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An argument by one of us is first reproduced, demonstrating that the bare negation of the
consequences imposed by the completeness hypothesis, concerning the particular formal
fact that a quantum-mechanical free wave packet can spread out indefinitely, leads necessar-
ily to predictions on the presence probability distribution in interference states that diverge
from the corresponding quantum-mechanical predictions. It follows that, contrary to what
seemed to be almost generally accepted, it is erroneous to admit systematically that the
completeness problems are essentially unconnected to observation. This result is similar
to one previously established by Bell and seems to support a suggestion by Ballentine, that
any hidden-variable theory might necessarily lead to predictive divergences from quantum
mechanics, if internal "pathologies" are not admitted. The above-mentioned argument en-
tails a first minimal definition of a nonorthodox significance of a state vector. In the contin-
uation of this work this definition is tentatively developed in a constructive way. This devel-
opment is realized by a modification of de Broglie's model of a microsystem. This modifi-
cation, imposed by an examination of de Broglie's double-solution theory in the light of our
conclusion demonstrated before, is in fact rather profound; in particular, it forces the aban-
donment of the central idea of two solutions with distinct physical meanings, of a unique evo-
lution law. However, the theory called into consideration by this modification may be capable
of leading to objective proofs of the specific descriptive power of the essence of de Broglie's
conception on the structure of microsystems. Indeed, inside the general nonorthodox frame-
work tentatively outlined, a detailed definition of the presence probability distribution is
elaborated that coincides with the quantum-mechanical one outside interference states, but
diverges from it in interference states, in an experimentally testable way. This is a veri-
fiable constructive embodiment of the conclusion only critically obtained at the beginning of
this work. A final verdict on the value of the specific basic conception of the outlined theory
and of the new perspectives it brings forth can be obtained only by a further systematic
theoretical elaboration and by the corresponding experimental tests.

INTRODUCTION

The old and persistent controversy on the com-
pleteness of the quantum-mechanical formalism is
surreptitiously entering a new phase. The slow
but continuous evolution that kept modifying the ac-
cepted subject of this debate now finally touches
the very nature assigned to the problem. Wigner's
demonstration' closed the period of formulation of
"paradoxes" and of "answers" to these by clearly
establishing the price ineluctably required for a co-
herent integration of the completeness hypothesis
(duality of the evolution laws' or a solipsistic sub-
jectivity of description'), whereas various con-
structive attempts tend to demonstrate the possi-
bility also of a coherent development of the incom-
pleteness hypothesis, in more "natural" epistemo-
logical conditions. Meanwhile, certain results ob-
tained recently impose the conclusion that the com-
pleteness problem, in certain particular forms at
least, if fully analyzed, can be stated in terms of
testable divergences from the predictions of quan-
tum mechanics (Q.M. ), inside the specific realm
of validity of this theory (atomic dimensions and

Newtonian energies). The essentially "metaphysi-
cal, " "interpretative" nature of the questions about
the physical significance of the quantum-mechani-
cal formalism has then been but a long-lasting
semblance.

Indeed, in 1964, Bell demonstrated' that if hidden
variables of an arbitrary form are supposed to be
associable with spin states, then it follows that a
certain specified spin experiment necessarily
yields results that do not coincide in general with
the corresponding quantum-mechanical predictions
if nonlocality is excluded. In spite of the certainly
fallacious" character of von Neumann's well-
known general demonstration, this result reestab-
lishes after all von Neumann's conclusion, for the
particular case of hidden parameters for spin
states (such parameters are predictively incoher-
ent with Q.M.). Moreover, Bell's result can also
be envisaged, as Ballentine suggests, ' as a symp-
tom of the possible, more general fact that a theo-
ry of microsystems that introduces any sort of de-
scriptive elements undefined in Q.M. necessarily
leads to specific predictions, if internal "patholo-
gies" are rejected (von Neumann's conclusion inte-
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grally).
Likewise, one of us showed' that within the

