FIZIKA Volume 21, Supplement 1, 1989.
Proceedings of the X| Yugoslav SYMPOSIUM OF THE PHYSICS OF CONDENSED MATTER.
M. Davidovié and M. Lj. Napijalo Editors, Dorji Milanovac, October 3—7, 1988.

A IOWER ENERGY BOUND FOR N-PARTICLES QUANTUM SYSTEMS

S. Kil1ié, Department of Physics, University of Split
T. Persi, Depart. of Civil Eng., University of Rijeka
S« Sunarié, Depart. of Mech., Eng., Univ. of Mostar

Abstract. It has been shown that the ground state energy Ed
of a quantum system of N identical fermi particles satisfies

inequality 1 N-n
S &1 s (1)
N-n i

wvhere nzl,2,...,N=1 and €;are the eigenvalues of "n+l - body
Hamiltonian®, The summation is performed over the first N-n
states.

E°>

A generalized lower bound on Eo

The studies of the energy bounds always imply a genere-
le importance. Let us suppose that Eamiltonian of the N-par-
ticles homogeneous system reads

N N
H= ) pg°/2m+ Z Vig(rig) o (2)
n L<J

vij is the pair potential (we do not write spin-coordinates
explicitly) and ?(fi,fz,...,?N) is a set of coordinates. In
"the centre of mass" of kinetic energy (; '151-: 0) Hamiltonian
becomes

N N
B=p (3 - 53)2/2“ ) Vig - (3)
t<) t<¢3

Let us now introduce a new set of §(§i,§é....,§k) coor-
dinates using the transformation

-

9:3.1.‘. (4)

The matrix B is real, nonsingular and enables us to separate
the coordinate ?& of the centre of mass. If B~ is the inverse
of the trenspose of B, then new momenta are

-;,'r n"'—l—l;, (5)
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where JI. ;= =ih Vg .
For any trial, normalized and antisymmetric (in the par-
ticle indices 1,2,...,N) function }((fé,?%,...,fh) we have

B> <K x>

m 3-1
=<;(| y-lzz_; Hijlx>s (6)
52 z

where
B, & ——(3.2+ 5,2- 28,5.) + in(n_l)v
ij 2o 1P 1P > 1j

m(m-1)
u = —2— ’ mB2,3’..o,N .

Let us suppose that after introducing new coordinates'.g
and momenta.if , Hamiltonian is transformed into

H = B Gorooifu)

with n=1,2,...,N=1, and that we know to solve the eigenvalue
problem

at (?é""'€;+1) 9bi(éé""'€;+1) = Ei 9bi(§ér“’ Fhol)(7)

In order to obtain the lower bound on the energy Eo, let
us expand the unknown, ground state function \]uo(?Z""’?N)
in terms of the normalized eigenstates 951(?2""’fh+1)

WoloreeerPy) -; 01 Pi(BarererPaer) Vilfnszrere P o (8

where Ci are constant coefficientes and 5 antisymmetric
functions in the individual partisle indices n+2, nt3%,...,N,
i.e.

A(n+2,n+3,....N) Yi(?.mz'o.o,?-“) = 'f/i(§n+2’oo.’§n) H

the operator A is antisymmetrigzer. By supposition Y,o is
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antisymmetric and normalized

A(1,2,...,N)\l/° " Yo
- c.J? = 1. (9)
< Yo_'?o) Z\[ 1]
For the energy of the ground state we have
o = <ol B| o> = <Yoli|yo>
=>_[°)® €5 - (10)
1

An inequality for the coefficients C1 can be obtained
using Schwartz inequality, hermiticity, projection property
and decomposition of A

A(ml,m2,. ° .’N) B (l-Pml,mz-o oo‘Pml’N)A(ng co e ,N) ]

N-n

where Pi;) is the exchange operator in the irdividual parti-
cle indices i and j. Namely,

oy ® = | <91 yi] yo> |2 =|<ps i | almd,e® v )
= <Ay |y o> 12

Z (A(n+1,...,N)4>i\Ui | A(n+l,...',N)¢ri\//1>

1
< Nen <<|'biY’i ' - Pm-l,ma Tees T I’n+1,n~4-2)”
* by >
1
¢ —{1-[¥-@nld }, (11)

where

374



LY - L -
é = gcﬁi(?Z""’?n-rl)Yi (fn+2"“’?N) Prel, ne2

P1ForeverFair) PiGnszre o f) aFpaf. .08, . (12)

Let us show that S is nonnegative for a transformation (4) that
satisfies

Prel,m2Fnel ® Fne2 ¢ Prnel,ne2 Cne2 = Fne1
- - (13)
Pn+1,nx+2 ?i = ?i » (1 £ 04, ne2)

Now for 8 we find
§ - SS {81 GoreresPnid) PiFasrsfrusr o FW0Fnnn } -
-{ f¢i(§2""’§n’§'n+2) i Fuszrfarssee P Fne2 f 8520
a"nd§n+3...dg;’n > 0.
Hence, from the relation (12) we derive

. (14)

2 ¢
ICiI = N-n

Combining this equation with (9) and (10) we have
1 "’"'6
E 7—2 (15)
o i 9
7 Fn 95

where the summation is taken over the first N-n energies of the
n+l - body fictitious Hamiltonian (7).

Let us notice that the relation (15) for n=1 /1/ describes
2-body Jastrow correlations, for n=2 triplet correlations, while
with n=N-1 we come back to the original N-body problem as well.
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