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Two-body relativistic systems
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Vol. XXVII, n° 4, 1977,

Section A :

Physique théorique.

ABSTRACT. - The manifestly covariant hamiltonian formalism is dis-

played in view of application to a large class of interactions.
A relativistic generalization of central forces is more specially considered.
The relationship between the positions and the canonical variables is

elucidated at least in the case of a solvable example. This example is a cova-
riant generalization of the harmonic oscillator.

I. INTRODUCTION. NOTATIONS

Relativistic dynamics based upon second-order differential equations of
motion has slowly emerged during these last years. It is sometimes called
Finitely Predictive Mechanics because phase space has a finite number of
dimensions and therefore, the evolution of a system can be, in principle,
predicted when initial positions and velocities are known. In the old non-
covariant approach [1] Currie-Hill conditions are to be satisfied in order
to insure the relativistic invariance. In the manifestly covariant formula-
tion [2] [3] which involves N propertimes for N particles, the equations of
motion are integrable and permit world lines to exist, provided the Predicti-
vity Conditions [2] are satisfied. Since neither these conditions nor the
Currie-Hill conditions are linear, it has been a long time almost impossible
to construct explicit models with satisfactory physical features.
We have introduced [4] [5] [6] a covariant hamiltonian formalism and

applied it for the construction of systems.
We call hamiltonians the (scalar !) generating functions giving rise to

the equations of motion. Accordingly we have as many hamiltonians as
we have particles, since these equations, in a somehow redundant way,
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408 PH. DROZ-VINCENT

involve all the proper times (or N more general parameters). The hamilto-
nians cannot be confused with the energy which is the time componant of
the conserved total linear momentum. So far we have always identified
them with 1/2 of the squared masses. Due to the Currie-Jordan-Sudarshan
zero interaction Theorem [1] which can be given a covariant form [7],
we know that the positions cannot be canonical. They cannot be arbi-
trarily related to the canonical variables, but must satisfy the Position
Equations (to simplify we assume N = 2)

We have previously indicated how a predictive relativistic system can be
constructed :

i) Let us a priori start from an Abstract hamiltonian formulation i. e. consi-
der H and H’ as Poincare invariant functions of the canonical variables,
submitted to the condition

without specifying the relationship between the positions and the canonical
variables.

ii) Then specify this relationship by solving (1.1) with respect to x, x’ in
a suitable way. We have shown that this procedure, in which ( 1. 2) plays
the role of the predictivity condition, automatically provides us with a
2nd order system of equations of motions :

If by chance d1: and d1:’ appear to be constant in the motion, they

are identified with the squared masses.
If, not, which is generally the case, an appropriate change of parameters

is always possible. Eq. (1.3) gets transformed into another system, and
the constancy of masses is restored.
More precisely we define the affine parameters a and a’ by

where

Then

and they are identified with the squared masses.
The change from T, r’ to cr, a’ will be referred to as the mass-parameter

correction. It is always possible, on the invariant subsystem defined by the

Annales de l’Institut Henri Poincaré - Section A



409TWO-BODY RELATIVISTIC SYSTEMS

conditions H &#x3E; 0, H’ &#x3E; 0 in phase space. So, the question of mass cons-
tancy is settled [8].

In view of constructing a system, we made a first attempt by adding to
the free-particle hamiltonians an interacting term similar to that of a har-
monic oscillator [5] [6]. At his time we had some difficulties with the inter-
pretation, so we had first abandoned this model and worked with Hamilton
Jacobi (H-J) co-ordinates (allowed to vary on the real line). We have exhi-
bited all the systems one can reach by this method [8], but without under-
taking the study of a specified example (as it could be done easily, since,
expressed in terms of H-J coordinates, the hamiltonians are formally similar
to the free particle ones, and all the interaction is carried by the deviation
of the positions from the H-J co-ordinates [9]). But this does not exhaust
all the hamiltonian systems. In fact, although any hamiltonian predictive
system admit such H-J-coordinates [10] in general this is true only locally.
Thus the systems constructed as in ref. [8] and the systems constructed
otherwise will not coincide globally in general, and their qualitative picture
can be quite different.

