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Isotope shift relative to 209Bi and hyperfine splitting for 211,213Bi have been measured by in-source laser
spectroscopy at the 306.77-nm atomic transition. The pronounced shell effect both in radii and magnetic moments
in Bi isotopes at N = 126 has been observed. The isotopic trend of magnetic moment for 9/2− ground states of
even-N Bi isotopes has been qualitatively explained by the change in the first-order core-polarization correction.
The possible influence of the octupole degree of freedom on the magnetic moment behavior at N > 126 has been
discussed.
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I. INTRODUCTION

The shell effect in the changes of the nuclear mean-square
charge radius δ〈r2〉—the kink in its isotopic trend at the magic
neutron numbers—was found to be a universal feature of the
δ〈r2〉 behavior [1]. The characteristic change in the slope of
the δ〈r2〉 isotopic dependencies is observed at N = 28, 50,
82, 126 [1]. The theoretical attempts to describe this effect
were concentrated primarily on the Pb isotopic chain near N =
126. It was shown by Sharma et al. [2] and Tajima et al. [3]
that the standard nonrelativistic Hartree-Fock (HF) approach
fails to explain this effect. At the same time, the kink in radii
trend is well explained in the relativistic mean-field (RMF)
calculations [2] (see also Refs. [4–6], where the description
of the shell effect at the other neutron magic numbers by the
RMF was presented). It was claimed by Reinhard and Flocard
[7] and Sharma et al. [2] that the difference between the HF and
RMF results is determined by the difference in the isovector
spin-orbit force in these approaches. Correspondingly, by a
modification of the spin-orbit contribution to the nonrelativistic
Skyrme functional, Reinhard and Flocard introduced the new
forces SkI3 and SkI4, which reproduce the kink at 208Pb [7].

The quality of the shell-effect description in the RMF and
HF approaches correlates with the population of the νi11/2

orbital beyond N = 126 [8]. The increase of the νi11/2-orbital
occupancy in the RMF and modified HF approaches was shown
to be connected with the decrease of the energy splitting
between the νg9/2 and νi11/2 levels in contradiction with the
experimental evidences [8]. Recently Nakada and Inakura [9]
succeeded in reproducing the δ〈r2〉 behavior for the Pb nuclei
in the Hartree-Fock-Bogoliubov calculations with the density-
dependent spin-orbit interaction derived from the chiral three-
nucleon interaction by Kohno [10]. The rapid increase of the
charge radius at N > 126 was described fairly well in the
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framework of this approach without the convergence of the
νg9/2 and νi11/2 levels [9].

It was shown also that the kink may be not solely due to the
spin-orbit interaction but could be due to a density-dependent
pairing interaction as well (see Refs. [3,11]).

Thus, additional experimental data are of importance to
choose between the different theoretical explanations.

Unfortunately, experimental data on the shell effect in radii
near N = 126 are limited to the 82Pb isotopic chain [12]. There
are indications of the presence of this effect also in 83Bi, 84Po,
86Ra, 87Fr, 88Rn, and 89Ac chains [1,13], but all of them are
based on the interpolation of the δ〈r2〉values betweenN = 126
and N = 130 or 132, since there are no corresponding data for
the N = 128 nuclei. However, the further we go from the magic
N = 126, the more significant become contributions to δ〈r2〉
due to other effects (vibration, deformation, etc.). Therefore,
to extract the “pure” shell effect, it is preferable to have the
data for the nuclei nearest to the shell closure. In the case of the
even-N Bi isotopes, it is the 211Bi128 nucleus. The measurement
of the δ〈r2〉209,211 value is one of the aims of the present work.

Magnetic moments (μ) for the odd-Z, even-N nuclei also
display regular behavior when crossing the neutron magic
numbers. For example, the magnetic moments of the πd5/2 Eu
ground states reach maximum at the neutron shell closure with
the near linear isotopic dependence on both sides of the magic
number N = 82 [14] (cf. also data for Tb [πs1/2], Ref. [15],
and Pm [πd5/2], Ref. [16] at N > 82). The similar behavior of
the magnetic moments of the 9/2− (πh9/2) ground states was
found in the Bi isotopes [17,18].

