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Resonance ionization spectroscopy (RIS) was performed on desorbed Au, and the complete hyperfine
spectrum of both isomeric and ground states of the short Ii¥&du nucleus has been recorded
from the 5d'°6s52S,,, — 5d'°6p 2P;), optical transition. The nuclear moments of both states and
the mean square charge radius changes were measured. The magnetic moments were determined
to be,u,lfsg = +2.07Q2Q)uy and u)¥4" = +1.44(2) uy and the spectroscopic quadrupole moments to be
Q§84g = +4.65(26)b and Q!®m = +1.90(16) b. A difference in the mean square charge radius
S(r)1sset8m — —0,036(3) fm? was found. [S0031-9007(97)03992-6]

PACS numbers: 21.10.Ky, 21.10.Ft, 42.62.Fi

Light gold isotopes belong to a mass region where drasrotor + one-quasiparticle and roter two-quasiparticle
tic changes in the nuclear charge radius have been meeeupling models were performed on thé = 105 iso-
sured by laser spectroscopy. Such alterations have shoviones '83Pt, '821r [22], ' Hg, and '%*Au [23]. They
alternating shape transitions and deformation changeshow that the relative energy location of thé and2™*
between neighboring isotopes. This was observed istates suggests a deformation change, either between
mercury [1,2], gold [3-5], and to a lesser degree in plati-**Au® and'®*Au™ or between®*Au and its neighboring
num isotopes [6,7]. Different deformations have alsoisotopes. Therefore, the determination of the quadrupole
been observed in the states of the same nucleus. Theoment in both isomer and ground states, as well as
best example g% Hg where the large radius difference the change in the mean square charge radius between
measured between its ground and isomeric state [8] halem, is crucial to fully characterize their nuclear shape.
shown a prolate-oblate shape coexistence which was coMoreover, a measurement of the magnetic moments
firmed later fromy-ray spectroscopic studies [9,10]. of the two states will allow a clear confirmation of

