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Background: Calculations of the structure of the low-lying states of nuclei with Z > 100 play an important role
in understanding the properties of nuclei belonging to the new region of the nuclide chart, which is available now
for experimental study.

Purpose: We calculate quasiparticle-phonon structure and the reduced y-transition probabilities for the excited
states with excitation energies up to 1 MeV for nuclei with Z > 100.

Methods: The quasiparticle-phonon model, which takes into account the quasiparticle-phonon interaction of
different multipolarities, is used as a basis for the calculations.

Results: The quasiparticle-phonon structure and the y-reduced transition probabilities of odd-neutron
265.267.269 g, 261.263.263G 257.259.261Rf 253.253.257No, and %212 Fm are calculated. The a-decay chains starting
from 263-267:28Hg are analyzed.

Conclusion: It is shown that below 500 keV the structure of the nuclear states is mainly exhausted by the single-
quasiparticle component. The quasiparticle-phonon interaction starts to play an important role at excitation
energies above 500 keV. The nuclei before Fm in the a-decay chains starting from 26%267-2Hs have at least

two a-decay lines.

DOLI: 10.1103/PhysRevC.106.034302

I. INTRODUCTION

Recent experimental studies of superheavy nuclei [1-7]
have led to the production of new nuclei and their iso-
topes, and have provided us valuable information about their
single-particle excitations and equilibrium deformations. To
support the experimental investigations, systematic calcula-
tions of single-particle spectra of the heaviest nuclei have
been performed [8-12] within the model of an indepen-
dent quasiparticle with quasiparticle-phonon coupling, which
is important for correct description of the excitation spec-
tra [13-15]. These calculations, along with experimental
results, allowed us to assign quantum numbers to the states
observed and analyze the «-decay chains.

The microscopic approaches, which are used to study
the structure of the heaviest nuclei, are either the self-
consistent ones based on some parametrizations of the energy-
density functional [16-30] or the microscopic-macroscopic
methods [10,11,31-37] and the quasiparticle-phonon model
(QPM) [38—41]. In the present work the spectra and reduced
y -transition probabilities are calculated within the QPM using
the microscopic-macroscopic approach to locate the ground
state in the space of deformation parameters. This approach
has been used already to describe the structure of well de-
formed rare-earth and actinide nuclei with A > 228 [42-50].
Also the shape coexistence in Fl isotopes was found [12].
Here, the coupling to phonons in the QPM is fixed to have a
better description of known states. Then this coupling is used
for all nuclei considered.
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Any analysis of the properties of nuclei is based on
the information of their equilibrium deformations. In many
cases the low-lying excitations of nuclei are very sensitive
to the deformation parameters of the ground state. As found
experimentally [51], the deformations of nuclei even with
close values of Z or A can differ, so this difference should
be taken into account in the calculations. In the present
work, the equilibrium deformations are defined within the
microscopic-macroscopic approach [12]. In Ref. [12], the cal-
culated low-lying spectra of the odd-neutron transcurie nuclei
are presented. We are going to supplement these results by
calculations of the M1, E1, E2, and E3 reduced transition
probabilities between the low-lying states of the considered
nuclei. These calculations will provide us a good basis for
the investigation of the appearance of isomeric states in the
heaviest nuclei. The lifetimes of found isomeric states will
be estimated and possible o decays from these states will be
discussed. The a-decay chains starting from 263-267-2Hs will
be analyzed to find possible a-decay energies.

