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Abstract

Excited states in the nucleus 51 Tb have been investigated up to spin 91/2 % and
16.5 MeV energy using the '3 Te(?”Al,6n) reaction and the EUROGAM array. The
theoretical interpretation of the level scheme has been performed in the framework
of the Deformed Independent Particle Model. The feeding patterns of the normal-
deformed states by both the yrast and first excited superdeformed bands have also
been established. The results indicate that the decay-out mechanism of the bands
is not of purely statistical nature, but depends on the configurations of both normal
and superdeformed states.

* On leave from Institute of Physics and Nuclear Engineering, P.O.Box MG-6, Bucharest, Romania.






1. INTRODUCTION

With the advent of the new generation of gamma-ray spectrometers (EUROGAM,
GASP, GAMMASPHERE), which allow the observation of very weakly populated states
at low spin, yrare states well above the yrast line and very high spin states, a detailed
analysis of nuclear level schemes is now possible. This opens the way to the search for
the linking transitions between the superdeformed (SD) bands and the normal-deformed
states, which would help to fix the band-head spin and excitation energy of the SD bands
and consequently to firmly assign spins, excitation energies and specific nucleonic config-
urations to those structures. Up to now only in two cases of highly deformed bands in
the A=130 mass region have such linking transitions been firmly established!?). In this
region the nucleus has prolate shape both in normal and highly deformed states, with the
quadrupole deformation changing from 8 ~ 0.2 to 8 ~ 0.4. In the mass A=150 region
the situation is very different: the nuclear shape changes from oblate with § ~ —0.1 to
superdeformed prolate with 8 ~ 0.6. It is not clear if the decay out of the SD bands pro-
ceeds through many intermediate states and yet unobserved transitions, but indications
exist about the spread of the final decay over many yrast and yrare normal-deformed
states®). It appears that the task of finding linking transitions in this mass region can
only be accomplished with very powerful spectrometers and with a detailed knowledge of
the normal-deformed level scheme.

In the present work we have developed the level scheme of **Tb up to very high spin
‘and excitation energy, due to the high resolving power of the EUROGAM array. We have
also established the feeding patterns of the states in the first minimum fed by the yrast
and first excited SD bands.

The low and medium spin levels of ! Tb have been previously studied using the
1¥1Eu(a,4n), ***Eu(®He,3n) reactions*) and the high spin levels up to 77/2 A using the

12451 (31 P,4n) reaction®.
2. EXPERIMENTAL METHODS AND RESULTS

The gamma decay of the excited states in **Tb has been investigated using the
EUROGAM spectrometer built by a joint France-UK collaboration &7). It consists of 45
large volume germanium detectors (42 were operational in this experiment) of > 70%
relative efficiency (compared to a 3 in x 3 in Nal) at a y-ray energy of 1.33 MeV. The
array has a full energy peak efficiency of =~ 4.5%. Each detector is surrounded by bismuth

- germanate scintillators to efficiently suppress the Compton background leading to a peak-

to-total ratio of about 0.55 with a ®°Co source. The experiment was carried out at the



Daresbury Nuclear Structure Facility. The !*!Tb nucleus was populated via the heavy-
jon fusion-evaporation reaction 3°Te(?’Al,6n) at a bombarding energy of 154 MeV. The
target of 550 pg.cm™? thickness was evaporated onto a 440 pg.cm™? gold foil facing the
beam so that !5!Tb nuclei were recoiling in vacuum. The counting rates in the individual
germanium detectors were about 8 kHz. Unsuppressed events with a y-ray multiplicity
of at least 7 were required, leading to a mean multiplicity value of 3.9 after Compton
suppression. A data set of 5.5 x 10% suppressed events was recorded during 80 hours
of beam time. The unpacking of these high-fold events produced 4.6 x 10° gamma
coincidences of order 3 and 3.1 x 10° coincidences of order 4.

The combined effects of high statistics and efficiency for high fold coincidences allowed
the observation of very weak gamma transitions, of the order of 10~2 compared to the
most intense transition in the nucleus. The large number of coincidences of order 3 offered
the possibility to generate single-gated 7y coincidence matrices with sufficient statistics
and it was therefore possible to study events in coincidence with specific y-ray transitions
in various parts of the level scheme.

Such a 4y matrix in coincidence with the 615.9, 682.7, 178.4 and 194.7 keV transitions
of the negative parity band was used to reveal the higher members of this band and its
connections with other structures in the nucleus (see fig.1b and fig.2). Another matrix
of events in coincidence with the 1322.4, 779.5, 637.0 and 381.4 keV transitions between
positive parity states was used to extend the level scheme at higher spins and to place the
new high spin yrare levels (see fig.1a and fig.2). In that way, a detailed level scheme of
1517}, was constructed up to spin (91/27) and 16.5 MeV excitation energy (see fig.2). At
low and medium spins, many new very weak transitions connecting the different known
level sequences and also new yrare levels have been placed.

