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To describe the internal motion of the system of three nonrelati-
vistic particles with masses M, ' Mz and M3 , we choose the vector

ggnne:ct.lnq M,, and Mz and the vector ? connecting the midpoint
of P and particle M_,;. Then we introduce spherical coordinates e '
8 and (P for and prolate spheroidal coordinates ( f ,7 ' '70)

for 7
=25\, y=55siny,
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7= Ft: o= __,/ =< ? 7.

The alternative expressions for f and are
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Here Zf: zﬁand ZZ= 225 are the distances between the particles'.

A

Hence, any function of interparticle distances including the po-
tential energy will have a simple form in the above coordinates.
. The kinetic energy operator of this system is
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In formula (3) we use the following notation for the particle mass

functions:
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and for the operators:
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In its turn formula (5) involves the projections of the orbital
momen tum and linear momentum , Which also should be given by
the coordinates (; ?
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To complete the notation, we write down the formula for

/e = /?(f //a; f(7- U@?/ -

The Hamiltonian is in the usual form
H=T+1V. (7
where V:‘.V“,(ijfvz(’z‘,)i— 1/5(;?) , and the volume element

(1 oyt 96)99.

Thus, the initial representation is defined completely /1/.

The cross derivatives in the operator (3) hinder its use in the
asymptotic region, when the physical system disintegrates into subsys-
tems, the kinetic energy operator should split into the sum of two
Laplace operators with the relevant reduced masses, and the total wave
function factorizes into subsystem wave functions.

Unifying the first and last terms in formula (3) for the kinetic
energy of the three-particle system, we get an interesting candidate
for the role of the kinetic energy operator of the subsystem 2/
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and the corresponding Hamiltonian
ép:fp+\/,+‘/2+vj- (9)

For definiteness we assume that the terms Vf and Vé correspond
to attraction and the term V3 to repulsion. A classical example of
such a problem is the molecular hydrogen ion H;.

Now we use the asymptotic properties of the coordinates f andf
asP—bo". In this case /3/
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where
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are two sets of parabolic coordinates (j‘l ,/u ), and formula (11) exp-
resses them through the polar coordinates at each center.

Substituting expressions (10) into the formula (8) for P and
using the leading term only, we come to the conclusion that
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and then using formulae (4), we get

m ﬁ'fj My (13)
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The physical meaning of formulae (7), (10) and (13) is the following.
The Schrodinger equation with the Hamiltonian (9)

éplﬁo :(C.LP(J (14)



which may be called a generalized two-center problem /3/. has two types
of solutions. At finite A? (this distance enters into the problem (14)
as a parameter) the wave functions of eq. (14) are formed due to the to-
tal particle interaction. However, as ELQQOthE solutions of the first
type group at the point /7 =-f and due to the interaction Vy form a sub-
system (1+3) with the precise reduced mass from the upper formula (13).
As R—o o< the solutions of the second type describe a subsystem (2+3),
they group at the point{’:/. Moreover, eq. (14) has a continuous spect-
rum, the wave functions of which resemble the delta function é;(?) as
p_,'wM/_

Thus, the solutions of problem (14) in the asymptotic region (i.e.
as/?-» oo ) gather in different configuration regions. 1f a pair of
particles is coupled, the Hamiltonian
precise two-particle Hamiltonian. All these solutions are mutually

turns into the corresponding

orthogonal.
Now we introduce the operatot

/\ J(P)P(/? @p) (15)

where i(ﬁu is an unknown function of the argument which is determined
by formula (8) and enters into the Hamiltonian 0 (9). Then we introduce
a unitary transformation of the total Hamiltonian
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in the form of
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According to formula (17) each term of the operator (16) transforms
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into an infinite series

-A
e (_ii%id‘i)e

—_—

—A[ 2M(%+tﬁ /E —/’/+Zf )[——Ef_'f(P aﬁ)j (19)
6“7,4—?@(%*5%]6 =/f*2f*"):w(,e *W)*
" / 2
R T

[K L8- Zfz/ L (1+2f- ),ef -B- 3[’2 @9

Formulae (18)-(21) contain two terms each from the corresponding
infinite series, thus giving an idea about their structure.

Collecting similar terms and summing up the corresponding series,
we find
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with the solution

ﬁ {nvp + const .
Assuming an arbitrary constant to be zero, we substitute Z{ {5@# f)

into expression (22). After some simple transformations, we arrive
at the final expression for H/\
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Finally, instead of the reduced mass /% there arises the combination

ffP , so that o / /
4 () = T WM,

P fseo -t 1 (24)
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This means that in the asymptotic region, i.e. as£{¢oo, the combina-
tion ﬁ%e
(143)+2 or for the case (2+3)+1. The important point is that this
happens at the same time when the proper reduced mass arises in the
subsystem Hamiltonian, as it has been shown above, formula (13).
We started with the three-body molecular Hamil -

turns into precise reduced mass either for the case

P The summing up:
tonian. After a simple regrouping of its terms, we succeeded in ext-
racting the subsystem Hamiltonian with a good asymptotic beha-
viour. Then we introduced a unitary transformation of the total Ha-
miltonian, which simplifies it drastically and simultaneously impro-
ves its asymptotic properties. The action of this operator is equi-
valent to a certain extension with respect to the coordinate with
the coefficient depending on the ( f » ) coordinates.

The potential energy operator "dresses" and becomes
i -A A
pe Ve
being easily calculated for any analytical form.
There appears an addition to the potential energy in the form

3 1
2 RM
which may be regarded as the three-particle interaction. It is of the -~

kinematic origin.
The Schrodinger equation acquires naturally the mass operators
which are the coordinate functions. This phenomenon is thought as the «-‘

emergence of quasiparticles.
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Matseenxo A.B, E4-83-50

Hosoe ypasmenwe ann 3apaumd Tpex Ten

Mexopum Gepetca ypasvenwe WpeguHrepa ANA 3agaqn Tpex Ten B MONexky=-
NAPHOM MpefcTannenrn. CTPOMTCA NpeacTaBneHue, Npw NOMOWWM KOTOPOrO B HOBOM
ypasnenud llpeaurrepa ''yGuBanTtch'' nepekpecTHue npou3sogHue. ITO ypasHeHue

MMEET NPocTon Buf u 'xopowne'' aCMMNTOTMYECKME CBOKCTBA. Ero MOMHO uHTEp-
NPETMPOBATE KAk YP3BHEHME ANA KBAZMYACTWHU, MACCH KOTOPBX 33aBMCAT OT KOOpP-
pvHaT, Kpome TOro, B HOBOM ypaBHenvwn BO3RukaeT Aobaska K NOTEHUMENbHOW

] IHEPruM, KOTOPAaR MMEEeT BWA TPEXYacTUUHOre B3aumoashcTemAa. 3T1a gobaeka

| “ MMEET KMHEM3THMUECKOS NPOMCXOMAEHHE .

PaBorta eenonnexa & flaGopatopum TeopeTuueckohr onanukm OWANK.

Npenpuns DOLEAUHEHHOrO MHCTHUTYTa AAEPHBX WCcnefosanui. AyGea 1983
Matveenko A.V. E4-83-50
A New Three-Body Equation
We start with the Schriidinger equation for the three-body problem in
the molecular state approach, A new representation is built, which "kills"
L cross derivatives In the Schridinger equation. This new equation has
™ a simple form and "good' asymptotic properties. It may be Interpret_ed as
an equation for quasiparticles with mass

ses depending on coordinates.
Moreover, a potential energy term s modified and acquires the form of the
vﬂthree—particle interaction. This modification

is of the kinematic nature.

The investigation has been performed

at
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