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Theg factors and quadrupole moments of the 21/2− and 33/2+ isomers in193Pb have been measured by the
time-differential perturbed g-ray angular distribution method asgs21/2−d=−0.059s11d, uQs21/2−du
=0.22s2d eb andgs33/2+d=−0.171s9d, uQs33/2+du=0.45s4d eb. The results support the three-neutron configu-
rationss1i13/2d12+

2
^ 3p3/2 ands1i13/2d3 for the 21/2− and 33/2+ states, respectively. The quadrupole moment of

the 12+ isomer in 194Pb described by the two-neutrons1i13/2d2 configuration has been remeasured as
uQs12+du=0.48s3d 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

A large number of experimental and theoretical works has
been devoted to the study of the neutron-deficient lead nu-
clei, as their structure exhibits a variety of interesting phe-
nomena. Rather complex level schemes, involving in many
cases isomeric states, have been established via in-beam and
decay studies[1–4]. The spherical structures observed in
these nuclei are associated with the proton shell closure at
Z=82, and have been interpreted in various phenomenologi-
cal and microscopical approaches involving neutron quasi-
particle excitations[5–8]. These spherical neutron states are
coexisting at low energies with more deformed states, asso-
ciated with proton intruder particle-hole excitations across
the closed shell[9]. In the even-mass isotopes, oblate de-
formed excitations of two-proton–two-hole structure occur
as low-lyingIp=02

+ states as well asIp=8+ andIp=11− high-
K isomers [2]. In the odd-mass nuclei low-lying proton-
based intruder states involving the coupling of the 1i13/2 or
3p3/2 odd quasineutron to theIp=02

+ oblate state have been
identified [3]. At high spin many sequences of magnetic di-
pole transitions with a rotational-like pattern have been
found in the lead isotopes withA=191-202[10,11]. These
structures, known as magnetic-rotational bands[12], were
interpreted as arising from the coupling of high-K two proton
excitations into the 1h9/2 and 1i13/2 orbitals with neutron-hole

excitations in the 1i13/2 orbital. The description of these di-
pole bands has been extensively performed using the tilted
axis cranking(TAC) model [13].

The knowledge of the static magnetic dipole and electric
quadrupole moments is very important for elucidating the
structure of coexisting states, as they are providing indepen-
dent information on the underlying configurations and
shapes, respectively. In the light lead nuclei withAø200,g
factors were measured for many low- and high-spin isomeric
states[1] allowing configuration assignments. On the other
hand the information on spectroscopic quadrupole moments
in these nuclei is more limited. Such moments were reported
for the 13/2+ and 12+ states, involving one and two
quasineutrons in the 1i13/2 orbital, in the odd-mass191−197Pb
[14], and the even-mass194−200Pb [15–17], respectively, and
rather small values,uQuø0.8 eb, were found, pointing to al-
most spherical shapes. In recent studies[18,19] the quadru-
pole moments of the 11− isomers in194,196Pb, described by
the protons1h9/21i13/2d configuration, have been measured
and much higher values[e. g. uQs11−;196Pbdu=3.41s66d eb]
have been reported, indicating a larger deformation associ-
ated with the intruder excitation. Up to now, no spectro-
scopic quadrupole moment was reported for states involving
more than two quasiparticles in light lead nuclei.

Recently, an experimental study was undertaken at the
XTU Tandem of the Laboratori Nazionali di Legnaro in or-
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der to determine the static electromagnetic moments for the
high-spin short-lived isomeric states in193Pb. One objective
of the study was to bring more insight into the underlying
structure of the 9.4 ns 29/2− isomeric state, bandhead of a
magnetic-rotational band[20–22]. The results concerning the
moments of this state are reported elsewhere[23,24]. The
present paper is devoted to the investigation of the electro-
magnetic moments for two other short-lived isomers with
spin-parities 21/2− and 33/2+, known in193Pb [20]. The ex-
perimental details are presented in Sec. II. The experimental
results are reported in Sec. III and discussed in the frame-
work of the number-projected BCS and the pairing plus
quadrupole approaches in Sec. IV. Conclusions are given in
Sec. V. A part of the experimental data has been briefly re-
ported in Ref.[25].