In order to assign spins and parities to the levels, the data were sorted to allow a
~-ray angular distribution analysis. The Ge counters were distributed in rings as follows:
9 detectors at 72°, 4 at 86°, 4 at 94°, 10 at 108°, 10 at 133° and 5 at 157° with respect
to the beam axis. In order to avoid contaminants from nearby nuclei or from multiplets
in the same nucleus, we constructed sets of six spectra corresponding to the six rings,
double-gated with pairs of carefully selected 4 rays from the main yrast cascade as well
as from the negative parity sequence of **'Tb.

Taking into account that there is no evidence for isomers with a half-life longer than
~4 ns up to the highest spins which could possibly decay via M2 (magnetic quadrupole)
or higher order multipolarity transitions, nearly all AI=2 transitions were assumed to
have E2 character. For the AI = 1 transitions, only theoretical considerations which

favor one or another configuration were used in order to propose parity assignments to



the corresponding levels.
The information about 4-ray energies, intensities, angular distribution coefficients and
spin-parity assignments are summarized in table 1. The detailed level scheme is presented

i figure 2.
3. THE LEVEL SCHEME OF 5'Th

* The major part of the level scheme established in the present work is in agreement
with previous studies 48). The high sensitivity of the EUROGAM array enabled the
observation and placing of new transitions and changes in the assignment of some «-rays.
New weak transitions in the lower spin part of the decay scheme include weak branches
(146.0 and 339.8 keV 4-rays) connecting the 33/2* and 37/2% levels respectively with the
negative parity sequence, and the 423.5 keV transition which populates the 21/2% state.
These transitions were extremely useful for assigning spins and parities to the various
states. An important change with respect to the high spin levels reported in ref. 5 is that
the 381.4 keV transition in the main positive parity sequence has been placed at a higher
spin and excitation energy (deexcitation of the 61/27 state). ‘This was established due
to the much higher statistics of the present experiment, which enabled the observation
of the very weak transitions of 282.8 and 653.2 keV connecting the 57/2% state to the
(55/2%) and 53/2~ states, and the transitions of 670.8 and 710.4 keV connecting the two
53/2*% states to the 51/2~ negative parity state.

The low spin negative parity sequence has been developed up to the 51/2 yrast state
and the ordering of the levels is fixed by the presence of connecting transitions to the
neighbouring yrare or yrast levels. As compared with ref.5, the higher spin negative
parity sequence 368.2, 427.8, 205.8, 919.9 and 321.4 keV , was rearranged and connected
with the positive parity levels.

| Many new ~4-ray lines with energies around 1 MeV which feed the 61/2% level have
been observed in the present work and this is a possible consequence of a drastic change in
configuration, as will be discussed later. Above spin 67/27, apart from the yrast sequence
we identified many other levels, connected by rather high energy gamma transitions. Since
' the intensiﬁes of those transitions were usually < 1 % from the total population of the 6n
reaction channel, it was not possible to measure their angular distributions and therefore

to assign spins to the corresponding levels.

4. DISCUSSION"

The level scheme of 11 Tb was interpreted by means of a Deformed Independent Par-

ticle Model (D.I.P.M.)® which is an improved version of the model presented in ref.9,



involving a deformed single particle field and a monopole pairing interaction treated
by particle-number projection. The non-spherical component of the single particle field
is that of a Nilsson Hamiltonian, while the main spherical single particle energies are
extracted from binding energies and spectroscopic data originating from single particle
stripping and pick-up reactions. The total energy is calculated with a particle number
projected B.C.S. wave function and renormalized according to the Strutinsky prescrip-
tion. The configuration assignment for the main experimental levels are given in table
2. For a level with given spin and parity, the calculated configurations with the lowest
excitation energy have been usually adopted. Whenever more than one configuration with
similar excitation energies are predicted for a given level, making meaningless the lowest
excitation energy criterion, the decay modes of the specific level have been analysed and
the configurations which favour the most intense observed transitions have been adopted.
The comparison with the 15°Gd isotone!®) shown in figure 4, together with the configura-
tions calculated with the same model (D.I.P.M.), provides further strong support to the
suggested configurations, taking into account the fact that most of the levels in **'Tb can

be explained assuming a hy,/, proton coupled to the *°Gd core.
4.1. The low-spin states

The nucleus ' Th has one proton and four neutrons outside the Z=64, N=82 146Gd
closed shell spherical nucleus. The lowest available shell-model orbitals are s,/;,d3/; and
hi1/2 for protons and f7/;,he/; and ,3/; for neutrons.