II. MODEL HAMILTONIAN
The QPM Hamiltonian has the following structure:
H =Hsp+Hpair+HM +HSM7 (l)

where H), is the single-particle part of the total Hamiltonian,
and H,,,;; describes the monopole pairing forces with strength
set to reproduce the odd-even differences of the experimen-
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tal nuclear masses. The terms Hjy, and Hgy in (1) take into
account the multipole and spin-multipole residual forces. The
mean field potential V;, in Hy, contains the central potential
Vivs in the Woods-Saxon form for neutrons and protons, the
spin-orbit part V;,, and the Coulomb field for protons, V¢:

Vsp = V(}")-f-‘/]‘y(}")ﬁ—‘/c, (2)

where
_VOT
Vws(r) = 3
1 +exp{[r — R0, ¢)l/a}
and V), are defined as in Ref. [38] taking into account the
isospin dependence of Vf , where 7 denotes neutron or proton.
Here we assume axially deformed shape of nucleus defined as

R0, ¢) = Ro[1 + Bo + B2Y20(0, @) + BaYao (0, )], (4)

with Ry = rpA!/3. The parameter B, takes into account the
volume conservation, and fB,, B4 are the parameters of the
quadrupole and hexadecapole axial deformations, respec-
tively.

The higher multipoles could significantly influence the or-
der of quasiparticle states in the case of a dense spectrum [52].
So, the uncertainty in the order of states should be noted for
nuclei with a dense spectrum near the Fermi surface. However,
the order of two nearest states with large AK does not affect
the existence of low-lying isomeric one-quasiparticle states.

To describe the long-range particle-hole residual interac-
tion, the effective separable forces are expressed through the
operators of multipoles and spin-multipole moments:

Hy =—3 Z Z Z " ‘H”‘m MZTL(I)M’“(’OT)’

t=p,n p==%1 Ip

Hw =3 3 3 Yl

t=p,n p=%x1 lapn

My p/cn“)Ml(ﬁH(r)Ml(ﬁ)(,or).

&)

If © corresponds to neutron then —t denotes proton and
vice versa. All other information on the Hamiltonian is given
in [12].

After transformation to quasiparticle and phonon opera-
tors, the Hamiltonian takes the form

H = Zeqa ozq—}—Za)M ,Qﬂ Ouri

75,41

+ Z qu/ﬂnia;aq’(Q;ni + Q;l,”i)7 (6)

qq' i

where oz; is the creation operator of the quasiparticle in
the state g with the energy ¢,, and Qu -; 1s the creation op-
erator of the ith phonon with the energy w,~; in the state
with given p and parity m. Thus, in the random phase
approximation the problem is reduced to determining the
phonon energy in even-even nuclei and the excitation ener-
gies of odd-A nuclei. Note that the amplitudes I"yy,=; of the
quasiparticle-phonon interaction do not contain free param-
eters and are uniquely determined by the matrix elements
of the residual interaction, phonon energy, and other phonon
characteristics.

The Hamiltonian (6) is diagonalized in the configura-
tion space including single-quasiparticle and quasiparicle ®
phonon states. The wave function of an odd-A nucleus has the
structure

q’(K”)—(ZCO{ +ZDUM i l) /i>"p0 (7)
vumr'i
with normalization

ZCZ+ZDW_1. 8)

VUi

The summation over single-particle state quantum number
p includes all states with given K™. Wy is the quasiparticle
and phonon vacuum. We confine ourself in this paper to the
three lowest phonon states (i = 1, 2,3) with © =0, 1,2, 3.
As shown in our calculations, the contribution of the phonons
with higher i and p to the wave functions of the states with
energies lower than 1.2 MeV is small. The calculations in-
clude single-particle states with energies from the bottom of
the potential up to +5 MeV.

The calculation of the equilibrium deformations are car-
ried out using the microscopic-macroscopic two-center shell
model [32,35,36] taking into account pairing and Strutinsky
shell corrections [53,54]. Note that, with the parameters used,
the energy spectra of the Woods-Saxon and the two-center
potentials coincide with a good accuracy (see Fig. 1 in [12]).

The basic set of the Woods-Saxon parameters and the spin-
orbit strength were suggested in our previous publications
based on the numerous calculations of the one-quasiparticle
spectra of well studied heavy nuclei. We use the same param-
eter set also for superheavy nuclei. To check the sensitivity
of the results to the variation of the Woods-Saxon parameters,
the calculations were performed not only with the basic set but
also with other sets of the single-particle potential parameters.
As shown, reasonable variations of the radius and diffuseness
parameters do not cause large changes in the energy spectra.
The variation of the spin-orbit strength produces larger devia-
tions in energies. However, these variations do not exceed 300
keV, which is still acceptable to conclude on the stability of
the results obtained.

