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The g factors and quadrupole moments of the Z14d 33/2 isomers in***Pb have been measured by the
time-differential perturbed y-ray angular distribution method ag(21/2)=-0.05911), |Q(21/2)|
=0.222) eb andg(33/2")=-0.1719), |Q(33/2")|=0.454) eb. The results support the three-neutron configu-
rations(1i 13,2)f2,®3p3,2 and(1iq3/,)° for the 21/2 and 33/2 states, respectively. The quadrupole moment of
the 12 isomer in ®4Pb described by the two-neutrofii;s)? configuration has been remeasured as
|Q(12")|=0.483) eb in perfect agreement with the previous data. The experimental results are discussed
within a microscopic Bardeen-Cooper-Schrieffer approach in a number-projected one- and three-quasiparticle
neutron space, and in the frame of the pairing plus quadrupole tilted-axis cranking model.
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I. INTRODUCTION excitations in the i3, orbital. The description of these di-
pole bands has been extensively performed using the tilted
A large number of experimental and theoretical works hasaxis cranking(TAC) model[13].

been devoted to the study of the neutron-deficient lead nu- The knowledge of the static magnetic dipole and electric
clei, as their structure exhibits a variety of interesting phe-quadrupole moments is very important for elucidating the
nomena. Rather complex level schemes, involving in mantructure of coexisting states, as they are providing indepen-
cases isomeric states, have been established via in-beam ageht information on the underlying configurations and
decay studied1-4]. The spherical structures observed in shapes, respectively. In the light lead nuclei witk= 200, g
these nuclei are associated with the proton shell closure diactors were measured for many low- and high-spin isomeric
Z=82, and have been interpreted in various phenomenologstates[1] allowing configuration assignments. On the other
cal and microscopical approaches involving neutron quasihand the information on spectroscopic quadrupole moments
particle excitationg5-8]. These spherical neutron states arein these nuclei is more limited. Such moments were reported
coexisting at low energies with more deformed states, assdor the 13/2 and 12 states, involving one and two
ciated with proton intruder particle-hole excitations acrossguasineutrons in theik,, orbital, in the odd-mas&* 9Pb
the closed shel[9]. In the even-mass isotopes, oblate de-[14], and the even-mass* ?°*Pb [15-17, respectively, and
formed excitations of two-proton—two-hole structure occurrather small value§Q|<0.8 eb, were found, pointing to al-
as low-lyingl "=0;, states as well as’=8" andI™=11" high- ~ most spherical shapes. In recent studi8,19 the quadru-
K isomers[2]. In the odd-mass nuclei low-lying proton- pole moments of the Tlisomers in***'*Pb, described by
based intruder states involving the coupling of thg;d or  the proton(lhg,liys,) configuration, have been measured
3ps» 0dd quasineutron to thE=0; oblate state have been and much higher valuege. g.|Q(117;'°Pb)|=3.41(66) eb]
identified [3]. At high spin many sequences of magnetic di-have been reported, indicating a larger deformation associ-
pole transitions with a rotational-like pattern have beenated with the intruder excitation. Up to now, no spectro-
found in the lead isotopes witA=191-202[10,11]. These scopic quadrupole moment was reported for states involving
structures, known as magnetic-rotational bafitig], were  more than two quasiparticles in light lead nuclei.
interpreted as arising from the coupling of hightwo proton Recently, an experimental study was undertaken at the
excitations into the lg/, and 1,3, orbitals with neutron-hole  XTU Tandem of the Laboratori Nazionali di Legnaro in or-
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FIG. 1. Delayedy spectrum corrected for the background due to long-lived activiléé and partial level scheme 8¥°Pb showing the
decay of the 21/2and 33/2 isomers[20] (right). The transitions assigned 18°Pb and!®4Pb are labeled by energies and marked by full
and open circles, respectively. In the inset are shown background corrected time spectra for delayed transitions. The excitation energies in the
decay scheme are relative to the energy of the 13d8g-lived isomer.

der to determine the static electromagnetic moments for thexcited'®*Pb nuclei. The target was placed between the pole
high-spin short-lived isomeric states ifPb. One objective tips of an electromagnet. A magnetic fieRE31.54) kG

of the study was to bring more insight into the underlyingwas applied perpendicular to the beam-detector plane and
structure of the 9.4 ns 29724someric state, bandhead of a was periodically switched in direction. Therays were de-
magnetic-rotational ban@0-23. The results concerning the tected by two planar HPGe detectors and two HPGe detec-
moments of this state are reported elsewh@®&24. The tors of 20% efficiency placed at +135° and at +45° to the
present paper is devoted to the investigation of the electraseam direction, respectively.