The low lying levels above the 11/2~ isomer can be interpreted as members of the
quasi-particle multiplets with the odd proton in the hyy/, orbital and the four valence
neutrons excited in the lowest available orbitals (f7/2, hes2, %13/2). As a result of the
octupole vibrations in the isotone 3°Gd!!), the lowest states are also expected to contain
in their wave functions a considerable amount of collective vibrations. As the theoretical
calculations with DIPM consider only the quasi-particle contribution, the correspond-
ing levels are predicted at too high energies relative to experiment. However, it is well
established'?) that when including the coupling of the hyy/; proton with the 3~ octupole
phonon one obtains a sizeable lowering of the corresponding level energies. Therefore, for
the low spin states up to 45/2% on the positive parity cascades and up to 35/2~ on the
negative parity sequence, we adopted the same configurations as proposed by Kemnitz et
al. in ref. 4, with the odd proton in the h;;/; orbital (coupled to the 3~ octupole phonon
for most of the positive parity states) and the neutrons in the above mentioned lowest

available orbitals (see table 2).

4.2. The high spin states



Above the 49/2% state on the positive parity side and the 39/2~ one on the negative
parity side, one can generate higher spins either by exciting the four valence neutrons and
aligning their angular momenta along the symmetry axis or by breaking the proton core.
For the positive parity states, which also constitute the yrast sequence, all the states up
to spin 61/2% have four active neutrons and a w(d;/lzhfl ;2) proton configuration, apart
from the peculiar 49/2% state which has two of the four valence neutrons coupled to 0
and two ds/, proton holes also coupled to 0. For the negative parity states, there are
often two levels with the same spin. After a careful analysis of the interconnecting --ray
transitions, assuming that the decay from one state to another involves single nucleonic
rearangemexits, we suggest for most of the levels with spins between 43/27 and 61/2"
configurations based on 4 valence neutrons in the J2/2, hoya or 1333 orbitals and a broken
proton core, with a hole in the ds/; or g7/, orbitals and 2 particles in the hy,/; orbital. The
remaining negative parity states in this spin range, i.e. 43/27, 45/27, 47/27, (49/27),
51/27, have not a broken proton core, but gain spin by promoting two of the valence
neutrons in the i3/, orbital.

The presence of many transitions with energies E, > 1 MeV feeding the 61/2% level,
is a clear indication that to generate higher angular momentum another proton must be
promoted from the core. Indeed, the main part of the yrast and yrare levels with spins
between 63/2~ and 79/2~ can be well interpreted by four valence neutrons in the fy/,,
ho2, 113/2 orbitals coupled to two protons from the core (see table 2). Only for the 65/2%
state, decaying mainly through the 1096 keV transition, a mixed configuration between
the U(f7/2h9/21.13/2)®7|'(d5/2hu/2) and V(f-,/zhg/zifa/z)@r( 5/2 11/2) makes probably a
difference. A similar assignment was done also to the 61/2% isomer in 4°Tb!3),

The yrast states above spin 79/2~ and some yrare states above spin 75/2~ can be
obtained only by breaking the N=82 neutron core and promoting the odd neutron in the
f2/2, hoy2 and 1,3/, orbitals.

As a general comment concerning the configuration assignments, we can say that
most of the yrast states correspond to maximum aligned angular momenta states and the
calculated oblate deformation increases slowly with excitation energy and spin from

f~-0.05 up toﬂ ~ = 0.20 (see table 2).

5. THE DECAY-OUT OF THE YRAST AND FIRST EXCITED
SD BANDS

During the analysis special attention has been paid to the transitions which are in
coincidence with the yrast and first excited SD bands #!%). The other six excited SD

bands recently discovered in *!'Tb are too weak to allow such an analysis'®).



The observed decays-out of the yrast and first excited SD bands are very different.
Whereas the yrast SD band deexcites at an angular momentum I = 32.5k, the first excited
band surprisingly decays-out at a lower angular momentum I = 26.5h%). This effect has
been attributed to differences in high-N intruder configurations and pairing correlations
between the two bands. The relative population by the SD bands of the normal-deformed
states in 1 Tb are given in table 3. Spectra gated by all pairs of transitions in the SD
bands are shown in fig.3, where only 7 rays deexciting higher lying normal-deformed states
are indicated.