The magnetic moment of 211Bi128 was measured by the nu-
clear orientation method in Ref. [19]: μ(211Bi) = 3.80(13) μN .
However, there is a discrepancy between nuclear-orientation
(NO) [20] and laser-spectroscopy (LS) [18] results for adjacent
even-N 213Bi : μ(213Bi, NO) = 3.89(9) μN , μ(213Bi, LS) =
3.672(7) μN . Similar discrepancy (∼6%) exists for 206Bi
used as a reference nucleus in the NO experiments [19–
21]. The possible additional uncertainty of 6% leads to the
value μ(211Bi) = 3.80(36) μN . In the limits of the revised
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uncertainty the shell effect in the μ(9/2−; Bi) values at
N = 126 almost disappears: cf. μ(209Bi126) = 4.1103(5) μN

[22,23]. To elucidate the behavior of the Bi ground-state
magnetic moments immediately after N = 126, μ(211Bi128)
has been measured in the present work with the reduced
uncertainty.

II. EXPERIMENTAL DETAILS

In-source laser spectroscopy was used for bismuth iso-
tope shift (IS) and hyperfine structure (hfs) measurements.
Experiments were performed at the laser-nuclear complex of
the Investigation of Radioactive Isotopes on Synchrocyclotron
(IRIS) facility working on line with a 1-GeV proton beam of the
Petersburg Nuclear Physics Institute synchrocyclotron [24].

Radioactive Bi isotopes were produced in spallation reac-
tions by 1-GeV protons in a uranium monocarbide target. The
spallation products diffused out of the target material as neutral
atoms and effused into the hot cavity of the ion source. Laser
beams were introduced into this cavity. The lasers were tuned
to perform three-step resonance ionization of Bi atoms [25].

The photoion current was measured via the detection of α
decays of the isotopes in question as a function of the scanned
laser frequency of the first excitation step (6p3 4S3/2 →
6p2 7s 4P1/2, 306.77 nm). The example of experimental spectra
is presented in Fig. 1.

The detailed description of the laser setup and the experi-
mental procedure can be found in Refs. [24,25].

III. RESULTS

The data were analyzed with a fixed hfs a-constants
ratio a(6p34S3/2)/a(6p2 7s 4P1/2) = −11.0101(13) [18,26].
For 213Bi the quadrupole hyperfine constant b was fixed:
b(6p3 4S3/2; 213Bi) = −491(25) MHz [18].

The magnetic dipole moments were calculated using the
standard scaling relation with 209Bi as a reference,

μA = μref
aA(6p34S3/2)

aref (6p34S3/2)
.

In this relation the hyperfine structure anomaly (HFA) is
neglected. For the isotopes with the same odd-nucleon con-
figuration and nearly equal magnetic moments, the HFA is of
order 10−3 − 10−4 [27]. This is the case for 209,211,213Bi (πh9/2

configuration). The following reference values were used:
a209(4S3/2) = −446.937(1) MHz [26], μ209 = 4.1103(5) μN

[22,23].

FIG. 1. The hfs spectrum of 211Bi. The spin and the energy of the
α-decay line used for the photoion current monitoring are shown. The
solid line depicts the Voigt-profile fit to the data. The vertical dashed
line marks the centroid of the hfs. The zero point on the frequency
scale corresponds to the centroid of the reference 209Bi hfs.

The electric quadrupole moment QA of the isotope with
atomic number A was calculated using the relation

QA = bA

b209
Q209,

where b209 = −305.067(2) MHz [26] and Q209 = −0.420(8)
b [28].

The hyperfine constants, isotope shifts, magnetic dipole
moments, electric quadrupole moments, and changes in the
mean-square charge radii for 211,213Bi are presented in Table I.
Isotope shift and the a-constant value for the long-lived 213Bi,
measured in the present work, are in agreement with the more
precise data obtained by the gas-cell method [18] (see Table I).

The changes in the mean-square charge radii were deduced
from the measured isotope shift δνA,A′

using the relations

δνA,A′ = δν
A,A′
F + δν

A,A′
M ,

δν
A,A′
F = Fδ〈r2〉A,A′ , (1)

δν
A,A′
M = M(A − A′)

AA′ ,

where δν
A,A′
F and δν

A,A′
M are the field and mass shifts,

F is an electronic factor, M = MNMS + MSMS, MNMS and
MSMS are normal mass shift and specific mass shift (SMS)

TABLE I. Isotope shifts, hfs constants, changes in the mean-square charge radii, magnetic and quadrupole moments for 213,211Bi.

