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Abstract. High-spin states in 2°?Pb and 2°*Pb have been investigated by in-beam ~-ray spectroscopy
following the reaction *®*Pt(°Be,xn). A search for magnetic rotational bands in these isotopes confirmed
one of the two bands previously assigned to 2°2Pb and revealed a new band in this isotope. No evidence

for magnetic rotation has been found in 2°3Pb.
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Regular bands of magnetic dipole transitions have
been observed in the Pb isotopes between 1?1 Pb and 292Pb
[1,2]. The energy spacings of the states in these bands fol-
low a rotational-like pattern over a wide spin range despite
their very small deformation. Lifetime measurements [3—
5] show that the M1 transitions are strongly enhanced
whereas the F2 transition probabilities are very small as
expected for almost spherical nuclei. On the other hand,
the dynamical moments of inertia are rather large, result-
ing in ratios J(?)/B(E2) which are more than an order of
magnitude larger than in deformed nuclei.

The M1 bands in the Pb isotopes are based on high-
spin proton excitations across the Z = 82 shell gap cou-
pled to neutron-hole excitations in the viy3/, shell. The
interaction favors a perpendicular orientation of the or-
bitals [6], resulting in a total angular momentum vector
which points between the directions of the proton and neu-
tron spins. Connected with this special coupling is a large
perpendicular component of the magnetic dipole moment
with respect to the total angular momentum axis. The ro-
tation of this magnetic moment generates the strong M1
transitions. Therefore, this phenomenon has been named
Magnetic Rotation [7]. With increasing angular momen-
tum the proton and neutron spins align step-by-step into
the direction of the total spin. As a consequence, the trans-
verse component of the magnetic moment and, therefore,
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the B(M1) values decrease with increasing rotational fre-
quency [3-5].

Magnetic rotational bands have been successfully de-
scribed within the framework of the Tilted Axis Cranking
(TAC) model [8]. In this model a uniform rotation about
any axis, not necessarily a principal axis, of a deformed
nucleus is considered. The deformation of the mean field
is calculated to be slightly oblate with 82 =~ —0.1 for the
very neutron deficient Pb isotopes and (5 &~ —0.05 for the
heavier ones [9], in agreement with the small B(E2) val-
ues [3]. TAC calculations suggest that some deformation is
necessary for the formation of regular magnetic rotational
bands. In a feedback mechanism the deformed field stabi-
lizes the orientation of the proton and neutron high-spin
orbitals, while, on the other hand, the spatial density dis-
tributions of these orbitals induce the deformation [10].
In an alternative approach, magnetic rotation has been
described in terms of an effective interaction between the
proton and neutron spins [11]. In this approach no defor-
mation is needed to explain many features of the bands.
Therefore, it is important to study the properties of mag-
netic rotational bands over a wide range of Pb isotopes
with different deformations.

We have performed a search for magnetic rotational
bands in 202Pb and 293Pb, which are the heaviest Pb
isotopes accessible to heavy-ion—induced fusion reactions.
High-spin states in both isotopes were populated by the
reaction %®Pt(?Be,xn)?02:203Ph at a beam energy of 60
MeV. The beam was provided by the 88-Inch Cyclotron
of the Lawrence Berkeley National Laboratory. Gamma-
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Fig. 1. Gamma-ray coincidence spectra showing band 1 and band 2 in °?Pb. Both spectra are the sums of gates on the

in-band transitions, which are marked by an asterisk.

rays were detected with the 87 spectrometer consisting
of 20 Ge detectors with Compton suppression and an in-
ner shell of 71 BGO scintillation detectors. Details of the
experimental procedure are described elsewhere [12].

An earlier search for magnetic rotational bands in
202ph using the reaction 1920s(14C,4n) revealed two bands
[13]. However, the second band was only assigned tenta-
tively to 202Pb because the coincidence relations were not
clear. Both bands were too weak for the determination

Table 1. Energies, intensities and DCO ratios of the magnetic
rotational bands in 2°2Pb.