Besides, it is not usual, in classical mechanics, to construct systems by
using H-J-coordinates, and we think that in the beginning, analogy with
a classical model is a precious guide. That is why we go back to our initial
attempt and consider again hamiltonians with an interacting term. The
canonical variables q, q’ cannot be the positions because of the zero inter-
action theorem. But, in this paper we shall make them to differ from the

positions « as little as possible » in some sense. This point of view permits
to find the symmetries, first integrals, etc., by analogy with classical mecha-
nics, and sometimes with one-body relativistic mechanics. Fortunately
things are improved, and we are now able to find a satisfactory relation
between q, q’ and x, x’ at least in the oscillator-like case.

In Section II we give results and formulae valid for a general type of
interaction. Section IV is specially devoted to the case where the interacting
term suggest a harmonic oscillator. A suitable solving of (1.1) actually
leads to the qualitive features of the harmonic oscillator, namely we have
a bound state, the relative motion being elliptic in the appropriate frame.

Notations

Space-time M4, signature + - - -.
One-particle phase space is T(M4), identified with the product of M4 by

the space of four-vectors. Two-particle phase space T(M4) x T(M4).
Ordinary co-ordinates in phase-space x", v", xa.’, va.’.
Canonical co-ordinates q", p«, 
When possible, the Greek indices are omitted, for instance x stands for

x", etc. Scalar product written in compact form : v. v’ stands for etc.

We write v2 instead of v. v, etc.

Vol. XXVII, nO 4 - 1977.
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The equations of motion involve the parameters r, r’ that is to say we
have

Note that the four vectors v, v’ are not constrained. When v2 and v’~ are
constants of the motion we identify v = mu, v’ = m’u’, where m, m’ are the
masses, u, u’ are the unit four-velocities.
Thus (up to a power of c) v, v’ have the dimension of a mass. Necessarily

T and 7:’ have the dimension of a surface. In case of constant v2 and v’2 we
have T = s/m, 7:’ = s’/m’ (otherwise we manage to have ~ = s/m, cr’ = s’/m’
by the mass-parameter correction as seen above).

Hamiltonians H, H’. They are simply v2/2 and ~~/2 in the free particle
case, and in general they have the dimension of a squared mass. Quantities
of unusual dimension result from the use of unconstrained v, v’, and the
fact that the masses are not taken a priori constant, but rather considered
as constants of the motion. This is necessary in order to have a symplectic
(thus even dimensional) single-particle phase-space without introducing an
universal constant. We assume that q, q’ have the dimension of a length,
p, p’ that of a mass.
We take c = h = 1. We set aa = = 

Contravariant vector fields of phase-space are identified with linear

differential operators.
Duality of skew-symmetric tensors of M4 is noted *. For instance

If a, b, c are four vectors

Product of a tensor by a vector: for instance

Indices are moved by the Minkowski metric 
We separate external and internal variables by

Angular momentum

Applying the space projector

to anything will be noted ~ .

Annales de l’Institut Henri Poincaré - Section A



411TWO-BODY RELATIVISTIC SYSTEMS

Example

Standard Poisson brackets

Thus

The other brackets of Q, P, z, y are zero.

g = Poincare Group.

II. THE « A PRIORI » HAMILTONIAN APPROACH

We start from the hamiltonians H and H’, assuming that they are the
free particle hamiltonians plus an interacting term. For the sake of simplicity
let us add the same term to both.

So we have

For convenience we shall call V the potential, although it has not the

dimension of energy (For a given system, anyway, it will be possible to
divide V by a mass and obtain a quantity with the correct dimension).
Poisson brackets are defined by the symplectic form dq n dp + dq’ A dp’.
In other words we postulate the standards P. B. (1.9).

