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The available data on some actinide nuclei point to certain significant features of the rotational yrast band
and other excited bands. The rotational properties of plutonium isotopes (******Pu) were studied via projected
shell model (PSM). Calculations are based on the Hamiltonian of the PSM which includes the formed part
of a single particle, the Q — Q force, and the residual interaction of monopole and quadrupole pairings. The
results of the calculated energy levels of the yrast band are then compared with available experimental data and
a good agreement has been found. The crossing between two-quasiparticle (2qp) excited bands and the ground
state band (g band) in the high-spin regions has been analyzed in terms of band diagrams. The upbendings
observed in the kinematic moments of inertia (j MOI) curves for 2*34Py isotopes are due to the effect
of two aligning nucleons that occupy excited bands and the v(jis,2), 7 (i13,2) high-j intruder orbits. The PSM
successfully reproduces the observed upbending in j’ as well as the upturning and downturning in j. For
the 2*°Pu isotope, the PSM predicts a simultaneous alignment of neutrons v2 [1/2, —7/2] K™ = 4* and protons
% [=3/2,5/2] K™ = 1* bands cross the g band at spin I = 22. We expect it to be mainly responsible for the
disagreement at / = 22. Furthermore, electric quadrupole transition probabilities B(E2) and the gyromagnetic

factor (g factor) for the yrast band energy levels are also studied.
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I. INTRODUCTION

The problem of heavy nuclei with a prohibitively complex
system can be solved by simple realistic approaches that rely
on pairing effects [1]. The Bardeen-Cooper-Schrieffer (BCS)
theory can be seen as a microscopic model that deals with
strong pairing correlations between the nucleons [2]. From
another point of view, the pairing phenomenon describes ac-
curately the collective properties of deformed valence shell(s)
in an even-even nucleus. For an efficient quantitative de-
scription via the complete BCS approach, the issue of the
strong interaction can be simplified by using a quasiparticle
rather than particle system. However, extending the super-
conductivity theory requires taking into account the effect of
correlated pairs and implementing Hartree-Fock-Bogoliubov
(HFB) equations [3]. A general solution of the deformed
HFB equations provides quasiparticle operators aj, alT with
its vacuum | 0 > and the number of single-particle orbits, i.
The study of the quasiparticle excitations may support our
findings on several high-spin phenomena [4,5]. Many quasi-
particle alignments with their angular momenta provide us
with a basic understanding of the single-particle excitations
of the nuclear system under extraordinary new conditions. It
is a new symmetrical breaking within the deformed basis of a
multiquasiparticle system [6].

The ground state band of deformed nuclei has many ro-
tational properties. One of these properties is known as the
moment of inertia (MOI). The variety in MOI at both high
and low spins can be interpreted in relation to the changes in
pairing correlations between the nucleons of ij3,, and hyy/2
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orbits in rare-earth nuclei. The Coriolis forces have very no-
ticeable effects on pairing correlations between neutrons jjs/»
and protons i3/, at high angular momentum of the rotating
actinide nuclei [7,8]. To investigate the high-spin states of
actinide nuclei, the targets of enriched **°Pu and ***Cm are
bombarded with beams of 2Po [9]. The microscopic calcu-
lations predict that the proton alignment of the i3/, intruder
orbit is responsible for the strong presence of backbending
in the 24246py, but the irregularity is less pronounced in the
neighboring 2**Pu [10].

The projected shell model (PSM) is an improved tool to
describe the deformed nuclei [11-14]. The procedure of the
PSM calculations is based on the Nilsson model which ad-
justs the observed rotational bands to fill the shell of the
proper individual nucleus. A few quasiparticles that occupy
the orbits close to the Fermi level are selected to construct
the projected deformed basis. Pairing correlations between
nucleons are incorporated into the deformed basis by using
the BCS treatment. Sheikh et al. [15-19] have proposed an
extension of PSM, introducing a three-dimensional angular
momentum projection, made of a triaxial Nilsson plus a BCS
deformed intrinsic wave function for the purpose of improving
the description of rotational and transitional nuclei.