II. EXPERIMENTAL DETAILS

The isomeric states in193Pb were populated and aligned
in the 170Ers28Si,5nd reaction using a28Si pulsed beam of
143 MeV delivered by the XTU Tandem of the Laboratori
Nazionali di Legnaro. The beam had a pulse of about 1.5 ns
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
(TDPAD) of deexcitingg rays has been applied. The excited
193Pb nuclei recoiled out of the thin Er target enriched in
170Er to 97%, into the appropriately chosen hosts.

In the g-factor measurement the target consisted of
0.8 mg/cm2 170Er foil rolled onto a 27 mg/cm2 208Pb back-
ing in which both the recoiling lead nuclei and the projectiles
were stopped. The cubic structure of the lead crystalline lat-
tice allowed the preservation of the nuclear alignment of the

excited193Pb nuclei. The target was placed between the pole
tips of an electromagnet. A magnetic fieldB=31.5s4d kG
was applied perpendicular to the beam-detector plane and
was periodically switched in direction. Theg rays were de-
tected by two planar HPGe detectors and two HPGe detec-
tors of 20% efficiency placed at ±135° and at ±45° to the
beam direction, respectively.

The quadrupole interaction has been investigated in the
electric field gradient(EFG) of the polycrystalline lattice of
metallic solid Hg. The excited lead nuclei recoiled out of the
0.5 mg/cm2 170Er foil into a solid 0.2 mm Hg layer mounted
on a Cu cold finger held at the temperatureT=170.0s1dK.
The g rays were detected by the planar HPGe detectors
placed at 0° and 90° to the beam direction.

The time resolution for the planar detectors was about 10
and 6.5 ns at energies of 200 and 550 keV, respectively. For
the detectors of 20% efficiency the time resolution at
550 keV was about 9 ns. These time resolutions were much
smaller than the Larmor periods in theg-factor measurement
(see Sec. III A) and the widths of the observed structures in
the quadrupole moment measurement(see Sec. III B) and
did not affect the analysis.

III. DATA ANALYSIS AND RESULTS

In the off-line analysis of list-mode data, two-dimensional
matrices of energy versus time were formed for each detec-
tor. From these matrices time-gated energy spectra and
energy-gated time spectra were created. A delayedg spec-
trum obtained in the quadrupole interaction experiment, cor-
responding to the time interval of 30–430 ns after the beam
burst, is illustrated in Fig. 1. The partial level scheme of
193Pb showing the decay of the presently investigated iso-
mers is shown in the right side of Fig. 1. For the 21/2− state

FIG. 1. Delayedg spectrum corrected for the background due to long-lived activities(left) and partial level scheme of193Pb showing the
decay of the 21/2− and 33/2+ isomers[20] (right). The transitions assigned to193Pb and194Pb 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 13/2+ long-lived isomer.
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the 184 keV isomeric transition was analyzed, while in the
case of the 33/2+ isomer the analysis was done for the 532
and 593 keV transitions. The time spectra have been least
squares fitted assuming an exponential decay. A constant
background due to possible long-lived contaminants has
been also allowed in fitting the data. This background was
found to be almost zero. The decay curves for the 184 and
532 keV transitions, registered with the planar detectors, are
shown as insets in Fig. 1. A half-life ofT1/2=20.5s4d ns has
been derived for the 21/2− isomer, in agreement with the
previous value of 22s2d ns [20]. The prompt component in
the time spectrum of the 184 keV isomeric transition is due
to the Coulomb excitation of166,168Er, which appear as con-
taminations in the isotopically enriched170Er target. For the
33/2+ isomer the half-lifeT1/2=180s15d ns was determined,
somewhat different from the previously determined value of
135s +25

−15
d ns [20].

