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The random phase approximation (RPA) is very successful in describing
the behaviour of nuclei (for references see!). The RPA has been applied to
a molecular system very recently?. The aim of our work is to describe a
different way of obtaining the set of equations describing the excitation in a
molecular sistem. The discussion of the wave function is also included.

The idea is to find the RPA Hamiltonian and to obtain from it all valuable
informations. The exact Hamiltonian written in second quantization is:

+ ~
H=3ea, a,+2 X Vyyy afafay ap —ZUgal a 6))
s t

sts’t’ s
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By introducing the particle — hole scheme? (the particles are denoted i, j, k...
and the holes m, n...) and the following particle — hole creation and anni-
hilation operators
B* (im) = a] ay, B (im) = an 2 4)
which are treated as ideal boson operators and thus satisfy strictly

[B (im), B (jn)] = 8;; dun

[B (im), B (jn)] = [B* (im), B*(jn)] =0 ()
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the Hamiltonian eq. (1) can be written in terms of B* (im) B (j, n). The RPA
Hamiltonian results from this expression if only terms lienar in boson operators
are retained:

HR A = EHF + 2 (e - em) B* (1m) B (1m) + = (V,]m ni °

im ijmn
* B"(jn) B (im) + Y2V, 3 B (jn) B (im) + Y2 V; ., - B* (mi) B* (nj)) (6)

where Eyyp is the Hartree-Fock ground state energy. We note an interesting
property of Hgp,: the quasi-particles (the diagonal part of Hyp,) are single
excitations with the same energy as obtained by Roothaant w1th the SCF
theory. The non-diagonal part of Hpp, describes the interaction between
quasi-particles and with its diagonalization the so-called collective vibrations
are obtained.

The diagonalization of Hpp, is made with the operator Qp which
satisfies’:

[Hppa, Q1= 0, Q7 ™

[HRPAv Qp] = —Wp Qp
and commutator relations

[Qpi Q } - 61)([ [@m Qq} = [Q;y Qg] = 0

The following ansatz for Qp is made®

Q" == (X7 (im) B* (im) + Y? (im) B (im) ®)

im
From eq. (7) and (8) the set of equation results:
( i 111) Xr (1"1’1) -3 (Vm mj Xp (Jn) - VJI mn Ye (]1’1) = Wy X7 (lm)

jn

(e;—ey) YP (im) + X (Vi oy YP (j0) — Vii, y XP (jn) = — @, YP (im) ©)
in

The egs. (9) determine excitation energy o, and the coeficients X and Y. The
set of egs. (9) is the same as can be found in literature>”S, Once the operator Q,
is known, the ground state wave function | 0 >> is evaluated froms?:

Q0> =0 (10)

The wave function | O > can be approximated with some known wave function
and the following expansion is made:

|O> =1b,|HF > + Eb (1m)B+(1m)[HF>+3‘b (im, jn).

im, jn

Br (1m) B+ (jn) | HF >+ ... (11)

We use the fact that the vacuum state for the operators B (i, m) is just the
Hartree-Fock ground state. The coefficients b; can be evaluated from eq. (10).
From this it follows that only the terms w1th 0, 2, 4 ... quasi-particles occur
and the recurrence relations between b; and b; ., exist. In the lowest order the
wave function is given by:

|0> =b,|HF > + = b, (im, jn) B* (im) B* (jn) |HF >+ ... (12)

imjn
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which is the same as obtained from the configuration interaction treatment. A
very good approximation for b, is:

b
b, (im, jn) = 2° ZYP (jn) XP (im)
1Y

The operators B (i, m) were treated as ideal boson operators and the Fermi
principle was not taken into account. This can be treated in a way which seems
to be very complicated®!® but the method described recently by Wallace!! is
much more appropriate.
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IZVLECEK
Valovna funkeija in eksitacija molekulskega sistema s RPA metodo .
A. Ocvirk in A. AZman

Pokazana je uporaba RPA (random phase approximation) metode na molekulske
sisteme. Upeljan je Hamiltonian, ki vsebuje samo linearno kvazidel¢ne operatorje
in je enak RPA Hamiltonianu. Pokazana je enakost diagonalnega dela Hamiltoniana
s enodelénimi eksitaciami in zveza med osnovnim stanjem RPA Hamiltoniana in
metodo konfiguracije interakeij.
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