Extending the PSM to Heavy Shell Model (HSM) provides
an opportunity to describe the collective excitations relevant
to deformed actinide nuclei (***Pu, 22234, 230.232Th). How-
ever, the D-pairs excitations (Do(K™ = 2%), D,(K™ = 21))
have been added to the intrinsic basis of the PSM [20].
The progressive increase of J1) and J® in even and odd
protons when N = 114 isotones is due to the processes of
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proton alignment in the high intruding orbit [21]. Moreover,
the behavior of j() in some even-even transuranium nuclei
(46232t 250-256Fm | 252-258N0) are the same along the yrast
line. The upbending (upturning and downturning) in JV (J?))
at high-spin regions caused by band crossing is attributed
to aligning pairs of i3/, protons [22]. The investigations of

rotational properties of 2°2%Rf nuclei show that the j of
the three Rf isotopes increased gently when the spinis < 16,
and then rises immediately in the next region. Eventually,
the aligning nucleon pairs then lead to a structure change in
the yrast bands [23]. The 2**2%Py isotopes exhibit a striking
behavior in their respective yrast band which varies from one
nucleus to another [24,25]. Thus, they become an efficient tool
in the study of the rotational properties of deformed nuclei.
The aims of the present work are as follows:

(1) Carry out systematic PSM calculations so as to inves-
tigate the structure of yrast bands in 23¢2**Pu isotopes.

(2) Uncover the influence of two-quasiparticle (2qp) ex-
citation energy bands on the structure of the yrast
band in addition to investigating the multiquasiparticle
occupancy of specific orbitals.

(3) Identify the effect that the proximity of orbits at the
Fermi level has on the structure of energy bands.

(4) Analyze the systematic changes in MOI according to
the alignment of the pairs of quasiparticles which oc-
cupy the intruding orbits in the vicinity of the Fermi
level, and discuss the possible reasons for the appear-
ance of upending and backbending in the MOI curves.

The paper includes four sections. The basic concepts of the
PSM are explained in Sec. II. In Sec. III the rotational prop-
erties of the yrast band levels, which include kinematic and
dynamic moments of inertia, are discussed by performing the
PSM calculations; then at the end of this section, the B(E2)
and g-factor calculations are performed. Finally, a conclusion
is drawn in Sec. I'V.

II. THE THEORY OF PROJECTED SHELL MODEL

The intrinsic deformed basis of the Nilsson model plays a
major role in the compilation of PSM calculations. In heavy
nuclei, the specified valence space of the PSMis N =4,5,6
for the proton and N =5, 6,7 for the neutron [26,27]. The
exact solution of Nilsson 4+ BCS provides multiquasiparticles
in different single-particle orbits. The truncation of the basis
is an essential tool in PSM applied to a large number of
quasiparticle levels around the Fermi surface [11]. The trun-
cated space is defined by the set of quasiparticle (qp) states
|¢r). In the deformation system, the remaining problem is the
breaking of the rotational symmetry [28,29], which is violated
by the generalization of a mean-field theory (BCS + HFB)
(but the axial symmetry is conserved). To restore rotational
symmetries, the transformation of the intrinsic function |¢) to
a system of body-fixed [i) is done via the intricate angular
momentum projection method [30-32]. The trail wave func-
tion of PSM is demonstrated as a linear combination of the
Slater determinants, constructed from quasiparticle vacuums
which have a good angular momentum projection. The fol-

lowing interesting wave function is given in Ref. [11]:

AR A0S )
k

where P!, is the projection operator on the multiquasiparticle
states. M is the projection of the total angular momentum /.
fx represents the weights of the basis states determined by
making the Hamiltonian shell model diagonal. For even-even
nuclei, we can consider the following multiquasiparticle con-
figurations:

\¢x) = 10). alal, |0}, df, a 10), al,al ala [0). ()
where a' is the quasiparticle creation operator, while v; and v I
(7r; and 7 ;) refer to the Nilsson quantum numbers for v(hy,2,
i13/2, j15/2) [ﬂ(gg/z, h]l/g, i13/2)] orbits which are labeled in
each deformed single-particle state in the Nilsson diagram. |0)
is the BCS ground state. The eigenvalue equations for each /
are written as

