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Determination of the quadrupole moment of the 1T isomer in %Pb via a double perturbation
analysis of a level mixing spectroscopy measurement
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The quadrupole moment of the 1isomer in1%Pb has been determined |3 =4.48(86¢ b via a new
extension of the level mixing spectroscopy techniguEMS). The new analysis technique allows one to take
into account the influence of the electric quadrupole and the magnetic dipole interactions of two subsequent
isomers on the angular distribution of the lower lyipgay transitions. For each isomeric state the ratio of its
quadrupole interaction frequency to its magnetic moment can be extracted from this double perturbation
analysis, thus allowing to deduce their quadrupole moments provided that the electric field gradient and the
magnetic moments are known.
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[. INTRODUCTION 11" isomers are contributing to the intensity of the low lying
y ray transitions. The 11 isomer in ®Pb has the
Measurements of spectroscopic quadrupole moments prar(s;,5hosi13) proton configuration. Knowledge of its quad-
vide a stringent test for nuclear models because these meupole moment allows to study the deformation of intruder
ments are related to the deformation of the nuclear statestates, which is discussed in REf5]. Here, we deal with the
Over the last decade several level mixing techniques havexperimental analysis procedure. Section Il contains a theo-
been developed for measuring quadrupole moments of getical study of the influence of the interaction of two subse-
wide range of nuclear stat¢s—7]. One of the variants, the quent isomers with the surrounding electromagnetic fields on
level mixing spectroscopyLEMS) technique, is especially the anisotropy of the radiation. In Sec. Ill the experimental
designed for measuring quadrupole moments of high spimnesults are presented. From the ratio of the deduced interac-
isomers[6—10]. Several quadrupole moments of high spintion frequencies for the T2and the 11 isomers the quad-
isomers in the Pb region have already been measured hyipole moment of the 11 isomer in *4Pb is determined.
applying the LEMS techniqus,11]. A difficulty for the nu-  The reliability of the new extension of the LEMS technique
clei close to theZ=82 shell is, however, the cascades ofis demonstrated via the determination of the electric field
isomers which are present. The angular distribution of theyradient(EFG) of Pb in Re from the measured quadrupole
most intense low-lyingy-ray transitions depends on the elec- interaction frequency of thé®*Pb(12") isomer.
tromagnetic interactions of all contributing isomers. A LEMS
analysis, taking into account all electromagnetic perturba-
tions of the preceding isomers, allows one to extract the ratio [l. EXPERIMENTAL METHOD
of the quadrupole interaction frequency to the magnetic mo- , . .
ment of all these isomers. Hence, the quadrupole moments of N order to discuss the influence of the electromagnetic
the isomers can be deduced if the electric field gradient anfteractions of two subsequent isomers on the anisotropy of
the magnetic moments are known from other measurementt!€ ¥ radiation as a function of the magnetic field strength,
So far, LEMS is the only technique offering this possibility. first the main principles of the LEMS formalism will be
Other techniques, such as the time-differential perturbed ar2rifly repeated. More details about the LEMS technique can
gular distribution(TDPAD) technique, fail when more than 1 e found in Refs[6,7].
isomer contributes to the angular distribution of the radia-
tion. Note that a dedicated TDPAD analysis allows one to
distinguish theg factors of subsequent isomef42,13.
However, the analysis of a TDPAD quadrupole moment mea- In a LEMS experiment the electric quadrupole interaction
surement is too complicated in the case of subsequent isis studied by implanting the isomer of interest in a crystal,
mers because of the many frequencies superimposed in thgoviding the EFG, and applying an external magnetic field
time-differential spectrunil4]. by means of a superconducting magnet. Either monocrystals
The new LEMS analysis technique has been applied foor polycrystals can be used. In the case of a monocrystal the
the first time to extract the quadrupole moment of thé 11 crystal is oriented such that tlzeaxis makes a large angfe
isomer in 1%4Pb, where both the decay of the 12nd the (~40°) with the direction of the magnetic field.

