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The properties of rotational bands in the 4 ~ 110 (Z > 50, N ~
56-65) mass region are investigated within the configuration-dependent
shell-correction approach with the cranked Niisson potential. It is shown
that in nuclei with Z > 50, N < 60, smooth terminating bands based on
two proton holes in the gg/; subshell might be observed over a wide spin
range up to termination. In the N > 60 nuclei, the terminating states of
such bands reside well above the yrast line in calculations. The results of
calculations are consistent with available experimental data.

PACS numbers: 21.60.Ev

1. Introduction

The rotational bands observed among the very neutron-deficient nuclei
in the A ~ 110 (Z > 50, N ~ 56-65) mass region are interesting exam-
ples for the testing of theoretical models. These band structures show not
only the highest rotational frequencies (up to hw ~ 1.5 MeV) found in any
mass region, facilitating a study of the properties of nuclei under extreme
rotation, but also unusually low values of the dynamic moment of inertia
J?) (1/3-1/2 of the rigid body value), indicating a large single-particle
contribution to the total spin. Moreover, the lack of experimental evidence
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for any quasiparticle alignment above a frequency of fiw ~ 0.7 MeV sug-
gests that both proton and neutron pairing are significantly reduced in this
mass region. Finally, there are some indications, for example in 199Sb [1]
and in '%%Sn [2], that these terminating bands can be observed over a wide
spin range, from high-collectivity (¢; ~ 0.24-0.28) at low spin up to the
terminating (pure particle-hole) state.

These indications are quite significant from both the theoretical and
experimental points of view. In spite of the experimental observation of
terminating bands or terminating states at high spin in the neighbourhood
of 1°8Er and also in the A ~ 120 mass region (among the I and Xe isotopes),
the experimental data on terminating bands which are observed over several
spin units up to termination are very limited. In most cases, the terminat-
ing bands observed in these mass regions represent examples of so-called
favoured termination, in which the last spin units before termination are
built at a low energy cost. Therefore, although the terminating states are
yrast, with decreasing spin these terminating bands diverge very quickly
away from the yrast line, placing severe limitations on their experimental
observation over a wide spin range.

In the A ~ 110 (Z > 50, N ~ 60) mass region, the situation is exactly
the opposite. The rotational bands observed over a wide spin range are
typically associated with configurations based upon two proton holes in the
g9 /2 orbitals and also intruder hqy /2 Proton orbital(s) which are strongly
deformation driving. As a result, their deformation at low spin (g2 ~ 0.25)
is much larger than that for the yrast states (e2 ~ 0.10 — 0.15). Indeed,
experimentally it has been possible to follow these bands down to low spin
I ~ 15k where they are definitely non-yrast. At medium spins I ~ 20—
40h these bands are favoured in energy in comparison with configurations
based upon either one or three or more holes in the proton gq /2 orbitals.
As the energy cost for building the last spin units before termination is
high, characteristic of unfavoured termination, it is generally reasonable to
expect that the terminating states reside well above the yrast line. However,
in some nuclei in the neighbourhood of 1%°Sb, the rotational bands based on
two proton holes in the gq/; subshell are strongly favoured in energy a few
spin units before termination. The terminating state is thus still calculated
to be yrast or close to yrast albeit the energy cost for building the last
spin units is quite high. These bands are collective at low spin but show a
continuous transition to pure particle-hole (terminating) states. As a result,
we refer to them as smooth terminating bands [1).

A detailed investigation of the properties of smooth terminating bands
in this mass region has been performed within the configuration-dependent
shell-correction approach using the cranked Nilsson potential [3] with the
parameter set from Ref. [4]. Pairing correlations are neglected in our calcu-
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lations since they are expected to play a minor role at rotational frequencies
above hw ~ 0.7 MeV. The most important features of smooth terminating
bands [1, 5] are summarized in Section 2. Although the rotational bands
with 7rg9_/22 structure in nuclei with V > 60 are yrast a few spin units before

termination, their terminating states are expected to lie well above the yrast
line. This conclusion will be demonstrated in Section 3, where the results
of calculations for 111Sn and 1®Te will be compared with recently observed
rotational structures.

2. General properties of smooth terminating bands

There are several important features of smooth terminating bands in
the A ~ 110 (Z > 50, N ~ 60) mass region.

