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1 Introduction
The determine stability region of the three-body Coulomb systems with unit charges and
arbitrary masses is one of the basic problems in understanding the formation dynamics of
few-body Coulomb systems (see, for example, [1], [2]). The dependence of the background
energy on the masses of particles has been considered in [3] and numerical calculations
have been made in [4] to establish stability boundary for the three-body Coulomb systems
with total momentum J=0. More detailed studies on the stability boundaries of the three-
body Coulomb system have been performed in ref.[l]. However, for the systems with J > 1
this type of investigations have not been carried out yet and they were limited only to
calculations of bound state of the energy separate molecules in the framework of deferent
methods (see,for example, [5]).

The main purpose of these investigations is mainly the construction of highly accurate
numerical solutions of the Schrodinger equation for the Coulomb three-body systems
witli given values of masses and charges. However, the three-body Coulomb systems for
arbitrary values of the masses and charges described in the framework of the numerical
methods were unsuccessful so far.

The determination of eigenvalues of the Hamiltonian for the three-body Coulomb sys-
tem by means of numerical methods to a high accuracy is certainly important. However,
for understanding the formation dynamics of three-body bound states one needs to study
qualitatively the dependence of eigenvalues of the Hamiltonian on the masses and charges
of particles. Therefore, the development of analytical tools permitting the study of these
dependencies with an accuracy of a few per cent is justified.

The Oscillator Representation Method developed in the papers ([6],[7]) gives the pos-
sibility to define the stability region as a function of masses and charges of the particles
for the Coulomb three-body systems. In the paper [6], the Oscillator Representation
Method based on the ideas and methods of quantum field theory has been proposed to
investigate the stability region established for the three-body Coulomb system with the
angular momentum J=0.

In this paper, the Oscillator Representation Method will be applied to calculate the
energy spectrum of three-body Coulomb systems with the J total angular momentum.
By defining the dependence of the bound state energy of the system on the masses of
particles, the stability boundaries with respect to the particle masses of the systems are
determined. For the systems (D+e~e+), (pB"e~) , (A+A~e~) and (pe~C+), the values of
critical masses of the Л-, B- ,C- and D-particles are calculated.

This paper is organized as follows. In sections 2 and 3, the method of oscillator
representation for the three-body Coulomb systems with the total angular momentum J is
formulated. In section 4, the bound state energies of the three-body Coulomb systems with
J=0 and J=I are calculated. In section 5, boundaries with respect to the particle masses of
the three-body systems are determined. For the systems (D+e~e+), (pB"e~), (A+A~e~)
and (pe~C+), the values for the critical masses of A-, B-, C- and D-particles are calculated.



2 Three-body Hamiltonian

Formulation of the problem. Let us consider a three-body Coulomb system in 3
dimensions, with the masses m b m2, m 3 and charges Z\t, Zte, —Z^t. As it is well known,
a hydrogen mesic molecular ion is a system of three particles: a negatively charged muon
ц~ or electron c~, and two nuclei 1 and 2 of hydrogen isotopes (1, 2=p, d or t). The
Hamiltonian for this system has the form:

After some simplification, this Hamiltonian can be expressed in the center of mass system
by (see refs. [6], [7])

with

nil у "*1 "f" "*2 "f" f*3 ^ 3 у ^ 1 *̂~ "*2 "Ь ^ 3

C = C1+C3 .

Here R (Я = |Я|) is the position vector of (nucleus) 1 relative to (muons) 3 and f is the
position vector of (nucleus) 2 relative to the center of mass system (1,3).

The Schrodinger equation looks like

Hi = 0 , (2.2)

Л -Л Я2 I * Й2 Z]Z3 Z3Z1C Z2Z3C 1
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where the energy parameter U is introduced

Our problem is to calculate the energy values E of the three-body Coulomb system. The
wave function for the three-body Coulomb system with the total angular momentum J
can be written in the standard form

, « • «ij(r, л , в ) , (2.4)

where Ф and 0 are the polar and azimuthal angles for the vector R in the space-fixed
coordinates, the variables г = (г, в, ф) represent spherical coordinates of the nucleus 2, V
are the symmetrical representation of the Wigner D-functions and satisfy the relations



and have the form

2.7+1

These functions form the complete orthonormal set (standard Wigner D-function D^M

are defined according to [8]). The parity of states is denoted by A. The states with the
parity A = (—l)J and A = — (—l)J are called, respectively, the states with normal and
anomalous parity.