de Broglie-Bohm interpretation of Q. M. , if the
a Priori acceptance of the general validity of the
quantum-mechanical distribution postulates is ig-
nored, it is possible to establish deductively the
conclusion that a certain experimental procedure
applied to an interference state must lead to the
registration of a non-quantum-mechanical "guid-
ance" distribution of values for the momentum.
This conclusion stands in obvious contradiction
with the observational hiddenness asserted in the
de Broglie-Bohm interpretation for the distribu-
tions of "guidance" values of the momentum, as
well as with the acceptance, in this theory, of the
general validity of the quantum-mechanical distri-
bution postulates (in the realm of atomic dimen-
sions and nonrelativistic energies). But in the pres-
ent context the significant feature of the above-men-
tioned result consists in its possible analogy with
Bell's result for spin variables: The definition of
certain non-quantum-mechanical parameters, here
values of the momentum, is found to lead to test-
able divergencies with Q. M.

The present work is a progressive development,
first critical and then constructive, of the line of
thought sketched above.

The first section of this work is purely critical.
The conclusion reached in it is the following: The
negation (by postulation of appropriate, minimally
specified, non-quantum-mechanical parameters) of
the consequences imposed by the completeness hy-
pothesis concerning the particular fact that free
wave packets can spread out indefinitely, necessari-
ly leads, concerning the presence probability dis-
tribution in interference states, to predictions
which are different from the corresponding quan-
tum-mechanical predictions.

An experimental procedure capable of deciding be-
tween the two possibilities defined is indicated in
the second section.

Whereas the first and second sections of this work
are purely analytical and take the quantum-mechani-
cal formalism as the object of analysis, the subse-
quent sections are. of a rather opposite nature: On
the basis of the established conclusion, they are
tentatively aimed, outside Q.M. , towards a con-
structive solution for the completeness problem in
terms that are not essentially statistical and with
an explicit a Priori allowance for predictive specific-
ities with respect to Q.M. (Such an allowance is the
natural constructive prolongation of the possibility
of observational impact of the completeness prob-
lem. ) This aim is far from being fulfilled here.
Yet we believe that a certain amount of progress
has been achieved in the stated direction:

The nonorthodox theory first conceived by de Brog-

lie, ' then rediscovered by Bohm, 9 and since syste-
matically developed by de Broglie and his school" "
under the name of double-solution (D.S.) theory,
seems to us to be the best structured among all the
causal descriptions of microsystems proposed up to
now. For reasons of coherence with its basic con-
ception of physical reality and of a satisfactory de-
scription of it, the D.S. theory should yield an inter-
pretation of the possibility of unlimited spreading of
a free wave packet that is acceptable to those who

reject the completeness hypothesis. Yet it certainly
fails to do this in a coherent way. Indeed, though

it negates globally the completeness hypothesis,
the D.S. theory admits nevertheless a Priori the
general validity of the quantum-mechanical distri-
bution postulates. Now, as mentioned, we demon-
strated that the quantum-mechanical postulate on

the presence probability distribution stands in con-
tradiction with the negation of the specific implica-
tions of the completeness postulate concerning the
particular spreading-wave problem. It seemed
then efficient to us, in order to orient the construc-
tive effort we had assigned to ourselves, to start
with a detailed research of the obstacles that ob-
struct in D.S. theory an exhaustive and coherent
solution of the spreading-wave problem. We identi-
fied these obstacles, and thereby also the modifica-
tions required to remove them. These modifica-
tions are in fact very profound. Besides a clear
dropping of the a Priori exigency of a rigorous pre-
dictive identity with Q.M. , they consist also of the
attribution of a more radically statistical signifi-
cance to a state vector. This entails the dissolu-
tion of a central idea in de Broglie's theory, the
idea of a double solution of a unique evolution law
(to which the title alludes). Thereby, however,
there comes naturally into consideration a new

theory which may prove capable of liberating final-
ly the descriptive power of de Broglie's conception
of microsystems, masked and immobilized until
now by the ramification of artificial restrictions
issued from the a Priori condition of a rigorous
predictive identity with Q.M.