E, (keV) I, Lot Rfico RBco

band 1

161.3 3.8(0.3) 13.5(1.1)  0.53(6) 0.41(7)
243.2 7.8(0.6) 14.1(1.1)  0.56(6) 0.38(6)
332.9 8.2(0.6) 11.0(0.8)  0.57(8) 0.32(5)
407.6 6.1(0.5)  7.3(0.6) 0.62(9) 0.34(5)
466.5 4.6(0.4) 5.2(0.4) 0.51(9) 0.34(8)
517.7 3.4(0.3)  3.8(0.3) 0.45(8) -
band 2

130.0 1.0(0.2)  5.7(1.1)  0.62(11) -
191.7 2.2(0.2)  5.6(0.5) 0.62(7)  0.36(10)
269.8 3.5(0.3)  5.6(0.5) 0.58(6)  0.49(10)
349.4 3.0(0.3)  3.9(0.4) 0.61(7) 0.45(6)
416.4 2.7(0.2)  3.2(0.3) 0.57(8)  0.40(10)
477.9 1.8(0.2)  2.0(0.2) 0.46(8)  0.41(11)
523.4 1.6(0.2) 1.8(0.2)  0.49(10) -

of DCO ratios and, therefore, no evidence for the dipole
character of the transitions could be given.

Our data confirm the first band, and a new band, la-
beled band 2, was found. The second band reported in
ref. [13] could not be confirmed. Gating on the suggested
transitions revealed only lines belonging to 2°°Hg, popu-
lated in the incomplete fusion channel [12], but no other
in-band transitions. Either this band belongs to another
nucleus not populated in the ?Be reaction or it is simply
not visible because the gates are contaminated by 2°“Hg,
which was not populated in the reaction used in ref. [13].
Spectra of bands 1 and 2 are shown in fig. 1. Energies, -
ray intensities, total intensities corrected for internal con-
version and DCO ratios for the two bands are summarized
in table 1. DCO ratios were obtained using two different
angular combinations as described in ref. [12] and are la-
beled RAqo and RE o, respectively. The ratios R are
normalized to the 888.2 and 840.7 keV transitions which
are both of stretched E2 character, so that one expects
RAco = 1.0 for stretched E2 and 0.66 for pure stretched
dipole transitions. The ratios Rgco of the in-band transi-
tions were obtained by setting gates on other band mem-
bers without normalization. These ratios are very sensi-
tive to admixtures of higher multipoles and one expects
RE.o = 0.69 for a cascade of pure M1 transitions and
0.47 for a cascade with a constant £2/M1 mixing param-
eter § = —0.1. The DCO ratios given in table 1 show
clearly the dipole character of the in-band transitions and
the relatively small values of RS, indicate a small E2
admixture with negative sign, which means that the de-
formation is oblate [14], as expected.
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Fig. 2. Partial level scheme of 2°2Pb. Most of the transitions and spin assignments below the isomeric state at 5.2434¢ MeV

were adopted from previous work [15].

The level scheme of 2°?Pb is shown in fig. 2. Most
of the transitions and spin assignments below spin 19
were adopted from previous work [15], including the unob-
served low-energy transitions below the isomeric states at
4.091+ 9 MeV and 5.243 + € MeV, respectively. Many new
transitions have been found at high spins. The transition
energies, intensities, DCO ratios, excitation energies and
spin assignments of all transitions not belonging to one of
the bands are listed in table 2. In most cases the ordering
of the high-spin transitions is clear due to the observation
of parallel decay paths. In all other cases the transitions
were ordered according to their intensities. The DCO ra-
tios of the transitions in the high-spin part do not allow
an unambiguous spin assignment. In these cases the most
likely spin values are given in parentheses.

It was not possible to link the bands to lower-lying
states because the bands are weak and their decay is prob-
ably fragmented. Some intensity of the bands might be
trapped in one of the many isomeric states. Therefore co-
incidences of delayed with prompt ~-rays were also ana-
lyzed, but without success. Both bands decay partly into
the group of transitions with E, = 545.9, 490.3, 515.5
and 269.6 keV feeding the 127 isomeric state. Spin 16
is tentatively assigned to the highest-lying state in this
group at 5.059 MeV. Band 1 is also in coincidence with
the 1151.3 keV transition depopulating the 17~ state at
5.243+0 MeV as can be seen in the inset of fig. 1. There-

fore, we assume that the band head of band 1 lies higher
in excitation energy than 5.3 MeV and has a spin greater
than 17. No other known transitions in 2°?Pb were ob-
served in coincidence with band 2, so that we can only
give the excitation energy of the state at 5.059 MeV as a
lower limit. Due to the lack of firm excitation energies and
spin/parity assignments it is not possible to determine the
nucleon configurations of the bands. In the lighter even-
mass Pb isotopes the bands with the highest intensities
have the AB11 and AE11 configurations [13,16]. We may
speculate that bands 1 and 2 in 2°2Pb also have these
configurations.