Let us consider the kinetic part of the Hamiltonian (2.2)

RdRЩ 2

and introduce the total angular momentum

/ = £ + £*.
The operator L2 is denned in the following way:

L+U+)-el-B, (2.7)

where the operator В is connected with the Coriolis interactions [9] and has the form

В = 2(iJ) - iPz = i+j_ + LJ+ . (2.8)

Faking into account the following representations for the operators J± and £±:

obtain

J±VJJM = ^J(J+l)~m(m±l)VJ
milM , • (2.9)

Let us substitute the representation (2.4) into the Schrodinger equation (2.2), and after
юте transformations using the orthogonality of the 2?-functions (2.5), we obtain the
lystem of equations

2 д J(J + l)-m>\ 1 / У 2d
+ ) +
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( m - l)cotfl
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where

= 0

(2.11)

Our problem is to determine the eigenvalues and eigenfunctions of the Hamiltonian
represented in Eq.(2.10). We shall use the Oscillator Representation Method. First of
all, we have to represent this Hamiltonian in the hermitian form. Secondly, we have to
change radial variables R and г to get the Gaussian asymptotic behaviour of the wave
functions at large distances. For this aim let us make same transformations. The wave
functions Ф} т depend only on the variables R, г and 0. Let us multiply equation (2.10)
b'y sin2 0 and introduce the new variable

и = In ^tan - J

so that one gets

The Schrodinger equation (2.10) becomes

T0J \ ( «OJ N
Tm

LJJ

= 0 , (2.12a)

where

[ 1 ( 8* 2 д J{J + l)-2m* + v(u + l)\
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coshu

and

cosh
i_f
,h2uL/?

. (2-13)

Here a new parameter и is introduced and we consider it as a variational parameter. In
the case of the two-body systems the parameter и is the orbital momentum of the system.
In the case of the three-body Coulomb systems this parameter v can be equal to the total
angular momentum J with small deflection connected with the axiallity of the system.

Let us modify the variables R and г in equation (2.12) and the wave functions
*jm(/?, r .tanhu) to get a modified Schrodinger equation having the solution with the
Gaussian asymptotic behaviour (see details in refs. [6], [7]). These substitutions for the
Coulomb systems are

- rfl }m(fl,r,tanh«) =

which provide the Gaussian asymptotic behaviour of the wave function at large distances.
The Schrodinger equation takes the form

(2.14)

where
7OI

7"••oi

and

TOJ

fu

LJJ

\

The operators represented in Eq.(2.12) and Ekj.(2.13) can be rewritten as

ZT-A°-2 cosh2 u 2cosh Ju ' cosh2u Q2



(2.16)

ZiZ3c

Q2 2 J '

We have the Schrodinger equation (2.14) in the D-dimensional auxiliary space R D and
look for the solution *m j(Q,9,u) depending on Q2, q2 and u only, i.e., for the ground
state in the space RD . Thus, we can identify the operator (2.17) with the radial part of
the Laplacian AQ in the space R D and can consider Qj and qj as vectors in this space.
The Hamiltonian, corresponding to the Schrodinger equation (2.14), is hermitian.

Our problem is formulated in the following way. We have the Hamiltonian H = H(Uj),
and we have to solve the Schrodinger equation

H(Uj^m(Q,q,u) = e(Uj)<l>mJ(Q,q,u), (2.18)

i.e. v/c have to find the ground state energy e(Uj). According to (2.14), the desired energy
Ej or the energy parameter Uj is determined by the equation

£(10) = 0 . (2.19)

Hamiltonians in the correct form. The correct form of a Hamiltonian is defined
(see [10]) as follows. Let the Hamiltonian H be given and the Schrodinger equation

ЯФ=еФ

can not be solved analytically. Let us introduce an auxiliary Hamiltonian H(Q depending
on a set of parameters £. This Hamiltonian should be chosen in such a way that, first,
it could be close as much as possible to the initial Hamiltoni<ui H and, second, the
Schrodinger equation



could be solved analytically, i.e., the wave function Ф(£) could be found in an explicit
form. Now let us do the variational estimation of the initial total Hamiltonian over the
wave function Ф(£)

