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Because of its linear variational nature, the CI expansion gives
a consistent method for ground and excited states. The solutions for
both states are mutually orthogonal and hamiltonian-orthogonal, and
they constitute upper bounds for both states. However, another fea-
ture lies in its slow convergence. This becomes severe especially for
excited states, though a stride hasAbeen made in recent years in effi-
cient solutions of the CI expansion.

The cluster expansion gives, on the other hand, a rapidly conver-
gent method for ground states with inclusion of higher-order unlinked
terms.z'3 It also shows a correct dependence on the number of particles
involved, in contrast to a standard (l+2)CI.4 Though the applications
are still very limited, the results seem to show a promising utility
of the theory.5

We consider an extension of this approach to open-shell systems,
introdﬁcing symmetry-adapted-cluster (SAC) expansion. Variational
and ﬁon—variational solutions are considered. 1In a single excitation
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case, this expansion gives pseudo-orbital theory. It is applied to

the study of spin-correlations in open-shell atoms and molecules.

We next consider the SAC-CI theory for excited states.7 The SAC theory
combined with the variational principle gives a basis for the excited
states. Variational and non-variational solutions are considered.
Then, the SAC and SAC-CI theories are applied to the study of electron
correlations in the gréund and excited states of relatively small
molecules. So far, the results have shown excellent agreements with
the full CI and close-to-full CI results, with much smaller numbefs

of variables (sizes of the matrices) involved. This seems to show a

i
'

utility of the SAC and especially of the SAC-CI theory, since the slow
convergence of the CI expansion is much more critical for excited |
states than for ground states.

1. SAC Expansion for Ground States

We expand the ground state of a given spin-space symmetry by
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where § is a sum of the essentially i-ple excitation operator S(i).
+
S

I denotes a symmetry-adapted excitation operator which produces

Symmetry-adapted configuration on applying the reference wavefunction
(wf) ¢O = [O>, which is chosen as restricted HF wf. The symmetry
adaptation of the excitation operator is necessary because of the non-
linear nature of the expansion. Otherwise, a mixing of different

Symmetry spaces may occur as discussed in detail previously. We note
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that for totally symmetric singlet states, the projection operator O

is unnecessary.

A\. Variational solution (SAC-V); Application of the variational prin-

riple to the SAC wf given by eq.(l) leads to an equation
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/here Wg' =‘exp(ZCISI)¢O. The energy may be calculated from
I
Y H-E|¥>=0. (4)
9 g g

}. Non-variational solution (SAC-MET); If the SAC wf were the exact
1£, the function (H - Eg)l?g> would be identically zero. Requiring

. - . . +
his condition in the space |O> and SK|O>’ we obtain
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'or closed shell, the solution of egs.(5) and (6) seems to be e@uiva—
.ent to that of the coupled-cluster many-electron theory (CC-MET) by
‘izek and Puldus, though the latter was derived in diagrammatic form.3'5
The variational solution gives an upper bound to ﬁhe exact energy.
t also gives a basis for an analysis and extensioﬁ'of various model
heories, since formally it includes completely the self-consistency
n an expansion form. In a single excitation case, it gives a new
rbital theory, called pseudo-orbital theory, as the conventional
‘luster expansion leads to a conventional (UHF) orbital theory (Thouless
.heorems). Including only spin-polarization excitgtion and its self-
:onsistency to first order, we have calculated spin densities of atoms

ind molecules (Table 1). On the other hand, the non-variational method

s simpler computationally than the variational one, since the former
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