magnetic moments for two other short-lived isomers with The quadrupole interaction has been investigated in the
spin-parities 21/2and 33/2, known in'%Pb[20]. The ex-  electric field gradientEFG) of the polycrystalline lattice of
perimental details are presented in Sec. Il. The experimentahetallic solid Hg. The excited lead nuclei recoiled out of the
results are reported in Sec. Ill and discussed in the framed.5 mg/cn? *"%r foil into a solid 0.2 mm Hg layer mounted
work of the number-projected BCS and the pairing pluson a Cu cold finger held at the temperatdre170.G1)K.
quadrupole approaches in Sec. IV. Conclusions are given ifhe y rays were detected by the planar HPGe detectors
Sec. V. A part of the experimental data has been briefly replaced at 0° and 90° to the beam direction.

ported in Ref[25]. The time resolution for the planar detectors was about 10
and 6.5 ns at energies of 200 and 550 keV, respectively. For
Il. EXPERIMENTAL DETAILS the detectors of 20% efficiency the time resolution at

550 keV was about 9 ns. These time resolutions were much

The isomeric states if’Pb were populated and aligned smaller than the Larmor periods in thefactor measurement
in the 1"%Er(?®Si,5n) reaction using &°Si pulsed beam of (see Sec. Ill A and the widths of the observed structures in
143 MeV delivered by the XTU Tandem of the Laboratori the quadrupole moment measuremésge Sec. Il B and
Nazionali di Legnaro. The beam had a pulse of about 1.5 ndid not affect the analysis.
full width at half maximum(FWHM) and a repetition period
of 400 ns in theg-factor experiment and of 800 ns in the
quadrupole moment measurement. The method of time-
differential observation of the perturbed angular distribution In the off-line analysis of list-mode data, two-dimensional
(TDPAD) of deexcitingy rays has been applied. The excited matrices of energy versus time were formed for each detec-
19%ph nuclei recoiled out of the thin Er target enriched intor. From these matrices time-gated energy spectra and
7% to 97%, into the appropriately chosen hosts. energy-gated time spectra were created. A delayegec-

In the g-factor measurement the target consisted oftrum obtained in the quadrupole interaction experiment, cor-
0.8 mg/cnt Y"%r foil rolled onto a 27 mg/cm?®Pb back-  responding to the time interval of 30—430 ns after the beam
ing in which both the recoiling lead nuclei and the projectilesburst, is illustrated in Fig. 1. The partial level scheme of
were stopped. The cubic structure of the lead crystalline lat}®**Pb showing the decay of the presently investigated iso-
tice allowed the preservation of the nuclear alignment of themers is shown in the right side of Fig. 1. For the 21 fate

IIl. DATA ANALYSIS AND RESULTS
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the 184 keV isomeric transition was analyzed, while in the 04

case of the 33/2isomer the analysis was done for the 532 E,=184keV  0=-135

and 593 keV transitions. The time spectra have been least 0.2

squares fitted assuming an exponential decay. A constant ‘

background due to possible long-lived contaminants has Z o a1

been also allowed in fitting the data. This background was & t

found to be almost zero. The decay curves for the 184 and 02| [l

532 keV transitions, registered with the planar detectors, are * |

shown as insets in Fig. 1. A half-life &f;;,=20.54) ns has

been derived for the 2172isomer, in agreement with the _g':: .

previous value of 2@) ns [20]. The prompt component in ' \

the time spectrum of the 184 keV isomeric transition is due } ’

to the Coulomb excitation of?®%%r, which appear as con- oz

taminations in the isotopically enrichédEr target. For the — ; } | ’

33/2" isomer the half-lifeT;,,=18015) ns was determined, i’ 0 |

somewhat different from the previously determined value of H‘

139 *%) ns[20]. —02f .
After proper normalization, the time specixt, §) were B =184keV  ©=4135

used to construct the app_ropriate experimental ramgs, . -0.4% —s TR

They were least squares fitted to the theoretical expressions Time [ns]

