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Abstract

The specfrum of a single-j _nucleoh coui)led to a triaxially deformed
core is investigated. A system of rotétional banas characterized by low-
lying quasi-y-bands is shown to exist in the triaxial region. A comparison
of energies and transition probabiliti’es‘ is made with the negative parity

18 195

states based on the hM/Z-shell in 7Ir and Au. Thé model reproduces

all known high- and'low-spin states of this group. The model applies to other

transitional odd-A nuclei in the A = 190 and the A = 135 mass region.



The model of an odd nucl_eon coupled to a rotating core has .proved to
be very successful for well de_formed odd-A nuclei. The aim of the present
paper is to.show that this model also applies to transitional, odd—A nuclei,
provided one allows for triaxially deformed cores. In particular, this holds
in the A=190 and A =135 mass region where low-lying second 2+.states are
observed for even-mass nuclei. The discussion will be restricted to unique
parity states for whiéh the odd npcleon is located in a rather pure single-j
shell. The stretched-E2 yrast bands observed in a number of transitional
nuclei can be well understood as particle-rotation alignmént assuming the high-j
nucleon co_uplea-to an axially symmetric corei). In order to describe, how—
ever, other states of thé unique parity system simultaneously with the yraét
states, one has to consider triaxial cores, as reported previously in Ref, 2.
In the present paper, this modbel is investigated in more detail considering
the complete low-lying level scheme. The model describes the continuous
transition from Str.ongl‘y—coupled to decoupled spectra by changing the shape-
asymmetry y between 0° and 60°. As a new result, a system of quasi-
rofational bandsvb having normal spin sequence ahd including very low quasi-y-
bands is shown to exist in the triaxial regime. This band-structure is dom-
inant in the regi'on of strong coupling (30° < y < 60° for particleé, 0°<y< 30°
for holes), but is also present in the decoupled region, though less apparent.
The calculated level schemes wi-ll_be .compared with the h11/2-level systems
of 18:71'r and‘ 1 95Au as t‘ypical. examples for a sfrongly-coupled and a de-
.coupled type vofv vsp‘ectrum., respectively. These two transitional nuclei are
favored examplés since rather complete level schemes are knowﬁ from heavy-

. ion and B -decay experiments, and it is one of our objectiVes to show that the

model accounts for all known high- and low-spin states of the hii/Z-systems.
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The model Hamiltonian, as given in Ref, 2, has been generalized to
include the effect of partial filling of the single-j shell and the effect of

pairing. This is accomplished by takihg the particle! s Hamiltonian as

_ 2. 2
Hp—'\/(ev N

where )\F is the Fermi energy, A is the pairing gap, and ev(vii,Z, cee,
"(j+1/2)) are the energy eigenvalues of the particle in the ﬁ_eld of the triaxial
core which is’determinéd by the deformation f and the shape—asymrhetr'y Y-
All the 6fhef details of the calculation are. the same as in Ref, 2.

'In Fig. 1, the calculated spectrum of an h11/2-hole coupled to a tri-
axial prolate core is shown and compared with the measured h11/2-system
in 18711'3). Note that only one parameter has been fitted diréctly to 187Ir.
All the calculatgd levels have been grouped in bands with band-heads having
spins froﬁ 5/2 to 15/2. This order is based on. B(E2)- and B(M1)-values
which are found to be rather regular within the bands beiﬁg of the order
B(E2)=~ 0.8-‘e2b2 and’ B(M1)z 2“’131' The magnetic quantities have been cal-
culated with gr = Z/A and ‘és= 0.6 gsf?ee. The nature of these bands is

best seen from the dominant components of the wavefunctions

(L, j) ( N1 .
L I) () I-j p{D) ()
\I/IM’J. = Z CK,_Q(DM,K X'y +(-) DM’_ XV o)
T Ko
(|K - Q' =2n, n=0,1,2 :-.; > 0) as given in Table 1 for some of the lowest

states., Though K and 2 are not good quantum‘ numbers due to the lack of

axial symmetry, it turns out that the states can be classified by the K and @
values of the dbminant'components which are the same at least for ihe lowest
states of each band. The 11/2 - band is seen to be basically the 2= 14/2 [505] band

but strongly mixed with the 2=9/2 [514] band. The structure of the 7/2-band is
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: pfedorriinantly that of a (K-Q'=-2) y-band related to the 11/2-band, the struc-
ture ‘of the 15/2 - band thaf of the corresponding (K-  =+2) .y- band,v but less
pronounced. Note that the 1.5/2 - band represents the yrast band. Th.e 5/2- and
13/2 - band can be‘ interpreted in the same way as quasi-y-bands related to the
9/2 - band which contaiﬁs large components of the 2=9/2 [514] band. The agree-
ment of the calculated bands and their transition rates w»ith experiment is
obvious from Fig. 1. The staggering of the experimental yrast band could be
better reproduced with a slightly la.rg'ef Y; this indicates variations of y in
different bands. The theory suggests spin-values for all levels where exper-
imental assignments are lacking, Since the calculaﬁon predicts a strong mix-
irig‘ of the 13/2-band vwith the yrast band, the measured 1127 keV stafe is a |
clear candidate for the 15/2 state in the 13/2-band both because of its energy
and its decay. The measured4) B(EZ2, 7/2(305)—> 11 /2 (0)) = 0.3 e2b2 is in ex-
cellent agreement with the calculated value 0.32 ezb_z.