After proper normalization, the time spectraNst ,ud were
used to construct the appropriate experimental ratiosRexp.
They were least squares fitted to the theoretical expressions
Rtheo corresponding to the magnetic or quadrupole interac-
tion (see below).

A. g factors

In theg-factor measurement the time spectra obtained for
each of the two magnetic-field orientations were used to
form the experimental modulation ratio

Rexpstd =
N↑std − N↓std
N↑std + N↓std

, s1d

which was least squares fitted to the expression

Rtheostd =
3

4
A2 cos 2sf − vLtd, s2d

with the angular distribution coefficientA2, the Larmor fre-
quencyvL=gBmn/", and the phasef depending on the de-
tector angle and the beam bending in the magnetic field as
free parameters.

The modulation functions obtained from the time spectra
of the 184 keV transition registered with the planar HPGe
detectors are shown in Fig. 2. Due to the small interaction
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-
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
gs21/2−d=−0.059s11d.

For the 33/2+ isomer the time spectra for the 532 and
593 keVg rays, registered with the large-volume HPGe de-
tectors, were analyzed. The modulation ratio corresponding
to the total accumulated statistics is illustrated in Fig. 3. The
deducedg factor isgs33/2+d=−0.171s9d.

The diamagnetic and Knight shift corrections were not
applied. They are both small(about 1%) and opposite in sign
[26], so they nearly cancel each other.

B. Quadrupole moments

In the case of an electric quadrupole interaction, the su-
perposition of many frequency components leads to modula-
tion spectra which can have quite a complicated structure
depending on the nuclear spinI, the 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 periodTo given by
To=2Is2I −1d /3nQ for a half-integer spin and byTo=4Is2I
−1d /3nQ for an integer spin, wherenQ=QVzz/h is the quad-
rupole coupling constant depending on the spectroscopic
quadrupole momentQ and the EFG strengthVzz.

The experimental ratio defined as

Rexpstd =
Nst,0 ° d − Nst,90 °d
Nst,0 ° d + Nst,90 °d

, s3d

was least squares fitted to the expression

FIG. 2. Modulation ratios for the 184 keVg ray deexciting the
21/2− isomer in193Pb in an external magnetic field of 31.5 kG and
the corresponding least-squares fits.

FIG. 3. Modulation ratio for theg rays deexciting the 33/2+

isomer in 193Pb in an external magnetic field of 31.5 kG and the
least-squares fit.
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Rtheostd = 3
4A2 o s2n cossnv+td, s4d

with the angular distribution coefficientA2 and the quadru-
pole interaction frequencyv+=2p /To as free parameters.
The spin-dependents2n coefficients in the theoretical expres-
sion (4) are tabulated in Ref.[27] for an axially symmetric
randomly oriented EFG.

Examples of the obtained quadrupole interaction pattern
for the 184 and 532 keVg transitions are shown in Fig. 4.
Due to the high spin and short lifetime of the isomers, it was
not possible to evidence the full quadrupole periodTo and
only the structure at the beginning of the modulation pattern
could be observed. The deduced values for the quadrupole
coupling constant were 91(7) and 191s14d MHz for the
21/2− and 33/2+ states, respectively. With the EFG calibra-
tion of VzzsPbHgd=17.4s9d31021 V/m2 at T=170 K, ob-
tained by using data from Ref.[15], absolute values of spec-
troscopic quadrupole moments for the high-spin isomers in
193Pb have been derived asuQs21/2−du=0.22s2d eb and
uQs33/2+du=0.45s4d eb.