A. The LEMS technique
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In the axis system with thg axis parallel to the direction . n o
of the magnetic fieldlab system the following nonvanish- By(l,t)= E G (I, Higms 1) B, (t1=0). (5
ing matrix elements of the HamiltoniaH, gy, are obtained Kin

for the combined magnetic dipole and electric quadrupolerpe initial orientation of the nuclear ensemble is created by

interaction[16] the fusion-evaporation reaction itself and is axially symmet-
ric around the beam axis. A Gaussian distribution with stan-
. dard deviationo is assumed18]. The G, (I, H gus.t) are
-3 Ao 1 2 1141 the_per.turbation factorg that describe_ how the induceq mag-
@sM C')QZ(?’Cog’B J3m=1( )1, netic dipole and electric quadrupole interactions modify the
(1) relative population of then-quantum states, as described by
the density matrixp [17]. By using the direct relationship
between the orientation tensdgg(l,t) and the matrix ele-
ments(m’|p|m) [19] and solving the time-evolution equa-

3 ) tion iz (dp/dt)=[H, ems.p] the perturbation factors can be
=~ 5hwgcospsinf(1-2m) Va=m+1)(1+m),  calculated explicitly as

(m|Hems/m)

(m|H gms/m—1)

2 ' /. LEMS
GEE'(LHLEMS,U:%, (fhiMS)EE'e ot (6)
(M[HLems|M—2)
3 with
) (FLEMS — 2k+ 12k +1 >, (—1)™
XJ(I+m=21)(I +m)(1—m+1)(1 —m+2). m, NN’
©) " [ I k(| Ik’ (N
. o . -m m n/\-u ' n
Here wg=gunB/% is the magnetic interaction frequency
with g the gyromagnetic ratiguy the nuclear magneton and XN (m' [N Y*(N"| " )* (7

B the magnetic field strengthyo=eQV;,/h41(21-1) is ) _
the electric quadrupole frequency a@dis the spectroscopic N Which oy =(En—En)/%. Ey and|N) are the eigenval-
quadrupole moment. It is assumed that the EFG is axially/eS and eigenvectors f gys. If the EFG is provided by a
symmetric. The nondiagonal matrix elements, only presenpolycrystal and the magnetic field is oriented parallel to the
when the misalignment anglg differs from 0, cause a beam axis only thGEg, terms need to be considered because
change of the orientation of the nuclear ensemble becaus# the axial symmetry of the system with respect to the sym-
they are responsible for a mixing of the differentstates. metry axis of the initial orientation.
When polycrystals are used the perturbation factors LEMS measurements are time-integrated measurements
GEE:(LHLEM&T) (see belowneed to be integrated over all gnd, therefore, a time integration, taking into account the
possible angless. isomeric decay timer, needs to be performed

The change of the ensemble orientation of the oriented o’
isomeric states with spihis due to the applied electromag- Gnn'(l oy T):fonk'(I Hiews,exp(—t/7)dt
netic interactions, governed B, gys. Via the detection of ki 210 TELEMS > [oexp(—t/7)dt
the angular distribution of the subsequent radiation the ori- (8)
entation change is measured as a function of the applied
magnetic field. The perturbed angular distribution of the ra- LEMS. nn’ 1
diation is given by{17] = 2 (Fane Dk 7 TEmS - ©)

NN’ 1-+i oy T

W(0,,t)= \/E% ), (4) Forn=n’=0 the real part equals

1
———AU,BNI,H)Y(6,
\/m k™ k k( k( ¢

1

00 _ LEMS, 00
with A, being the radiation parameters of the observed tran- Gy (I Higms 7) = 2 (fane )kk’1+(wLEMST)2’
sitions, U, describing the loss of orientation due to nonde- NN NN
tected preceeding rays,By(l,t) being the perturbed orien-
tation tensors at time, and Yy(6,¢) being the spherical \hile the imaginary part drops, because it is oddofff.>.
harmonics in whichy and ¢ describe the detection directions ¢ resulting LEMS curve is a decoupling curve, in
with respect to the magnetic field direction. The orientationyhich three regimes can be distinguished. At zero magnetic
parameters at a certain timeare extracted from the initial  fie|q only the electric quadrupole interaction is present and
orientationBE,(tzO) parameters vial7] the initial orientation is reduced to the hard-core value. At

(10
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high magnetic fieldgseveral T the electric quadrupole in- the time interval 0], however with a probability which is
teraction is negligible compared to the magnetic dipole interquantified by expft,/7), in which 7, is the nuclear life
action and the isomeric spins perform a Larmor precessiotime of isomer 1. The initial orientation of the isomeric state
around the magnetic field. If the magnetic field is oriented1 is given byB;(1,,t=0). This orientation is perturbed due
parallel to the beam axis, i.e., the axis of the initial orienta-to the interaction of the nuclear momenis and Qs With
tion, the initial anisotropy induced by the nuclear reaction isthe surrounding electromagnetic fields. At the moment of
measured. In between, there is competition between both ingecay,t,, the orientation can be written §6]

teractions and a smooth change from the hardcore anisotropy

to the initial full anisotropy is observed. This part of the N e N

LEMS curve is sensitive to the ratio of the quadrupole inter- By (! 1.'[:'[1):% Gy (11, Hiems1, 1) Bi(11,t=0).