The results of the present work show that the yrast 5D band feeds yrast and yrare
states of both positive and negative parity, with spins between 45/2 and 63/2, with an
average entry spin of (J) = 27.5. In contrast, the first excited SD band feeds only
four positive parity yrast states, with spins between 35/2% and 45 /2% ((J)= 20.5). The
difference of ~7h between the two average entry spins into states of the first minimum is
consistent with the later decay-out of the first excited SD band in 151TH15), One observes
also that both the yrast and first excited bands have spin differences of ~6A if one assumes
the proposed spins of Ragnarsson'®) for the SD bands. This large difference suggests that
the deexcitation cascades have at least 3 unobserved transitions.

The intriguing question arises why does the first excited SD band lying >500 keV above
the yrast SD band'®) feeds only four normal-deformed states all of positive parity, while
the yrast band feeds many more normal-deformed states of both parities? It seems that
the deexcitation process is not purely statistical and preferes certain "classes of states”.
It appears also that the final states have to remember the specific configurations of the
SD bands to which they are connected, otherwise one could hardly explain the selectivity
in populating states of only positive parity.

In the coincident spectrum with the yrast SD band members, weak transitions which
connect yrare negative parity levels are strongly enhanced, e.g. the 166.6(47/2- —45/27),
343.9(45/2- —43/2"), 428.6(55/2~ —53/27), 368.2(53/2 —51/27), 205.8(57/2~ —55/27),
322.3(55/2* —53/2"), 321.4(63/2™ —61/27) keV transitions. This implies that the feed-
ing of the yrare normal-deformed states is strongly enhanced when populated by the
SD band as compared to the population by the normal-deformed very high spin states.
Taking the previous configuration assignments for the levels fed by the SD bands, one
observes that nearly all states have two neutrons in the 4,3/ orbital. Hence, the decay
out of this particular SD band for which the high-N intruder #6%07? configuration has
been assigned'?), turns out to preferentially feed some specific normal-deformed states
with two neutrons in the i,3/; orbital, giving an indication that the mixing between the
SD band with the normal deformed states in which they are embedded!”) could have an



important (i;3/7)* neutron component.

The complexity of the decay out of the yrast SD band and the insufficient statistics
are two limitations we encountered in the search for linking transitions in the nucleus
181Th. The higher efficiency, resolution and sensitivity of EUROGAM Phase 2 will allow
to decrease the limit of sensitivity to less than 10~® and therefore, hopefully, enable us to

identify the various pathways between the two extreme structures.

6. CONCLUSIONS

In this work we have established the decay scheme of 5! Tb up to very high spin (91/2)
and excitation energy (16.5 MeV). Configurations in terms of spherical single particle
orbitals have been suggested for most observed states. The decay out study of the yrast
and first excited SD bands indicates that the yrast SD band feeds normal-deformed states
of both parities with an average angular momentum of ~27.5% whereas the excited band
feeds states of only positive parity at a lower average spin of ~20.5%. We have not observed
linking transitions between the SD and normal-deformed states but hopefully the future
arrays, with an improved sensitivity, will enable us to identify individual decay pathways
feeding the normal-deformed states.

EUROGAM is founded jointly by the SERC(U.K.) and IN2P3(France). We thank
E.V.Iacob who provided the angular distribution computer code together with useful

explanations.
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Figure Captions

Figure 1. Total projections of single-gated vy coincidence matrices: a) gates on
transitions between the highest positive parity states and b) gates on transi-

tions between low spin negative parity states.

Figure 2. Level scheme of ' Tb (only the level scheme above the 11/27 isomer is
presented).

Figure 3. Double gated spectra with all pairs of 4 rays in the: a) yrast SD band and
b) first excited SD band. The highest normal-deformed coincident transitions
are indicated by their energies, whereas the lowest members of the SD bands

are indicated by stars.

Figure 4. Comparison between the experimental levels in the isotones *'Tb and
150G4 with the calculated values by the DIPM model®®). Only strongly pop-
ulated states in heavy-ion fusion reaction are shown. The negative (positive)
parity states in **'Tb are compared to positive (negative) parity states in *°Gd
in figure 4a (4b), respectively. In the upper part of figure 4b the highest neg-
ative parity yrast levels of ®'Tb are also shown. Dotted lines connect levels
in '*!Tb having one hyj;; proton in addition to the '*°Gd calculated (with
the same DIPM model) configurations. The orbitals involved in the assigned

configurations are shown in the right part of the pannels (see also table 2).
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Gamma-ray energies, relative intensities, angular distribution coefficients®) and