As mentioned above, the calculations are performed tak-
ing into account phonons with p < 3. Inclusion of phonons
with 3 < u <7 changes very little the results of calcula-
tions. Of course, a significant variation of the multipole
strength constants, which leads to large changes of the
phonon energies, influences strongly the excitation spectra,
but only at energies larger than 400 keV where the admixture
of the quasiparticle ® phonon components can be essen-
tial. Other details of the calculation scheme are given in
Ref. [12].

III. y TRANSITIONS BETWEEN LOW-LYING STATES
IN NUCLEI OF «¢-DECAY CHAINS

Using the theoretical approach formulated and the basic set
of the parameters described above, we calculate the reduced
y-transition probabilities between the low-lying states in sev-
eral superheavy nuclei. The structure of the nonrotational
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FIG. 1. Calculated one-quasiparticle spectrum of 2Hs. The
structure of all indicated states is exhausted by the one-quasiparticle
component. The reduced transition probabilities are given in Weis-
skopf units.

low-lying excited states is determined by the single-particle
levels lying near the Fermi surface and their coupling to
phonons. We study the y transitions in odd-neutron nuclei
with Z from 100 to 108 and number of neutrons from 149
to 161. The nuclei in «-decay chains are considered to trace
the evolution of the characteristics of y transitions and find
isomeric states whose influence on delay of o decay cannot
be excluded.

A. a-decay chain starting from 2*Hs

Consider first the following a-decay chain: *Hs—2%3Sg—
261Rf-27No-2>Fm. The calculated ground state of >Hs has
K™ =9/2% (Fig. 1) and its structure is exhausted (99%) by
the [615]] one-quasiparticle component. The order of one-
quasiparticle levels in Fig. 1 is similar to that presented in
Ref. [12] because the spectrum of this nucleus is rather sparse
and less sensitive to the parameters used than the dense spec-
trum near the ground state. The calculated first excited state
of this nucleus is K™ = 13/2~ and its structure is exhausted
by the [7161] (99%) one-quasiparticle state. The E£3 reduced
transition probability between these two states is equal to
B(E3;13/2~ — 9/2%) = 3 x 10~* W.u. This corresponds to
the y-decay lifetime 7, = 0.08 s. Thus, the 13/27 (402 keV)
excited state is an isomeric state. All states shown in Fig. 1
have a one-quasiparticle structure with the weight of this
component larger than 96%.

Possible a-decay chains starting from 2°Hs are shown in
Fig. 2. The ground state of 2*Hs decays by emitting an «
particle to the 9/2% excited state of 2°3Sg with the calculated
excitation energy 302 keV. This is a favored o decay since
quantum numbers of the odd neutron are not changed. This
state decays by E1 transition with B(E1;9/2%(302 keV) —
11/27(22 keV)) = 0.12 x 107> W.u. to the isomeric state of
2658g with K™ = 11/2 at energy 22 keV. Thus, in this case

3/2*

5001
400
9/2*
< 300F
)
=
w
200}
12
100 30+
. N 112°
Y112 32 7/2
O - + -
912 32" 1112 112* 712"
2699 2655 261Rf 57No 253,

FIG. 2. Possible a-decay chains starting from 2Hs.

the o decay of ®>Sg occurs from the isomeric state 11/2~ to
the calculated ground state of 26!Rf (Fig. 2).