action frequencyvq to the magnetic moment. So, if the (13)
magnetic moment is known the quadrupole interaction fre-
quency can be deduced. The initial orientation of isomer 2 equals the final orientation

Notice that a detectable perturbation of the orientation oty isomer 1 corrected by the deorientation coefficients

the nuclear ensemble due to the electric quadrupole interagkl(Rl) which take into account the loss of orientation due

tion is only possible if the lifetime of the isomeric state is 1o the intermediate promok ravs. Therefore. the initial ori-
long enough. This is the case if the lifetimethe quadrupole . . prompt rays. '
entation of isomer 2 is given by

interaction frequencyq, and the nuclear spih fulfill the

LEMS condition
By i(12,t=11) =Ui (R)B(I1,t=t;)

vq7/1>0.5. (11
_ nin
This condition is derived empirically in Reff20]. When the _Ukl(Rl)kzr:] G (11, Hiews,ty)
LEMS condition is fulfilled allwy (N#N') are large and
. s R o n -
give a negligible contribution in the time-integrated pertur- XBy(l1,t=0). (14)
bation factor(10). The time-integrated perturbation factor is ) ] o .
fully determined by theN=N’ terms and reduces to Isomer 2 interacts with the electromagnetic fields during the

time interval[ t;,t,]. At the timet=t,(t,e[t;,%]), also iso-
G"”'(I H =S (fhews - 12 mer 2 depays with a we_lgh.ted prqbablhty @xp(t—t_l)lrz],.m
kk (s 7 ILEMS S T = VNN i which 7, is the nuclear lifetime of isomer 2. Its orientation at
the moment of decayy, is

B. Extension of the LEMS formalism towards two subsequent N non N
isomers interacting with electromagnetic fields Bk;“ =ty = k;l Gkikll( l2, Hiems2 ta—t1) Bki(l 2, t=ty)

The high spin isomers of interest in a LEMS measurement
are produced by a fusion-evaporation reaction. However, in a
fusion-evaporation reaction many highly excited states are
populated. They decay to the ground state by passing through
a lot of intermediate states, some of them isomeric as well.
All isomeric states having long enough life timésrder of
tens of nanosecongénteract in a detectable way with the
surrounding electromagnetic fields.

This subsection contains a theoretical description of the
influence of the electromagnetic interactions on the angular
distribution of they rays if two isomeric levels, each of them XBy(l1,t=0). (15
having a corresponding ratie,/u«, are present in the decay ) )
path. In principle, a further expansion towards interactiondfter the decay of isomer 2 no further change of the orien-
with more isomers is possib'e. However, in practice thetation takes place. Hence, the perturbation factor for two sub-
analysis for more than two subsequent perturbations is conf€quent perturbations at a tire t, is
plicated due to the many parameters involved. Therefore, the

=> GE;ElIU 2, Hiems2,t2— 1)Uy (Ry)

kq.nq

X2 Gy Hiems: t)BR(11,t=0)

:% GE;E(I1a|21HLEM51aHLEM521t)

theoretical description is restricted to two contributing GE;E('1.|2,HLEM31,HLEM32I)
isomers.
| . = > Gl Hieusa t

1. The perturbation factor for two subsequent perturbations K, kokq V' 27T HLEMS2:t2

Assume two isomers 1 and 2, having the nuclear proper- nyn
ties (11,71,Qq,11) and (,,7,,Q,, 1), respectively. Isomer 1)U (R)G (11, Higwsy,ta). - (16)
1 is populated directly in the nuclear reaction or from higher
levels by prompty decay. It decays after a tinte=t; via a The following expression for the time-integrated pertur-

cascade of prompy rays to isomer 2t; can be any time in  bation factor is then obtained:
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non _ LEMS2, nong LEMS1 nn

G2 U115, Hiems:, Hiems2, 1, 72) = > (Faony Dk Uk (RO Dk

2 ’ ’ 22 21 11 1
N1,NJ No NS Ky ng

Jeexp(—ty/m)exp(—i w;fﬁfltl) Ifexd — (t—ty)/r,lexd —i w;‘i“N"fz(t—tl)]dtdtl

>< oo oo
foeXF( _tl/Tl)ftlqu: - (t_tl)/Tz]dtdtl

(17

The integrals can easily be calculated in an analytical way:+2P=100%. Hence, the time-integrated angular distribution
- function for R contains three contributions
ijk(l1-IZrHLEMSLHLEM521Tl-Tz)
W(6,¢)=W(6,¢$,D1)D1+W(6,¢$,D2)D2