ео = гшп(Ф(0ЯФ(О). (2.21)

This minimization gives us the energy e 0 in the lowest approximation, the values of the
parameters £ = fо and the wave function in the zeroth approximation Фо = Ф(£о)- Let
us represent the initial Hamiltonian in the form

H = H 0 + H/ + e0, (2.22)

Ho = ВД-
H, = Я-Я(£

where
Н о Ф о = 0 ,

and the normal product of operator F with respect to the Hamiltonian H o is defined as

:F:=F-{4l0F4l0). (2.23)

In what follows we shall call the represer' ation (2.22) the correct form of the Hamiltonian
Я with respect to the Hamiltonian H o .

If the Hamiltonian in the zeroth approximation equals the pure oscillator Hamiltonian
in the space Rd, i.e.

Ho = \{P$ + &Q2) - \ • П = а (а+а;) , j = 1, ...,«*

the correct form is equivalent to the oscillator representation ( see [6]).
The ground state energy e can be calculated by the perturbation method over the

interaction Hamiltonian Hi and turns out to be

e = e0 + £, + e2 + ... = e0 - f ФоН/^-Н/Фо^ +.. . , (2.24)

because *••

Н 0 Ф 0 = 0 and e, = (ФоН/Фо) = О. (2.25)

The accuracy of this approximation can be evaluated as

* ~ - . • (2.26)

The next steps should be done according to the rules formulated above.



3 The correct form of the three-body Hamiltonian
with J = l

In the present paper we consider the states J = 0 and J = 1 with normal parity A = (—1)J.
In this case Eq.(2.14) is rewritten as

where

sinhu 1

and Pu = —idjdu. The operators 2Oi, and i n are represented in (2.15) and we rewrite
them in the form

cosh « / \ Q q1 KUJ Q* cosh u

This Hamiltonian contains six free parameters v, w, П, K J , K™, and
According to (2.22), let us represent the Hamiltonian in the form

2 = / ' dx •
}

(Ф, Ф) = (Фо1, Фо1) + (Фп, Ф ц ) = 1 .

Я = Ho + H z + e o , . (3.3)

н ( Я,» 0 \

and choose

Нтт = i ^ + ̂ '-flnU-i-tP' + ̂ V-^) (3.4)

so that



The oscillator canonical variables (PQ, Q), (P4, q) can be written in the form

(3.6)

i, A+] = 6у , fa, a t ] = бц , (t, j = 1,2, ...£>)

and we obtain

2/c?

2ie» ч ' ' ' *

The operators /1,- , a;- and Л+, a+ are annihilation and creation operators. The ground
or vacuum oscillator state

satisfies the conditions

<0|0> = 1, 410) = 0 , а ; | 0 ) = 0 , (j = l,2,...Z?).

The function P™(z) is the solid spherical harmonic satisfying the equation

where m = 0, ± 1 , ±2,. . . are the azimuthal quantum numbers and v is a paramr ir which
can take any values. According to (2.21) the parameter и will be determined by the
minimization of the energy in the zeroth approximation.

The positive parameters KQ, /C™ and ки are defined by the condition that the interac-
tion Hamiltonian does not contain the quadratic terms with : PQ :, : Pf : and : P* :. We
have

V V
cosh2u ' cosh2u

4Q2 4Q2

cosh2u ' cosh2u

KQ' KJ V
* m l

- — — - Ф ,

49

2

cosh2 u

4 Q 2

•ml ) = —^m("),

cosh2 ti *ml ) = К

=ЖЙ L
(3.8)

The representation of the functions Am(v) and Nm(v) arc given in the Appendix.



Let us determine the ground state energy in the zeroth approximation. From (3.1a)
we get

The parameters и , ш, and П are determined by the minimum of energy in the zeroth
approximation, i.e.

