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Separated Pair Theory via Girardeau’s Hamiltonian
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Girardeau’s Hamiltonian is used to develop the separated pair theory. The method does not
involve the strong orthogonality condition.

The separated pair theory (SP) is a very promissing way to treat the correlation
problem in atoms and molecules [1]. The aim of this work is to describe a similar
approach with the use of the Hamiltonian proposed by Girardeau [2]. Girardeau
has written the wave function as a product of the electron pair functions and his
treatment does not involve a strong orthogonality condition normally introduced
in the SP theory. The theory as formulated in this paper was obtained from the
linearization (Hartree-Fock) of the Girardeau’s Hamiltonian. Such an approach
was suggested by Biiti [3] without giving the detail procedure.

Girardeau has transformed the Hamiltonian for fermions to the form ap-
propriate to describe pairs of fermions:
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and a™, a satisfies the boson commutation rules. The wave function has a form:
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where ¢,(j,j + 1) is antisymmetric for exchange j=(j+ 1)
@i j+1)=—0,( + L))
Two subsidiarity conditions on @ are:
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where
N=>a/a,,
I1=3% Y <aflIlyd>a; a; a,a;
affyd
and

apillydy = § 0.(1,2) 95(3,4) 9,(3,2) @1, 4 AV, dV, dV; AV, ,

N, = %n_ is the number of pairs.

The linearization of the Hamiltonian Eq. (1) can be done in a standard manner:
Hyp = Z [Kal by B> — Op14] al ag+ Z Ll W BYa) a
af aB

where W’ is a Hartree-Fock approximation to the potential V' =V + AI. From
Hyg One obtains the usual form of the Hartree-Fock equation [4]:

Flo.) =¢,l0. (5)
where F=hy—pu+W.
The further approach is analogous to the SP theory [1]:

o) =% i) wi(2)= ). Diwa(1,2).
12} a
The equation for D is

Y, DS[<bIFlay —8,,)=0. ©)

The matrix elements <b|F|a) are:
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and
I;= jlpl(l) Hy(D)p;(1)dV,,
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T12

The subsidiarity conditions Egs. (3), (4) can written as
Y Koo By ... 85 +6,,0p5] c(y ... 5)=0 )
V.. 8
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and

occ.

Y Ca...p)= %—Z— @)
... 0

The coefficients D are obtained by self-consistent procedure from Eq. (6) for a
choosen set p, A that obey Eq. (7) and Eq. (8).

The above described procedure was applied to determine the ground state
energy of trans-butadiene. The theoretical parameters were taken for y;, ;. The
calculation is quite complicated and the calculated C did not obey Eq. (8) exactly
(error of 3%). The energy was obtained from the expression:

_ N(N,-1)

E={(P|H—uN+I|®>=E,— N, :

A )

where
Ey,={®/H|D)
and

| = Xﬁl Cap) 0.(1,2) 943, 4).

Through we could not obtain the full self-consistency in the solution we believe
that this error does not change the calculated energy too much. The energy
calculated from Eq.(9) is by 2.26 ¢V lower than the Hartree-Fock energy and
is slightly lower than the one obtained from SP theory [5]. The procedure with
Girardeau treatment of the Hamiltonian thus gives 95.5% of the correlation
energy [5].

The calculation can be further extended with the use of {¢, (i,i + 1), ¢;(,j+1)...}
which are not occupied in the ground state but are known from the solution of
Eq. (6). The procedure is thus similar to the well known configuration interaction
(CI) method. In a future paper we hope to report such an extension using dia-
grammatic perturbation method instead of the CI one.
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