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. ' . . 1:2;5)’ . . .
Recently several publications have appeared which attempt to
Justify theoretically the validity of the empirical coupling rules of
Gallagher and Mos'zkowskiu) for deformed odd-odd nuclei. These rules state

that the lower energy band of the two possible rotational bands formed

from a given proton-neutron configuration will be the one which maximizes

the parallel coupling of the intrinsic spins of the odd neutron and proton.

The recent theoretical studies cited have considered only the first order
contributions of the neutron-proton interaction and in one case were con-
fined to a delta-function potential. DePinho- and Picardl) have shown that

in first order perturbation theory an éffective interaction of the form
V(lal) = v(g, - 21) L-a+og- gl

can give good agreemeht with many of the knowﬁ splittings provided o - is
positive'and.is determined'for each casé. Wi££ §u¢h & siﬁplified force only '
the spin dependent term will céntribﬁte to the rélative splitting in fifst
order. | ‘

Then two questions arise. Can such a simple force or, for that
matter; any neutron-proton'central interaction which reproduces experimentél

spectra for spherical nuclei be used to compute all non-collective spectros-

copic propertieé of deformed nuclei? Also, to what extent do configuration
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interaction and so-called Coriolis terms affect the energies and wavefunctions

in odd~odd deformed nuclei?

Recently a ?aper5) has been published in which the level structure
in Hol66 has been studied.by'(d,p) reacfion spectroscopy. Six different
rofational bands have been assigned in the first M26 keV of excitation.
Especially interesting is the order of the two lowest bands (7/2(523),
7/2(633), K = 0=, 7-) which violates the Gallagher and Moszkowski coupling
fules. These data make it possible to make stringent tests of the effective
neﬁtron—protsn residual force through a shell model calculation using
Nilsson6) wavefunctions for the deformed rafe-earth fegion.

A caléulation'is now in progress in which BCS-type superfluid
solutions for odq neutron and odd proton systéms are found and then the
neutron—proton.interaction is diagonalized with basis vectors which consist
of these solutions. 'However, as a Tirst approximation to this soﬁewhat |
involved scheme, - the proton and'néutron single-particie energies can be
chosen from'experimental data on the adjaéent odd'mass nuclei Hol65 7>and Dyl-65 8)
Although some of the effects of the neutron-neutron and proton-proton
interactibns as well as the neutron-proton self-energy terms have been
accounted for, -a sharp Ferml surface has been asSumed; An . important conQ
sequence is that certain matrix elements connecting "particle-excited”
states and "hole-excited" states vanish, whil; with a diffuse surface they : -~
are not zero-but depend on the océupation.probabilifies of the states involved.
Other consequences may.ét least in part be compehsatea by the choice of force
parameters. There are also two other cpnsiderationé which may affect the.
renormalization of the force parémeters ffom those which reproduce.experimen; |
tal spectra for spherical nuclei near closed shells. Unlikévthe_spherical

shell model there is no natural energy cut-off for the.single particle states
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used in the calculation. This may make it necessary to use a stronger poten-

» tial to compensate for the neglect of important configuration interactions.

. Also it is often assumed a central force can be mocked up to represent a

geﬁeral proton-neutron interaction. But as Nilsson states approach their»
asymptotic-limif, this in principle no’longer becomes possible for matrix
elemehté connecting singlet ahd triplet configurations and a non-central .
force must be used to aescribe such scatterings. This neglect»of non-~central
forces may require in some cases additional renormalizations of. the central
force‘paraméters. |

The present calculation édnsists of diagonélizing the enefgy matfix
6)

in the basis of properly symmetrized Nilsson single-particle states deduced

165 65

from the experimental data on Ho and D'yl for each value of spin and

parity from spin O‘to'7;l Because of the numerical complexity involved in.
computing two body matrix elements with Nilsson6} wavefunctions, a finite
range central forcé with Gaussian radial dependence was .assumed. The strength
of.the Coriolis terms is determined by the inertial parameter (ﬁ%é%), and this
was chosen to be 9 keV, the value for the groundAétate rotational band.
Initially a neutron-proton residual intefaction was chosen which is compaté“ﬁ
ible with single£ and triplet effective ranges and scattering lengths deduced
from low energy nucleon-nucleon data. Such data fix the éven components of
the n-p résidual force; and we restricted ouréelves,to small variations in the
even force ?arameters. However, the odd force components are undetermined by
lowest energy scattering, and we allowed ourselves a large degree of freedom
in varying strengths of odd force coﬁponents. Only those forces having little
space. exchange (i.e.,‘strong attfactive odd as well as even components) repro-
166

duce the many experimental energy levels in Ho . The final best effective

force mix is not only similar to DePirhd« and Picard%);but also very similar
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to a central force mix (w1thout tensor) recently used by Kim for shell

