only way to unambiguously identify a shape

transition in the gold isotopes is to measure the quadrupole moment

before and above the sudden change in the charge radius. For this

reason, the quadrupole moments for Au and Au have been measured.

EXPERIMENTAL TECHNIQUE. - Radioactive gold isotopes are produced by

(p,xn) reactions in a molten Pt-B alloy placed inside the ion source of

the ISOCELE mass separator. The 30 itV gold ions obtained after extrac-

tion and separation are slowed to 500 V and collected in a graphics

foil. The decelerating voltage is turned off and the atoms are desorbed

by Nd:YAG laser pulses at the implantation region. Then, they are ion-

ized via the resonant ionization spectroscopic process by a group of

three synchronized laser pulses with a \J, frequency for the first exci-

tation step. Ions created are reaccelerated by a potential of 1.5 kV
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Fig. 2 : PILIS II experimental setup.

and detected by a microchannel plate following time-of-flight identi-

fication (fig.2). The laser spectroscopy is performed on the first re-

sonant laser excitation step at 243nm. The decelerating high voltage is

turned on during the collection and turned off for the measurements.

After each collection, the frequency of the first laser excitation step

is changed in order to obtain the complete hyperfine spectrum HFS.

EXPERIMENTAL RESULTS. - The atomic transition studied in gold is the 6s
S
l/2"^

p
 ЗУ* Since J = 3/2 in the excited state, the electric

quadrupole effect can be observed in the HFS. We report here the HFS of

' Au obtained from the 243nm resonant transition. The energy of

the hyperfine levels characterized by the quantum number F (F=I+J is

the angular momentum of the atom) may be written as a linear combina-

tion of the HFS constants for the magnetic (A) and electrostatic (B,

for the excited state only) interactions. A=u<H
a
(0)>/I.J where u is the

he

is

magnetic dipole moment and <H (0)> the magnetic field produced at

nucleus bv the electrons of the J level. В = e 0 <ф
т
,(0)> where Q_

* S и О о

the spectroscopic quadrupole aoment and <<&_,( 0)> the electric field

gradient at the nucleus.



Since the ц values have previously been measured LI,2,43 and

the <H (0)> values known for both the ground and the excited states

C2,53, the В value can be extracted from only two frequencies of the

HFS. <ф,,(0> has been calculated by serai-empirical methods Co] from the

fine structure of the P configuration. In the extraction of Q , the

relative values are very reliable but the absolute values are limited

by the accuracy in the calculation of <ф,,(0)>. The values of ц and Q
3

corrected for the Sternheimer effect C73 (15%), are listed in Table 1.

186
, 1.

M(M
N
) ! -1.284(33) !

Qs(b) ! +2.69(3)

I=K=3
Q (fm*)! +649

191

+0.133(7)

-1.1(1)

I=K=3/2
-549

Table 1 Nuclear moments of

1 9 1
A u and

 1 8 6
Au.

£2,43

DISCUSSION. - The most remarkable feature of table 1 is the sign change
136 191

of the spectroscopic quadrupole moment between Au and Au. Since
186

the Au ground state is

the sign of its intrinsic

believed to be \J9/2' £62433*5/2 3/2 C5323,

quadrupole moment Q is positive which con-

firms the prolate shape attributed to this nucleus from nuclear struc-
191

ture measurements. For the nucleus Au, its spin 1=3/2 could corres-

pond to two values of К (projection of I on the symmetry axis) : K=l/2

or K=3/2. If K=l/2, its Q value is positive which corresponds to a

prolate shape. However, no K=l/2 orbital near the Fermi level has a

negative decoupling parameter for such a prolate nucleus. Consequently

I=K=3/2 and in that case, Q_, must be negative (see Table 1). Thus a
191

prolate shape for Au can be definitely ruled out.
136

We have calculated the magnetic moment for Au following

the formalism of S.G. Nilsson C83. Assuming а \)9/2
+
С6243йтг5/2 3/2"

C5323 ground state, the p. value is quite well reproduced (see Table 2)

indicating the validity of the prolate shape for this nucleus. For

Au, we have attempted to calculate the magnetic moment using both

the Nilsson. model CS3 and the rotor+one quasiparticle coupling model

TABL2 2 MAGNETIC MOMENTS OF
 1 S b

Au AND
 1 9 1

Au

rtuDEli

18b

191

-—^IiESORMAHON CURE

STATE

«9/2 + CS2«O

it5/2 3/2*C5323

3/2 3/2*C4313

- 1 . 2 3 ( 3 )

+о.1зе<7)

1

0.5

я л Э й

1

0.6

N1LSS0N

Z/A

- 1 . 2 8

-LIS

Z/A

1.75

_ ,
SOTOR+1 QUASI?Af(IICLE ' J J '

(HAftiaSH J-ÛCK+SCS) !

|3=-0 .22

Z/A

0 . 7 2

0 .87

0 . 3 6

0.51

0.67

B=-0.15 !

Z/A

2.69

1.97

0.36!

2.551

1.33!

* factor applied to syroniasnetie ratio 3



C9,103. Assuming а 3/2 C431D cblate configuration for the ground

state of this nucleus, the calculated u's for both ?
s

= l
?

s
 f

ree

 a n d

g =0.6g . using the Nilsson model give theoretical values ten times

la-ger than the experimental ones U
e x p

 (see Table 2). In the second

approach, we have used the quasiparticle wave function obtained in
190

HF+BCS calculations using the Skyrme III interaction for the Pt and

Hg oblate solutions i.e. an oblate core for "Au. Proton

gyromagnetic ratios of leg . are used for comparison purposes. The
s, x ree

calculations for a Pt core give a deformation parameter j3=-0.22 which
leads to ^м^^ехр"

 F o r a H
9 core it leads to l

J
th'

x
'
20
^exp

 ( T a b l e 2 )
*
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Au
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Therefore, if axial symmetry is assumed,

both theoretical models give values
 n

which are far from those observed. ^

This is particularly puzzling since *

many experimental studies suggested о -

an oblate shape, and one would expect

that such calculations should reproduce
•42

the magnetic moments reasonably well.

This failure suggests either that the ~°'
2

model may not adequately describe an

oblate nucleus, or that some asymmetric-asj-

deformation might be required. In the m*" ~7oe Г»Г Tie" " lîo N 124

fig.3 the theoretical S<r > values of Fig. 3 : Experimental gold

even-A platinum nuclei obtained from 8<r*"> compared with theory.

lattice Hartree-Fock+ECS calculations

for asymmetric solutions are shown Cll,123. They predict a prolate

shape for A=186 and A=188, a triaxial shape for A=190, 192 and 194 and

an oblate shape for the others. The general trend of the experimental

S<r2> values is quite well reproduced (fig.3). Thus the shape

transition appears to pass through asymmetric shapes.1 91From the values of the moments of * Au we can conclude that
"i 86

this nucleus is likely asymmetric in its ground state while for " Au a

prolace shape is clearly demonstrated.
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