Table 1

spin-parity assignments for the transitions in 151 T},

E,(keV)| I 2, - I
59.7 35/5- — 232
64.2 29/2+ — 27/2*
71.5 33/2+ — 31/2
117.2 0.1 57/2- — (57/27)
134.3 0.1 75/2 — 73/2F
145.1 | 0.20(4) (57/27) — (55/2%)
146.0 0.2 33/2+ — 31/2°
158.2 14.9 |-0.19 £ 0.07 33/2* — 31/2F
166.6 | 0.7(4) |-0.46 +0.27| 47/2° —45/2°
178.4 7.9 -0.38 £ 0.11 25/2° — 23/27
1839 | 20 13/2- — 15/2"
194.7 8.6 -0.22 £ 0.06 27/2- — 25/2
2058 | 24 |-0.45+014| 57/27 —55/2°
206.3 | 0.3(1) 51/2- — (49/27)
208.8 | 14.1 41/2+ — 39/2*
209.0 22.3 15/2+ — 13/2”
220.2 0.4 0.45 £+ 0.20 67/2- — 63/2
240.6 | 1.7(4) | 0.32+0.07 | 49/27 —45/2"
245.3 0.1 (49/27) — 45/2~
247.3 4.3 37/2% — 35/2F
248.7 12.7 -0.12 £ 0.14 25/2+ — 23/2*
256.2 0.8 -0.57 £ 0.40 65/2+ — 63/27
260.3 | 2.2(1.5) | -0.24 £ 0.11 67/2° — 65/2*
268.4 46.4 -0.32 £ 0.03 31/2+ — 29/2*
276.9 0.7 (T1/27) — (69/27)
282.8 | 0.4(2) 57/2% — (55/2%)
9882 | 1.4(6) |-0.52£032| 65/2* — 63/2
288.4 1.1(5) 25/2% — 25/2°
208.6 |2.7(1.4) |-022 £0.18| 67/2* — 65/2*
3025 |2.4(1.0)|-0.24 £0.07| 67/2—65/2
317.6 | 1.2(6) 73/2- — (71/27)
3182 |4.6(1.5) | -0.14 £0.29 | 69/2* — 67/2
321.4 1.7 -0.49 £ 0.31 63/2° — 61/2-
329.3 | 0.8(2) |-0.31 + 0.18 | (55/2*) — (53/27)
330.7 | 0.20(4) o (73/2)
339.8 0.5 37/2% — 35/27
3439 | 1.2(4) |-0.24 £0.26| 45/27 —43/2°
346.4 | 0.6(4) 49/2" — 45/2"
348.1 | 0.9(2) 25/2+ — 23/2"
348.6 1.6 31/2* — 29/2*
351.1 | 0.10(5) (49/27) — 45/2"
351.5 0.40(2) 45/27 — 43/2~
352.8 | 0.80(7) (21/2+) — 19/2*




Table 1 — continued

E,(keV)| I 2 I I
366.9 0.7 65/2% — 63/2~
368.2 59 |-0.33+0.40| 53/2~ —51/2"
371.0 | 207 |-0.25+0.07| 67/2° — 65/2*
378.5 | 16.8 | 0.14 £0.02 | 29/2* — 25/2*
3814 | 46.8 | 0.30 £0.04 | 61/2* —57/2*
388.5 | 51.6 | 0.24 £0.06 | 45/2* —41/2*
3929 | 381 | 0.19+0.03 | 15/2* —15/2"
401.0 1.0 | 0.38 +£0.26 | 61/2+ — 57/2~
416.3 | 0.8(3) | -0.21 £ 0.24 | (53/27) — 51/2
423.5 | 1.6(5) 25/2+ — (21/2%)
423.9 | 0.20(4) 51/2- — (49/27)
427.8 3.8 |-0.13+0.13| 55/2- — 53/2"
428.6 2.5 |-0.32 +0.08 | 51/2° —49/2~
440.5 0.4 43/2~ — (41/27)
441.3 0.6 |-0.21+016| 71/2- —69/2*
455.3 0.9 65/2+ — 63/2
457.3 1.5 | 0.14 £0.14 | 45/2 — 43/2"
466.0 | 0.50(9) 925/2+ — 23/2~
466.8 3.2 61/2~ — (59/27)
472.5 86 |-0.40+0.55| 29/2% —27/2°
510.5 | 1.2(7) 47)2° — 432"
526.6 | 54.0 | 0.21 £0.01 | 23/2* —19/2*
561.0 0.2 45/2 —