Let X and X’ be the vector fields generated by H and H’ on phase-space.
This means that for any phase-space function ~p~p~ we define

In order to insure the predictivity condition [X, X’] = 0 we require Eq. (1.2).
The Hamilton equations of motion are analogous in form to Heisenberg

equations. But we keep in mind that, when we shall go back to the ordinary
co-ordinates of phase-space, q (resp. q’) will be, in general, a function of
all these co-ordinates, and not only of x, v (resp. x’, v’).

Therefore, the equations of motion involve all the parameters, and we
have [6]

From (2.2) and (2. 3) we see that

Moreover we require that V is invariant under exchange of particles and

Vol. XXVII, no 4 - 1977.
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Poincare invariant. Since we shall manage later that the change from cano-
nical to ordinary co-ordinates does not break Poincare invariance, this
invariance is expressed by saying that V is a function of six scalars

First we see that (1.2) becomes simply

Using instead of (2.5) the equivalent scalars

we find easily that

(2.8) THEOREM. - The most general possible V is a function of the
five scalars

The quantities z, y are the spatial relative variables.
Note that

But

thus eq. (2. 9) means the vanishing H - H’} and {y, H - H’}.
By (2.4) this means (alar - = (alar - = 0. Thus.

(2.11) THEOREM. - In the motion, the relative spatial variables depend
on r + r’ only.

Constants of the motion

The constants of the motion (or first integrals) are characterized by
having a vanishing Poisson bracket with both H and H’.

Example : always H and H’ themselves.
From ~-invariance we have immediatly P and M. Also y . P by (2.10).

From y . P and P2 we find P .p and P .p’. Since P2, P .p and P .p’ are constant
in the motion we shall without trouble restrict the system by the condition

Thus II will always exist and will be the projector onto the space like
hyperplane orthogonal to P. This point legitimates the name « spatial
variable » given to z and y.
The angular momentum vector is as usually

with I
Annales de l’Institut Henri Poincaré - Section A



413TWO-BODY RELATIVISTIC SYSTEMS

The (spacelike) direction of the 2-plane orthogonal to P and L remains
constant in the motion. We shall call it the Canonical orbital plane because
the spatial relative canonical co-ordinates z and y remain in this plane during
the motion (Recall P. *M = P. *(z A y) thus L 1 to z and y).

The external co-ordinates

Define the center of mass by the formula which is well-known in the
absence of interaction [1 1] ]

or equivalently

Although q, q’, r, Q are not vectors, we shall use the same notations in
the calculations.
The relation with angular momentum is obtained from

In the free particle case and (P. Q/p2)P vary linearly in the
proper times.
For a general choice of V according to (2. 8), we can say nothing about

P. Q. We shall see later that for a certain type of V, P. Q will again be linear
in proper times.

Projecting (2.16) we obtain

Since the left-hand side of (2.17) is constant we see that the evolution
of Q is explicitly determined by the motion of the relative variables. Since
P is constant we can say finally :

(2 .18) THEOREM. - Except (perhaps) for P . Q the evolution of the exter-
nal co-ordinates is explicitly given when the motion of the internal (or rela-
tive) co-ordinates z, y is known.

Principles for abstract interaction

It is clear that, in so far as the position equations (1.1) have not yet
been solved, the system is not completely specified.

But many results can be obtained « abstractly », that is to say with no
more information than the form of the hamiltonians. In some sense eq. (2.1)
define an « abstract system ». By abstract integration we mean the solving
Vol. XXVII, no 4 - 1977.
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of eq. (2. 3) regardless of its future interpretation in terms of x, x’. The clas-
sical method using first integrals can be applied provided one is aware of
the fact that X and X’ define a two-parameter flow in space-time. In other
words X and X’ define (at least locally) the 2-parameter group of « trans-
lations in proper-times » and solving (2. 3) means to determine 2-dimensional
surfaces, the orbits of this local group.

