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EFFECTS OF 56Ni CORE EXCITATIONS
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The A= 57-66 isotopec of Ni and Cu have been treated I) in a model in 

which the 56Ni core is assumed to be closed and the remaining particles
are restricted to the orbits 2p312, tf512 and 2p112• In this study two �n­

teractions MSDI and ASDI [ref. 2] are compared. 

The very large renormalizations of the effective transition operators 

determined empirically J) (e.g. e = 1.7 e and a reduction of about 50 % 

n

of the Ml matrix elements) indicate 
 

that the assumption of a closed 56Nicore may be a too severe restriction. However, for the Ni isotopes inclusi­
on of one and two f712 hole states leads to maximum dimensions of about

1500 and 26000, respectively. For Cu isotopes even larger dimensions result 

such that truncation of the model space is necessary. 

In order to investigate several truncation techniques we have focussed 

our attention first on the A 57-59 isotopes of Ni and Cu for which the 
dimensions are less prohibi-
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Fig. 1. Electromagnetic properties of 67Ni calaula­

ted !Jith three different model assumptions. 
(a) A closed 56Ni core and one particle in the orbit
2p3/2' 1f6;2 or ar,112• The bare-nucleon Ml operator

has been used and an effective neutron charge of 
en= 1.? e.

(b) The same model as in (a) but !Jith the Ml effec­
tive reduced single-particle m.e. of ref. 31•

(c) A model 'b1ith one· lf 712 hf?le in 66Ni. The bare­
nucleon Ml operator has been taken and effective
charges of e = 2e and e = e. 
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tive. From an exact one-hole 

calculation with the SDI ef­

fective two-body matrix ele­

ments we obtained results 

nearly identical to those 

performed without f712 holes

in 56Ni. As an illustration

the results for 57Ni are gi­

ven "in fig.I. However, the 

one-hole space is superior 

since bare-nucleon Ml opera­

tors �an be used and effecti­

ve proton and neutron charges 

are reduced to e = .2e and 

e = e, respectively. More­n 
over, states of much higher 

spin can be generated when 
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Fig. 2. The contributions of the various z,educed 
si.ngte-pa:t'ticle m.e. to the magnetic moment of the 
_51Ni ground state (Jrr = 3/2-). The symbols 1, 3, 

sand? refer to the 
2p112, 2p312,. 1!512 and 

lf?/a orbits, z,espectiveZy. The results of caZcu­
tations for zero, one and two f112 holes in 56Ni 
az,e shown. 

f712 holes are included.

The effect of inclusion of 

two-hole states is illustrat­

ed for the dipole moment of 
57Ni. In fig.2 the dependence

of the dipole moment on the 

single particle m.e. is given 

for the one- and two-hole 

space. It is seen that the 

calculated dipole moment in 

both spaces is determined on­

ly by the p312�
p312 and

f712�f512 matrix elements,

which yield a positive and 

negative contribution, resp. 

The wave functions in these 

model spaces are quite diffe­

rent, however. In the one-
-) hole space the f712 admixtu-

res are large whereas they are small in the two-hole space. 

An interesting problem is the evaluation of the effective single-part­

icle energy gap A= ep312-ef712. In the literature the assumed values of A

which strongly affect the amount of core excitation, vary between 1.5 and 

6.5 MeV. It turns out indeed that the excitation energies of the low-lying 

levels in light Ni isotopes barely depend on A. However, the value of e.g. 

the magnetic moment µ(3/2-) in 57Ni depends strongly on A. It follows from
-1table 1, calculated for a one-hole space, that a 15% admixture of f712 

components reproduces the experimental value jµI = 0.88 ± Q.06 n.m. 

Table I. The 57
Ni magnetic moment as 

f • f f-l 'b ' a unction o the 712 contri ut1ons 
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It is observed that the effective value 

of A depends on the number of holes taken 

into account. For the one-hole space a 

value of 6�4 MeV seems optimal. Prelimina­

ry results from an exact four-hole calcu-
54 lation on Fe suggest a smaller value.
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