A δν209,A (MHz) a (MHz) b (MHz) δ〈r2〉209,A (fm2)a μ (μN ) Q (b)

211 5490(150) −419.9(3.1) −410(200) 0.221(6){15} 3.862(29) −0.57(28)
213 10 630(230) −397(8) −491b

213 10 507(24)c −399.3(1.8)c −491(25)c 0.422(1){29} 3.672(7) −0.68(5)

aThe errors in parentheses are the statistical experimental uncertainties. The systematic errors are given in the curly brackets and stem from the
uncertainty of the F and M factors.
bThis value was fixed during the fitting.
cReference [18].
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FIG. 2. Changes in the mean-square charge radii for Bi isotopes
near the shell closure at N = 126. Star: present work; squares:
Ref. [18]. The experimental points are connected by dotted line to
guide the eyes. Dashed line shows the droplet model predictions.

constants, respectively. The electronic factor was estimated
in Ref. [25] using the systematics of δ〈r2〉 in the Pb region:
F (Bi; 306.77 nm) = 24.8(17) GHz fm−2. The specific mass
shift is usually small for this type of transition (p → s), and
one can assume M = (1 ± 2) MNMS (cf. similar relations for
analogous transitions in adjacent atoms [29–31]).

IV. CHANGES IN MEAN-SQUARE CHARGE RADII

A. Shell effect

In Fig. 2 changes in the mean-square charge radii δ〈r2〉 for
the Bi nuclei near N = 126 are shown along with the droplet-
model predictions [32].

To compare the shell effect in different isotopic chains we
introduced the dimensionless parameter ξeven:

ξeven ≡ δ〈r2〉128,126

δ〈r2〉126,124
= δνFS

128,126

δνFS
126,124

.

Lower indices point to the neutron numbers. This parameter
is independent of the uncertainties of the F factor (usually
5−10% in the lead region). The choice of the even-N isotope
nearest to the neutron magic numbers helps to avoid mixing
of the shell effect with other effects which might contribute to
the observed δ〈r2〉 value.

It is instructive also to consider the shell effect for the odd-N
isotopes:

ξodd ≡ δ〈r2〉127,126

δ〈r2〉125,124
= δνFS

127,126

δνFS
125,124

.

In Table II parameters ξeven and ξodd for different isotopic
chains in the Pb region are presented. The comparison of the
δ〈r2〉N,N ′ values for N,N ′ = 126, 125 and N,N ′ = 127, 126
also shows the shell effect [33], i.e., the increase of δ〈r2〉
when going across the neutron shell. However, when one
compares δ〈r2〉 for different Z the systematic uncertainties
stemming from the electronic factor F should be taken into
account. Besides, in this case the shell effect is mixed with

TABLE II. Shell-effect parameters.

Z ξeven ξodd References

81 (Tl) 1.97(49)a [34]
82 (Pb) 1.79(2) 2.13(5) [12]
83 (Bi) 1.83(7) 2.07(14) [18] and the present work
84 (Po) 2.14(32) [35–37]
87 (Fr) 2.45(21)b [33,38]

2.16(21)c [33,38]

aδ〈r2〉122,123 was used instead of δ〈r2〉124,125.
bI (214Fr127) = 1.
cI (214Fr127) = 2.

the odd-even staggering effect. In the presence of odd-even
staggering the δ〈r2〉N, N+1 value (at even N ) is usually less
than the δ〈r2〉N−1, N value independently on the shell effect.
In contrast, the parameter ξodd is independent of the F -factor
uncertainty, and choosing the pair N,N ′ = 125, 124 instead of
the pair N,N ′ = 126, 125 enables one to minimize the influence
of the odd-even staggering.

The shell-effect parameters for Bi and Pb nuclei coincide in
the limit of uncertainties (see Table II and Fig. 3). Theoretical
RMF calculations overestimate ξeven ([2,4–6]; see also Fig. 3).
A better description of the shell effect for Pb nuclei was
obtained recently with a new extended parametrization of
the RMF model based on the effective field theory (see
Fig. 2 in Ref. [39]) and in the relativistic Hartree-Fock theory
with nonlinear terms and density-dependent meson-nucleon
coupling [40,41]. The fair description of the shell effect is
determined by the noticeable population of the νi11/2 orbital
due to the near degeneracy or even inverse ordering of the
νg9/2 and νi11/2 shells in contradiction with the experimental
evidences (see detailed analysis in Ref. [8]). The shell effect
at N = 126 was described fairly well in the framework of
the nonrelativistic approach with density-dependent spin-orbit
interaction without the decrease of the energy splitting between
the νg9/2 and νi11/2 levels [9]. However, in this approach the

FIG. 3. Shell-effect parameters for the Pb-region nuclei. The
sources of the experimental data are indicated in Table II. Dashed
line shows the results of the RMF calculations [6].
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noticeable population of the νi11/2 orbital also plays a key role
in reproducing the kink in the Pb-radii trend.