1. The high energy cost for building the last spin units in unfavoured
terminating bands with 7rg;/22 structure arises primarily from (i) the
difficulty to align the proton g, /2 holes when they are surrounded by
aligned particles; and (#i) the fact that the neutron g, /2/ds /2 subshells
are essentially half-filled, i.e. the spin contributions from the last par-
ticles in these subshells is close to zero.

2. With increasing proton number above Z = 53, the collective rotational
bands with no proton holes in the gq/, subshell become more favoured
in energy at spins I ~ 20 — 40%. In theoretical calculations these bands
are yrast over a wide spin range up to termination and terminate in a
rather favoured way. p

3. With increasing neutron number above N = 60, the terminating states
of rotational bands with two proton holes (7g, /22) are calculated to lie

well above the yrast line. This is because the configurations of these
bands involve more than seven neutrons from the g, /2 [ ds5 /2 subshells,
leading to negative contributions to the maximal spin of the bands
from the eighth, ninth, ... neutrons in these subshells. ‘As a result, a
significant increase of the énergy cost for building the last spin units
before termination is calculated.

4. Approaching the terminating state, the contribution to Jé:x)‘ 4 from the
alignment of valence particles becomes smaller while the contribution
from the changing deformation increases. A typical situation 6 — 8% be-
fore termination is that deformation changes contribute approximately

one third of *71531)1 qr
3. Smooth terminating bands in N > 60 nuclei

A number of high-spin rotational bands have been observed recently in
the N > 60 nuclei *11Sn [6] and 16 Te [7]. Typical of unfavored termination,
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these bands manifest a decrease in the dynamic moment of inertia 7(2) down
to 15 — 2042 /MeV with increasing rotational frequency. The rotational
structures in these two nuclei will be studied in this section in order to
illustrate the third statement of Section 2 above.

An important difference between these two nuclei is connected with the
position of the Fermi level in the proton subsystem. For Sn isotopes, it is
possible to form energetically favourable configurations based on the pro-
ton 2p2h structure by putting two protons excited from the gq /2 subshell
into the g7/5 / ds /2 subshells. For Te isotopes, the favoured configurations
with the same proton hole structure will include one or two protons in the
intruder hy;/; orbitals. Since intruder h;;/, orbitals are strongly deforma-
tion driving, it is expected that the deformation of w4p2h rotational bands
in 118Te is greater than that of the w2p2h rotational bands in 111Sn. In
addition, the larger number of valence particles + valence holes outside of
the closed core in 11®Te compared to 111Sn leads to greater maximal spin
for the 11%Te bands.

11185, A decoupled band extending to a spin-parity of (67/27) and a
transition energy of (2070) keV was observed in 111Sn [6]. This band was in-
terpreted as the vh,;/, valence orbital coupled to the deformed [(7g; /2)2 ®

(7gq /2)_2] 1108 core. This interpretation is supported by theoretical cal-
culations shown in Fig. 1, where a reasonable agreement between experi-
ment and theory for the configuration {20, 3] is observed at spins I > 20h.
The state which corresponds to the last state observed in the experiment,
at I = 33.57 of configuration [20, 3], is calculated to be only ~ 200 keV
above the yrast line. Observation of this band to higher spin will apparently
be quite difficult given that with increasing spin the assigned configuration
[20, 3]~ diverges from the yrast line very quickly.

Band 1 in 11%Te. Several rotational bands have been observed re-
cently in 116Te [7], the most interesting of which is band 1, observed to the
highest transition energy (2031 keV) and spin (I = 421). The configuration
[22, 4] can be assigned for this band as illustrated in Fig. 2. Despite some
differences in the slope between the F — Egpp curves for band 1 and con-
figuration [22, 4] of Fig. 2, the calculations reproduce reasonably well the
minimum of the experimental £ — Eppp curve. Because pairing correla-
tions are neglected, only a qualitative picture can be obtained for low spins
I < 30h. For example, the smoothly upsloping part of the experimental
E — Egpp curve at spins I = 14 — 26k and the smooth crossing at I = 26A
might be associated with a gentle crossing of the calculated [22,4]} and
[22, 6] configurations, as suggested by Fig. 2.