Rineo COrresponding to the magnetic or quadrupole interac-

tion (see below. FIG. 2. Modulation ratios for the 184 key ray deexciting the

21/Z isomer in*®3b in an external magnetic field of 31.5 kG and

the corresponding least-squares fits.
A. g factors

In the g-factor measurement the time spectra obtained for B. Quadrupole moments

each of the two magnetic-field orientations were used to

form the experimental modulation ratio In the case of an electric quadrupole interaction, the su-

perposition of many frequency components leads to modula-
NI (t) - N, (1) tion spectra which can have_ quite a complicated structure
m, (1) depending on the nuclear spinthe symmetry of the inter-

! action, and the geometrical arrangement of the detectors. For
an axially symmetric EFG the modulation spectra are peri-
odic with the basic repetition quadrupole peribgigiven by

3 To=21(21-1)/3vq for a half-integer spin and by,=4I(2l
Rinedt) = ZAZ cos A¢ - o), (2)  -1)/3vq for an integer spin, where,=QV,,/h is the quad-
rupole coupling constant depending on the spectroscopic
quadrupole momen® and the EFG strengtW,,.

Rexp(t) =

which was least squares fitted to the expression

with the angular distribution coefficiem,, the Larmor fre-

quencyw,=gBu,/%, and the phase> depending on the de-  1he experimental ratio defined as
tector angle and the beam bending in the magnetic field as
free parameters. N(t,0°) = N(t,90 °)

Rexpft) = ()

The modulation functions obtained from the time spectra
of the 184 keV transition registered with the planar HPGe
deteCtOI’S are ShOWﬂ in F|g 2. Due to the Sma” interactioﬂlvas |east Squares f|tted to the expression
strength only a half-period of the Larmor oscillation could be
observed. It shows an opposite phase in the two detectors
placed at the angles +135° and -135°. From the least- 0.41
squares analysis of these modulation curves, similar values
within errors were obtained for the amplitude and Larmor
frequency. Theg factor which results from these data is
g(21/2)=-0.05911).

For the 33/2 isomer the time spectra for the 532 and
593 keV vy rays, registered with the large-volume HPGe de- —o04}
tectors, were analyzed. The modulation ratio corresponding
to the total accumulated statistics is illustrated in Fig. 3. The
deducedy factor isg(33/2)=-0.1719).

The diamagnetic and Knight shift corrections were not FIG. 3. Modulation ratio for they rays deexciting the 33/2
applied. They are both smatbout 1% and opposite in sign  isomer in'°Pb in an external magnetic field of 31.5 kG and the
[26], so they nearly cancel each other. least-squares fit.

N(t,0°) + N(t,90°)’

r=33/2" E,=532+593 keV

0.2F *

-0.2F

R(t)

L L L L
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FIG. 5. Quadrupole interaction pattern for the®li2omer in
[ 199} in solid Hg at a temperature of 170 K and the least-squares fit.
0.5k OJPb |, = 33/2+
I } + + longer lifetime allowed us to see the peakTat4, which
. { gives strong support for the use of a single quadrupole inter-
s o Ft , r L action frequgncy in the data analysis. A.value of mp
{ i 1 MHz was derived for the quadrupole coupling constant, lead-
ing to the quadrupole momeh®(12)|=0.483) eb, in ex-
—05 532keV  29/2* - 25/2* cellent agreement with the previously reported value of
Tl | | | | 0.493) eb [17], obtained in a TDPAD measurement in
o Jo0 200 300  a00 which a solid Hg host was also used, but at a higher tem-
Time [nsl perature of 216 K. It is worthwhile to mention that a frozen

Hg target could recrystalize not necessarily as polycrystal,
FIG. 4. Experimental and theoretical TDPAD spectra showingbut as single crystal of unknown orientatifitb]. This would
the quadrupole interaction of the 2I/@nd 33/2 isomeric states of seriously affect the analysis. The observed quadrupole inter-

'9%b in solid Hg at a temperature of 170 K. action pattern for the I2state in!%Pb and the obtained
quadrupole moment in good agreement with a previous re-
sult, has proved that this di ,
Rpedt) = %Azz Sy COLNwLt), (@) p id not happen, and that our target

preparation technique favored the Hg solidification as poly-
with the angular distribution coefficiem, and the quadru- crystal.
pole interaction frequencw,.=2w/T, as free parameters.