> {Hue — EN}fie =0, Hw = (¢l H Py i),
k/

Nl = (o Py i) 3)

It is clear that, using Egs. (3), the eigenvalues E of Hjy
and the corresponding wave functions can be efficiently calcu-
lated. Two separable (pairing 4+ quadrupole) interactions are
included in the following PSM Hamiltonian:

H:Ho—EXXM:QMQM—GMPP—GQXM:PMPﬂ. 4)

The first term is a Hamiltonian of the single particle de-
formed, and y is the strength of the quadrupole-quadrupole
force; it is a function of the deformed constant €. The strength
X can be obtained self-consistently from the potentials of the
Hartree-Nilsson model [33]. Gy and G are the monopole and
quadrupole pairing strengths that represent a residual interac-
tion in the BCS form. The residual interactions of monopole
and quadrupole pairing act only in the nucleon valance space
in the same major shell located near the Fermi surface [34].
The monopole interactions contribute to the energy gap A.
However, the quadrupole force can reproduce most efficiently
of the crossing between neutron and proton bands [35]. It has
been constituted that the strength pairing force for neutron
and proton are associated with a model space. The monopole
pairing strength can be defined in terms of the parameters G,
and G, for the neutron and proton, respectively [36,37]:

G G, N2
Gy = 1:FA2 A

where the sign — (+) is for the neutron (proton), with G| =
19.86, G, = 17.98 taken from Ref. [38]. Due to the sensitivity
of the MOI to the nuclear monopole pairing [39], we found
it appropriate to renormalize the G, parameter by a factor
of 0.9176 for the 2**-2*6Pu isotopes. The quadrupole pairing
strength G is assumed to be proportional to Gy,.

In the PSM, the electric quadrupole transition probabilities
B(E?2) from the state |y') to the state |//~?) can be computed

&)

064309-2



INVESTIGATION OF THE HIGH-SPIN YRAST BAND ...

PHYSICAL REVIEW C 106, 064309 (2022)

TABLE I. Values of deformation parameters used in the model
calculation.

236py 238py 240py 242py 244py 246py
e 02510 02710 02502 02625 0.2678  0.2698
e, —0.0520 —0.0570 —0.0670 —0.0440 —0.0193 —0.0034

as follows:

IS 211 12

B(E2,] - 1—-2)= —2I+1I<1/f AP, (©)
where /- and ¢/ are the wave functions of a PSM system
[Eq. (1)] for final and initial states, respectively. The effec-
tive charges used to calculate the B(E2) within the PSM are
taken to be e"=1.5¢ and ¢"=0.5¢. The magnetic properties
of the yrast states are identified by measuring the effective
gyromagnetic factor (g factor) of angular momentum (/) using
the following equations of the PSM [11]:

wd) 1
g) = == = — [ (1) + p,(D)] )
unl — pnl
and
— (I nT ) = ; Int 1
we (D) = (] |0Z|w]) = 1(1+1)“/’ a1y

where Tt = 7 or v, and u, (/) and w,(I) are the proton and
neutron magnetic moments of a state |!) which are given in
nuclear magneton units. The g; and g are the standard val-
ues: g7 =1,g/ =0, g7 =5.586 x 0.75, and g, = —3.826 x
0.75. They are damped by a usual 0.75 factor from the free-
nucleon values in order account for the core-polarization and
meson-exchange current corrections [40].

III. RESULTS AND DISCUSSION

The heavy nuclei at the gate to superheavy elements have
large deformation with the axial deformation parameters. The
adjustable parameters of the PSM Hamiltonian (e, &4) and
pairing strengths of actinide nuclei involve several considera-
tions. These are essentially selected to reproduce the observed
kinematic j" and dynamic j® MOI, which represent the
most crucial quantities characteristic of the superdeformed
band. The deformation parameters (Table I) are determined
within a reasonable range in the actinide mass region and do
not deviate from the previous studies [26,41,42]. When tested
against a wide range of parameters, they are found to confirm
the results reported in literature. The PSM results of low-lying
energy states of yrast bands for Pu nuclei are then compared
with the experimental data [43]. Figure 1 illustrates this com-
parison and gives sufficient evidence of the success of the
model parameters to reproduce the observation. To understand