195

In Fig. 2, theory and experiments’ 6 are compared for Au, Noté

1 95Au. The calculation -

that none of the rﬁodel parameters has been fitted to
reproduces the level order as well as the characteristics of the transition"
Branc;hin'gs. The rotational band-structure, seen in 187ir, is now less ob-
vious. This is because y has changedbto the oblate side §vhere nucleon-holes
tend to decouple from the core anvd because 3 has decreased, Ne’verthelesé,
the 11/2-band (connecting the basic 11/2 with the first 13/2 and second 15/2
state) and the onset of the 15/2-band (with the firsf 15/2 énd 17/2 state) can
still be _identified in both the calculated and the measured spéctrum. Three
more negative parity states than shown in Fig. 2 have been found for 1 95Au in-
a recent B-decay study7), a 9/2 state at 1068 keV and two (9/2,11/2,13/2)
stavtes at 1406 and 1487 keV. The calculation yields é second 9/2 state, but’
no more 9/2,11/2, or 13/2 states in this region, Considering the decay of the

additional states to their 9/2° member and then most strongly to a .7/2+-state
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one is tempted to attribute them to an h 9/2- system with a basic 9/2  state
and, depending thereon, an141/2 and a 13/2" state, in analogy to the first

13/2" and 15/2" levels of the h11/2- system. Provided this interpretation is

195

right, the calculation accounts for all measured negative parity states in Au,

Note that the h 9/2- system has recently been detected together with the h11/2-

) and is now well established in 187, 1'89Ir 3).

system in 189Au8
We conclude that the assumption of a rigid, triaxial shape appears to
be a simple means to account for the complicated correlations in the wave-

9)

functions of transitional nuclei’’, at least in so far as they are relevant for

low-lying states in odd-A nuclei., The model describes various intermediate

187Ir and 195Au and seems to pro-

coupling situations as exemplified here fc)r_

vide a rather complete understanding of energy spacings and transition rates
. in these nuclei. Similar spectra are observed in the neighboring odd-~A Ir-,
Au-, and Tl-isotopes and in the A = 135 mass region where B-decay spectra

v133La10),135Pr;11), and 137~Nd12) have been measured recently in

e.-g. for
addition to the yrast states, This shows that the model applies to transitional

nuclei in different mass regions.

The author thanks Dr, J. Jastrzebski for the communication of new
data on 18711‘ pi‘ior to publication and also Drs. R. M. Diamond and F. S.

Stephens for enlightening discussions.
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Table 1. Dominant compqinents | C(II{JS% of calculated wave-
functions for Ir. ’
I E(keV) K=11/2,2=141/2 K=9/2, 2=9/2
11/2 0 0.86 0.11
13/2 314 0.73 0.19
15/2 724 . 0.44 0.18

K=7/2, 2=141/2 K=5/2, 2=9/2

7/2 385 0.86 0.10
9/2 608 S 0.m 0.20
11/2 864 0.52 0.29

K=15/2, S=44/2 K=11/2, Q=112

15/2 438 0.69 0.15
17/2 777 0.45 0.22

19/2 1098 0.31 0.19




Figure Captions

Fig. 1. Comparison of the calculated and the experimental h11/2-spectrum

187
r

fo Ir including spins, energies (keV) and transition intensities. Param-

eters used in the calculation: B =0.21 determined from the averaged energy

of the first Z+ states in 186Os and 188

188

Pt, y=24° from the energy ratio of the

second 2+ and the first 4+ state in Pt (see Ref, 2), A=0.7 MeV from odd-

even mass differences, )\F = 65+O.58- (56—65') from an estimate of 10 protons

187

in the h11/2-shell for Ir, based on a Nilsson-level-scheme, and by ad-

justing the first 9/2 state approximately fo the. corresponding state in 187Ir.
Selid lines indicate transitiens with 80 to 100%, broken lines transitions with
20 to 80% of the strongest decay intensity of each level, Calculated in-

tensities are based on calculated B(E2)- and B(M1)-values, but experimental

transition energies when known. Q andpu are quadrupole and magnetic mo- |

ment of the basic 11/2 state.

Fig. 2. Comparison of the calculated and the experimental h11/2-spectrum

for 174

194

u. Parameters used in the calculation: B =0.14 determined from

196 196

Pt and Hg, vy = 37° from Hg, A= 0.7 MeV, )\F = 56+0.5 . (66 - 65)

from a Nilsson-level-scheme. For further details see caption of Fig. 1. ’
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