Since phase-space has sixteen dimensions we can find at most 14 indepen-
dant first integrals. When we know them, the orbits solutions of (2. 3) are
known in geometric form, i. e. the parameters T, 7:’ being eliminated. In
order to determine also the curves orbit of X (resp. X’) alone, it is necessary
to introduce one more quantity constant on these curves. This fifteenth
function cannot be also invariant by X’ (resp. X).

So we have introduced [12] :

DEFINITION. - A partial integral relative to X (resp. X’) is a phase-space
function which is invariant by X (resp. X’) but not by X’ (resp. X). Its
Poisson bracket with H (resp. H’) vanishes but its bracket with H’ (resp. H)
does not. We see in (1.1), the positions x°‘ (resp. must be partial integrals
of X’ (resp. X).

III. CENTRAL-LIKE POTENTIAL

We shall now assume that the « potential » V has the form

which is acceptable by (2.8).
In so far as our canonical co-ordinates will differ from the ordinary ones

only by some corrections due to the interaction, - z2 is a covariant genera-
lization of the spatial squared distance involved in non relativistic force
laws [13].

Potentials of the above type will be called central-like because of their

similarity with the central potential, of non relativistic dynamics.
Actually they have several properties of these classical potentials.

From (3.1) we are going to derive some useful formulae. Half of the calcu-
lations are avoided by use of the symmetry of (3 .1) under particle exchange,
which leaves Q and P invariant, changes z and y into - z and - y, etc.

First, remarking that { z, P } and { z, n} vanish we calculate { z, H } and
find

like in the free-particle case.
It is practically useful to introduce

Annales de l’Institut Henri Poincaré - Section A
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Thus we have from (3.2)

This formula shows that 8 (resp. 8’) is canonically conjugated to H
(resp. H’). By use of (3.2) one finds also

It is remarkable that they are constant in the motion and have the same
expression as for free particles.
Note that 0 and 0’ are equal, up to a factor which is a constant of the

motion. Their evolution in time is determined by the evolution of P . z.
Multiplying (3.2) scalarly by P and integrating with respect to the para-
meters (Recall (2.4)) one finds

(3 . 6) P . z = P .p-r - P .p’7:’ + Const.

This quantity is analogous to a sort of relative propertime (with weights).
We are able to complete the result (2.18) about the evolution of the external
co-ordinates.

Consider

Thus

But from (3.1) and (1.10) we have

where

Thus, in the particular case where the function G is taken constant, we
have simply

The integration is straightforward and yields a linear evolution

Let us go back to the more general case (3.1) where G can depend on P2.

(3 . 9) THEOREM. - It is always possible to require that x - q and x’ - q’
belong to the canonical orbital plane.

Proof - The most general x’ - q’ possible can be developed onto the
vectors y, z, L.

Vol. XXVII, no 4 - 1977. 27
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But the coefficient relative to L is necessarily constant since :

and

Thus { Q, V} is colinear with z and X(q’ - x’) has the same property.
Finally X(q’ - x’). L = 0. The constant quantity (q’ - x’). L can always be
chosen to be zero.

Considering now r - z we find.

(3.10) CONSEQUENCE. - If we make this requirement, the physical spa-
tial separation 

stays in the canonical orbital plane. In other words, the relative spatial
motion takes place in this plane that we have now the right to call simply
the Orbital Plane.

Returning to the canonical co-ordinates, we have useful formulae for the
evolution of the relative variables which span the orbital plane.

Projection of (3.2) gives

Note that p = -’ = .
Since Xy = { ~ V } we compute from (3.1)

thus

Recall that z and y depend on the sum r + r’ only.
Practically eq. (3.11) (3.13) give a second-order equation in terms of z.

Since {pZ,;} =0, finding the evolution of z is equivalent to the solving
of a one-body plane classical problem.