Thus, all theoretical studies require the noticeable occu-
pancy of the νi11/2 orbital for the nuclei with N > 126 in
order to reproduce the shell effect in radii at N = 126. Even
when the νg9/2 orbital is bound deeper than the νi11/2 orbital,
the pairing interaction allows the scattering of enough Cooper
pairs of neutrons into the νi11/2 shell.

The shell-effect parameter ξodd proved to be comparable
with that for the even-N nuclei, ξeven. This means that the
shell effect for the nuclei with N = 127 is nearly the same as
the shell effect for the even-N isotopes. However, the pairing
mechanism of the νi11/2-shell population does not work when
we have only one neutron above the closed shell (N = 127).

It was assumed in Ref. [33] on the base of the magnetic
moment analysis that the admixture of the [πh9/2,νi11/2]1−
configuration to the leading [πh9/2,νg9/2]1− configuration in
214Fr127 is possible. In Refs. [42,43] the different configuration
admixtures ([πh9/2,νi11/2]1− included) to the ground-state
wave function of 210Bi127 were derived from the β-decay data.
It was supposed in Ref. [33] that the presumed admixture of
the configuration with the i11/2 neutron may contribute to the
shell effect for 214Fr127. However, this possibility is absent in
the even-Z, odd-N nuclei (209Pb, 211Po) with the pure νg9/2

configuration. Correspondingly, the νi11/2 shell cannot play
any role in the shell effect observed for these nuclei. Note
that the parameter ξodd does not depend on Z, and there is
no difference between ξodd for the odd-odd nuclei with the
possible νi11/2-state admixture and the even-Z nuclei where
such an admixture is impossible (see Table II).

Theory does not reproduce the experimental results for
the shell effect in the odd-N isotopes. This is clearly seen
in Fig. 2 of Ref. [9] where the change in the δ〈r2〉 slope in
the Pb chain starts in theory after N = 127 rather than after
N = 126 as in the experiment (that is, in theory ξodd ≈ 1,
whereas ξeven ≈ 2). See also Fig. 3 of Ref. [9] with zero
theoretical νi11/2-shell occupation probability at N = 127.
The energy density functional method based on the theory of
finite Fermi systems [11] also fails to reproduce ξodd at the
reasonable description of ξeven (see Figs. 5 and 6 in Ref. [11]).
To summarize, the comparison of the experimental δ〈r2〉 values
for the odd-N nuclei in the close vicinity of the N = 126 shell
closure with the theory casts doubts on the commonly accepted
understanding of the nature of the shell effect in nuclear radii,
implying the decisive role of the νi11/2-shell occupation.

B. Odd-even staggering

The odd-even staggering refers to the fact that, generally,
the isotope shift is smaller if a neutron is added to an even-
N isotope than to an odd-N one. To estimate the odd-even
staggering we used the parameter γ , introduced by Tomlinson
and Stroke [44]:

γA = 2δ〈r2〉A−1,A

δ〈r2〉A−1,A+1
.

The measurement of δ〈r2〉209,211 enables us to determine
γ127 and γ129 for Bi isotopes (see Fig. 4). Staggering param-
eters for Bi coincide in the limits of uncertainties with the

FIG. 4. Odd-even staggering parameter for Pb (squares,
Ref. [12]), and Bi isotopes (hollow stars, present work; filled
stars, Ref. [18]). Filling neutron subshells are shown.

corresponding γ ’s for Pb. In particular, they show the same
subshell effect, i.e., the small jumps of the γ value at N = 126
and N = 124, indicating the onset of filling up of the various
neutron orbitals.