However, another scenario cannot be excluded. According
to our calculations the ground state of 2%Sg is the one-
quasiparticle state 3/2%[622 |] (Fig. 3). If the isomeric state
3/21[622 |] at 502 keV is populated in 2®*Hs, the favored «
decay from it to the ground state of 2°Sg is possible. This
a decay is about 200 times faster than that from the ground
state because of larger value of Q,. In 269Hs, the y transitions
from the 3/27 state are strongly hindered because of weak
M3 transition to the ground state. So, the lifetime of the 3/2+
isomeric state with respect to y transitions can be longer than
7, &~ 80 ms estimated for o decay from this state. Thus, the
ground and isomeric states of 2°Sg are populated in the o
decay of 2®Hs. The « decays from these states populate the
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FIG. 3. The same as in Fig. 1, but for >°Sg.
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FIG. 4. The same as in Fig. 1, but for >*Fm.

corresponding states in 2°'Rf. So, the o decay of 2*'Rf can
occur from both the ground state 11/2~ and the isomeric state
3/2+[622 |] at energy 14 keV.

The favored o decay from the ground state of 2'Rf pop-
ulates the excited state 11/2~ in *’No at excitation energy
170 keV. This state decays by E3 transition to the isomeric
state 7/2% in 2'No at energy 24 keV. For this y transition
B(E3;11/27(170 keV) — 7/27(24 keV)) = 0.12 Wu. In «
decay of the isomeric state 7/2% (24 keV) of 2’No the ground
state 7/2% of >3Fm is populated. The « decay from the
isomeric state 3/2* of 2!Rf populates the state 3/2% in >>’No
from which M1 transition to the ground state 1/27 is likely.
So, in 2’No the ground and low-lying isomeric states can be
populated in the a-decay chain of 2’Hs and o decays from
these states to the corresponding states in >>*Fm are possible.
Indeed, the isomeric state 7/2% in 2*’No is at small energy
and can live for a time comparable to the time of « decay.
The o decay of >**Fm requires about 3 days and so a long
lifetime of the isomeric 1/27 state in this nucleus seems to be
unlikely, but cannot be completely excluded. The calculated
spectrum of 2>*Fm is presented in Fig. 4. One can see that
the y-transitions from higher states populate either ground or
isomeric 1/27 states.

As seen in Fig. 2, the favored «-decay from the ground
state of ®’Hs leads to the population of the states with large
K in %0 Sg, 20IRf, and »'No, while the « decay from the
isomeric 3/2% state can only populate the states with small
K in these nuclei. The larger the K value, the larger is the
hindrance to spontaneous fission [55]. In Refs. [56-58], the
spontaneous fission of 26°Sg, 2°/Rf, and >’No was observed
along with « decays. This means that o decay takes place
also from the isomeric 3/2* state of 2Hs. The appearance of
low-lying isomeric states can influence the branches between
spontaneous fission and « decay.

In this paper we do not consider unfavored o de-
cays like 9/2+(*®Hs) — 11/2-(**Sg) or «a decays like
7/2+(*>No) — 9/27(**'Fm). The reason is the following.
Due to the effect of the pairing correlations, the « particles
are formed from nucleon pairs occupying many states around
the Fermi level, if the single-particle state of the odd-nucleon
is not changed. This leads to the increase of the a-decay
probability. In the opposite case, if in the o-decay odd-neutron
transits from the single-particle state s; to the single-particle
state s,, and « particle is formed of proton pairs that occupy
the orbitals near the Fermi surface but only from neutrons
being in the states s; and s,. Therefore, the unfavored «-
decays are strongly hindered compared to the favored ones
in even-odd nuclei.

We mention also that based on the formalism in [59] there
is a hindrance factor of (3—4)' for « decays with nonzero
angular momentum / = AK of the « particle. So, the «
decays with AK =1 are at least three times weaker than
those with AK = 0. The weaker o decays which cannot be
completely ruled out enrich the «-decay spectra, but do not
change the population of isomeric states in the a-decay chains
considered.