= rnin£({/,П,«,u) = «in | \ (3.9)

м + ^.м)[

\0/г

- I -I

OO OO

J Jdtidti
о о

Z2Z3c :]}•
The interaction Hamiltonian has the form

where

l'ml = :

From Eq.(2.19) and Eq.(3.9) one can see that we have the possibility of defining the
energy parameter U as a function of masses and charges of the particles for the Coulomb
three-body systems with J. • . •

4 The bound state energy three-body Coulomb
system

Let us calculate the binding energy of the three-body Coulomb systems with J = 0, 1. In
the paper [6] we have determined the bound state energy and the. stability region for the
Coulomb three-body systems with J=0. In that case, the dimensions of the auxiliary space
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have been considered as additional variational parameter. In ref.[10] the oscillator repre-
sentation method is extended to calculation of the energy of the systems described by the
Schrodinger equation with axially symmetrical potentials. In the this case, the dimensions
of the auxiliary space defined as functions of the parameter are connected with axiallity
of the system. The Coulomb three-body systems are also described by the Schrodinger
equation with axially symmetrical potentials. Most quantum systems described by the
Schrodinger equation with an axially symmetrical potential cannot be solved analytically.
Thus, the solution of the Schrodinger equation with sufficiently arbitrary potentials of
this type represents the main mathematical problem.

Binding energy of the three-body Coulomb systems with J = 0 . First of all
calculate the ground state energy. According to (3.1a) and (3.9) the ground state energy
in the zcroth approximation can be rewritten in the form

£0{U) = min (4.1)

where A[u) = B(y) — D/4 = 1 + v, у = w/Я; the function Fo(y) and calculational detail
are represented in Appendix

The numerical results for the binding energies of the ground state are shown in Table
1. ' •

Table 1. Binding energy (in ev) of the hydrogen isotopes with J = 0.
systems

(PPAO
(dd/z)

(«/x)

(pt/0
(dtp)
(ddp)
(ttp)

U

1.1001
1.1222
1.1336
1.1390
1.1566
1.1395
1.0585
1.0672

V

-0.370

-0.289
-0.201
-0.287
-0.245
-0.226
-0.243
-0.384

n
0.2241

0.1497
0.1204
0.2722
0.2929
0.1669
0.7956
0.4580

2.0856

2.1137
2.1253
2.1179
2.1333
2.1293
1.8979
2.0149

трог

253.10
324.97
362.23
220.73
213.22
318.955
965.15
1258.7

E
ex

253.1523

325.0735
362.9097
221.5494
213.8402
319.1396
966.691
1260.787

Binding energy of the three-body Coulomb systems with J = l . The bound
state energy of the three-body Coulomb systems with J=l is defined by

(4.2)

where B{v) = D/A

At \-ln-
W ~4



The function Fi(y) and details of the calculation are given in Appendix. Our results are
represented in Table 2.

The background energies of the three-body Coulomb systems have been calculated
by many authors and via different methods (see, for example, rcfs.[l],[5] and [11]). The
accuracy of these calculations reached a very high level with the perfection of computers.
Therefore, these results can be considered as exact ones.

Table 2. Binding energy (in ev) of the hydrogen isotopes with J = 1.
systems || U

(PPM)
(ddfi)

(tt/x)
(pd^)
(pt/z)

(dt/x)

1.0424
1.0851

1.1066
1.0918
1.1115

1.1053

ft
5.1011
7.4742

9.4447
5.9718
6.4149

8.3320

1.2711
1.3673

1.4469
1.3012
1.3231

1.4956

E°
o
'

107.212
226.642

289.023
97.409
99.119

232.398

E
ez

107.2658
226.6835

289.1419
97.4980
99.1262

232.4714

In Tables 1 and 2 we denoted our results by E" and the corresponding exact values
by E'x, respectively.

5 The stability

In ref.[6j the stability boundary for the three-body Coulomb systems with J=0 was es-
tablished. Now we consider the three-body Coulomb systems with the total angular
momentum J = l .

In this section the binding of the three-body Coulomb systems with unit charges and
various constituent masses for the total momentum J = l will be discussed. The calculation
of the stability region as a function of masses and charges of particles is one of the basic
objects in the Coulomb three-body problem ( see, for examples, [1], [2]). The dependence
of the background energy on masses of particles has been considered in [3] and numerical
calculations have been made in [4] to establish the stability boundary. In refs.([l], [3])
only the three-body Coulomb systems with J=0 wereconsidered.