562.8 | 40.1 | 0.17 £0.03 | 27/2* —23/2*
588.0 04 | 058+066]| 71/2—67/2
507.2 | 16.3 57/2 — 53/2*
597.4 | 63.6 | 0.13 +£0.02 | 19/2* —15/2*
598.2 0.2 — (39/27)
604.5 | 71.4 | 0.07£0.01 | 15/2 —11/27
6159 | 26.6 | 0.30 £0.03 | 19/2~ —15/2~
625.8 | 35.0 | 0.32+0.01 | 41/2* —37/2*
627.0 | 2.3(9) | 0.28 £ 0.04 | 43/27 — 39/27
634.0 | 0.4(2) 43/2- — 39/2-
634.6 | 1.0(3) 57/2~ — 53/2~
637.0 | 32.6 | 0.29 £0.01 | 57/2* — 53/2*
652.7 3.6 |-0.23+0.09| 67/2* —65/2*
653.2 | 0.7(4) 57/2+ — 53/2"
654.6 1.4 53/2 — 51/2°
659.7 2.5 (59/27) — 55/2~
664.3 | 194 | 0.16 £0.01 | 39/2* —35/2*
670.8 0.3 53/2+ — 51/2-
679.6 36 | 0.25+009 | 35/2- —31/2°
682.7 | 16.1 | 0.26 £0.09 | 23/27 —19/2~
700.7 0.8 (53/2-) — 51/2~
701.1 2.5 43/2- — 41/2*




Table 1 — continued

E,(keV)| IV 2, oY
706.6 | 0.3(1) (81/2) — (79/27)
7104 | 0.6 53/2+ — 51/2°
726.0 | 2.8(4) (21/2*) — 19/2"
7408 | 0.5(1) (81/2) — 79/2"
T47.7 0.1 — 83/2"
7521 | 1.2 | 040+024 | 63/2—61/2*
7535 | 50 | 0.16£0.05 | 31/27 —27/2°
763.0 | 0.8 79/2" — 15/2
7718 | 0.2 83/2 — 79/2"
7795 | 317 | 0.30 £0.06 | 53/2* — 49/2*
7852 | 29.8 | 0.28+006 | 35/2+—31/2*
788.4 | 28.6 |-0.40+0.15| 13/27 —11/2°
800.3 | 1.3(7) 23/2" — 19/2"
8014 | 40 |0.16+0.09 | 73/27 —71/2"
8187 | 0.7 — 75/2
819.1 | 16.0 | 0314002 | B53/2+—49/2*
8227 | 6.5 |-0.34+0.28| 47/27 —45/2*
840.3 | 0.9(2) 63/2 — 61/2*
851.4 1.1 — 69/2*
855.1 | 0.2 (49/27) — 45/2
8743 | 278 | 027+007 | 37/2* —33/2*
886.0 | 0.5 (41/27) — 37/2°
891.0 0.9 — (39/27)
894.8 71 1 022+£009 | 51/27 —47/27
919.9 0.9 0.14 £ 0.14 61/2- — 57/2°
9243 | 0.6 (71/27) — 69/2*
9342 | 82 |032£005| 75/27 —71/2"
947.8 0.1 (91/27) — (87/27)
957.0 | 1.2 (39/2°) — 35/2-
9709 | 2.8 |032+003| 69/2% —65/2*
988.3 | 1.1(5) - (71/2)
9936 | 3.8 |028+002]| 79/27 —75/2
1027.8 | 1.6(5) (79/27) — 75/2
1031.7 2.8 0.52 £ 0.17 39/2- — 35/2°
1038.0 0.7 (73/2) — T1/2"
1041.6 | 17.8 | 0324002 | 71/27 —67/2°
10500 | 0.3 —79/2"
1063.6 | 1.6(4) (71/2) — 67/2
1071.3 1.4 0.14 + 0.14 83/2~ — 79/2°
1075.4 0.7 (73/2%) — 69/2%
1096.5 | 307 | 0304002 | 65/2% —61/2
1123.2 | 3.0(1.6) | 0.31 £ 0.17 | 65/2 — 61/2*




Table 1 — continued.

E,(keV)| I a, oI
12072 | 2.1(1) 65/2% — 61/2%
1240.8 | 0.4(2) —» 65/2+
1247.0 | 1.1(6) (69/27) — 67/2°
1247.3 | 0.9(4) 63/2~ — 61/2*

1293.1 | 1.14(4) | 0.14 £ 0.07 | 79/2" — 75/2°
1322.4 41.8 | 0.28 £0.01 | 49/2* — 45/2*

14193 | 0.4 - (73/2)
1450.0 | 0.7(5) (71/2) — 67/2"
1450.6 | 1.8(6) 65/2* — 61/2*
1466.5 | 0.3 —79/2"
14930 | 0.2 — 79/2"
1523.9 |0.20(5) (71/27) — 67/2"
1798.2 | 0.4(2) . 75/2"
1850.0 | 0.3(1) (87/27) — 83/2"

1912.0 | 2.1(1) |0.28 £0.03 | 75/2- — 71/2"

o) The a, coefficients are almost all equal to zero and therefore have been not included in the
table.

b Intensities corrected for efficiency and internal conversion, relative to the sum of the intensities
of the 604.5 and 788.4 keV ground state transitions. Except where stated, the errors are less
than 10 %.