Some remarks are needed with respect to the configuration assigned
for band 1. With ten valence neutrons in the g/, / d5/, orbitals, then the
maximal spin which can be obtained within this configuration is equal to
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Fig. 1. Experimental band in 11195 and calculated yrast configurations with parity
7 = — and signature o = —1/2. The energies are given relative to a smooth liquid-drop
expression (A%/2J.iy) I(I + 1), where the moment of inertia parameter (R%/2Tvig) =
0.0126 MeV. Aligned states (band terminations) are shown by open diamonds. Solid
symbols are used for the experimental band. The calculated configuration which can be
assigned to the observed band is shown by open symbols of the same type. The shorthand
configuration labels in the figure indicate the number of proton holes in the go/2 orbital
and the number of protons and neutrons in the hyy/, orbitals as well as the parity of
configuration by superscript. The detailed structure of the configurations relative to
the spherical 109Sny, core together with the calculated quadrupole deformation for the
terminating states are given by the following, where #[}o indicates no contribution from
the proton core.

[00,1) =x{lo ® ¥[(g97/2 ds/2)5° (h11/2)5.5)1355 2T =0.05

[00’ 3]_ =7r[]0 ® V[(g7/2 da/z)gz (hn/z)is.s]zs.s; €2BT = 0.06
[20, 3]_ =""[(97/2 da/z)g (99/2);2]14

® v[(g7/2 ds/2 d3/2)§4 (hn/z)is.s]z'l.s; EfT = 0.08

[21(1’1/2)_1,3]# =1r[(g7/2 ds/z)g (99/2)3—2 (hu/z)é.s (Pl/z)o_.zls]%

® V[(g7/z ds/z)gz (hn/z)is.s]zs.s; €2BT =0.176
[3114]- =7f[(!17/2 ds/z)g (99/2)1_03.5 (h11/2)§.5]22

® V[(97/2 ds/z da/z)}s.s (h11/2):6]29-5; EfT =0.11
(42, 3] ==((g7/2 ds/z)g (519/2)1_24 (hu/z)'fo]‘b’8

® v[(g7/2 ds2)2 (ha1/2)1s.5)25.55 e3 " =0.16.
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Fig. 2. Same as for Fig. 1, but for band 1 in ''®Te; only configurations with parity
7 = + and signature o = 0 are considered. The moment of inertia parameter used is
(#?/2Trig) = 0.01172 MeV. The detailed structure of the configurations are as below.

1t =n{{g7/2 ds/z)g]s ® v[{g7/, ds/z)iz (hu/z)fo]u; 37 =0.15
fo1,3]* =x[(g7/2)3.5 (h11/2)5.5]0 ® v[(g7)2 ds/2)ts (R11/2)3s.8)215 &3’ =0.15
1t =x[(g7/2 da/:)g]e ® v[(g7/2 da/z);o (h11/2)16]24; e =0.14
] =T[(97/2 da/z)g (99/2)4_.11; (hu/z)zls.s]ls
@ V{{Qv/z ds/z)%.ls (hn/z)gs.s]lc; EfT =0.20
(22,4} =x[(g7/2 ds/2)s (90/2)5" (h11/2)i0)2s
® V[(gv/z ds/z):g (hu/z):e]ze
(22,417 =%[(g7/2 ds/2)% (90/2)5" (h11/2)30)2s
® v[(g7/2 ds/2 dajz 31/2)}2 (h11/2)t6]s0; €2T = 0.10
[22,6]" =x{(g7/2 ds/2) (90/2) ™" (h11/2)’1 ® ¥[(g7/2 dss2)* (h11s2)°]

