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Abstract:
The model of a single-j nucleon coupled to an asymmetric
-rotor is applied to new experimental results on yrast bands in

187Ir, 195Au, and ;97Tl. The core asymmetry is shown to

account for systematic trends in the high-spin spectra. Information

on the shape dependence of moments-of-inertia is obtained which

supports nuclear flow of irrotational typé.

Rotational bands built on high-j states of unique parity in odd-A nuclei
have a simple theoretical interpretation and can give rathéi detailed informa-
‘tion about the nuclear shape‘and moments -of -inertia. In pérticular, this holds
for nuclei with small deformations in the vicinity of closéd shells in which
the odd nucleon rgpresents’either a pure hole or a pure particle in the high-~j
orbital. It has been shown that a particle (hole) on a prdléte (oblate) core
tends to decouple from collective rotation by aligning its angular momentum to
the rotation axis of the core.l This leads to dedoupled bands with spin

sequence j, j + 2, j + 4, ... and energy spacings equal to those of the core.

On the other hand, a hole (particle) in the prolate (oblate) core is strongly



—2- LBL-2394

coupled and displays a normal rotétional spectrum wiéh spin sequence j, j+l1, j+2,
| Thébpresent;calculation based on a singledj.nucleon coupled to

an asymmetric rotor shows that there is a continuous transition from decoupled

to strongly coupled bands obtained by changiné the»shape‘of'the nucleus from

prolate to oblate.through a series of asymmetfic shapes. In this transition

many levels change energy rather sharply relative to others; for example, the

"unfavored" states, I j+1, j+3, ... all drop considerably relative to

the "favored" ones; I =3j, j + 2, ... . This complex pattern of levels provides
a severe test of the asymmetric rotor model, and one of the objectives of this

letter is to apply this test to several nuclei in the z = 80 region. It is
also important to realize that some new types of information can be extracted

from these odd-A spectra, provided the model is applicable. This is basically

because the Y-dependence enters not only through the rotational Hamiltonian as

in the even-even nuclei, but also through the Hamiltonian of the single particle.

One can, therefore, easily differentiate between oblate_ahd>prolate shapes, and
this determines Y in a range from 0-60° rather than only 0-39;._ Furthermore,
the level shifts, like the favored-unfavored one mentioned, are sensitive to

the way the moments-of-inertia depend on shape, and thus can test the assumption
of irrotational fléw.

The model Hamiltonian

.02
J - _
(3 -3 w (1)

Ly T 2o, P

consists of the core rotational energy and the particle's potential energy

o~
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H=5k|cosY Y2 + E‘M (Y2 + Y ) - (2)
o v 0] /3 2 -2 . . . ,

N . 2 . . '
where J , j_ are total and particle angular momenta, and the Y]J are spherical harmo-
n n : : .
. v 2
nics. Irrotational momentséof-inertia,zzl= 4/3'6&'51n “{y-n*27m/3), for the axes
n=1, 2, 3 areIChdsen, and the potential energy strengthvis taken as

k

viem/5 * 206 ° A—l/3 * B [MeV] consistent with empirical Single—particle

spacings at Yy = 0 for a nucleus with mass A. The deformation parameter B,
S _ v - - +

the asymmetry parameter Y, and'gg-can_be connected by the first 2 energy of

R . . 2
the core which is given for an asymmetric rotor by

B, - 6h’ (9 - 1/8;-72 sin 2(3)) ) | . _(3)'
29 4 sin (3y) L |

and is given, on the other hand, by E_, = 1225 A-7/3_‘ sz [MeV] according to

2+

a general empirical rule.3 The eigenfunctions of Eq. (1) can be written in the
form
¥

- Z'C(I,j) (Dm L9, ot @ o) "

A S ' Y M-k X-Q |

(1)

where xéj) denotes the single-particle wavefunction and_DMK

the rotational
' ‘ 4 . S
D-functions. The underlying D2 symmetry group restricts the summation in Eg. (4)

to |k-Q] =2m, m=0,1, 2, ... , and & >0. A numerical solution of this

, ' : ; S .5
model has been published earlier by Pashkevich and Sardaryan for I £ 9/2 and

J = 5/2. We have calculated all the yrast levels up to I'= 23/2 built on a

j o= 11/2 single-pérticie state and show them in Fig. 1 as functions of the
' -2/3

asymmetry parameter Y for a typical deformation, B =5 * A . The decoupled -
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limit at y=0 with core energies proportional to 6, 20, 42, ... for the favored 15/2,
19/2, 23/2 states relative to the 11/2 bandhead is clearly 'seen as well as the strongly

coupled limit at Y#60°. The unfavored 13/2, 17/2, 21/2 states lie relatively high at

Y=0°, but come déwn sharply around Yy = 25°., The stronély coupled level
order persists over;the whole range 36? £ y £ 60°. In this region, the particle
angular momentﬁﬁ‘mainly points along the 2-axis which beéémes the oblate sym-
métry axis at Y = 60°, whereas the core angular momentum is perpendicular to
it, since the iffotational moment—éf;inertia'about the 2-agis is small and
vanishes for Y = 60°. The low-spin levels correspond tg’spposite directions of
core,ahd particle angular momentum. and may also be groupéd'into favored 7/2,
3/2 and unfavored'9/2, 5/2, 1/2 states. \ o |

Due to the characteristic behaviqr of these different level groups aé
functions>of Y, they represent a éensitive test for the.shape as well aé the
moments-of—inertia. Unfortunately, up to now therg aré iny a few casés known
where both favored ggé_unfavored'staﬁes haQe been seen ig experiment. In Figs.
2 and 3, a comparison with recent odd-A spectfa ig shown.  fhe parameters for
the calculation zre determined ffom the adjacent even nﬁé%gi;zh)and B from the
firsﬁ 2+ energy, and Y from the energy ratio‘of the secqna 2+ level and the
nearest member of fhe ground-state band. Thug, the calculated odd-A spectra
have no adjustéd parameter. For comparison, calculatiohsvwiﬁh Y = 0 are also
shown. 2all ekperimental spectra - both odd and even maéé'; ére compressed.as
compared to the'calculatéd ones; this reflects considerable-non—adiabatic

-effects not taken into account by the present rigid-rotorvmpdel.