<) The tentative parity of the states are indicated. The values for which angular distribution
coefficients could not be extracted and which are not fixed by other interband transitions are
given in parenthesis.



Table 2. Single-particle configuration assignments for the high-spin states in '* Tb.
The spins given in parenthesis are not known ezperimentally. The subscripts indicate
the ordering of states with the same spin and parity: 1 for the yrast configuration, 2
for the first ezcited configuration ... In columns £ and 3 are given the ezperimental
and theoretical ezcitation energies with respect to the 11/2~ state, whereas in the
fourth column the theoretical quadrupole deformation is reported. The configurations
including the 3~ octupole phonon vibration have been suggested by Kemniiz et al. (see

ref.4).
I E..p E;\ B Neutron Proton
(MeV) | (MeV)
11/2- 0.0 0.0 -0.05 (f-?,z)o hyy/2
13/2- | 0.788 | 1.88 |-0.04 (f112)2 hyyy2
15/2- 0.604 1.93 | -0.05 (f;/z)z hyi/e
15/2% | 0.997 (f1/2)o (37 ® huy2hsy2
19/2- | 1.220 | 1.94 |-0.04 (F212)0 S22 hyyy2
19/2+ | 1.595 (i) (3™ ® huy2)isy
(21/2%) | 1.946 (f2/2)2 (3 ® huy2hzyz
23/2; | 1.903 | 1.88 |-0.04| (f3.)(f3.)p (hayy2)07s
23/2; | 2.020 | 254 {-0.07| (fZ,)of72hop hyy/2
23/2% | 2.121 (f7/2)4 (3~ ® huya)issa
25/2- | 2.081 | 2.28 |-0.07| (fZ.)ofy2hes bhyy/2
25/2+ | 2.370 (324 (3™ ® huyahrya
27/2- | 2.276 | 241 |-0.07 | (f3.)e(frizhep2)3* (huyy2) %%
27/2+ | 2.684 (fi12)s (3™ @ hiyy2)1s/2
29/2* | 2.748 [(f-?/z)s/zhs/z]-r { (37 @ hiyya)isy2
31/2- | 3.020 | 3.65 |-0.06 F32hssa hyy/
31/2F | 3.017 [(f-;alz)'{/zhg/z]s (3" ® hiy2his/2
31/2F | 3.097 | 272 |-0.08 | (fF)o(frzbrsa)s” | (Buy2)0ifa
33/2+ | 3.175 | 3.02 |-0.11 | (f72)0(hesatssa) ™ (hu1/2)Ti75
35/2- | 3.709 | 3.51 |-0.06 (F32hos2) e (buy2)Tis2
35/2+ | 3.802 [(f3)1s2hezlio | (37 ® huyyahisya
37/2t | 4.049 | 4.06 |-0.06 Fiiahsy hyy/,
39/2* 4.466 [(f$/2)15/2h9/2]12 (3~ ® hiyy2)is/z
(39/27) | 4.666 | 5.05 |-0.10| (fZ)ofrzirsr s12hd1/2
39/2- | 4.741 | 4.49 |-0.07 (f3,R2,)0 (h11/2)0y73
41/2+ 4.675 468 '0.09 f?/2h9/2i13/2 hu/z
(41/27) | 4.935 | 5.16 |-0.09| (finofriras2 a2y
43/2; 5.368 5.29 -0.12 (f-?,z)ohgjziw/z ;/lzhiuz
43/2; | 5376 | 5.58 |-0.08|  flil, iy
45/2+ | 5.064 | 4.19 |-0.09| (f7 hepairard)¥” (h11/2)70%%
45/27 | 5.719 | 5.37 |-0.09 Fraidan hiye
45/2; | 5.825 | 5.51 | -0.12 | (f2)o(fryzirsr2)ie™ | (dspahiyn)iera
47/2~ | 5.886 | 5.10 |-0.09 (27 (h1/2)T72