In the present experiment, besides193Pb, the194Pb nucleus
was also populated, through the170Ers28Si,4nd reaction. The
12+ 2628 keV isomer with a half-lifeT1/2=350 ns[1] was
well excited(see the delayed spectrum of Fig. 1). The modu-
lation pattern obtained from the sum of the time spectra for
the 174, 280, 421, and 575 keV transitions present in the
decay of this isomer is illustrated in Fig. 5. The theoretical
curve was calculated by applying a multilevel formalism
[28] taking into account the presence of short-lived isomers
in the decay of the 12+ isomer[1]. Note that in this case, the

longer lifetime allowed us to see the peak atT+ /4, which
gives strong support for the use of a single quadrupole inter-
action frequency in the data analysis. A value of 203s10d
MHz was derived for the quadrupole coupling constant, lead-
ing to the quadrupole momentuQs12+du=0.48s3d eb, in ex-
cellent agreement with the previously reported value of
0.49s3d eb [17], obtained in a TDPAD measurement in
which a solid Hg host was also used, but at a higher tem-
perature of 216 K. It is worthwhile to mention that a frozen
Hg target could recrystalize not necessarily as polycrystal,
but as single crystal of unknown orientation[15]. This would
seriously affect the analysis. The observed quadrupole inter-
action pattern for the 12+ state in 194Pb and the obtained
quadrupole moment in good agreement with a previous re-
sult, has proved that this did not happen, and that our target
preparation technique favored the Hg solidification as poly-
crystal.

IV. DISCUSSION

The g factors and spectroscopic quadrupole moments de-
termined in the present work for the 21/2− and 33/2+ iso-
mers are compared in Table I with theoretical estimates. In
Table I are also included the static moments reported in Ref.
[14] for the 13/2+ low-lying state in193Pb.

The negative small values of theg factor for the 33/2+

and 21/2− states are indicative for dominant neutron quasi-
particle configurations. They were compared with the empiri-
cal g factors,gemp, calculated using the additivity formulas
and the following experimental values for theg factors of the
coupling states:gs12+,192,194Pbd=−0.173s2d, gs3/2−,197Pbd
=−0.716s1d, and gs5/2−,201Pbd= +0.270s1d [1]. The g fac-
tors of the 13/2+ and 33/2+ states coincide within errors(see
Table I), which gives support to the description of the 33/2+

state by thes1i13/2d3 three-neutron configuration. Theg fac-
tors of thes1i13/2dn states in the lead nuclei exhibit a gradual
decrease when going towards more neutron deficient iso-
topes, fromg=−0.154s1d in 200Pb to g=−0.180s1d in 191Pb
[1]. The presently derivedg factor for the 33/2+ state in
193Pb fits well into this systematics. The dependence of theg
factors on the neutron number has been discussed by Stenzel
et al. [17,26], and has been attributed to the reduction of the
M1 core polarization due to the blocking ofi13/2− i11/2 spin
flip excitations with decreasing occupation of the 1i13/2 shell.

FIG. 4. Experimental and theoretical TDPAD spectra showing
the quadrupole interaction of the 21/2− and 33/2+ isomeric states of
193Pb in solid Hg at a temperature of 170 K.

FIG. 5. Quadrupole interaction pattern for the 12+ isomer in
194Pb in solid Hg at a temperature of 170 K and the least-squares fit.
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The 21/2− state could arise by coupling two neutrons in the
1i13/2 orbital with one neutron in an available negative parity
orbital. As seen in Table I, the experimentalg factor is close
to the empiricalg factor values estimated for thes1i13/2d8+

2

^ 2f5/2 and s1i13/2d12+
2

^ 3p3/2 configurations. We note that a
similar value,g=−0.0506s6d, has been reported previously
for theg factor of the 21/2− 1.15ms isomeric state in197Pb,
and the same configurations were considered[17]. More in-
sight into the structure of the investigated states has been
obtained by comparing their electromagnetic moments with
the theoretical predictions of two different models, namely,
the number-projected BCS(PBCS) and the pairing plus
quadrupole tilted-axis cranking(PQTAC) models.