In this context, the doubly odd nucled$*Au with the 7 ® » configurations. In addition, ther ® v
its isomeric state at 68 keV excitation energy [11,12] iscoupling scheme can be defined from the quadrupole
particularly interesting to investigate since it is locatedmoment values.
in the middle of this transitional region [13,14]: States In this Letter, we present optical measurements on
corresponding to prolate and oblate or triaxial shape$**Au. The hyperfine structure is measured providing
coexist in!8185Au [9,15,16] and'®*Hg, while %3Pt is  the magneticA and electrostatic® hyperfine constants
prolate in all its low energy states [17-19]. Severalof the levels involved in the atomic transition as well
nuclear spectroscopy studies were performed®Au, as the isomeric shift. A is related to the magnetic
and it has been established that (i) a shape coexistencerifoment x;, and B to the spectroscopic quadrupole
excluded at low excitation energy [20], and (i) the spinmomentQ,. The isomeric shift, which is the displace-
and parity are5™ for the ground state and™ for the  ment of the centers of gravity of the two hyperfine spec-
isomer with the following proton-neutrofr ® ») con-  tra, determines the mean square charge radius variation
figurations: 7h % ® v % [514] and wh% ® v % [521],  &(r?)!84e.184m  These measurements are particularly chal-
respectively [21]. Furthermore, calculations usinglenging since gold beams are no longer available from
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isotope separators and the half-lives of both states afgy a frequency doubled commercial dye laser pumped
relatively short 2, ~ 45 s andTy,,, ~ 20 s [12,24] by the same Nd:YAG laser. The resulting gold ions are
orTip, =28sandT, = 12 s [25]). We developed accelerated to 59 kV and magnetically separated from the
the COMPLIS experimental setup [26] which consists oflight masses desorbed as ions. Finally, they are detected
laser desorbing implanted atoms followed by a RIS (resoby microchannel plates and mass identified by time of
nance ionization spectroscopy) study. flight. The frequency scan over the hyperfine structures
The radioactive mercury isotopes are produced viaf both isomer and ground state is carried out as follows:
(p,3pxn) reactions on the ISOLDE lead target [27] with The Hg ions are collected durintp.2 or 38.4 s. The
the 1 GeV CERN PS-booster proton beam. The ionglesorption of the gold atoms is then made over the entire
are extracted at 60 kV and mass separated by the higtollection spot on the slowly rotating target at a given
resolution separator (HRS) of ISOLDE. They enter thefrequency step. After the desorption is complete, a new
COMPLIS beam line, are slowed to 1 kV, and are thuscycle of implantation desorption is run at an advanced
deposited on the first atomic layers of a rotating graphitdrequency step (from 60 to 220 MHz further depending on
substrate. Then, the daughter gold atoms obtained vithe resolution required). Whenever the laser frequency
BT /EC decay are desorbed by a Nd:YAG laser andcorresponds to a hyperfine transition, the desorbed atoms
selectively ionized by a set of two pulsed, tunable dyeare excited and ionized by the other fixed laser frequency.
lasers. The use of pulsed laser desorption to generateTdne number of counted ions at the detector is directly
pulsed atomic beam synchronized to the ionizing laseproportional to the intensity of the hyperfine transition.
pulses results in a large increase in sensitivity over RIShe motion of the target, the firing of the laser, the
on continuous atomic beams. The desorption laser iffequency scan, and the data acquisition are controlled by
focused to a vertical line of 2 mm by 0.02 mm anda multitask SUN workstation. The desorption parameters
fired at a repetition rate of 10 Hz. The first excitation (choice of the graphite target, power, and focusing of the
step at 243 nm(5d'°6s2S,, — 5d'%6p 2P;,,), which laser, etc.) and the ionization parameters were optimized
yields the spectroscopic information, is produced using awith the use of a stable gold-beam injector linked to the
argon ion-pumped single-mode tunable dye laser. HigiICOMPLIS incident beam line. With this apparatus, the
resolution may be achieved by injection locking a pulsecefficiency was measured of abol—> with a resolution
dye laser to the frequency of the cw laser. This is done bypf 300 MHz.
adding a YAG-pumped dye cell to the cavity of a tunable The measured hyperfine spectrum bBfAu is
cw dye laser [28]. The pulses delivered by this systenshown in Fig. 1. Two widely spread groups can be
are frequency tripled in order to obtain the 243 nm UVidentified each with hyperfine lines clearly resolved. In
wavelength. The ionization step at 300 nm is obtainedrder to distinguish the lines corresponding to the isomer
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FIG. 1. Hyperfine spectrum of3*Au®™ (the ground state lines have been magnified by a factor of 5). The two
spectra above the experimental one have been calculated with the extracted hyperfine cdnstadt8 and the isomeric

shift Av.
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TABLE I. Isotope shift and mean square charge radius variatidfau. °’Au is taken as the reference isotope. The value of
(B2 (7 Au) = 0.113 is taken from the calculation of Méller and Nix [34].

51/197‘A /\197,A 5<r?>197,A
A I (GHz) (im?) (fm?) 5(B)17 (B2
184¢ 5 2.81(30) —0.073(12) —0.064(12) 0.0524(11) 0.255(3)
184 2 4.20(30) —0.106(12) —0.100(12) 0.0493(11) 0.249(3)

from those connected to the ground state, we havé@entified the isomeric state which is fed by almost all
compared the hyperfine spectra obtained udifg and of the radioactive decay.

38.4 s as collection time. Under these conditions, it can For %’ Au, the spectroscopic quadrupole momept=

be established from thé&**Au level scheme, obtained 0.547(16) b has been measured from a muonic x-ray ex-
from the 8 decay of!®*Hg [21,29], that the ratio between periment [36]. We measured for this isotop€&P;/,) =

the number of gold nuclei in its isomeric state and+0.336(10) GHz which is in agreement with thes

its ground state varies from 45 (fd9.2 s) to 22 (for factor measured by Goldmaet al.[37], |B(*P3.)| =
38.4's). The ground state hyperfine spectrum can thu$.328(2) GHz. With the measurement aB(>P;/,) in

be clearly identified with two less intense groups of lines'®* Au we determined th@, values using

compared to those of the isomer. For each state, the B(*Au) 107

six lines were fitted leading to thé hyperfine constant O,(*Au) = B0 Au) 0,(7"Au)