_ LEMS2 nonq
N NZENr e Nt gy V(R +W(0,$,2P)2P. (20

(LEMSLnyn 1 Here
X( NlNi )klk 1+i LEMS1 +i LEMS2
IleNi T1 |(UN2N£ T1 1
W(6,4,D1)= a7 D>, ———A, (y)Y2(6,$)U, (R}
. (0. V kE T (Y YRS(0,) Ui (R}
X 1+ Qe (18 e
HON Ny T2 XGEEE(ILHLEMSLTI)BE(Ilatzo) (21

The time-integrated double perturbation factor is NOT
equal to the product of the two time-integrated single perds the contribution due to the perturbation of isomer 1. The
turbation factors times the deorientation coefficientcontribution due to the single perturbation of isomer 2 is

nin non
Ci(l1vg, /11, 1)U (R1) G2 [(12,vq,/ 12, 72), because

an extrai wLEM,Szrl term is present in the denominator. How- 1 n2
O, > . Hnamt W(0,¢,D02)= a7 > ———=Ay,(7)Yi3(6,¢)U;(Ry)
ever, if the LEMS condition(11) for isomer 2 is fulfilled, K2p,eq V2Ko+ 1
L (No=N3)
then similar to Eq(12) only the Ny *~"%0 terms con- XGE;E(I21HLEM52172)BE(|21t:O) (22
tribute and the formula reduces to
( Vo, ¥, ) and the contribution due to the double perturbation of isomer
G2\ 1,y — ,—= 7,7 21is
kok| 1772 M1 M2 1z
Isomer 1
14 14
__ ~Nqn Q non Q2
—Gkik< |1,Ia7'1) Ukl(Rl)ijkll( |2,Z,72) :

(19

2. The influence of the other decay branches
on the angular distribution function

In the most general case mray in the cascade below
isomer 2 contains 4 contributioniBig. 1): A first fractionD 1
originates directly from isomer 1, bypassing isomer 2 in its
decay. Further, a certain fractid? of the isomers 2 is not
fed via isomer 1, but directly by a cascade of promphys,
which are either discrete or statistical. We will refer to this as
“direct feeding.” Obviously, also a double perturbed fraction
2P is present. Finally, side feeding into levels below isomer FiG. 1. Decay scheme of a nucleus in which two isomers are
2 ensures a prompt component as well. In practice reliable fi§resent. The label®1, D2, 2P, and S denote the direct feeding
results are obtained by neglecting the prompt componenkee text via isomer 1, the direct feeding via isomer 2, the double
(which does not influence the extracted frequemgy, thus  perturbed fraction, and the side feeding, respectively. ¥ nays of
rescaling the fraction®1,D2 and 2 such thatD1+D2 interest are labele®,, R,, R;, andR.
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FIG. 4. A typical spectrum obtained in tH&'Re(*“N,xn) reac-
oF tion at a beam energy of 87 MeV after 15 min of measurement time.
The peaks originating from th€“Pb(12") and ®Pb(11") isomers
are indicated in italic and bold-italic font, respectively. The energies
of the peaks due to Coulomb excitation BtRe are in normal font.
o* Contaminating radiation, which is either prompt or from other iso-
mers or fromB decay, is marked with a square, a cross and an
asterisk, respectively.

FIG. 2. Partial level scheme df*Pb (taken from Ref[23]).

1 "aRe has an hcp lattice structure and consists of 62:8®e
_ 21— - n2 :

W(6,¢,2P)= 47Tkezven 2k, + 1Ak2( MYie(0,6) Ui, (Re) and 37.4%'®Re[21]. The N beam with an energy of 87
MeV was delivered by the CYCLONE cyclotron at Louvain-

><GEZE(I1,IZ,HLEM51,HLEMSZ,71,7-2) la-Neuve. The data were taken at room temperature. Typi-
2 cally 16 spectra of 15 min. were collected at each magnetic
XBg(11,t=0). (23)  field. No beam pulsing was used. One Ge detector was po-

sitioned parallel to the magnetic field, while two other detec-
The analysis of a double perturbed decay implies seven pdors, one of which was a planar detector, were positioned at
rameters: the direct feedin@®l andD2, the initial orienta-  90° with respect to the magnetic field. In order to account for
tions for both isomersd/1), and (o/1),, the ratios of the unphysical effects due to beam fluctuations, etc., an extra
nuclear moments for each isomewq(/u); and (vo/un),, ~ normalization of all data points with the prompt 158 keV
and a normalization factdN, depending on the detector ef- transition, present due to Coulomb excitation $fRe [22],
ficiencies. The fractions of the direct feedinpd andD2,  has been performed.