T_he spin-dependeish, qoefficients in the th_eoretical expres- IV. DISCUSSION
sion (4) are tabulated in Ref27] for an axially symmetric
randomly oriented EFG. The g factors and spectroscopic quadrupole moments de-

Examples of the obtained quadrupole interaction pattertiermined in the present work for the 2I/and 33/2 iso-
for the 184 and 532 ke transitions are shown in Fig. 4. mers are compared in Table | with theoretical estimates. In
Due to the high spin and short lifetime of the isomers, it wasTable | are also included the static moments reported in Ref.
not possible to evidence the full quadrupole perigdand  [14] for the 13/2 low-lying state in**%Pb.
only the structure at the beginning of the modulation pattern The negative small values of ttgefactor for the 33/2
could be observed. The deduced values for the quadrupoknd 21/2 states are indicative for dominant neutron quasi-
coupling constant were 91) and 19114) MHz for the  particle configurations. They were compared with the empiri-
21/Z and 33/2 states, respectively. With the EFG calibra- cal g factors,gey, calculated using the additivity formulas
tion of V, (PbHg=17.49) X 10?* V/n? at T=170 K, ob-  and the following experimental values for théactors of the
tained by using data from RefL5], absolute values of spec- coupling statesg(12,*%%*9Ph)=-0.1732), g(3/2°,"*Pb)
troscopic quadrupole moments for the high-spin isomers irF—0.7161), andg(5/2",%"Pb)= +0.2701) [1]. The g fac-
19ph have been derived a€(21/2)|=0.222) eb and tors of the 13/2 and 33/2 states coincide within erro(see
|Q(33/2)|=0.454) eb. Table I, which gives support to the description of the 33/2

In the present experiment, besidé¥b, the'®Pb nucleus ~ state by the(1i;3,)* three-neutron configuration. Thefac-
was also populated, through th€Er(%3Si, 4n) reaction. The  tors of the(li;3)" states in the lead nuclei exhibit a gradual
12" 2628 keV isomer with a half-lifeT;,,=350 ns[1] was decrease when going towards more neutron deficient iso-
well excited(see the delayed spectrum of Fig. The modu-  topes, fromg=-0.1541) in **Pb tog=-0.18q1) in *'Pb
lation pattern obtained from the sum of the time spectra fof1]. The presently derived factor for the 33/2 state in
the 174, 280, 421, and 575 keV transitions present in thé®®Pb fits well into this systematics. The dependence ofthe
decay of this isomer is illustrated in Fig. 5. The theoreticalfactors on the neutron number has been discussed by Stenzel
curve was calculated by applying a multilevel formalismet al.[17,26, and has been attributed to the reduction of the
[28] taking into account the presence of short-lived isomerdV1 core polarization due to the blocking Qg/,—i11/» Spin
in the decay of the I2isomer[1]. Note that in this case, the flip excitations with decreasing occupation of thes3 shell.
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TABLE |. Experimental electromagnetic moments for neutron isomeric stateshb compared with theoretical estimatsse the text
for details.

" Configuration Gexp Gemp OpBCS gpQTAC |Qexd(€b)  Qpgcdeb)  Qpgrac(eb)
13125 vligs, ~0.1771) ~0.149 ~0.172  +0.1930%  +0.20 +0.25
3312 uligz)? 01719)  -0.1771)  -0.147 ~0.174 0.48) +0.45 +0.46
217 uliyg)lpy®3py,  -0.05911) -0.1022)  -0.091 ~0108  0.22) +0.24 +0.26

WLiya0)5 ® 2fspo -0.0682)

#Taken from Ref14].

The 21/2Z state could arise by coupling two neutrons in thethe present work. In the case of the 134hd 33/2 states a
1li, 3, orbital with one neutron in an available negative parity smooth dependence of the quadrupole moments with the
orbital. As seen in Table |, the experimengefactor is close  neutron number is predicted by the PBCS approach that
to the empiricalg factor values estimated for tr(ai13,2)§+ takes explicitly into account the occupation number of the
® 2f5, and (Li3,),+ ® 3ps, configurations. We note that a neutron 1,3/, orbital. H_O\%ever, while the quadrupole mo-
similar value,g=-0.050€6), has been reported previously ment of the %f%%IQState in**Pb agrees with the value calcu-
for the g factor of the 21/2 1.15 us isomeric state if®"Pb, lated usinge;"=1.0e, the values calculated in the neutron