IV. OSCILLATOR-LIKE POTENTIAL

In a previous Note [5] we have suggested a potential of the form

(4.1) K= const.

Annales de l’Institut Henri Poinca&#x26; - Section A
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The advantage of (4.1) is that this expression is a polynomial in the canonical
variables, thus its quantization is more easy. One could also take

V = const. P z2 because in this case the coupling constant has the same
dimension as for the classical oscillator.

But we prefer, as we did in more recent articles [12] [14], to consider
the potential

which is the most simple for the calculations we have in mind.
For the comparison with a classical model we may consider the motions

corresponding to a certain value of P2, and identify k/ I P I with the non
relativistic constant.

The abstract integration can be carried out, in principle, by use of first
integrals.

Beside obvious integrals

we have the relative inertia-momentum tensor

Proof. either by computation or by the final remark of Section III :

The evolution equation for z is the same as for a classical one-body problem,
for which we know the constants of motion [15] . Note that N defined in (4 . 3)
is not traceless, we have

where [6]

it is proportional to the relative energy. The constancy of shows that z
describes an ellipse. The axes can be determined by looking for the eigen-
vectors of N in the orbital plane. If these eigenvectors have the form a§ + fi
one finds

If one tries to deduce from P, M, y. P, N the initial values of q, p, q’, p’ one
finds that they involve 13 independent quantities only.
Thus, one should now look for partial integrals.
In practice it is better to perform the separation into external and internal

variables.

Then P is constant, Q is given by (2 .17) as a function of P.z, ~ z and
first integrals. But P. z is given by (3 . 6), Q. P is given by (3. 8) and y. P is
constant.

Finally the only remaining problem is to determine the evolution of z
and y.

Vol. XXVII, nO 4 - 1977.
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In the present case (3.11) (3.13) become

Define

Remembering (2.11) the integration is straightforward and yields

where C is a constant, A and B constant orthogonal vectors of the orbital
plane.
By derivation of (4.9) with respect to r we find

For the configuration where the sinus vanishes we have z = :t Band

~ = :t A~. Thus by (4.3) (4.8)

But both handsides of (4.11) are constants of the motion, thus (4.11) holds

true for any configuration. z moves on an ellipse the axes of which have
lengths 2 I A I and 2 B ).

Solution of the position equation

Now we have to solve eq. (1.1). It can be written on the form

We have seen (Section III) that Xq’ = { Q, V }. From (4.1) we have

Thus, by the important formula (3.7) we have finally

The absence of component on the direction P is due to the fact that now,
G in (3.1) is constant.

Since the right-hand side of (4.12) lays on the orbital plane, we can

require that
x’ - q’ lays on the orbital plane

(This is stronger than the requirement permitted by (3.9)).
So we postulate a relation of the following form

Annales de l’Institut Henri Poincaré - Section A
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and, by exchange of particles

where the scalar coefficients cp, 1jI, ~B 1jI’ are to be determined. The constant
factors and P .p’/P2 are put in order to make as simple as possible
the calculations with 8 and o’. Provided cp, 1/1, ~’ will be bounded, these
factors will also provide a satisfactory potential theory limit (P2 - oo).
We are not concerned with finding a large class of solutions, but rather

we look for a plausible and tractable model.
So we assume that cp, 1/1 (resp. 1jI’) are functions of 0 only (resp. 0’ only).

This apparently arbitrary requirement will be legitimated a posteriori by
consideration of the equal-time surface.

Let us solve (4.12). We set

Insert (4.14) and (4.13) into (1.1), or equivalently (4.12). Take (3.4)
and (4.7) into account.