Table 2 — continued

I Eeep E;» B Neutron Proton
(MeV) | (MeV)
49/2- | 6.066 | 6.39 |-0.08 F3tiag s2hl
(49/2-) | 6.070 | 5.76 |-0.11 Forahoyaitss hyy/s
49/2% | 6.386 | 6.27 |[-0.12| (f},)olhesztis2)Ti™ | (dia)o(hdy/a)5e5
51/27 | 6.494 | 5.53 |{-0.11 (frrahosaits n)me (bi1/2)Ti72
51/2; | 6.781 | 6.76 |-0.10 F213hos2tray d,:,‘,hu,2
53/2- | 7.149 | 6.56 |-0.10 F3j2hsyatia 9723172
(53/27) | 7.195 | 6.99 |-0.10 fEahoatazg 512ty
53/2t | 7.165 | 7.71 |-0.09 Faidss s/2h11/2
53/2% | 7.205 | 7.66 |-0.07 (f7,,h§,2)"‘“ (d;/‘zhil,z)';;%
(55/2+) | 7.517 | 6.99 |-0.10 Failas 5/2h11/2
55/2 | 7.577 | 6.56 |-0.10 F2j2hopataage s/2h11/2
(57/2-) | 7.663 | 7.19 |-0.10 F22hosatazy 9772h11/2
57/2- | 7782 | 6.76 |-0.10 F2ohopzirare dyjzhips
57/2+ | 7.802 | 7.51 |-0.10 FRaita mhim
(59/2-) | 8.236 | 7.76 |-0.09 f22hop2tiag g712h31/2
61/2* | 8.183 | 7.56 |-0.10 (f212hosatiss2) " (d5f2)o( Ry 2)5nr5
7.84 |-0.11 f7/2h9/zi§5/2 5/2hu/2

61/2- | 8.703 | 8.18 |-0.08 (f32hosatras2) i7" (9772h%1 /)57
63/2;7 | 9.024 | 8.52 |[-0.10 (F22i%s/2)T" (ds/2)o(hl1/2) 7772
63/2; | 9.431 | 9.39 |-0.09 (f,,,I‘zs.,,zw,z)18 (gmhfW 27/2
65/2 | 9.280 | 8.62 |-0.11 (frr2hopailas)ie” (dsjahdiya)o™
65/2F | 9.391 | 9.08 |-0.11 F32hej2i1ay2 ;/’zhun
65/2F | 9.634 | 9.15 |-0.10 Frrahoyaitss g7/2h1 /2
67/2- | 9.651 | 8.83 |-0.12| (frjphopails ) (ds‘fz)o(hi‘m)'z"v‘}’z
67/2* | 9.933 | 9.60 |-0.09| (frzhesaidy)me (972h%112)7%73
69/2+ | 10.251 | 9.94 |-0.10 (F32hsjzirag) e (ds/2h%)2)oer
69/2- | 10.898 | 10.08 |-0.15 d3 oS3 shesails) s d;,,hil,2
71/2- | 10.692 | 10.33 |-0.12 f7/2h9/21:13/2 ds/zhn/z
(71/27) | 11.175 | 10.69 | -0.15 az;,ﬂf,,,hg,zzw,2 5,,hn,2
(73/2%) | 11.326 | 10.79 |-0.15 d3/af3heratlsy (ds/z)o h/2
73/2- | 11.493 | 11.00 | -0.12 Frrahoyzitss mhu,,
75/27 | 11.628 | 11.22 |-0.11| ( (friahoraits S (ds/z 11/2)35/2
75/2; | 11.857 | 11.65 | -0.20 (d;/z)o(f7/2h9/2z13/2)24 (d5/2)o( h3yy2)7r72
75/2; | 12.604 | 11.67 |-0.11 Frrahopaiss g,,,d;,‘zh‘{m
79/2; | 12.620 | 12.80 | -0.09 (f-r/zhs/zhs/z)zo (97—/12 ;/2 11/2)39/2
(79/2;) | 12.655 | 12.96 | -0.21 (a!;,,)0 f.,,zhg,gim/, 5eh3 2
79/2; | 12.921 | 12.99 | -0.18 | (d32)o(f32h2,0125)0) 0" (d,,,,)o(h“,2 /2
79/2; | 13.751 | 13.25 |-0.08 |  (frjzhepaiZy ) (9772h31/2)5075
83/2- | 13.692 | 14.03 | -0.21 | (d57%)o( f.?,,hg,,ifa,z)';;“ (ds,’,hil,,)g:‘,',
(87/2-) 15.542 15.34 |-0.20 (d:;/z)o(fwz 9/2i13/2) ( 5/2h?1/2)§¢/€’
(91/27) | 16.489 | 17.06 | -0.19 | (d33)o( fr/2h2,013,)m" | (dsihd, . )mcs




Table 3.
Relative population of the normal deformed states in 181 T} fed by the yrast and first
ezcited SD bands. The errors on the intensity values are less than 20 %. For each band

the intensity of the strongest SD transition i assumed to be 100%.

SD-Yrast SD-Excited 1
Spin | Intensity(%) | Spin | Intensity (%)
B2 3 35/2° 24
47/2" 15 39/2+ 97
51/2," 5 41/2+ 9
53/2" 4 45/2+ 40
55/2 10
(55/2%) 14
57/2" 7
63/2" 8
57/2+ 7
61/2* 26