In the final, purely constructive section of this
work, we propose a first tentative outline of this
new theory of microsystems. Inside the general
conceptual frame outlined we have been able to
elaborate a detailed nonorthodox definition of the
presence probability distribution. This definition
coincides with the quantum-mechanical one outside
interference states, but diverges from it in inter-
ference states in a testable way. (Thus the conclu-
sion of the first part obtains a constructive embodi-
ment. ) The precise and verifiable character of the
particular result stated above makes possible a
first evaluation of the specific basic conception of
the outlined theory and of the various new perspec-
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tives it creates tentatively. Of course, only further
systematic theoretical elaboration and experimental
tests could lead to a final conclusion.

I. THE QUANTUM-MECHANICAL DEFINITION OF THE

PRESENCE PROBABILITY DISTRIBUTION IN

AUTOINTERFERENCE STATES, THE SPREADING OF
VfAVE PACKETS, AND THE OBJECTIVITY OF THE

COMPLETENESS PROBLEM

A. Introductory

Let us consider one single microsystem that un-
dergoes an evolution during which an autointerfer-
ence evolves. The descriptive element by which
c[uantum mechanics (Q.M. ) represents such an evo-
lution is the concept of a normalized wave packet.
Let us examine the quantum-'mechanical definition
of the distribution of the presence probability, ob-
tained by use of this descriptive element.

B. The Example of a Step Potential

1. The Quantum-Mechanical Definition
of the Presence Probability

We consider first the classical one-dimensional
case of one microsystem, sent from left to right
towards a step potential. Q.M. represents the evo-
lution of this microsystem by means of a spatially
limited wave packet g» at first incident on the
wall, which is then partly reflected back in a pack-
et g„and partly transmitted. At any moment

t, g b,t contained inside the duration ~t of the pro-
cess of reflection, there exists a non-null domain

br(t, ) such that at a point r Ger(t;), the state
vector has the additive form

lg(r, I, )) = lg, (r, I, ) + g(r, I, )),
and the presence probability of the microsystem S
is

whereas at a point r e Ar(t;), the presence prob-
ability of S is either II(r, t, ) =

~p, (r, I,) ~' if it is g,
that is non-null at r at the moment t„or II(r, t, )
=

~g, (r, t, ) ~' if g, is non-null at r at the moment I, .
At a moment t(E b, t, the state vector i.s everywhere
either ~g,) or ~g, ) and the presence probability of S
is II (r, t) =

~g, (r, t) ~' or II (r, t) = (g, (r, t) P depending on
whether t occurs before or after the process of re-
flection.

2. The Spreading of Wave Packets and Ne
ComPLeteness Problem: Demonstration of the

Incompatibility of the Quantum-Mechanical
Formalism, with a Particular ¹gation of the

Completeness Hypothesis

Thus Q.M. postulates, at each moment t, E At,
the interference form II(r, I, ) =

~g, (r, f, )+t(I,(r, t, ) ~'

of the presence probability inside the whole zone
of superposition Ar(t, ) of g, (r, t, ) and g, (r, I, ). We
shall now reproduce a demonstration by one of us"
of the incompatibility of this quantum-mechanical
postulate with the negation of the consequences
which the completeness hypothesis implies con-
cerning the spreading of a wave packet: As soon
as one drops the implications of the completeness
hypothesis concerning the. significance of the form-
al fact that a free wave packet spreads out, the in-
terference form of II(r, t, ) can no longer be coher-
ently postulated inside the whole zone of superposi-
tion of g, (r, t, ) and g, (r, t, ) (the superposition zone
and interference zone must be distinguished).
Since the real dimension of the interference zone
is recordable, this will permit transposition of
the completeness problem into an experimentally
solvable alternative.

