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ABSTRACT. The present investigation reports, that modified
hyperspherical function method permits us to advance compa-
ratively simple and nonmodel representation of the solution of
three particles problem in 2D space for inverse square of pair
interaction. This becomes possible due to the correlation function
along with the effective potential there appears r' potential?7
leading the ground-state energy to the finite quantity. In a first
approximation the problem is decided analytically.

Numerous physical phenomena may be described by singular
potentials [1]. Inverse square potential is more interesting, especially
in polymers [2], and in the interaction between Rydberg atom and
polar molecule [3]. The problem of three particles by pair interaction

of % type in 1D space in a field harmonic oscillator has been worked
r

out analytically [4]. The problem of three particles for pair inverse
square interaction in 3D space has been studied [5], the same system
in 2D space is considered in the present paper.

Schrodinger equation in a system of center of masses for three
nonidentical and non relativistic particles in hyperspherical
coordinates in 2D space are defined in [6]. When we solve
Schrodinger equation we get coupled differential equations system for
hyperradial function. We consider only one equation from this
system, when K = K’ (K is hypermoment of the particles). As a result
the following equation have been gotten:
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where:
T = [ @k (D (Q)(cos0) 2 dQ )

and y? =—2uE ; () is eigenfunction of the generalized angular-
momentum operator which analytical form is known [6],

@y (Q)=Cocosasina PM(cos” o) (3)
where:

LK _[2(1-2-n) T+ )1+ 20) 12
- ° T'(1+n)['(1+n) '

Qz(a,)r(,gf) denotes five angles, P and o are defined by the

expression: p? =x% +y?; xand y are the Jacoby coordinates;
X|=pcosa; |yl=psina; (0<p<o; 0 <a <g). E <0is a binding

energy for three particles; M is a reduced mass. The integral (2) can
be calculated analytically [6] and it is equal to

2
JK:2—(K+1)wi n+l)m+l 3[3, K—2k+1)><

r(K+2)
*T@k+ DI (K=2k+2)
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Simple analysis shows that under these conditions the ground
state energy has infinitely large negative value and therefore there is
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nosense to solve it. To avoid this we use modified hyperspherical
function method (MHFM) [7].

The main idea of the MHFM is that wave function P represents
the product of two functions, where the first is the main
hyperspherical function and the second is the correlation function-
C=exp(f), defined by singularity and clustering properties of the
wave function and it is equal to,

3
f==>rt, (5)
i=1

where r is a distance between the particles and v, is determined
1

according to physical considerations.
Taking into account the relation between three different sets of
Jacobi coordinates [8], the expression (5) can be presented as:

3
> viz; =p(Gcos a.+G,sin a), (5)
i=1
where:
Gy =7, +7v,008(dp3 + ¢31) —¥3 €08 3y
Gy =7, 8in(dp3 +¢31) —y3Sin s, .

If we substitute expression (5°) into (1), and carry out some
transformations, hyperradial differential equation is obtained but we
consider only one equation when K =K’:

2 ' '
az+(3_WéJa+3w2+w3+
op- \p op p

R CEIC
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where:

21 '
Wj = (G, - Gy)x ‘/— W, =G?+G2;

Wi = W5 +213/6(0,25G, +G,)
Taking into account the asymptotic behavior of the equation (6),
let us seek a solution as the following:

v (p)=exp(=3p)p°e(p) (7)
where:

12 '
o=-1+9+2ml, ; \/W2 ~4(x +W6) W2

Substituting expression (7) into equation (6), then for ¢(p) we
obtain the equation of hypergeometrical function:

& ~ o (3Wp+Wi-38) ~
(r@rz +( r+20+3)8r+ 25+ W, o (p(r)—O, (®)

where: r=(28+W;)p.

If we take into account that three body system is binded then
solution of the (8) equation is represented as the following type of
hypergeometrical function:

¢(p)=CiF(a,b.r) ©)
3W; + W3 -38
where: b=2c+3; a=( 2 3, )=—N; N=12...
26+W,
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For binding energy we received:

. _ R (12W5 +4W; - W3(3+25-2N)
N8 3+20-2N

2
j —w§+4wg] (10)

The dependence of binding energy of three body system on the
global quantum number N obtained as a solution results in the
expression (10) that is given in the Table.

Table. Dependence of the binding energy of the three body system in
2D space upon the global quantum number N

Global quantum Binding energy
number N -E (au.)
1 0.114174
2 0.074499
3 0.005834
4 0.001928
5 0.001256
6 0.001143

(In these results we assume that correlation parameters and
interaction constant are the same for all particles. Their variation
doesn’t give any qualitatively new results).

Thus MHFM permits us to advance comparatively simple and
nonmodel representation of the solution of three particles problem in
2D space for inverse square of pair interaction. This is possible due to
the correlation function together with effective potential appears to be

! potential 7 leading the ground-state energy to finite quantity. In a
r

first approximation the problem is decided analytically.
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