- [&7 1171w+ (g — &) (w1157 11y")],  the yrast band and its wave functions in Pu nuclei, a theoretical
VIU+T) treatment of the band diagram has been submitted in which the
®) projected energies of 2qp nucleon bands appear [35].
238 240
Pu Pu  a]
S _
()
= _
>
>
() -
c
LLl
(f)
| | | | | | | | | | | | | | | | | | | |

0 4 8 12 16 20 24 28 0 4 8 12 16 20 24 28 0 4 8

12 16 20 24 28

Spin (r)

FIG. 1. A comparison between calculated positive-parity energy levels of yrast bands for 2*6*Pu and available experimental data [43].
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FIG. 2. Band diagrams for the low-lying states of **2*Pu. Only the important configurations have been submitted: [(a) and (b)] Three
2qp bands, (c) four 2qp bands, [(d) and (e)] five 2qp bands, and (f) six 2qp bands.

The band diagrams for ***Pu shown in Fig. 2 include
only important bands that have direct contributions to the yrast
band. Also, the band diagram makes additional predictions
regarding the crossing bands, backbending, upbending, and
nucleon alignments. In the actinide, the intruder orbits are
v(ji5,2) for neutrons and 7 (ij3/,) for protons [44]. In low-
spin states, the yrast bands of the plutonium isotopes are
constructed from a g band which has a vacuum with zero
projection and configuration. But at high spins, the excited
2qgp bands of v(js/2) and 7 (i13/2) orbits are dominant. The
interactions (crossings) between the s bands (superbands) and
g bands in very heavy nuclei [45] result from the neutron
alignment in high intruder orbits.

As to Fig. 2, it is observed that a relatively constant
number of crossing points along the g band are occurring at
certain values of spin. The lack of data in >*Pu and ***Pu
isotopes prevents us from performing a thorough analysis
of the structural changes in high spins of the yrast band.
The diagrams in Fig. 2 demonstrated the first crossing of
the neutrons v2[5/2, —7/2], K™ =1~ bands for 236-240py
isotopes, while for 2#224Py isotopes, the first crossing of
neutrons v2[5/2, —7/2], K™ = 1T, occurs at a certain angular
momentum / = 18 and 20 for *Pu and 2*¢**°Pu, respec-
tively. Moreover, before the crossing, there is a relatively large
gap separating the s band of neutrons and the next band of
protons, 2qp, with K™ = 17 being approximately 0.6 MeV in

all the present nuclei. As it is known, the 4qp band is mainly
composed of two-quasiparticle neutrons and protons whose
energy has to be close in energy to the Fermi level [46]. Except
for the K™ = 1T neutron band, most reliable neutron single
particles of 23*Pu and 2*®Pu are far from the Fermi level, and
consequently could not be given an assignment to construct
the yrast band. Therefore, the 4qp bands are more energetic
than g bands in these light isotopes. As to the 2*’Pu isotope,
the 2qp neutron band emerges along with the configuration

2[1/2, —7/2], K™ = 4%, where these two neutrons have
single-particle energies in the vicinity of the Fermi level.
Interestingly, the K™ = 4T neutron pair has been observed
to be competition with the proton pair of the 72[—3/2, 5/2],

7 = 1", band in order to cross the g band at I = 22 [47].
As seen from Fig. 2(c) the 4qp band which is composed
of V[1/2,=7/2], K™ = 4%, and n?[-3/2,5/2], K* =17,
crosses the g band after competing with the 7%[5/2, —7/2],
K™ = 17, proton band at / = 28. Another neutron alignment
can be seen in the ?**Pu band diagram; v2*[—7/2,1/2],

T =37, and v?[5/2, —=7/2], KT = 1~ cross the g band at
I = 24 and 26, respectively. They seem to appear pairwisely,
with an almost degenerated energy in high-spin states. For
242Py the crossing between the 4qp band and the g band is seen
at I = 28. Numerous 2gp proton bands have been obtained
for 2**Pu and 2*Pu isotopes while their neutron counterparts
are absent in >**Pu [see Figs. 2(e) and 2(f)]. There is a striking
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FIG. 3. Kinematic moment of inertia j’ for *¢**Pu calculated by the PSM as a function of the rotational frequency w?, in comparison
with experimental [43], experimental (circle), and theoretical (square) values.