The quantum-mechanical formalism implies the
following consequence concerning the dimensions
of the interference zone: The initial packet ~g,)
will always contain more than one monochromatic
component, so that it will spread out. Its dimen-
sion at the moment at which it reaches the step—
hence the maximal dimension of the successive
zones ar(t, ) (t; varies inside b, t) where the inci-
dent packet g, and the reflected packet p, super-
pose —will then be larger, the bigger the distance
is between the source and the step (with every oth-
er condition fixed). Since this distance can be in-
creased indefinitely, it follows within Q. M. that
the maximal spatial extension of the g, and t(t,

superposition zones ar(t, ), and hence of the zones
where the presence probability distribution has the
interference form, can also be increased indefin-
itely.

Let us now confront successively this conse-
quence of the quantum-mechanical formalism,
first with the acceptance and then with the nega-
tion of the completeness hypothesis.

(a) The implications of the completeness hy-
pothesis are the following:

(1) As is well known, according to the complete-
ness hypothesis —specific to any "orthodox" inter-
pretation of the quantum-mechanical formalism-
a state vector ~g) describes maximally every indi-
vidual microsystem to which it is associated. This
hypothesis can be incorporated into a rich variety
of shades of,orthodoxy (d'Espagnat gives a detailed
and subtle characterization of these" "), differing
from one another by the metaphysical postulates
adopted concerning the existence and the nature of
physical reality, and by the characteristics sub-
jectively required for a "satisfactory" description
of this reality. But as soon as the bare existence
of some reality is accepted outside the moments
of observation (it is hardly conceivable that a phys-
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icist will not do this, no matter how algorithmical
a significance he assigns to a state vector), what-
ever be the nature and properties attributed to
this reality, the completeness hypothesis entails
that the possibility of an indefinite spreading of a
wave packet is an expression of the fact that the
reality corresponding to one single microsystem
is somehow able to spread out indefinitely. (A
criterion for the "singleness" of a microsystem
can be found in the formal circumstance that Q.M.
excludes, at any given moment, more than one
localized observable effect on registering devices. )

(2) If, in particular, an interference evolution
causes the spreading wave packet of one microsys-
tem to divide into parts that superpose, the com-
pleteness hypothesis entails that the possibility of
an indefinite increase of the superposition zone of
these parts is an expression of the fact that the do-
main which one single microsystem is somehow
able to occupy entirely by an interaction with itself
can be arbitrarily increased.

(3) The following sequence of assertions has
then to be accepted concerning the process that
leads to an observable interference pattern: It is
a fact that an interference pattern can be obtained
only by use of a whole statistical ensemble of mi-
crosystems S of the same type, subjected to practi-
cally identical macroscopic conditions. But these
microsystems can constitute a very low-intensity
beam, so that they shall certainly act separately.
Now, according to (2), at any moment t; 6 A& of its
own evolution, every one, separately, of the micro-
systems S that contribute to the interference pat-
tern interacts with itself at each point of the whole
Ar(t, ) zone in which the parts g„(t,.) and g, (t,. ) of its
state-vector ~g(i,.)) superpose at i, This autointer-
action somehow works on the probability that a lo-
calized observable effect be registered 3t a given
point of Ar(t, ), if what is called a "position-re-
cording" takes place, thereby causing the men-
tioned probability to take on the interference form.
It is a fact that this spatially extended self-action
on the probability for registering a localized effect
manifests itself observably only at one point in
b,r(t, ), for one single microsystem S contributing
to the interference pattern so that its spatial struc-
ture remains unapparent after. one single registra-
tion. (As is known, in order to obtain a syntacti-
cally coherent description of microphenomena,
this last fact has to be described either by help of
the "reduction" concept —correlated to the accep-
tance of two distinct evolution laws for a micro-
system —or by an indefinite subjective splitting of
universes', no other coherent solution has been
proposed so far. But the particular conceptual
structure in which an orthodox physicist chooses
to integrate this fact is irrelevant to our present