This implies the vanishing of a combination of z°" and y°‘. Identification of
the coefficients to zero provides finally

Fortunately w gets defined by (4.17). Putting this value into (4.18) one
tinds simply

Note that for the free case k = 0 eq. (4.19) becomes completely trivial
and one retrieves the free-particle solution x’ = q’ by a suitable choice of the
integration constants.
On the contrary, for k # 0, we first note the particular obvious solution

It corresponds to

By use of the identity

eq. (4. 21) takes the form

This partial integral of X has been mentioned in ref. [12].
This solution does not depend on k and has no physical meaning. But the

general solution of (4.19) is the sum of (4.20) and the general solution
of the homogeneous equation 03C8 + 2k03C8 = 0.
Vol. XXVII, n° 4 - 1977.
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Finally the general solution of (4.17) (4.19) is

with m = and a = const.

The solution which makes cp(0) and 1/1(0) to vanish is

We have obviously then

By symmetry under particle exchange we have analogous formulae for cp’
and ~’.
The solution (4.26) (4.27), to be inserted into (4.14), seems to be the

most convenient. From now on we shall consider only this solution and
discuss the system so defined.

Indeed from (4 . 26) (4. 27) we have x’ - q’ when k - 0 which is reasonable
since the positions must become canonical variables when the coupling
constant vanishes.

Moreover, in the general case k ~ 0, x’ coincide with q’ (resp. x, q) on
the surface

In fact, in so far as phase space is restricted by (2.12), (4 . 29) is equivalent to

It will turn out below that (E), which is ~-invariant and invariant under
particle exchange, is the most convenient Cauchy surface in phase-space.
By the Cauchy-Kowalewski theorem, one could prove that (4.26) (4.27)

gives the unique solution of (1.1) which makes x’ to coincide with q’ on (E).
Since we have taken x - q and x’ - q’ in the orbital plane, x - x’ will
differ from z only by a vector of this plane which is orthogonal to P.
Thus (4.29) is equivalent to

In any rest-frame, i. e. a frame of reference which has its temporal direction
parallel to P, the condition (4.30) reduces to rO = 0, in order words t = t’.
Thus (~) appears as the set of the points of phase-space which exhibit

equal times with respect to the rest-frames. Let us call (E) the Equal Time
Surface.
Note that (~) plays a role in the non relativistic limit.
A look at (4.26) (4.27) shows that and 03C8 are of second order in 0.

Annales de l’Institut Henri Poincaré - Section A
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Thus x - q and x’ - q’ are of second order in 0. This has the following
consequence :

We know that v and v’ are defined by [6]

Then one finds that v (resp. v’) reduce to p (resp. p’) on (E).
Similarly it turns out that

are of the 1 st order in 6. ’

Thus the equal-time value of the Poisson brackets (4. 32) is zero (i. e. they
vanish on (E)).

Discussion of the motion

The formulae (4.26) (4.27), completed by particle exchange, inserted
into (4.14) (4.15) define the positions.

Then v and v’ can be computed easily by (4. 31). We do not need to write
their explicit expressions here, but they have the form

where + 0(8) means : « up to a phase-space function vanishing on (E) ».

Eq. (4.14) (4.15) (4.33) define a change of variables which is invertible.
The evolution of x and x’ is determined since the evolution of all the cano-
nical variables has been previously determined.

Since x and x’ have been taken satisfying eq. (1.1) it would automati-
cally turn out of explicit calculations that x depends on r only (resp. x’, 1:’).
The same holds for v H } (resp. v’ and ~ = { v’, H’}). So we
finally recover the world-lines.

In order to go into more details let us consider the relative co-ordinate.
From (4.14) (4.15) we have

For a given motion P .p, P .p’, P2 are constant, z and y stay bounded.
~p, ~, 1jI’ are given by (4.26) (4.27) and particle exchange. Thus, up to
some terms which are periodic and bounded, we have

But from (3 . 3) we have finally :

(4. 35) r = z + periodic bounded terms.
Since z is periodic and bounded in its motion, application of n to (4 . 3 5)
Vol. XXVII, no 4 - 1977.