Imax = 50% (conf. [22,4]}, see caption of Fig. 2). However, in the cal-
culated configuration, which should be labelled [22,4]T, the requirement is
instead that the ten valence protons are placed in the g7 /5 / d5/2 / d3 /2 / $1/2
orbitals giving a maximal spin of Ii,ax = 54h. The interchange from config-
uration [22,4]7 at low spin to the configuration [22, 4]:' at the termination
can be seen from the calculated deformation changes. Below I = 44F, the
quadrupole deformation decreases and the y-deformation increases smoothly
with increasing spin. At this spin, however, the vy-deformation becomes
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significantly smaller than at I = 42h, indicating that a change of occu-
pied orbitals is taking place in the calculations. The position of the Fermi
level in the neutron subsystem is such that with increasing rotational fre-
quency, the d3 /; / 81 /2 orbitals can become occupied instead of the ninth and
tenth g/, / ds/, orbitals. Indeed, at the calculated equilibrium deforma-
tion (e2 = 0.209, ¥ = 15.7°) and rotational frequency Aw ~ 1.0 MeV corre-
sponding to the I = 447 state, the lowest d3/3 / 172 (@ = —1/2) Routhian
(downsloping on the energy versus hw plot) is close in energy to the last
occupied g7/5 /ds/; (¢ = —1/2) Routhian (upsloping), as demonstrated
in Fig. 4 of Ref.[5]. As a result, the deformation change at I = 447 can
be explained by promotion of one neutron from 9172/ dsjz (¢ = =1/2) to
d3s2 [ 8172 (@ = —1/2). Assuming that a second neutron is moved from the
912/ ds/2 (@ = +1/2) Routhian to the d3 /3 / s1/2 (@ = +1/2) Routhian
at a higher rotational frequency, the maximal spin becomes I = 54A (conf.
[22,4]2', caption of Fig. 2) which is equal to the spin of terminating state
obtained in calculations. However, the calculations do not permit a unique
definition of the spin at which the configuration [22,4}: becomes lowest.
Since the orbitals belonging to the g7 /3, d5 /2, d3/; and slf/z subshells are
treated in our calculations as one entity, it is not straightforward to treat
configurations [22,4]} and [22,4];,F separately or to define the proper posi-
tion of the terminating state of configuration [22, 4]} on the E — Egy p plot.
However, the maximal spin for configuration [22,4]} is defined in a unique
way and it is clear that its terminating I = 50% state lies above the I = 50h
state of the E — ERpp curve corresponding to the combined [22,4]F and
[22, 4];F configurations of Fig. 2. As a result, the terminating I = 50% state
is at least 1 MeV above the yrast line. A similar situation appears in calcula-
tions for configuration [20, 3]~ of 111Sn: in this case, the calculated maximal
spin suggests that one neutron is moved from the g7/5 / d5/; (@ = —1/2)
orbital into d3 /5 / 51/, (@ = —1/2) close to termination.

Because the configuration [22,4]7 in !1®Te has two protons in the in-
truder hy; /; orbitals, the calculated quadrupole deformation is significantly
larger than that of the configuration assigned for the rotational band in
1116n. In addition, the calculations indicate positive triaxiality for this
band over a wide spin range. For example, the calculated equilibrium de-
formations in 11®Te are (¢2 = 0.273,7 = 11.0°), (g2 = 0.259,7 = 13.3°)
and (g2 = 0.231,y = 21.9°) at spin values of 20%, 30% and 40k, respectively,
which can be compared with the equilibrium deformations of configuration
[20,3]” in ''Sn of (g2 = 0.227,7 = 3.1°) and (g3 = 0.197,7 = 13.4°) at
spins of 19.5% and 29.5A, respectively.

A particularly interesting observation is that these rotational bands in
116 Te and 111Sn are observed up to spin values which are close to the spin

13 — Acta Physica Pol.
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Fig. 3. Kinematic J") and dynamic J*) moments of inertia for the rotational bands
discussed in text. Solid symbols are used for experimental data and open symbols for

calculated values. Circles indicate J (1), squares J (2,

values at which the calculated configurations assigned to them are crossed
by other configurations, see Figs. 1 and 2. This suggests that the states
with higher spin are non-yrast, consistent with the fact that they are not
observed in experiment.
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Smooth terminating bands reveal a fall off in the dynamic moment

of inertia J(2) with increasing rotational frequency. In most cases, this

behavior is reproduced reasonably well within the configuration-dependent

shell-correction approach (see Ref. [5]; the rotational structures in 11*Sn and

116 Te studied here are no exception. The kinematic J (1) and dynamic J (2)

moments of inertia of the observed bands are consistent with calculations at

rotational frequencies above hw ~ 0.7 MeV where the pairing correlations
are expected to play a minor role, as shown in Fig. 3.

4. Conclusion

The configuration-dependent shell correction approach with the cranked
Nilsson potential has been employed for investigation of smooth terminating
bands in the A ~ 110 mass region. Calculations suggest that in nuclei
with Z ~ 51, N < 60, smooth terminating bands with two proton hole
structure might be observed over a wide spin range up to termination. On
the contrary, the terminating states of the bands in nuclei with N > 60
containing two proton holes in the gg/, subshell are calculated to be well
above the yrast line, placing severe restrictions on the possibility to observe
smooth terminating bands over a wide spin range up to termination. These
calculations have been shown to be qualitatively consistent with available
experimental data.
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