and the same configurations were considddetl. More in- deficient nuclei are too small compared to the experimental

sight into the structure of the investigated states has bee(flnata' In order to reproduce the measured moments for the

obtained by comparing their electromagnetic moments with

the theoretical predictions of two different models, namely, os .
the number-projected BCSPBCS and the pairing plus 06k 13/2
quadrupole tilted-axis crankind®QTAC) models. ’ . 217e
04l P
A. PBCS calculations K 410
A microscopic description of odd-mas$3"2°Pb nuclei 021 o ”
has been recently done within a standard BCS approximation o »
in a number-projected one- and three-quasiparticle neutron % o——t—ttt 111
space in which the projection was performed after the mini- = 14
mization of the ground state enerffy]. A surface delta in- T 2r
teraction was used for the residual nucleon-nucleon interac- g 1
tion. In this approach, a puréli,5,)° configuration was O sk
assigned to the 3372state in all investigated lead nuclei, E o6l
while for the 21/2 state a change of configuration along the % ’
isotopic chain was predicted. The wave function of this state a o4
was calculated to be dominated by the coupling of two neu- 5 0.2~
trons in the 1,3/, orbital with the 3, orbital in “°Pb and g ol 11111
with the 5, orbital in 2°22%Pp, while in 1931919pp the S 08
coupling with the g/, orbital has the largest contribution. 21/2°
The g factors of the neutron states i°Pb, derived in the 0.6 Py
PBCS approach with an effective gyromagnetic ragﬁﬂ
=0.5g"° [8] are shown in Table I. The calculateghgcs 0.4
values are in satisfactory agreement with the measgred N 217e
factors. o2 § 7 Tl 106
In the PBCS calculations reported in R¢8] effective w" T
neutron charges o6"=0.5e and €"=1.0e were used to b 11
evaluate the electric quadrupole moments. The core polariza- 106 108 110 112 114 116 118 120 122 124 126
tion charges for single particle orbits around doubly magic Neutron number

20 : : :

*Pb were calculated microscopically by Sagawa and Arima. £ 6 Experimental spectroscopic quadrupole moments in
[29]. On the basis of these calculations and the Ccomparisofiyht lead nuclei for the 13/2 33/2", and 21/2 states(from Ref.
with measured quadrupole moments for neutron single pai) and the present woylobtained in static moment measurements
ticle states, an effective neutron charge close toeltas  (fy|l circle) and derived fromB(E2) data(open circle compared

been suggeste@9,3Q. The QHaIgEJZ%O'e moments of the with calculated valuegsmall star symbol within the PBCS ap-
13/2%, 33/, and 21/2 states in b, calculated with  proach[8] and various values for the effective neutron chaeffe

the PBCS approach aruﬁﬁ: 1.0e[8], are compared in Fig. The theoretical values are connected by dotted lines in order to
6 with the known experimental moments from Rgf] and  guide the eye.
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13/2" states in'**Pb and'®’Pb within the PBCS approach, plicated wave functions. So it is not surprising at all that
the effective neutron charge has to be scaledﬁ’ﬂ; 2.17e. inferred and measured spectroscopic quadrupole moments
We note that this scaling is, however, strongly dependent oshow a different isotopic evolution.
the correctness of the occupation of the neutrigglorbital. The enhancement of the core polarization for neutron
There might be a correlation between occupation and effecstates in light lead nuclei, revealed in the previgli6,17
tive charge in the isotopic evolution. Using the increasedand present quadrupole moment studies, shows a saturation
effective chargee§ﬁ=2.17e the calculated quadrupole mo- for neutron numbeN<118. A similar effect has been evi-
mentsQpgcs for the 33/2 and 21/2 states in***Pb are in  denced for proton states in transle@t>82) neutron defi-
very good agreement with the measured moments reported @ient nuclei[30]. It has been shown that the increase in the
the present work'see Table | and Fig.)6 The calculated quadrupole moments of the" roton isomers in Po nuclei
quadrupole moments for the 21/8tate show an irregular with decreasing neutron number can be described by a
dependence on the neutron numiggee the lower panel of particle-vibrational core moddi33]. However, one has to
Fig. 6), reflecting the change of the dominant configurationnote that in the case of proton states the quadrupole moments
as discussed above. The good accordance of the measura@ negative and associated with weakly deformed oblate
quadrupole moment in®3Pb with the calculated one, gives shapes, while the positive quadrupole moments of the neu-
support to theli 13,2)i2+®3p3,2 configuration assignment.  tron states indicate small prolate shapes.