B. a-decay chain starting from 2" Hs

Let us consider the structure of nuclei belonging to the
a-decay chain starting from 2%’Hs. The expected ground state
of 2’Hs has K™ = 3/2* with the structure [622]] (98%).
The calculated first excited state of 2’Hs with K™ = 11/2~
and excitation energy of 95 keV is the isomeric one with
the structure [7251] (97%). The excitation spectrum of 267Hs
is shown in Fig. 5. All excited states of this nucleus with
excitation energies below 800 keV have a one-quasiparticle
nature (>95%). However, the structure of the states above
800 keV is characterized by the coupling of quasiparticles
with octupole phonons.

Possible -decay chains starting from 2’Hs are shown in
Fig. 6. The ground state of 2’Hs decays by emission of an «
particle to the calculated first excited state 3/2% in 2°3Sg at an
excitation energy of 21 keV. This is the isomeric state since the
y transition from it to the ground state is characterized by the
high value of AK = 4. If the isomeric state 11/2~ in *’Hs
is populated (or if this state is the ground state, in contrast
to the results of our calculations), then the ground state of
2638g is populated by the a decay from this isomeric state.
The structures of all excited states of **Sg are exhausted by
the one-quasiparticle component whose weight is larger than
88%.

The ground-state o decay of 2°*Sg populates the state
11/2~ in 2°Rf, whose expected excitation energy is 88 keV.
This state decays with low probability to the isomeric state
7/2% at 24 keV. The reduced E3 y-transition probability
B(E3;11/27(983 keV) — 7/21(24 keV)) = 10~* Wu.™!.
The corresponding y-decay lifetime is, however, larger than
the a-decay time from the isomeric state 11/2 in 2°Rf to
the excited state 11/2~ in »*No at 383 keV. Thus, in the «
decay of 2Rf the 11/2~ state of 2>No can be populated at
383 keV. This state decays by M1 transition to the 9/2 state
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FIG. 5. Calculated one-quasiparticle spectrum of *’Hs. The
structure of all indicated states below 800 keV is exhausted by the
one-quasiparticle component. The states above 800 keV have a quasi-
particle ® phonon structure excluding the 3/2% state at 900 keV. The
reduced transition probabilities are given in Weisskopf units.

(94 keV), which then decays by E1 transition to the ground
state of 2°No with K = 7/2F (Fig. 6).

The « decay of *3Sg from the lowest isomeric 3/27F state
populates the 3/27 state in 2°Rf, which then decay by either
E2 or M1 transitions to the lowest isomeric state 7/2% or
ground state, respectively. So, the o decay of Rf could
occur from three states (Fig. 6).

The « decay of >>>No (Fig. 7) can occur from the ground
state and the lowest 1/2% isomeric state at 72 keV. The esti-
mated time for o decay of 2! Fm is long, about 130 days [60],

400
350 I
300 -
250 I

= 200 —
150

100

oL J_
32" 11/2° 1/2* 7/12* 9/2"

267HS 26389 259 Rf 255N0 251 Fm

FIG. 6. Possible a-decay chains starting from 2’Hs.
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FIG. 7. The same as in Fig. 5, but for »*No. The structure of
states below 700 keV is exhausted by a one-quasiparticle component.
The states above 800 keV have a quasiparticle ® phonon structure.

and such a long lifetime of the isomeric state is unlikely.
Thus, the  decay of >3'Fm is expected to occur only from
the ground state.

As in the case of 2®Hs, in the nuclei of the a-decay chain
of 27 Hs the states with small and large K are populated. This
can influence the branching ratio between spontaneous fission
and « decay in 2®*Sg and »°Rf [61,62].