V. MAGNETIC MOMENTS

The evolution of the magnetic moments of the 9/2− ground
states in Bi (see Refs. [17,18,25] and the present paper), Fr,
[45–47] and Ac [48,49] isotopes near N = 126 reveals a
striking similarity of the corresponding isotopic trends: the
peak at the neutron shell closure with the linear isotopic
dependence on both sides of the magic number N = 126 (see
Fig. 5). The μ values for 9/2− isomeric states in Tl also display
the same behavior at N < 126 [50,51].

The large departure of the μ(209Bi) value [4.1103(5) μN ]
from the Schmidt estimation [μSch(πh9/2) = 2.62μN ] is a
long-standing nuclear-physics problem [52]. It was realized

FIG. 5. Magnetic moments for 9/2− (πh9/2) ground states in
Bi, Fr, and Ac isotopes. Filled star: 211Bi, present paper. Hollow
stars: Bi, Refs. [17,18,25]. Circles: Fr, Refs. [45–47]. Triangles: Ac,
Refs. [48,49]. Points are connected by lines to guide the eyes.
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FIG. 6. (a) Isotopic dependencies of the magnetic moment for
Bi (Ref. [18] and the present work) and Tl [57,58] ground states
near N = 126. (b) E(2+)−2 for the core Pb nuclei [59]. Points are
connected by lines to guide the eyes.

that this increase of the magnetic moment stems mainly from
the contributions of the meson-exchange current (	μmes) and
the first-order (	μCP1) and the second-order (	μCP2) core-
polarization corrections [52]. The meson-exchange process
is expected to be essentially independent on the number
of valence nucleons (though the corresponding correction
depends on the particular configuration) [53].

The most important contribution in the second-order config-
uration mixing comes from the valence-nucleon coupling with
the low-lying collective excited states of the core (2+, 3−, etc.)
[54]. For example, the drop in the μ(5/2−; Eu) values on both
sides of the N = 82 shell closure correlates with the variation
of the contribution due to the particle-vibration coupling which
is expected to be roughly proportional to the [E(2+; Gd)]−2

value in the second-order perturbation theory (see Ref. [55]).
Correspondingly, simple particle-core calculations explain the
μ(5/2−; Eu) drop rather well [55].

The same approach was successfully applied to the
1/2+ (πs1/2) state in the Tl nuclei near N = 126 by Sagawa
and Arima [56]. The jump in the Tl magnetic moment when
going from N = 124 to N = 126 correlates with the jumplike
behavior of the excitation energy of the first 2+ core state
(see Fig. 6). At the same time the μ(9/2−; Bi) value changes
smoothly at N � 126 and its isotopic dependency cannot be
related to the second-order core-polarization correction due to
a particle-(quadrupole)-vibration coupling.

Thus, the most probable source of the shell effect in the 9/2−
magnetic moments near N = 126 is the first-order core polar-
ization. The same conclusion was drawn in Refs. [54,60,61]
regarding the variation of μ(νi13/2) and μ(νf5/2) with neutron

number at N � 126 (see also the calculations of the neutron-
CP1 correction in Refs. [60,61]).

The configuration admixture contributing to the magnetic
dipole moment in the first order of perturbation theory cor-
responds to the transition of a single particle from an orbit
j = l + 1/2 to its spin-orbit partner j = l−1/2 [62]. Near
doubly magic 208Pb, the most important are two such core
excitations corresponding to proton (h−1

11/2h9/2) and neutron

(i−1
13/2i11/2) particle-hole states. The proton-CP1 correction

does not depend on the neutron number. At the same time, the
increasing occupation probability of the νi13/2 orbital gives
rise to the increase of the neutron-CP1 correction with N.
This causes the up-going trend of μ(πh9/2) at N < 126. At
N > 126, the νi11/2 orbital starts to be populated. As the result,
the probability of the excitation of the i13/2 neutron to the
i11/2 state decreases and, correspondingly, the neutron-CP1
correction decreases with N . Thus, the neutron-CP1 correction
is maximal at N = 126 where the νi13/2 orbital is completely
filled and the νi11/2 orbital is empty.

We estimated neutron-CP1 correction to show its relevance
to the μ(πh9/2) isotopic dependencies.