The need to use an increased effective neutron charge in
order to describe the quadrupole moments of the neutron B. PQTAC calculations
states in light lead nuclei reflects the increa&2dpolariza-
tion effect of valence neutrons when going further from the
N=126 closed shell. We note that a similar increag&std
polarization charge was reported previou$h6,17 in an

The tilted axis cranking model based on the pairing plus
quadrupole interactiofil 3,34 has been extensively used in
the light lead nuclei to describe the observed magnetic rota-
tional bands. In the present study we applied this model to

. +
aznglgut?;ntZteatgsuailf?r“ligg‘?Leb rv?/i('zrzri]r?natls n/\(/);- tl:]gsilg\rlt(i)cle calculate the static moments of neutron isomers. The calcu-
4 q P lations were essentially done within the pairing plus quadru-

ng:?z';%?]cgﬁrgfhperfggbIzh;;'?g:jneg L}nnd(j'(;?&esft?haet m\%;\%%ole model, as for the considered states the tilt angle is zero
P P nd there is no rotation. For the neutron pairing the experi-

configuration. mental odd-even mass differendg, has been used for the

The 33/2 state appears systematically as an isomer in th(i :
_ ; " 3/2 states. In the case of the two- and three-quasineutron
93-19
odd-mass $b and deexcites by &2 transition to the states the pairing was taken as 045 In deriving theg

2512 Slate[1 Wil he Sl cuadrupose MM P fatos an efecive gyromagnet =064/ was
i . diago ) N used. The quadrupole-quadrupole coupling constant, which
transition probability gives information on nondiagonal

. controls the size of the deformation, has been adjusted in
terms, Unfort_u_nately, in the PBCS stuc_iy of R[E.S] n% tran- order to reproduce the experimental quadrupole moment of
sition probability was reported. Assuming pufiys;)” con- ¥(li1g)? 12* isomer in'®Phb. For the other isotopes this
figurations for the 33/2and 29/2 states and applying the value was scaled with-5%— wherer . is the oscillator
shell model equations for the three-particle system and aNanath [34] 0so ose
gular momentum recoupling techniqugl], the B(E2) re- 9 '

i o The calculated) factors,gporac: @nd spectroscopic quad-
duced transition probability may be related to the quadrupol Q .
moment of the 33/2state by the expression: ?upole momentsQpaorac: for the neutron states it**Pb are

included in Table I. They are in good agreement with the
experimental values. Small prolate deformations

L 13 _ . 112
leQ(Li152)°,33/27]| = 7.64 B(E2; 33/2 — 20/2) |, =0.013, 0.015, and 0.026, have been calculated with
The B(E2) values were evaluated with the lifetimes of the PQTAC for the 13/2, 21/2, and 33/2 states, respectively.

33/2" states taken from the present work {8#Pb and from The quadrupole moments calculated within the PQTAC

calculated in Ref[32] were used. The quadrupole momentsinvolving the»(1i,3,)" configuration in odd- and even-mass
deduced from th&(E2) data are shown in the middle panel lead isotopes, are illustrated in Fig. 7. In the case of the 12
of Fig. 6 together with the value obtained in the preseniSOmeric states, the quadrupole moments obtained from both
TDPAD measurement for the 331 &tate in'%Pb. As seen in  Static moment and transition probability measurements are
the Fig. 6, the quadrupole moment derived#Pb from  Shown. To deduce the quadrupole moment fiB(&2) the
B(E2) is larger than the value obtained in the static quadrulelation[16]:

pole moment measurement. An even higher effective charge, leQ (1i13)% 127 = 10.38[B(E2;12" — 107)]%2,

of about 2.7e, is necessary in order to reproduce the mo-

ments derived from lifetime data within the PBCS approachhas been used. TH&E?2) values were calculated using tran-
We note that the relation between the quadrupole momersition energies and lifetimes from Ré85] for 1°1°Pp and