can be determined from the relative intensities of theays The analysis of the 352 ke¥1 transition, directly de-
R:, R;, Ry, andR (see Fig. 1 so that only five parameters Populating the 11 isomer(Fig. 2 and Ref[23]), resulted in
remain. a huge experimental uncertaing=280" 373 MHz (Fig. 3).

This is due to the low intensity of the transition and the
presence of contaminating radiatidiig. 4). Therefore, the
965 keV ([E2), 575 keV E2), 280 keV E1), and 166 keV
The technique has been applied to extract the quadrupoldE?2) transitions in the cascade underneath thé kkbmer
interaction frequencies of the 11and 12" isomers in'%Pb  have been analyzed and a double perturbation fit has been
implanted in a Re host. The 5@m thick "*Re foil served as performed. The magnetic moment of the*1%omer has
a target, a LEMS host and a beam stopper at the same timbeen measured gs=2.004(24)uy [24]. No experimental
data on the magnetic moment of the lisomer were avail-

Ill. EXPERIMENTAL RESULTS

= able and, therefore, the experimentally deduced magnetic
S moment of the 11 isomer in 1%Pb, uy=—1.920(18)uy,
2354 has been adoptel®5]. This choice is justified as both the
z 11~ isomers in *Pb and %Pb have the same
W(Si,gilg,zlﬁg,z) configuration and the magnetic moments of
the 1T isomers in the even Po isotopes, having the
3.0 7 (i 132h9/0) proton configuration, are shown to be little mass

dependenf26]. Apart from the two quadrupole interaction
frequencies also the the amount of initial orientatioht of
the 12" isomer and a normalization factbrhave been taken
0 1 2 3 4 B[T] as free fit parameters. The initial orientation of the Jigo-
mer was kept equal to the initial orientation of the"1io-
FIG. 3. LEMS curve for the 352 keV transition depopulating the mer [o/1(117)=o/I1(12")] in order to eliminate one more
1%%pp(11°) isomer. The fit results ivg=280" 353 MHz. free fit parameter. This is a reasonable assumption because
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TABLE |. Experimental results obtained for the transitions de-

populating the'®Pb(11 —12") cascade. The right column con- S 038{ @
tains the values forg(12") obtained from a fit supposing that only %
the 12" isomer contributes to the perturbation of the angular distri- 2
butions. Z 0.361
E, Detector  vo(12")  wo(117)  wg(12") + +
(keV) ratio (MHz) (MHz) (MHz) 0.34 4 +
166 1 3077 28573  37.56.0
166 2 372 340(70)  489) 032 i
280 1 235305 19089 2903)
280 2 22.5(4) 220 30(4) 2 1w
575 1 27(4) 330" §° 396) z
965 1 30(4) 290(40) 48) 5 ‘*'
z 1.2+
weighted mean 22) 26241) 36.02.5
i ) . 1.1 +
both isomers were produced in the same reaction and have a
similar excitation energy and spin. The direct feedings of the *
isomersD ;- andD 4,+ have been determined from the rela- 1.0-
tive y ray intensities of the 173, the 352, 305, and 933 keV
transitions. As the 352 and 305 keV transitions could not 0 1 2 : : BIT
be analyzed in a reliable way from our data, the relative [T]
intensities were adopted from Reff27,23, where the FIG. 5. Sample LEMS curves for the transitions depopulating
#80s(t°C,en), *Dy(**s,a), and *%Sm(**Ca,s) reac- the 1%4pp(12") cascade. The data are normalized on the prompt 158
tions were used. Rescaling the fractions such thai-  keV transition in'®Re.(a) LEMS curve for the 280 ke\E1 tran-

+ Do+t +2P 11~ 1o+=100% finally results inD,;-=25%, sition.(b) LEMS curve for the 166 ke\E2 transition. The fit results
D,,-=60% and P,;-_1,+=15%. The half-lives of the are listed in Table I.