for the 2S,,, atomic ground state andP;; excited 107 _
state and theB hyperfine constant for théPs,, state as and theB(*™' Au) from Ref. [37]. No Sternheimer correc-
tion is needed due to the use of muonic data. To extract

well as the isomeric shift in the optical transition. We o ik - - )
also simultaneously recorded the hyperfine spectrum df€ intrinsic quadrupole moment which gives the sign of

the stable gold isotope in order to obtain the absolutdh® nuclear deformation, one has to knaiy the projec-

position of the centers of gravity. The relative frequencytion Of the spin/ on the symmetry axis; th@, and B

calibration was obtained by a Fabry-Pérot etalon. values (see Table Il) have been deduced assuming axial

The measured isotope shifiv* between two iso- symmetry withK =1 Concerning the isomer, we ob.—
topes of masst and A’ can be written as the sum of served a small difference between the rms deformation

. . A . Al lue extracted frond(r2) and the deformation extracted
the field sh|ft6v§33A and the mass shifd Vj}? [30]. For va cl - .
the 243 nm line in Auﬁv,{fg’lg“ — —031(22) GHz is de- from Q; (see Table Il). This can be explained by a small

' o admixture of K = 1 (~8%) and K = 2 components in
duced frpm Ref. [31]. The f|eId_sh_|ft IS reIateA(iIA,to the the isomeric wave function. Concerning the ground state,
change in the nuclelar charge distribution daps = (B2 andB are so close that a pure valuefof= 5 can
F; - A, where A" is a nuclear quantity related t0 pa deduced.
the change in the nuclear charge radius [30]. The elec- 1he magnetic moments were extracted from the mea-

tronic factor Fp43 is obtained by a relativistic multicon- suredA(ZSm) for both ground state and isomer using the

figuration Dirac-Fock (MCDF) calculation [32F 3 = equation from Ref. [3]
—42.73 GHz/fm?. From the measured isomeric shift in . 2' 1 s
184Au 5V184g,184m — 1.39(10) GHZ, M = ( Sl/Z)( / 9.00 ),LLN,

2\184g,184m _ _ 2 and neglecting the hyperfine anomaly with respect to ex-
8(r) 0.036(3) fm”. perimental uncertainties. The; obtained for the isomer
The mean square deformation variatiég32) can be

extracted via 0.10 . . . ; .

r e———o GROUND STATE 7
4 JISOMERIC STATE

! AA 5 !
6<r2>A’A = 6<r2>sph + E <r2>5ph6<ﬂ2>A’A ’ 0.00

whered(r?)spn and(r?), are calculated according to the . —
prescription of Myers and Schmidt [33]. This leads to & ©°F
5(B2)184s.184m — —( 0031(2). Table | and Fig. 2 show

the mean square charge radius variatiom¥A u® " and A
other gold isotopes [3,4,35]. The value 6fr2)!°7-184 Ly
measured by Kronergt al. [35] is consistent with ours “©
for I = 2. The spin was not yet known and thus they
report values froms(r2)!9:184 = —0.137 fm? for 1 = 3

to —0.22 fm? for high spin values. Since our experiment 002 TIss 186 188 190 192 19 19 198 200
and theirs used the same type of pulsed laser ion source A

made from the decay of mercury isotopes, they could notiG. 2. Mean square charge radius variation measured in the
have measured thé = 5 ground state without having gold isotopes (this work and Refs. [3,4,35]).

-020

2215



VOLUME 79, NUMBER 12 PHYSICAL REVIEW LETTERS 22 BPTEMBER1997

TABLE Il. Hyperfine constants and nuclear moments&u. The deformation parameter extracted from the quadrupole mo-
ment is compared to the rms deformation parameter extracted frodthp

ACSip) A(P3)) B(*P3)) Mi o o
A 1 (GHz) (GH2) (GH2) (w) (b) K (b) B (B2

184¢ 5  11.99(11) 0.053(12)  2.79(13) +2.07(2) +4.6526) 5  +8.06(45)  +0264(14)  0.255(3)
184" 2 20.92(24) 0.096(20)  1.14(9) +1.44(2) +1.90(16) 2  +6.65(56) +0.221(17)  0.249(3)
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