490 9)

model calculatlons‘of the spherlcal odd—odd nucleus

In fig. 1 a comparison between the states which havé been char-

acterized éxperimentally and their theoretical analogues is given. The

TO b3, OO MeV,-

= -27.95 MeV, Range = 1.9f and v = 0.179f"2. In

force parsmeters used are VTE = -U43.00 MeV,
VSE = ~17.20 MeV, VSO .
all cases the maximum yrolate deformation"(n = 6)'was used for the Nilsson

wavefunctions. The relative positions' of the {0-, 7-},{5+, 6+) and {1+, b+)
pairs of states are very Sensitive to the space exchange character, range,

and singlet to triplet ratios in-the force. Thus for the résﬁricted number

)
of configurations used in this calculation, the above force gave the best

fit of approximately fifty different forces exemined. The fit is satisfac~

tory, but the most important point is that the violation of Gallagher and
Moszkowski's rulc for the‘ground state configuration does not occur in
first order but only after configuration interaction is taken 1nto accont.

To appre01ate the extent of this Lonflguratlon mixing, in Table 1 the state

vectors for the O~ and 1- states which are predominantly from the configura-

tion (7/2(523), 7/2(633), K = 0~} are listed, along with the single-particle
states used in the calculations. The mixing is appreciable, but also
intéresting is the fact that these two members of a rotational bandvhave
different intfinsic wavefunctions.. This is attributable not. only to
Coriolis mixing, but also to the neutron-proton interaction which has
different e#pectation valves for the even and odd members of a K =

10)

rotational band The mathematical detalls and a more complete discus-

sion of the physical meaning of this calculation are béing ﬁublished separate-

lyll)ﬁ
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With the rapid increase of experimental information_on odd~-odd
deformed nuclei, it should be emphasized that the'effecﬁs of the neutron-
broton rgsidual interaction do nbt appear to be small. Alfhough the order
éf the lowest two bands of le66 is.curfently the only known‘ﬁiolatién of
the Gallagher and Moszkowskincoupling'rules in the_rare—earth-region, such
vioclations may be common with higher energy configurations. -The general
?resence of apprecisble configuration mixing in deformed odd-odd nuclei
certainly has impoftant consequeﬁces for other properties; such as magnetic

moments, moments of inertia, and transition rates.

Rev.



. Table 1 -

UCRL-16102-Rev.

‘A listing of the single nucleon levels which have been observed expefimen;ally,
the basis vectors used in the calculation, and the state vectors ior the

1owest energy O- and 1- states.

Code

rl
P2
)

nl

n2

. n5wif§1::'

’~ <nui_L71L‘
:n5,.“ o

al

'..a2

o S

gl

a5' 
a6': |

a7 o
a8.;il:'

. alo
'“-vlal;:_'”_
La12
el

Single particle or basic states
odd parity

even parity

'j' lIMl pl
-l
T e e
C 7 M2 po
v |IMs p1

M3 p3

© |k py
S o p3
o lovs pa
" |5 p2
|6 pl
V|6 p1

'” 'a16ff'

g  ;; Tal
. 218 .

: 5/2‘+~[hli]
1/2 + [ulll'
7/2 + 6*5]

n5>.;T o
nb)
)
nl)73
n2) ,
n1)
n2>”i731f
n1>; J'::i
n5) .
nl)“j{ﬁ 7 
n5>:g5il55
nby

- 1/e
S sf2 -
5/2
e
M0 p1
Mo p2.
o p3

v pe

‘flIMl P2
]ﬂlIMl p2
Sl p3
o p3
M2 pe
“ lIM2 p3
|2 p3
|2 p3

o |3 pe
..:3   lIM3 P>

b lesps
'”v‘f;lIMuYPE
U |maw p2
Sl M7 1

7/2 - [523] -

ACEN
512}
583
[521)
nl)xf o
n5).
n2) _— v
n2> . .‘ : -

~.'State Vectors

0~ Sl

©0.9715 . 0.99k7
=0.1375 . :0.087L
. 0.17h2 0 -0.0%54

n3) U

ng)
n2)

0.0017
0.0003%

nlb) T
)
n3)
'nj)flf;ff :

n5>@;;f;L“”
nh) o

a)




CeTel 0 0 ucRo-16102 Rev.

Dl Figure Cdptipns' P

Figure 1.»,A'comparisbnfoflthe éxpérimehtailyﬂobserved Singlé-partiC1e
‘.excifationé and theiﬁvtheoreticélly'predicted energies. Column one
gives. the predictions of the zeroth order. model. Cblumh twojdisp1ays
P'the.resulﬁs whgn the first order effects of.HINT,aré'included. Column .
~ three displays the results when configuration interactions and the
‘ Coriolié effects are included. The‘Quantity B is one-half of the
.energy shift between the even and odd members of a K = O rotational

" band.
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