A. PBCS calculations

A microscopic description of odd-mass193−205Pb nuclei
has been recently done within a standard BCS approximation
in a number-projected one- and three-quasiparticle neutron
space in which the projection was performed after the mini-
mization of the ground state energy[8]. A surface delta in-
teraction was used for the residual nucleon-nucleon interac-
tion. In this approach, a pures1i13/2d3 configuration was
assigned to the 33/2+ state in all investigated lead nuclei,
while for the 21/2− state a change of configuration along the
isotopic chain was predicted. The wave function of this state
was calculated to be dominated by the coupling of two neu-
trons in the 1i13/2 orbital with the 3p1/2 orbital in 205Pb and
with the 2f5/2 orbital in 201,203Pb, while in 193,195,197Pb the
coupling with the 3p3/2 orbital has the largest contribution.
The g factors of the neutron states in193Pb, derived in the
PBCS approach with an effective gyromagnetic ratiogs

eff

=0.5 gs
free [8] are shown in Table I. The calculatedgPBCS

values are in satisfactory agreement with the measuredg
factors.

In the PBCS calculations reported in Ref.[8] effective
neutron charges ofen

eff=0.5 e and en
eff=1.0 e were used to

evaluate the electric quadrupole moments. The core polariza-
tion charges for single particle orbits around doubly magic
208Pb were calculated microscopically by Sagawa and Arima
[29]. On the basis of these calculations and the comparison
with measured quadrupole moments for neutron single par-
ticle states, an effective neutron charge close to 1.0e has
been suggested[29,30]. The quadrupole moments of the
13/2+, 33/2+, and 21/2− states in193−205Pb, calculated with
the PBCS approach anden

eff=1.0 e [8], are compared in Fig.
6 with the known experimental moments from Ref.[1] and

the present work. In the case of the 13/2+ and 33/2+ states a
smooth dependence of the quadrupole moments with the
neutron number is predicted by the PBCS approach that
takes explicitly into account the occupation number of the
neutron 1i13/2 orbital. However, while the quadrupole mo-
ment of the 13/2+ state in205Pb agrees with the value calcu-
lated usingen

eff=1.0 e, the values calculated in the neutron
deficient nuclei are too small compared to the experimental
data. In order to reproduce the measured moments for the

TABLE I. Experimental electromagnetic moments for neutron isomeric states in193Pb compared with theoretical estimates(see the text
for details).

Ip Configuration gexp gemp gPBCS gPQTAC uQexpusebd QPBCSsebd QPQTACsebd

13/2+ n1i13/2 −0.177s1da −0.149 −0.172 +0.195s10da +0.20 +0.25

33/2+ ns1i13/2d3 0.171s9d −0.177s1d −0.147 −0.174 0.45s4d +0.45 +0.46

21/2− ns1i13/2d12+
2

^ 3p3/2 −0.059s11d −0.102s2d −0.091 −0.108 0.22s2d +0.24 +0.26

ns1i13/2d8+
2

^ 2f5/2 −0.068s2d
aTaken from Ref.[14].

FIG. 6. Experimental spectroscopic quadrupole moments in
light lead nuclei for the 13/2+, 33/2+, and 21/2− states(from Ref.
[1] and the present work) obtained in static moment measurements
(full circle) and derived fromBsE2d data (open circle) compared
with calculated values(small star symbol) within the PBCS ap-
proach[8] and various values for the effective neutron chargeen

eff.
The theoretical values are connected by dotted lines in order to
guide the eye.
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13/2+ states in193Pb and197Pb within the PBCS approach,
the effective neutron charge has to be scaled toen

eff=2.17e.
We note that this scaling is, however, strongly dependent on
the correctness of the occupation of the neutron 1i13/2 orbital.
There might be a correlation between occupation and effec-
tive charge in the isotopic evolution. Using the increased
effective chargeen

eff=2.17e the calculated quadrupole mo-
mentsQPBCS for the 33/2+ and 21/2− states in193Pb are in
very good agreement with the measured moments reported in
the present work(see Table I and Fig. 6). The calculated
quadrupole moments for the 21/2− state show an irregular
dependence on the neutron number(see the lower panel of
Fig. 6), reflecting the change of the dominant configuration
as discussed above. The good accordance of the measured
quadrupole moment in193Pb with the calculated one, gives
support to thes1i13/2d12+

2
^ 3p3/2 configuration assignment.