competition between v2[1/2, —-3/2], K™ =17, 712[1/2,
—3/2], K* =1, and m?[5/2,—=7/2], K* =1~ bands to
cross the g band at around I = 28. The similarity in their
K7 values is worth noting. We can also see in Fig. 2(f)
another competition between the 4qp band and 7%[1/2, 5/2],
K™ = 37" band to cross the g band at I = 30.

The selected parameters for deformation and pairing force
describe precisely the rotational properties of the collective
prolate shape. Generally, there are important features that
can be described in terms of MOI [48]. The energy spacing
between any two successive spins is devoted to calculating the
moments of inertia of the yrast band. The j" and j® for the
yrast band energy levels were obtained by using the following
equations [11,49]:

21 -1

(D _
T T ED-ET-2) ©
= ’ (10)
(E)—E(I-2)—(EU-2)—EUI —-4))
and the rotational frequency is given by
w = w (11)

2

The dependence of the MOI on the rotational frequencies
w is shown in Fig. 3. More precisely, two important effects can

be recognized along the yrast line of 24?~246Pu isotopes: First,
the pairing correlations between nucleons at low spins, and
second, the Coriolis antipairing (CAP) [50-52] and rotation
alignment (RAL) at high spins [46,53]. The Coriolis force is
going to be prohibitively complex at high spins because of the
band crossings in this region as indicated earlier. As shown
in Figs. 3(a) and 3(b) the calculated j" values of yrast bands
are compared with the available data. From the calculations,
we note that j(l) in 23°Py, 238py, and 2*°Pu increased gently
with w? up to I = 24, 26, and 20, respectively. The critical
frequencies (w.) of these nuclei are 0.251, 0.272, and 0.219
MeV. The PSM predicts an upbend which occurs in high-spin
states in 23¢24%Py isotopes. The appearance of upbending in
the three lightest Pu isotopes was not predicted by experimen-
tal data.

The full experimental data of ;" for *®Pu and 2*°Pu
indicate that the linearity of j(!) versus w? remains unchanged.
The linearity could occur due to the strong octupole correla-
tion between two quasiparticles near the Fermi surface that
affect the wave functions of the low- and high-spin yrast
band of both isotopes [24,25] [see Figs. 3(b) and 3(c). So
the band diagram of 2**240Py includes different excitation
energy bands: Two of them are the 72[5/2, —7/2], K™ =
1~ proton alignment of >*Pu and v?[1/2, —7/2], K™ = 4%
neutron alignment of 2*°Pu, which cross the g band at [ =
28 and 22, respectively. For 2*°Pu, it should be noted that
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FIG. 4. Dynamic moment of inertia j® as a function of spin for

the simultaneous crossing of the neutron vz[l/ 2,=7/2], K™
= 4% and proton w2[—3/2,5/2], K* = 1* bands at [ = 22
[shown in Fig. 2(c)] represents equal excitation energies of
two neutrons and two protons at a certain angular momen-
tum. Moreover, according to PSM results, the two interesting
neutrons [1/2, —7/2] and protons [—3/2, 5/2] from j;5,, and
i13/2 are pretty close to the Fermi level and align fast [4].
Thus, the yrast band will be built from these bands as well
as from the neutronv?[5/2, —7/2], K* = 1~ band more than
other bands as clear in diagram in Fig. 2(c). Because of it,
we can attribute the deviation between the theory and the
data curve in Fig. 3(c) after / = 22 to the crossing of the K™
= 4" and K” = 1" bands. Figure 3(d) shows a remarkable
conformity between the calculated and experimental data in
the tendency of the ;) against . The PSM results for 2**Pu
show an upbending in j(!) at a high spin due to the crossings
of multiquasinucleon bands with the g band. The critical fre-
quency which corresponds to the upbending in >*?Pu is equal
to w. = 0.256 MeV. The prediction of the upbending in >**Pu
agrees reasonably with the observations in Ref. [54].