C. a-decay chain starting from **Hs

Let us consider the structure of the low-lying states
of nuclei belonging to the «-decay chain starting from
265Hs [63,64]. The calculated ground state of 2°Hs is 11/2~
(Fig. 8). In the calculated spectrum there are a 3/2% state with
excitation energy 6 keV, a 1/2" state with excitation energy
52 keV, and a 7/2% state with excitation energy 171 keV.
We cannot exclude that, in reality, other sequences of these
close states can be realized in contrast to our calculations.
The structure of all these states is almost exhausted by the
one-quasiparticle component. The weight of this component
in the structure of the states with excitation energies below
1000 keV exceeds 90%. The calculated 3/2% (6 keV) state
is the isomeric one from which « decay is possible to the
corresponding state in 2°'Sg. The 1/2* (52 keV) state decays
by M1 transition to the isomeric 3/27 state with the B(M 1) =
0.21 W.u., i.e., with the total transition probability 7 (1/2" —
3/2%) = 6.5 x 108 s7!. The excited state 7/2% (171 keV) de-
cays by E3 transition to the ground state with B(E3;7/27 —
11/27) = 0.02 W.u,, i.e., with the total transition probability
T(7/2% — 11/27) = 0.2 s~!. The corresponding lifetime is
long compared to the a-decay lifetime 1072 s for transition to
the calculated 7/2% state of 26'Sg. Thus, if the 7/27 state is
populated in >°Hs, the « decay from this state will populate
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FIG. 8. Calculated one-quasiparticle spectrum of 2°Hs. The
structure of all indicated states is exhausted by thge one-quasiparticle
component. Only the strongest y transitions are indicated by arrows.
The reduced transition probabilities are given in Weisskopf units.

the 7/2* state of 2°!Sg whose calculated excitation energy is
4 keV. The a-decay lifetime of the ground state of >%°Hs is
about 2.5 x 1073 s. So, three a-decay lines can be found in
265Hs (Fig. 9).

The calculated ground state of 26!'Sg is 1/2F. Several
excited states are concentrated near the ground state: 7/2%
(4 keV), 3/27 (77 keV), and 11/2~ (88 keV) (Fig. 10).
In reality, any of these states could be the ground state of
261Sg because the firm definition of the sequence of close
levels is beyond the ability of the model. In the calculated
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265HS 261 Sg 257 Rf 253N0 249Fm

FIG. 9. Possible a-decay chains starting from *°Hs.
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FIG. 10. The same as in Fig. 8, but for 2*!Sg. The structure
of states below 900 keV is exhausted by the one-quasiparticle
component.

spectrum the 7/2% (4 keV) state is the isomeric one. Thus,
o decay of *°!'Sg can occur from the ground state to the
1/2% excited state of 2’Rf at excitation energy of 43 keV,
and from the isomeric state 7/2% to the 7/2% excited state
of 2'Rf at the calculated excitation energy of 15 keV. In
both cases a-decay lifetime is close to 7, = 0.35 s. In the
case of the o decay of *®*Hs from its ground state the 11/2~
excited state at about 88 keV is populated in 2°'Sg. This
state decays by E3 y transition to the 7/2" isomeric state
with B(E3;11/2~ — 7/2%) = 0.96 W.u. The corresponding
y-decay lifetime is 7, = 15 s, which is larger than the «-decay
time from this state. The corresponding «-decay lifetime is
about 0.7 s. Thus, the excited state 11/2~ (88 keV) of 2! Sg
can decay directly to the 11/2~ (203 keV) excited state of
2'Rf. As one can see, there could be three a-decay lines
in 26'Sg.

The calculated spectrum of low-lying states of 2’Rf is
quite dense (Fig. 11). There are five excited states with ex-
citation energies below 250 keV. The expected ground state is
9/2~. All states below 300 keV have a one-quasiparticle struc-
ture. The states above 500 keV are formed by the coupling of
one quasiparticle with octupole phonon with K™ = 17. The
first excited state 7/2% of »’Rf with calculated excitation
energy 15 keV decays by E1 transition to the ground state
in about 7, =3 x 10~7 s, which is much shorter than the
a-decay lifetime for this state. In BTRf the lowest states,
9/2~ (ground state), 7/2%, and 1/2%, are very close in energy
and it is difficulty to predict their real order. For example,
1/2% is assigned to the ground state in Ref. [7]. The ex-
cited 7/2% (28 keV) state decays fast to the ground state by
E1 transition with B(E1) = 0.7 x 1073 W.u. (Fig. 11). This
value of B(E 1) corresponds to y-decay lifetime 7, = 107 s.
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FIG. 11. The same as in Fig. 8, but for 2’Rf. The structure
of states below 300 keV is exhausted by the one-quasiparticle
component. The states above 500 keV contain a significant one-
quasiparticle ® octupole phonon component.