The need to use an increased effective neutron charge in
order to describe the quadrupole moments of the neutron
states in light lead nuclei reflects the increasedE2 polariza-
tion effect of valence neutrons when going further from the
N=126 closed shell. We note that a similar increasedE2
polarization charge was reported previously[16,17] in an
analysis of the quadrupole moments of the 12+ two-
quasineutron states in194−200Pb within a two-quasiparticle
Tamm-Dancoff approach. This finding indicates that the core
polarization is rather stable and independent of the involved
configuration.

The 33/2+ state appears systematically as an isomer in the
odd-mass193−199Pb and deexcites by anE2 transition to the
29/2+ state [1]. While the static quadrupole moment pro-
vides information on the diagonal terms of theE2 matrix, the
transition probability gives information on nondiagonal
terms. Unfortunately, in the PBCS study of Ref.[8] no tran-
sition probability was reported. Assuming pures1i13/2d3 con-
figurations for the 33/2+ and 29/2+ states and applying the
shell model equations for the three-particle system and an-
gular momentum recoupling techniques[31], the BsE2d re-
duced transition probability may be related to the quadrupole
moment of the 33/2+ state by the expression:

ueQfs1i13/2d3,33/2+gu = 7.68fBsE2;33/2+ → 29/2+dg1/2.

TheBsE2d values were evaluated with the lifetimes of the
33/2+ states taken from the present work for193Pb and from
Ref. [1] for 195−199Pb. The internal conversion coefficients
calculated in Ref.[32] were used. The quadrupole moments
deduced from theBsE2d data are shown in the middle panel
of Fig. 6 together with the value obtained in the present
TDPAD measurement for the 33/2+ state in193Pb. As seen in
the Fig. 6, the quadrupole moment derived in193Pb from
BsE2d is larger than the value obtained in the static quadru-
pole moment measurement. An even higher effective charge,
of about 2.7e, is necessary in order to reproduce the mo-
ments derived from lifetime data within the PBCS approach.
We note that the relation between the quadrupole moment
and the reduced transition probability, given above, is strictly
valid only when the seniority is a good quantum number. The
large effective charges needed clearly point to large core ex-
citation contributions including protons, too, i.e., more com-

plicated wave functions. So it is not surprising at all that
inferred and measured spectroscopic quadrupole moments
show a different isotopic evolution.

The enhancement of the core polarization for neutron
states in light lead nuclei, revealed in the previous[16,17]
and present quadrupole moment studies, shows a saturation
for neutron numberN,118. A similar effect has been evi-
denced for proton states in transleadsZ.82d neutron defi-
cient nuclei[30]. It has been shown that the increase in the
quadrupole moments of the 8+ proton isomers in Po nuclei
with decreasing neutron number can be described by a
particle-vibrational core model[33]. However, one has to
note that in the case of proton states the quadrupole moments
are negative and associated with weakly deformed oblate
shapes, while the positive quadrupole moments of the neu-
tron states indicate small prolate shapes.

B. PQTAC calculations

The tilted axis cranking model based on the pairing plus
quadrupole interaction[13,34] 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
calculate the static moments of neutron isomers. The calcu-
lations were essentially done within the pairing plus quadru-
pole model, as for the considered states the tilt angle is zero
and there is no rotation. For the neutron pairing the experi-
mental odd-even mass differenceDoe has been used for the
13/2+ states. In the case of the two- and three-quasineutron
states the pairing was taken as 0.75Doe. In deriving theg
factors an effective gyromagnetic ratiogs

eff=0.6 gs
free was

used. The quadrupole-quadrupole coupling constant, which
controls the size of the deformation, has been adjusted in
order to reproduce the experimental quadrupole moment of
the ns1i13/2d2 12+ isomer in194Pb. For the other isotopes this
value was scaled withA−5/3rosc

−4 , whererosc is the oscillator
length [34].