For the 2**Pu isotope, as seen in Fig. 3(e) the calcu-
lated j1 before the first crossing of two quasineutrons with
v [—=7/2,9/2], K* = 11 at I = 20 increases gently in a ro-
tational frequency. After I = 20, the consequences of protons
domination become more pronounced and they contribute to
the irregularity in the yrast state energies. The upbendings in
the 2**Pu occur at / = 22 and w, = 0.237 MeV. Similarly,

236-246 Pu

the experimental upbendings of **Pu occur at I = 22 and
w. = 0.226 MeV. The theoretical j" curve of ***Pu refers
to the existence of one backbending at / = 24 and v, = 0.255
MeV. Furthermore, there is a backbending in the experimental
jV curve at I = 24 and w, = 0.237 MeV which is reproduced
accurately by PSM calculations [54].

We expect that the significant dominance of aligned pro-
tons which occupied their excited bands in ***Pu has led to
backbending compared to other isotopes [55]. Theoretically,
there is a plateau occurring at the interval of spin I = 28-30,
and the energies do not depend on spin (basically, the MOI
is spin independent within a certain range in this region)
[56]. According to PSM results, the plateau is simultaneously
formed when two successive crossing points are formed by
two parallel excited bands of 72[5/2, —7/2], K™ = 1~ and
721 /2,5/2], K™ = 3%, respectively. To date, the available
experimental data about 2*°Pu do not cover most of the in-
teresting high-spin region. Similar to >**Pu, the upbending,
backbending, and plateau are observed in the j curve of the
heavier isotope >**Pu. The investigations on the j!) behavior
demonstrate that there is no backbending in >**Pu, 2*®Pu,
240py, and 2*?Pu, while it is present in ***Pu and 2**Pu because
of the simultaneous breaking of the ij3,, abundant proton
pairs.

Figure 4 shows the experimental and calculated values of
j® of Pu isotopes. One can see that the PSM predictions rea-
sonably reproduce the current data tendency, whereby the j
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FIG. 5. Available experimental and calculated B(E2;1 — I — 2) values (in €2 b?) for 2Py isotopes.

value is extremely sensitive to any difference in pairing and
deformation parameters [57-59]. In this respect, our choice of
the values of PSM parameters (Table I) was extremely thor-
ough. For 2*¢-240Py isotopes, the calculated dynamic moments
of inertia j® are shown in Figs. 4(a)-4(c). One upturning
of j® at I =28 has been predicted. In the heavier isotopes
242-246py it is essential to remark that the theory and the
available experimental data of the j® predicted an anomaly in
the high-spin states. Together, they also refer to the presence
of downturns followed by an upturn. The obtained results
for 2*Pu [Fig. 4(d)] reproduced very well the observed j@,
which predicts one upturning at / = 28. For the ***Pu isotope,
there are two upturnings at / = 24 and 28 and one down-
turning at I = 26 of the striking anomaly in the j® values
and their positions are well reproduced. Accordingly, a good
agreement has been achieved between PSM calculations and
experimental data of j. The existence of an anomaly has
also been predicted in 2*°Pu as in the 2**Pu isotope.

The E2 transition probabilities have been calculated us-
ing Eq. (6). Experimentally, the B(E2;2] — 07) values of
238-244py are the only ones available, as shown in Fig. 5. Ac-
cording to PSM results, there was a noticeable rise in B(E2)
from spin / = 2 to 6. Each isotope’s B(E2) value peaked at
spin I = 6 and then fell all the way to spin / = 18. The change
in the structure of the yrast band caused by the crossing of the
g band by the 2qp bands may have caused the decrease in
B(E2) values. In the case of 2*2¥Pu isotopes, according to

the calculated values, a slight deviation in the transition proba-
bility values appears with the increase in the spin (I = 18-30).
With the increase in the effect of the neutron bands, the be-
havior of the B(E2) values begins to change with an increase
in spin as in the >*’Pu isotopes. There is a relatively small
peak in the B(E2) curve, which is attributed to the rotational
alignment of neutrons in i;5,, with v2[1/2,=7/2], K™ = 4%
configuration and protons in i3/, with n2[-3/2,5/2], K™ =
1" configuration which are in competition to cross the g -band
(see Fig. 2). For 2*?Pu, one can note a dip in B(E2) values at
I = 22 up to 28 followed by linear behavior. But in the case of
244py, the dip in B(E2) occurs only between I = 22 and 24.
Finally for *Pu, only a dip in B(E2) values can be observed
at I = 22. We attribute variations in B(E2) behavior along
high-spin states to the different contributions of the aligning
protons and neutrons in their intruder orbits and subsequently
to the sharp changes in the wave functions.