Let us formulate the problem. We consider a three-body Coulomb system (A*, B T , C*)
with unit charges ± , ^ ± and various masses тл,771в,тс. We shall look for the stability
threshold according to the decay

(A,B,C)-(A,B) + C,

where (A,B) is a two-body atom and С is a free particle.

(5.1)

12



It is more convenient to use the following variables instead of masses rrij (see [1]):

° - ^ i + i + i b (J=AtB-c)' (5-2)

a A + «в + °c = 1 •
Any three-body system cap be represented by a point in an equilateral triangle for

which the altitude equals 1 so that the identity (5.2) can be interpreted as a sum of
altitudes from a point at three sides of this triangle ( see picture 1 ). Let us call it the
stability triangle.

Our problem is to find on the stability triangle the boundary separating stable and
i nstable states of three-body systems. The stability of a three-body system (A,B,C)
is defined relative to the decay (5.1). Without loss of generality, one can consider that
т л > 77ic. The binding energy can be calculated by the formula

А Ё = _ I e - ( т°тв у _ Л^Цв_\ ( 5 3 )

2 \mc+m^ гп + т/

where the parameter U as a function of masses m;- or a,- is determined by (3.9). The
condition AE = 0 defines the sought boundary. We shall call the masses for which this
condition is fulfilled the critical masses.

First of all, let us place on the triangle the points corresponding to the well-known
systems

The system (e+e"e-) is studied in ([12],[13]) and it is stable. The molecules (ppe~) = Hi
and (pe~e~) ~ H~ are well-known hydrogen ions and they are stable ([12j,[13]). The
system (рс~ц~) is unstable [14].

In the oscillator representation the critical masses will be calculated according to
formula (5.3). We shall proceed in the following way.

The molecules (pe~e+) and (pe'p) are distinguished by the masses of positron and
proton. Let us consider the binding energy of the system (pe~C+) as a function of the
mass me of the C-particle in the limits mc < me < mp. Thus, the mass of the C-particle
me = 2.1 lm c is a critical one for the system (pe"C+) with J = l .

The molecules (pc~c+) and (e+e~e+) are distinguished by the masses of positron and
proton, too. Let us consider the system (D+e~e+). When mp = mp the system is unstable
and for mo = me it is stable. Decreasing the mass of the D-parlicle to mo = 4.15m,. one
can get AE = 0 and for mo < 4.15me this system becomes stable.

For the systems (pe~C+) and (D+e~e+) the critical masses of the particles D and С
are found to equal me = 2.11mc and mo = 4.15mc. These systems have been considered
in ([l],[15j - [17]) where the restriction on the critical masses is established.

Now Ir<, us consider the molecule (pB"e~) which contains the molecule (p/t~e~) and
the iiydr'.jjoii atom (pe~e~). These systems differ by the masses of muon and electron.
Our calculation gives the critical mass of the B-particle to be mg = lA9mc.

In the system (A+A~e~) which changes from the ion H~ for m* = m e to the proton-
antiprolon ion (ppc) for т д = mp the critical mass equals т д = 2.22mt.

13



Fig.l. The stability triangle. The stability boundary for the
three-body Coulomb systems with J=0,l.

14



Thus, for the systems (j>B~e~) and (A+A~e~) the critical masses are т д = 1.49m,.
and тпл = 2.22m,;.

Our results (four points) are shown in Table 3 and can be approximated by equation
(5.4).

Table 3.Results for stability bound-aries.

.0003

0.G80
.1085
.4444

.2299

.2299
.4032
.0003

.403 .68

.92

(5.4)

The vertical altitude on which every molecule is stable is the axis of charge symmetry
of the three-body system. Therefore, the stability boundaries are symmetrical relative to
this altitude. Thus, the inside part of the stability triangle bounded by these lines is the
stability region of three-body Coulomb systems with J = l .
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Appendix

Let us consider the equation

which is defined in the interval (-co < u < oo). Let us introduce the new variable

x = tanh(u),

and after some simplifications the equation (A.I) looks like

( A - 2 )

16



One can see that P™(i) is the solid spherical harmonic, m = 0 , ± l , ± 2 , . . . are the az-
imutbal quantum numbers and и is a parameter which can take any values.