The calculatedg factors,gPQTAC, and spectroscopic quad-
rupole moments,QPQTAC, for the neutron states in193Pb are
included in Table I. They are in good agreement with the
experimental values. Small prolate deformations«2
=0.013, 0.015, and 0.026, have been calculated with
PQTAC for the 13/2+, 21/2−, and 33/2+ states, respectively.

The quadrupole moments calculated within the PQTAC
model, as well as the measured values for the neutron states
involving thens1i13/2dn configuration in odd- and even-mass
lead isotopes, are illustrated in Fig. 7. In the case of the 12+

isomeric states, the quadrupole moments obtained from both
static moment and transition probability measurements are
shown. To deduce the quadrupole moment fromBsE2d the
relation [16]:

ueQfs1i13/2d2,12+gu = 10.38fBsE2;12+ → 10+dg1/2,

has been used. TheBsE2d values were calculated using tran-
sition energies and lifetimes from Ref.[35] for 190,192Pb and
from Ref.[1] for the heavier isotopes. One notes from Fig. 7
that with decreasing neutron number the quadrupole mo-
ments derived from transition probabilities are becoming
larger than the values obtained in static moment measure-

IONESCU-BUJORet al. PHYSICAL REVIEW C 70, 034305(2004)

034305-6



ments. This feature is similar to that observed in the case of
the ns1i13/2d3 33/2+ isomer in193Pb, as discussed above. An
overall good description of the experimental quadrupole mo-
ments of the neutron states is obtained within the pairing
plus quadrupole model(see Fig. 7). The observed evolution
of the quadrupole moments of the 13/2+ and 12+ along the
isotopic chain is rather well reproduced by the calculations.
The decrease of the quadrupole moments with decreasingN
is caused by the shift of the neutron chemical potential to-
ward the middle of the 1i13/2 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-
tion (positive quadrupole moment) to a particle-type excita-
tion (negative quadrupole moment). In contrast to the PBCS
calculations, which assume a spherical shape, PQTAC de-
scribes the quadrupole moments well without resorting to
effective charges. This indicates that the quadrupole polar-
ization of the core is properly accounted for, which is an
important finding, because the correct description of the
magnetic rotational bands by means of the TAC model relies
on it.

V. CONCLUSIONS

In this work we have investigated theg factors and the
spectroscopic quadrupole moments for two high-spin iso-

meric states, 21/2− and 33/2+, in 193Pb. The results allowed
us to assign three-neutron configurations to the investigated
states. For the first time, quadrupole moments for three-
quasineutron states in the neutron deficient lead isotopes
were reported. The measured nuclear moments were ana-
lyzed within a microscopic BCS approach in a number-
projected one- and three-quasiparticle neutron space, and in
the pairing plus quadrupole tilted-axis cranking approach.
Both models describe quite well the measuredg factors with
reasonable effectivegs factors. The PBCS calculations with
an effective neutron charge ofen

eff=1.0 e, which reproduce
the quadrupole moments of neutron states in nuclei near the
N=126 closed shell, are underestimating the quadrupole mo-
ments in the light lead nuclei. A much larger effective neu-
tron charge ofen

eff=2.17e has to be used in order to repro-
duce the experimental data, which reflects the increasedE2
polarization effect of valence neutrons when going further
from theN=126 closed shell. A better description of the core
polarization effects has been obtained within the PQTAC ap-
proach. Calculations performed with this model provide an
overall good description of the experimental quadrupole mo-
ments of the 13/2+ and 12+ quasineutron states in the lead
isotopes. The quadrupole moments of the 21/2− and 33/2+ in
193Pb are nicely reproduced with the PQTAC model which
predict very small prolate deformations for these three-
quasineutron states. The present results show that the quad-
rupole polarization of the core is properly accounted for
within the PQTAC model, which is an important observation,
as the correct description of the magnetic rotational bands by
means of this model relies on this.
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