According to Refs. [60,62]

	μCM1(N ) = C[(2j1 + 1)v2
j1

(N )][(2j2 + 1)u2
j2

(N )], (2)

where j1 = 13/2, j2 = 11/2, and u and v are the occupation
numbers, which are given in the BCS approximation by

v2
j = 1

2

⎡
⎣1 − εj − λ√

(εj − λ)2 + 	2

⎤
⎦, v2

j + u2
j = 1,

where 	 is a shell gap, εj is a single-particle energy [63], and
λ is a chemical potential determined by the equation

N = N0 +
∑

n

(2jn + 1)v2
jn

(3)

with N0 = 82. Summation in Eq. (3) is restricted to the neutron
shells between N = 82 and N = 126 and six neutron shells
above N = 126 (2g9/2, 1i11/2, 1j15/2, 3d5/2, 4s1/2, 2g7/2).

In the magnetic moment calculation

μcalc(N ) = μ0 + 	μCM1(N ) (4)

we use the simplest constant shell-gap approximation [64,65],

	 = 12√
A

MeV ≈ 0.8 MeV.

At fixed μ0, the coefficient C in Eq. (2) was chosen
from the condition μcalc(126) = μexp(209Bi). The parameter
μ0 was determined by the fit to the experimental μ values:
μ0 = 3.0 μN . This μ0 value corresponds well to the sum

μSch(πh9/2) + 	μmes = 3.1μN,

where the meson exchange correction is taken from Ref. [66].
Calculations reproduce N dependence of the Bi magnetic

moments at N < 126 fairly well (see Fig. 7). The kink at
N = 126 also takes place although it is less pronounced than
the experimental one. Similar to the case of the shell effect in
radii, the shell effect in magnetic moments crucially depends
on the relative position of the νi11/2 and νg9/2 orbitals: with the
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FIG. 7. Comparison of the experimental magnetic moments of
the Bi isotopes (squares: Ref. [18]; triangle: present work) with the
calculation by Eq. (2) [solid line: calculations with the experimental
single-particle energies, Ref. [63]; dashed line: calculations with the
assumption ε(1i11/2) = ε(2g9/2)].

artificial assumption of their degeneracy, ε(νi11/2) = ε(νg9/2),
calculated values become closer to the experimental data
(Fig. 7).

However, even with the assumption ε(νi11/2) = ε(νg9/2),
calculations noticeably underestimate the slope of the
μ(9/2−; Bi) isotopic dependency at N > 126. This discrep-
ancy may be related to the possible CP2 correction due to
the particle-(octupole)-vibration coupling. It is well known
that the octupole degree of freedom plays an important role
in the explanation of the M1 properties for the nuclei near
208Pb (see, for example, Refs. [67,68] and references therein).
Excitation energy of the lowest 3− state in the core Pb nuclei is
nearly constant for N = 122−126 and markedly decreases for
N = 128 [69]. Calculations using a particle-vibration coupling

model reproduce this behavior and predict the continuing
decrease of the E(3−; PbN ) value for N = 130, 132 [68]. This
may be regarded as an indication of the negligible octupole-
CP2 contribution to the N dependence of the μ(9/2−; Bi)
value at N < 126 and the increase of this contribution at
N > 126.

Considerable efforts were undertaken in recent years to
formulate the fully self-consistent approach to the magnetic
moment calculations in the framework of the relativistic
mean-field [70,71] and finite Fermi system [72,73] theories.
It would be instructive to test whether these more fundamental
approaches will be able to describe the observed regular and
universal behavior of the magnetic moments in the vicinity of
208Pb.

VI. CONCLUSIONS

The measurement of the magnetic moment and the change
in the mean-square charge radii for 211Bi128 allowed us to
establish the shell effect in magnetic moments and radii in
the closest vicinity of the neutron magic number N = 126.

Analysis of the radii shell-effect parameters ξeven and ξodd

for several isotopic chains in the Pb region revealed the inde-
pendency of the shell effect at N = 126 on the proton number
at the current level of the experimental accuracy. An adopted
explanation of the shell effect in radii at N = 126 connects
this effect with the increased population of the neutron i11/2

orbital above the N = 126 shell closure. Observation of the
noticeable shell effect also for N = 127 nuclei (ξodd ≈ 2) at
Z = 80−87 casts doubts on this interpretation.

The regular behavior of the μ(9/2−; Bi) values near
N = 126 (linear decrease on the both sides of the magic
number) was qualitatively explained by the neutron first-
order core-polarization corrections. The faster decrease of the
μ(9/2−; Bi) values at N > 126 than at N < 126 may be
attributed to the influence of the octupole degree of freedom.
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