and the reduced transition probability, given above, is strictlyfrom Ref.[1] for the heavier isotopes. One notes from Fig. 7
valid only when the seniority is a good quantum number. Thahat with decreasing neutron number the quadrupole mo-
large effective charges needed clearly point to large core exnents derived from transition probabilities are becoming
citation contributions including protons, too, i.e., more com-larger than the values obtained in static moment measure-
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= [a iz meric states, 21/2and 33/2, in **3b. The results allowed
K] . us to assign three-neutron configurations to the investigated
< o8 | *° 12 . ¢ states. For the first time, quadrupole moments for three-
e A 33/2 1 quasineutron states in the neutron deficient lead isotopes
e osf o ? were reported. The measured nuclear moments were ana-
o '4" Tl . o lyzed within a microscopic BCS approach in a number-
Q o4 LA . projected one- and three-quasiparticle neutron space, and in
3 ,,'5 e }\. the pairing plus quadrupole tilted-axis cranking approach.
T o2 m ) Both models describe quite well the measugedctors with
3 om reasonable effectivgg factors. The PBCS calculations with

1 1 1 1 1 | | | 1

0
106 108 110 112 114 116 118 120 122 124 126

Neutron number

an effective neutron charge ef"=1.0e, which reproduce
the quadrupole moments of neutron states in nuclei near the

N=126 closed shell, are underestimating the quadrupole mo-
FIG. 7. Experimental spectroscopic quadrupole moments irments in the light lead nuclei. A much larger effective neu-

light lead nuclei for the 13/2 12, and 33/2 stategfrom Ref.[1] tron charge ofeﬁ“=2.17e has to be used in order to repro-
and the present woykcompared to pairing plus quadrupole tilted- duce the experimental data, which reflects the incre&ed
axis cranking calculationgsmall star symbogl For the 12 states  polarization effect of valence neutrons when going further
quadrupole moments obtained in static moment measurerfafits  from theN=126 closed shell. A better description of the core
symbo) and derived fromB(E2) (open symbol are shown. The polarization effects has been obtained within the PQTAC ap-
theoretical values are cqnnected bylir_(ldetted for the 13/2state, proach. Calculations performed with this model provide an
dashed for the I2statg in order to guide the eye. overall good description of the experimental quadrupole mo-

ments of the 13/2and 12 quasineutron states in the lead
ments. This feature is similar to that observed in the case dbotopes. The quadrupole moments of the 21d2d 33/2 in
the »(1i,3,)° 33/2" isomer in*%%Pb, as discussed above. An °%p are nicely reproduced with the PQTAC model which
overall good description of the experimental quadrupole mopredict very small prolate deformations for these three-
ments of the neutron states is obtained within the pairingjuasineutron states. The present results show that the quad-
plus quadrupole modékee Fig. J. The observed evolution rupole polarization of the core is properly accounted for
of the quadrupole moments of the 13/@nd 12 along the  within the PQTAC model, which is an important observation,
isotopic chain is rather well reproduced by the calculationsas the correct description of the magnetic rotational bands by
The decrease of the quadrupole moments with decre®sing means of this model relies on this.
is caused by the shift of the neutron chemical potential to-
ward the middle of the il;, neutron shell, where the quad-
rupole moment of the quasiparticle is zero. It reflects the
gradual change of the quasineutron from a hole-type excita- 1he authors thank the staff of the XTU-Tandem of Labo-
tion (positive quadrupole momento a particle-type excita- ratori Nazionali di Legnaro fc_>r the high quality of the _dellv-
tion (negative quadrupole momentn contrast to the PBCS ered pulseq beam. They are indebted to Professor Kris Heyde
calculations, which assume a spherical shape, PQTAC ddor interesting comments and suggestions. Support through
scribes the quadrupole moments well without resorting tdh€ EU TMR Programme under Contract No. HPRI-CT-
effective charges. This indicates that the quadrupole polart999-00083 is acknowledged. K.V. is financially supported
ization of the core is properly accounted for, which is anPy FWO-Viaanderen, Belgium. The Leuven and Bucharest
important finding, because the correct description of thedroups acknowledge support from the Bilateral Fund, Con-

magnetic rotational bands by means of the TAC model relie§@ct No. BIL02/24. The Bonn group has been supported by
on it. BMBF under Contract No. 06 BN 907, and the Bucharest

group by the CERES Programme of the Romanian Ministry
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