Only very few levels and transitions are known in
203Ph from investigations using (o, xn) reactions [1]. In
our experiment using a “Be beam we have populated
states with higher spins compared to previous work and
have observed several new transitions belonging to 2°3Pb.
However, the 4n channel leading to 2°3Pb was only pop-
ulated with 17% of the intensity of the 5n channel. Fur-
thermore, many long-lived isomers make the analysis of
coincidence relations difficult, so that the placement of
the new lines is not clear. The inner ball of BGO detec-
tors was used as a multiplicity filter and calorimeter to
enhance high-spin transitions in 2**Pb, but no band struc-
tures with the features typical for magnetic rotation have
been found.
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Table 2. Energies, intensities, DCO ratios, excitation energies
an spin assignments of the observed transitions in 2°2Pb.

E.,(keV) I, Rfco  Ei(keV) IT — If
140.8 2.7(0.4)  0.61(10) 8779.1+e  (25)—(24)
151.4 1.6(0.4)  0.54(9) 6083.3+e 217 —(207)
154.3 6.2(0.7)  0.49(8)  7700.6+¢ 2322
179.7  87.8(6.5) 0.63(6) 3237.7 12711~
214.9 4.0(0.4)  0.55(7) 4170.8 14t —13%
231.5 6.9(0.7)  0.62(7) 6316.4+¢  (22)—21"
253.0 1.3(0.3) - 7546.3+e  22—(21)
269.6 5.3(0.6)  0.76(14)  3507.3 (13)—12%
271.2 8.6(0.7)  0.51(6) 3329.2 12—11~
340.6 4.2(0.4)  0.92(13) 8638.3+¢  (24)—(24)
354.4  16.9(1.3) 0.98(8) 4445.7+5 16T —16"
418.8 4.4(0.5)  0.59(8)  9197.94+¢  (26)—(25)
425.7 2.4(0.3)  0.62(9) 8779.1+e  (25)—(24)
490.3 2.4(0.3) 0.48(14)  4513.1 (15)—(14)
501.9 2.7(0.4)  0.79(18) 7293.3+e  (21)—(21)
515.5 2.4(0.3) 0.50(14)  4022.8 (14)—(13)
545.9 1.6(0.2)  0.51(16)  5059.0 (16)—(15)
597.1 8.2(0.6)  0.56(8) 8297.7+e¢  (24)—23
652.8 7.3(0.6)  0.48(8)  8353.4+e  (24)—23
689.3  15.0(1.3)  0.33(9)  5931.94+¢ (207)—19"
718.2 20.9(1.6)  0.29(5) 3955.9 13t —12%
785.4  23.6(1.7) 1.01(9) 4023.1 (12)—127
796.9  14.1(1.0) 0.65(15) 5242.6+5 17" —16"
830.6  10.9(0.7)  0.63(8) 4068.3 13—12%
840.7  47.2(2.9) 1 6083.3+¢ 217 —19~
853.6  42.9(2.6) 1.06(8) 4091.3 14T 12+
888.2 100 1 3058.0 117 —9~
933.1 8.0(0.7)  1.03(10)  4170.8 14T —12%
1021.5  5.6(0.5)  0.71(7) 3191.3 10t —9~
1082.2  6.0(0.7)  0.66(8) 7398.6+e  (23)—(22)
1151.3  24.4(1.4) 0.66(7) 5242.64+5 17" —167
1160.3  5.8(0.4)  1.08(9) 5251.6+5 18T —167
1361.4  0.7(0.3) - 7293.34+¢  (21)—(207)
1380.5  3.1(0.4) 0.80(20) 8779.1+€  (25)—(23)
1463.0  19.3(1.1)  0.62(6) 7546.3+¢ 2221~
1548.8  3.8(0.5)  0.84(12) 6791.4+e  (21)—19~

Hole excitations in the i3/, subshell are essential for
the occurrence of magnetic rotation. The Fermi surface
lies above this shell in the Pb isotopes with A > 200 and it
takes more energy to excite i13/2 neutrons. Therefore, one
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can expect the magnetic rotational bands in the heavy Pb
isotopes to lie higher in excitation energy than the bands
in the lighter ones. Unfortunately, none of the bands in
200PY is connected to the lower-lying states [17], so that
it is difficult to extrapolate excitation energies to 202Pb.
In 2°1Pb one band is connected to lower-lying states with
an excitation energy of 6.146 MeV [13], which is 2.3 MeV
above the yrast state of the same spin. One can expect
the corresponding excitation to lie even at higher energy
in 293Pb. Thus, it is not surprising that we did not observe
magnetic rotational bands in this nucleus considering the
limited efficiency of the 87 spectrometer.
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