The g factor of spin / is very sensitive to the nucleon
alignment in its high-j intruder orbits, calculated directly
by many-body wave functions of the PSM. The g factors
of Pu isotopes against spin / are displayed in Fig. 6. For
each nucleus, the trend of the g factor with the spin remains
almost constant up to the points where the first crossings occur
because at low spins the dominant contribution of the yrast
band is the K = 0 band (g band). However, an increase in g-
factor values at / > 20 is predicted with an upbending at high
spins. The occurrence of upbendings in 2**2*Py and 24*-246py
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FIG. 6. g-factor values predicted by PSM calculations for (a) 2*Pu, (b) 2**Pu, (c) **°Pu, (d) >*?Pu, (e) >**Pu, and (f) 2*°Pu. All are clearly

similar in spin dependence.

isotopes are due to the alignment of proton 72[5/2, —7/2],
K™ =17 and n2[-3/2,5/2], K* = 1% bands which are larger
in heavier isotopes. However, this characteristic of the iso-
topes is still experimentally unknown.

IV. CONCLUSION

We conducted a study of energy levels of yrast bands for
several Pu isotopes. The band diagram of the present nuclei
has been investigated, including multirotational bands of ex-
cited quasiparticles; the rotational bands that have not been
involved in the building of yrast bands are not shown. The
intruder orbits of the actinide nuclei are j;s5/, for neutrons and
i13/2 for protons which would strongly contribute to the angu-
lar momentum alignment in this mass region. The behavior of
2qp bands was explored in the diagram of the bands. Depend-
ing on the band diagram, we predict that the first crossings
between s bands and g bands occur at / = 18 in *Pu and
at I = 20 in *%2%Py which are caused by the alignment of
two quasineutrons in the excited bands of the js,, orbit. We
also found that the contributions of two quasiprotons to the
construction of the yrast band were small in 2*6-24°Pu, but big
in the heavier isotopes. A competition between the v(jis/2)
and 7 (i13/2) alignment at spin / = 22 has been suggested in
the case of the ?*°Pu isotope. The deviation between the theory
and data, which can be seen in Figs. 3(c) and 4(c) of >*°Pu, is
due to the alignment of the neutrons in the v2[1 /2,=7/2], K™
= 47 band which crosses g band at I = 22. The aligning pro-

cesses of 7% (i13/2) appear more frequently in the 244.246py than
236-242py isotopes; therefore, we predict a backbending in the
7 plot of the 2*+24*Py as an outcome of these processes. The
observed backbending is reproduced well by our PSM results.
A plateau in jV was seen in the I = 28-30 region of 2*+?4Py.
The anomaly in j® is observed at high spins and corresponds
to the crossing points between different quasiparticle bands
that form the yrast band.

We observe pronounced peaks in j) experimental data at
a spin / = 28 which are reproduced by our calculations. In
the heavier 242-24py isotopes, both the theory and the known
experimental data of j® predict an anomaly in the high-
spin-states region. The calculations j® obtained for 2*’Pu
reproduced perfectly the observed j» moment. For ***Pu,
the agreement with observational data is seemingly good. For
all nuclei, we detected a pronounced increase in B(E2) at
lower spins. Many dips and flattenings at high-spin regions
attributed to the different contributions of multiquasiparticle
configurations were predicted. The behavior of g factors along
with the spin for all present isotopes is almost the same up to
around / = 18. An increase in g factors is observed only at
high spins where crossings of bands occur. Due to the rarity
of available experimental information, the PSM predictions
will be helpful for future experiments.
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