187

Ir (Fig. 2). A decoupled band on a 9/2- state has been observed

including three unfavored states.6 The band is consistent with an h proton

9/2

coupled to a proléte 18605 core. The (B,y) fit, which reproduces the relative
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order of the grbuhd- and y-band levels up to 1.5 MeV in 18605, gives comparably
good agreement for 187Ir. In particular, the unfavored 11/2, 15/2, 19/2 states

appear at lower energies in the correct order with the favored states, in

contrast to the Y = 0° fit.

195 - R
9 Au (Fig 3). The observed spectrum of negative-parity states repre-

sents the unique case where both high-spin states from (Hi,XnY) experiments7

. 8 : o . .
and low-spin states from B decay are known. The decoupled band is consistent

with an hll/2 proton hole in an oblatevlSGHg core. Applying the l96Hg fit to

195 VU ' o, . '
the Au calculation, the experimental level order is almost completely

reproduced for high- as well as for low-spin states. EQénAlevels at 962 kev

and 1186 kev, tentatively éssigned as second 11/2 and-lS/Zf, occur in tb§ 

éxpected éiace. Note ﬁhat all the model states calculéfed,to be in thevgnergy

region shown have been seen experimentally except for th¢(5/2_)l, (7/2f)2, (9/2—)2,

, ané‘l:(l_3/2-)2 stateé with calculated energies 1507, 1672,'1440, 1667 keV, respectively,
- relative to the ll/2-'energy.‘ These could easily have been:missed in both types of
experimental population. The shafp décrease in energy‘éf_uhfavored high-spin states,
as éompared to ﬁhe Y = 605 fit, occurs in agreement with-expefiment and strpngly
sﬁpéorts an asymmetric shape. Again, the overall compréssion of the experimental

s - 196 195
spectrum as compared to the calculated one appears similar for Hg and Au.

197 197

Tl (Fig. 3). The negative-parity band9 in Tl stems from the same

195

l961—19 core as for

9/

hole. It represents the unique case of a strongly coupled rotational band

Au, but now it is built on an h 2.particle instead of an

P1/2 |
on an oblate core, as discussed below. Although the level order would be

" reproduced by any Y within 30° < y < 60°, the characteristic‘approach of the
(j+1) and (j+2)'1evels near Y = 30° as seen in Fig. 1 is indeed present in the

experimental spectrum.
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The present results not only indicate triaxial shapes, but also show

that the moments;§f—inertia change like those ofvirrotational flow as the nucleus
changes shape (Y). This is most apparent in thevoblaté region where, at Y = 60°,
rigid flow would_have its maximum moment-of-inertia abougvthe oblate symmetry
axis, wheréas irrotational flow has a vanishing‘moment—of=inertiahabout the

same axis. As a cénsequence, rigid flow would iead to_dééoupled bands at Yy = 60°.
and, in fact, for all vy, whereas .irrotatiohal_flow yieids'strohgly coupled bands

in the oblate region as is seen, in fact, in the odd-mass Tl isotopes.

An open question remains about the nature of the_bbserved shape
asymmetry. Calculations10 of potentiél energy surfaces in thé A = 190 region
do not show sharp minima at any Y. Therefore, one would e;pe§t soft; Y-
fluctuating shapes.ratﬁer than triaxial shapes with éh;réby; But it is then Qif-
ficult to unaerstand why the Y-Qélﬁes for adjacenf'even-and odd nuclei and within
the odd-A spectra are so stable. Dynamic stabilization éf triaxial shapes is
eXpectedll for core spins I 2 6; but this would affeCtonly the highest séin

states of the examples studied. An answer might be that thé actual potential

energy minima at y # O are more prdnounced than predicted'by existing calculations.

-

L Jegman¥
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FIGURE CAPTIONS
Fig. 1 Spectrum of a j = 11/2 pérticle coupled to an asymmetric rotor with

all yrast levels I s 23/2 as functions of Y.

Fig. 2 Comparison of calculated and experimental spectra in 187Ir with

parameters B and y fitted to 18603.

Fig. 3 Comparison of calculated and experimental spectra'in ;gsAu and lg?Tl

with B and y fitted to T CHg. -



LBL-2394

>y
U

/72

I

() ] | 1

.|  / !

o° 10° 20° 30°

—_— )

LI

Fig. 1

40° 50° 60°

XBL743 -2656



14

-10-" . LBL-2394

186

i
S Rels
- .
o
(¢))
C .
(D] O
- |1.0r
c
.©
©
O
.
wJ ,
0.5
0O - + o A |
| [3=0.23083=0.212 - B=0230 B=0.212
r=16.2° r=0° - y=162°Y=0°
Exp Theory  Exp Theory
. XBL743-2655

Fig. 2

”

i
e i
!



€ bra

(MeV)

Ex‘_ci__tation energy

= -
o w O

O
O

S

O

Exp

B;o.|3'|> B=0113 .
Y-37.4° Y:60°

Theory

. B=ai3l Bron3

Exp

y=374° - ¥=80°

Theory

9T

/o

IIIZ---/ ' o

9s2

Exp  Theory

B=0431 B=0N3 -
y=37.4° ¥y=60°. .

XBL743-2653

-I'[-

veec-14d1



-

LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.




Ead R v

TECHNICAL INFORMATION DIVISION
LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720