10" level [T,,=17(1) ng, the 9 level [T,,=15(5) ng,
and the 5 level (T1,=1.1 ng are too short for detectable
electromagnetic interactiondhe anisotropy at a magnetic
field B=0 T differs less than 0.2% from the anisotropy of

quadrupole interaction frequency of th&#®Pb( "=12") iso-
mer. Hence, these results prove the reliability of the double

the initial orientation. Therefore, in the fit these levels are perturbation formalism. In principle, the double perturbation
considered to be prompt. formalism needs to be applied as well for the analysis of the

The fits resulted in the quadrupole interaction frequencie$37 keV transition depopulating the *_1250me_r_|n196Pb, as
VQ(194pb;| T=12")=28(2) MHz and VQ(194pb;| T=11") pubhgheql in Ref[28]. Indeed, also this Er§n5|t|on contains a
=262(41) MHz, respectively. The experimental uncertain-contribution due to the presence of the lisomer on top of
ties include the uncertainty of the magnetic moment as welit. However, because the ratia,/u is almost identical for
as the uncertainties due to the fixing of some parameters dse 11 and the 12 isomers in *Pb [(vo/u;117)
described above. The values are the average of the resuts19(3) MHz/uy and (vo/u;127)=18(2) MHz/u,] the
obtained from several transitions and different detector comsimple LEMS analysis and the analysis taking into account
binations as listed in Table I. Sample LEMS curves arethe double perturbations give rise to the same result
shown in Fig. 5. vo(*9%Pb;127)=38(3) MHz.

Prior to our experiments the quadrupole moment of the The quadrupole moment of thé®Phb(12") isomer
9%y m=12" T,/,=392(10) nsp=2.004(24)uy] has was measured before &=0.65 eb [29]. Therefore, the
been measured @3,=0.49(3)eb by applying the TDPAD quadrupole moment of th&**Pb(11) isomer could be de-
technique[24]. Hence, the EFG of Pb in Re could be de- duced from the ratio of the quadrupole interaction frequen-
duced from the frequencyo(*®Pbjl™=12") as [V,  cies vo(**Pb;11)/vo(**Ph;12°), as |Qy(**Ph;11)|
=2.36(23x 10?* V/m?. This value is in perfect agreement =4.48(86¢ b. From the measured spectroscopic quadrupole
with the value of|V,,|=2.42(27x 10?* V/m?, which was moment we derive the isomeric deformation 8|
derived from the quadrupole interaction frequency of the=0.21(4) by applying the standard formul@s=Qg[3K?
19%pp(1 "=12") isomer implanted in the same Re h{28].  —I(1+1)J/[(1+1)(21+1)] and Qu=(3/\V5m)R5ZB,(1
For comparison, Table | also lists the quadrupole interactiont+ 0.368,) [30]. Hence, we can conclude from the experi-
frequencies derived from a fit assuming that f&b(11) mental result that the I1isomer in **¥Pb is a deformed
isomer does not contribute to the 166, 280, 575, and 965 keYiuclear state, in agreement with earlier theoretical calcula-
y ray intensities. They result in a frequency, tions predicting a moderately oblate deformati®i]. The
=36.0(2.5) MHz and|Vzz=3.04(28)x 10?* V/m?. This  significance of this nuclear physics result is extensively dis-
value is too high compared to the value obtained from thecussed in Ref{15].
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IV. CONCLUSION lations, yielding a moderately deformed oblate shape for in-

In this paper we have extracted the quadrupole moment ot{uder isomers in this neutron-deficient Pb regiGa].

the 11 isomer in1%Pb as|Q4 =4.48(86¢ b by applying a
double perturbation analysis of LEMS data for the first time.
This extension to the analysis procedure allows to extract the
ratios of the quadrupole interaction frequencies to the mag- The authors are grateful to the engineers of the
netic moments for all isomers which contribute to the inten-CYCLONE cyclotron, Louvain-la-Neuve, Belgium, for pro-
sity of a certainy ray transition. The reliability of the tech- viding the excellent beam. This work is partially financed by
nique has been proven by extracting the EFG of Pb in Rethe IUAP Project No. p4-07, with a grant for G.G. G.N.
The value obtained from this work for the EFG 5¥Pb in  acknowledges support of the Flemish Science Foundation
Re,|Vzz(PbRe)|=2.36(23)x 107 V/m? is in perfect agree- (FWO-Vlaandereh D.L.B. is supported in part by the Bul-
ment with the value obtained in Ref28]. The obtained garian National Science Fund. The authors also acknowledge
quadrupole moment for the 1lisomer in'%Pb corresponds support through the EU TMR/LFS Contract No. ERB FMG
to a deformation3,=0.21(4). This confirms former calcu- ECT 950026.
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