For the calculations of the bound state energy, i.e., the functions Am(v), Nm(u) and
F(y) we used the representation for the solid spherical harmonic [18]:

(х) = ( - 1 ) "

' ^ Г ( т - i/)r(i/ - m + l)(m + n)M \ 2

Used this representation from (3.5) and (3.8) we get

4 ^ '"

where

+ Jfc)

I i k ^ m ) ГЦт-и) rV-m + 1) ' ( A > 5 )

Let us calculate the integral represented in Eqs. (4.1) and (4.2). We used the following
relations:

t2)
Df2 • ехр{-П«! -

1

0 0
\ + аЧ]

and

at

where у = u>/fi and P n ( i ) are the Legendre polynomial. Now consider the integral

16



OO OO

• J j dhdt2 (I, • t2f'
2 • ехр{-Ш, - col2)

Z\Zj • с

(A.6)

Taking into account the relations defined above and after simple transformation, from
(A.6) we have —

• g AM

c? / 2

ЫЬ
where

(А.8)

Taki'ig into account the representation (A.I) for the solid spherical harmonic and the
relations (A.2-5), from (A.7) we get

(A.9)

where

and

f . п

J '
References

[1] Martin A., et a!., Phys. Rev., A46, p.3697(1992).

[2] Thirring W., A Course in Mathematical Physics , V.3 (Springer-Verlag,1981).

17



[3] Bhatia A.K. and Drachman R.J., Phys. Rev. A35, p.4051(1989);
Papovic Z.S. and Vukajlovic F.R., Phys. Rev., A36, р.1936(1987).

[4] Poshusta R.D., J. Phys. B18, р.1887(1985).

[5] Ponomarev L.I. and Vinitsky S.I., Sov. Jour. Yad. Piz. 2O,p.577(1974).

[6] Dineykhan M., and .Efimov G.V. Few-Body Systems 16, p.59(1994);
Yad. Fiz. 57, p.220(1994)

[7] Dincykhan M., Efimov G.V., Ganbold G. and Nedelko S.N. Oscillator
Representation in Quantum Physics, Lecture Notes in Physics, m 26 Springer-
Verlag, (1995).

J8) Varshalovich D.A., Moskalev A.N., and Khersonskii V.K. Quantum theory of
angular momentum (Word Scientific Pub., Singapore, 1988).

[9) Ponornarev L.I. and Vinitsky S.I., Sov. Jour. Part. Nucl. 13, p.557(1982).

[10] Dineykhan M., and Efimov G.V. Preprint JNIR, E4-95-176, Dubna (1995).

[11] Korobov V.I., Vinitsky S.I. and Kuperin Yu. A. Phys. Lett., B315, p.215(1993).

[12] Cohen S., Hiskes J.R. and Riddell R.J., Phys. Rev.119, p.1025(1960);
Wind H., Chem J., Phys.42, p.2371(1965); 43, p.2956(1965);
Kolos W., Acta Phys. Acad. Sci. Hung.27, p.241(1969);
Beckel C.L.. Hausen B.D. and Peek J.M., J. Chem. Phys.53,p.3681(1970);
Struensee M.C., Cohen J.S. and Pack R.T., Phys. Rev.A34, p.3605(1986);
Fonseca A.C. and Репа Л., Phys. Rev.A38, p.4967(1988).

(13] Milk A.P., Phys. Rev. Lett.46, p.717(1981).

[14] Wightman A.S., Thesis, Princeton University (1949).

(15) Rotenberg M. and Stein J., Phys. Rev. 182, p.l(1969).

[16] Armour E.A.G. and Schradcr D.M., Can. J. Phys. 60, p.581(1982).

[17] Glaser V., et al.,in Mathematical Problems in Theoretical Physics,
Proc.Int.Conf.Malh.Phys. Lausanne(1979), ed.K.Osterwalder
( Lectures Notes in Physics, vol.116, Springer-Verlag, Berlin,1980).

[18] I.S. Gradshteyn and I.M. Ryzhik Table of Integrals, Series, and Products Cor-
rected and enlarged edition Academic, San Diego, (1980).

Received by Publishing Department
on October 24, 1995.

18



Принимается подписка на препринты, сообщения Объединенного института
ядерных исследований и «Краткие сообщения ОИЯИ».