422 PH. DROZ-VINCENT

shows that r itself is also periodic and remains bounded in the motion.
This is characteristic of a bound state.

Rest frame description

So far we have used the general covariant formalism and we have treated
T and 7:’ independently. But, for a given motion with total linear momen-
tum P we can consider, in space-time, the family of three-planes ortho-
gonal to P. These three-planes intersect both world-lines. Among all the
possible configurations x, x’, this slicing selects the configurations satisfying
P . r = 0, that is to say the equal-time configurations. The corresponding
points in phase-space belong to (E). The rest-frame description of the system
consists in considering only the sequence of its equal-time configurations.
This introduces a relation between T and T’. Whereas the history of the system
in (M4 x M4) defines a 2-surface parametrized by r and r’ (the « world-
surface ») we now draw a curve on this surface by picking up a one-para-
meter set of couples x, x’.
The induced relation between r and r’ is easy to find, by (4.30) (4.29)

and (3.6) we have simply

So the parameters are equated, up to their « weights » and an additional
constant.

The evolution of the equal-time configurations is described with the help
of a single parameter.
The most natural is to use the « weighted average »

Returning to eq. (2.16) we see that in the equal-time description f is cons-
tant.

Thus the center of mass (2.14) moves along a line parallel to P. Now q
and q’ can be replaced by x and x’ since they coincide on (E). Eq. (3.8)
shows that Q. P varies linearly in r. Since we are on (E), Q is just ~ (x + x’).

Thus, in the rest-frame Q. P = P ! Q°

Since r.P remains now equal to zero, we only have to deal with I. But it
now caincide with ;.

It becomes easy to express r + r’ linearly in term of -:r by (4.36) (4.37)
and to inject the result into the equation of relative motion (4.9) where z can
now be replaced by  since we work at equal times.

Annales de l’Institut Henri Poincaré - Section A
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Consider (2 .15), replace q by x, z by r, then we have in the rest-frame

So we see that the particles move elliptically around their center of mass
which moves uniformly.

V. CONCLUDING REMARKS

We are now provided with a completely solved model. Thus it will be
possible to refer to it when considering more elaborated systems. Our
opinion is that the use of equal-time conditions on (E) must be systemati-
cally employed in the future.

It seems that now, trying to construct a relativistic generalization of
coulombian potential will be possible also.
We do not discuss here the quantization of our oscillator since we have

already done it (in a naive way) in a previous work [6].
The detailed classical study presented here will probably help to illumi-

nate the quantum mechanical work started there.
At this stage we already have some principles and tools for the making of

a potential applicable to the description of quarks binding, since we know
more about the classical system corresponding to coupled wave equa-
tions [16].

In so far as quantization is considered, we are aware of the fact that a
relativistic treatment should account for particle creation.
However the 2-body systems are relevant, not only as providing an alter-

native to the Bethe-Salpeter or to the Quasi-Potential approach, but also
because, when allowing creation or anihilatiori of particles it is necessary
first to have an idea of what is an N-particle state. After all why should the
particle be created on free states only ?

If, as we belive, they are created on interacting states, it is of interest to
construct explicit examples of N interacting particles. At least wa had to
begin with N = 2.
Our present method of quantization is only semi-relativistic, since the

motion of the center of mass is first separated before quantization is perfor-
med, so what is actually quantized is a reduced system. This is the popular
method widely employed for B.-S. equation and in the quasi-potential
approach. A more accurate treatment will be needed some day for instance
if one envision to perform the relativistic construction of a sort of Fock
space out of all the different N particle spaces (Second quantization without
fields !).
To be a little bit less ambitious for the moment, let us say that it is now
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424 PH. DROZ-VINCENT

reasonable to start with a completely relativistic quantization of 2-body
systems, at least for a simple model like the oscillator.

So, the open question is to consider also wave functions which do not
correspond to a fixed value of linear momentum and to define a satisfactory
invariant scalar product.
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