The structure of the 9/2~ ground state is exhausted by the
one-quasiparticle component. The wave function of the first
excited 7/27 state consists of one-quasiparticle components
[624]] (76%) and [6131] (11%) and a one-quasiparticle ®
octupole phonon component. The states with excitation ener-
gies above 500 keV consist of one-quasiparticle ® phonon
components. As a rule, these are octupole phonons with
K™ =1~ or 2~. As in Ref. [7], in ?’Rf there are two low-
lying states, 1/2% and 9/27, with a big difference in K
from which o decays are possible. The « decay from the
isomeric state 1/2% in >’Rf (Fig. 9) can populate the cor-
responding state at 358 keV in »*No. So, there could be
two a-decay lines in >’Rf. The « decay from the ground
state of 2**No requires about 1.6 min. So long lifetime of
the isomeric state 1/2% cannot be excluded. Indeed, all lower
states have larger values of angular momentum that hinders
the y transitions. Thus, there could be two «-decay lines
in 2*No.

The ground state of >*’Fm is the 7/2% one-quasiparticle
state (99%). The first excited state is 9/27 at 68 keV which
quickly decays into the ground state by E'1 transition (Fig. 12).
The structure of this state is almost exhausted by the one-
quasiparticle component [7341] (98%). The second excited
state 5/27% has also one-quasiparticle structure (97%). Its cal-
culated excitation energy is 373 keV (Fig. 12). As one can
see, 2Fm can have only one a-decay line because the states
5/2% and 9/2~ decay to the ground state by rather fast y
transitions.

IV. SUMMARY

The systematic calculations of the excitation spectra,
structure of the wave functions, and the y-transition prob-

1000
502
32
B(E2)=0.16
12
800} B(E3)=0.16 x [0°
112*
< 600 72" | B(M1)=0.051
) 12*
e
I B(E2)=0.21 x [I0*
712
400
5/2*
B(M1)=0.078 B(M1)=0.3
B(E2)=0.69
200
B(M1)=0.1
] B(E1)=7.7 x 10°
912 ‘B(ES):1.4 x 107
0~ 7.2

249Fm

FIG. 12. The same as in Fig. 8, but for >’Fm. The structure
of states below 1000 keV is exhausted by the one-quasiparticle
component.

abilities of the group of odd-neutron nuclei with Z =100,
102, 104, 106, and 108 were performed. The QPM was
used to take into account the monopole pairing and the
quasiparticle-phonon interaction. This model is improved by
finding out the ground-state deformations for each nucleus
using the microscopic-macroscopic approach. It is shown that
the quasiparticle-phonon interaction influences the ordering
of the levels at the excitation energies characterized by a
quite dense excitation spectra. The quasiparticle-phonon in-
teraction becomes important at the excitation energies above
500 keV. Note that for all considered nuclei the calculations
are performed with fixed parameters of the Hamiltonian which
seem to be reliable in a wide region of the nuclide chart
including the heaviest nuclei. The calculated y-transition
probabilities allow us to find the isomeric states in the
spectra of nuclear excitations and estimate the lifetimes of
isomers.

The a-decay chains starting from 263-267-26Hs were an-
alyzed. In the a-decay chains of 2¢72Hs, the nuclei with
Z =108, 106, 104, and 102 can have two «-decay lines. The
nuclei ?°Hs and 2°!Sg likely have three a-decay lines. The
appearance of the dense one-quasiparticle spectra enriches
the possibilities of e-decay and existence of isomeric states.
The difference in spontaneous fission from low-lying states
with large difference in K is worth studying. The nuclei
considered can be produced in the reactions Mg +2*3Cm,
34G 423817, and “8Ca +22Ra.
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