Установлена следующая стоимость подписки на 12 месяцев на издания
ОИЯИ, включая пересылку, по отдельным тематическим категориям:

Индекс Тематика Цена

1. Экспериментальная физика высоких энергий

2. Теоретическая физика чысоких энергий

3. Экспериментальная нейтронная физика

4. Теоретическая физика низких энергий

5. Математика
6. Ядерная спектроскопия и радиохимия

7. Физика тяжелых ионов

8. Криогеника

9. Ускорители
10. Автоматизация обработки экспериментальных данных
И. Вычислительная математика и техника
12. Химия

13. Техника физического эксперимента

14. Исследования твердых тел и жидкостей ядерными методами

15. Экспериментальная физика ядерных реакций
при низких энергиях

16. Дозиметрия и физика защиты
17. Теория конденсированного состояния

18. Использование результатов
и методов фундаментальных физических исследований
в смежных областях науки и техники

19. Биофизика
«Краткие сообщения ОИЯИ» (5—6 выпусков)

подписки
на год

22600 р.

59200 р.

7800 р.

23400 р.

14800 р.

12000 р.

2200 р.

1400 р.

12200 р.

12200 р.
14300 р.

1200 р.

21300 р.

7200 р.

2600 р.

2200 р.

12200 р.

1800 р.

1800 р.

15000 р.

Подписка может быть оформлена с любого месяца года.
Организациям и лицам, заинтересованным в получении изданий ОИЯИ,

следует перевести (или отправить по почте) необходимую сумму на расчетный
счет 000608905 Дубненского филиала ММКБ, г.Дубна Московской области,
п/инд. 141980 МФО 211844, указав: «За подписку на издания ОИЯИ».

Во избежание недоразумений необходимо уведомить издательский отдел о
произведенной оплате и вернуть «Карточку подписчика», отметив в ней номера
и названия тематических категорий, на которые оформляется подписка, по
адресу.

141980 г. Дубна Московской обл.
ул.Жолио Кюри, 6
ОИЯИ, издательский отдел



SUBJECT CATEGORIES
OF THE JINR PUBLICATIONS

Index

1.
2.
3.
4.
5.
6.
7.
8.
9.

10:
11.
12.
13.

14.
15.

16.
17.
18.
19.

Subject

High energy experimental physics
High energy theoretical physics
Low energy experimental physics
Low energy theoretical physics
Mathematics
Nuclear spectroscopy and radiochemistry
Heavy ion physics
Cryogenics
Accelerators
Automatization of data processing
Computing mathematics and technique
Chemistry
Experimental techniques and methods

Solid state physics. Liquids
Experimental physics of nuclear reactions at
low energies
Health physics. Shieldings

Theory of condensed matter
Applied researches
Biophysics



Динейхаи М.Д., Ефимов Г.В. Е4-95-439
Стабильность трёхтельпой кулоновской системы с / = 1
в оснилляторном представлении

Метод осцилляториого представления применен к вычислению спектра
трехтелыюй кулоповскоп системы с полным моментом J. Для трехтелыюй
кулоновской системы сУ= 1 установлены границы стабильности в зависимости

от массы частиц. Для систем (А+А~е~), (/;<?~С+ ), (])В~е~) и (D+e~e+ ) определены
значения критических масс частиц А, В, С и D: /нл=2,22/и(,, /лв=1,49/ир1

;л„ = 2,11//1 , тп = 4,15/л .
С с D с'

Работа выполнена в Лаборатории теоретической физики им. Н.Н.Боголю-
бова ОИЯИ.

Препринт Объединенного института ядерных исследовании. Дубна, 1995

Dineykhan M.D., Efimov G.V. E4-95-439
Stability of the Three-Body Coulomb Systems with J = 1
in the Oscillator Representation

The oscillator representation is applied to calculate the energy spectrum
of three-body Coulomb systems with J total angular momentum. For the three-body
Coulomb systems with J = 1 and arbitrary masses the region of stability
is determined. For the systems (A+A~e~), (JH>~C* ), (j)B~e~) and (D+e~e+), the
values for the critical masses of A-, B-, C- and D-particles are obtained:
/лд = 2.22Л1 e, HIB = 1 A9me, mc = 2.11 »i(, and mD = 4.15/л(,.

The investigation has been performed at the Bogoliubov Laboratory
of Theoretical Physics, J1NR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 1995
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