argument; the fact alone has to be taken into ac-
count, as appears just below. ) However, even
though the above-mentioned modifying self-action
of the probability of localization results in an ob-
servable manifestation at one single point of Ax(t, )

for one single microsystem S, and therefore be-
comes perceptible only for a statistical ensemble
of replicas of S, the completeness hypothesis im-
plies ineluctably that this self-action itself is re-
alized for every individual microsystem S through-
out the whole superposition domain ar(t, ) of g, (t,. )
and g, (t, ), no matter how much Ar(t;) has been in-
creased by increasing the distance between the
source of ~g, ) and the reflecting step.

If this implication of the completeness hypothesis
is accepted, then there effectively follows the quan-
tum-mechanical prediction of the interference form
II(r, t, ) =

~g, (r, i, )+ g, (r., t, ) ~' of the presence prob-
ability. distribution throughout the whole, indefinite-
ly increasable zone br(t, ) —but only if this impli-
cation is accepted. Indeed,

(b) let us now negate tentatively the particular
implication of the completeness hypothesis brought
into evidence above. We accept instead the follow-
ing noncompleteness (n.c.) hypothesis related to
the significance of a spreading wave packet.

[H(n. c.)]: The reality corresponding to one sin-
gle microsystem, whatever be its nature and prop-
erties, or any part of this reality, cannot cover an
indefinitely spreading spatial domain.

(Obviously this negation of a particular implica-
tion of the completeness hypothesis also touches
the completeness hypothesis as a whole. )

To begin with, we shall transpose this in ab-
stracto negation into more specified affirmative
terms:

The state vector associated to one free micro-
system can spread out indefinitely. It fo'llows from
[H(n. c.)] that the domain covered by the state vec-
tor and that covered by the reality corresponding
to one single microsystem are not in general co-
extensive. More specifically, it follows from
[H(n. c.)] that

jHg: The domain S,(i) covered at a moment t by
the physical reality corresponding to one single
microsystem S is in general distinct from the do-
main B&(t) covered at t by the state vector ~g) as-
sociated with S, being less extended than K)&(t):

It also follows from [H(n. c.)] that
(H,j: u, (t) is not subjected to the unlimited

Schrodinger expansion.
But the dimensions of B,(t) are not defined inside

Q.M. Consequently, they constitute a particular
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type of "hidden" (to the formalism of Q.M. ) param-
eters (corresponding, not to a dynamical quantity,
but to hypothetical geometrical individual proper-
ties of a microsystem). The bare negation H(n. c.)
of the specific implications which the completeness
hypothesis imposes concerning the particular prob-
lem of the significance of the spreading of free
wave packets introduces these parameters neces-
sarily. The assumption of their minimally charac-
terized existence, as it is expressed by the con-
cept &, (t) + &&(t) contained in H, and H„ is then
just the transposition in affirmative terms that we
wanted to obtain for our tentative negation of the
implications of the completeness hypothesis con-
cerning the particular spreading-wave problem.

Let us now make explicit the consequences of the
affirmative logical equivalent (H, +H, ) of our tenta-
tive negation H(n. c.). They are the following:

(I) I.et us first emphasize again the fact that
whatever significance one attributes to the spread-
ing of a wave packet (an individual one, or not),
any verification of the quantum-mechanical postu-
late on the presence probability distribution re-
quires a whole statistical ensemble of microsys-
tems S of the same type, submitted to identical
macroscopic conditions. Now, the association of
H, with the experimental fact that the probability
for registering at t the presence of an S is in gen-
eral non-null at every point of the domain I)& (t),
which is submitted to the Schrodinger spreading,
suppresses the possibility of assigning to this
spreading a purely individual significance: It en-
tails that the Schrodinger spreading of B& (t) is a
formal expression of the fact that, whereas the
physical reality corresponding to one given S
among all those used for verifying the presence
probability definition is located, at a time t after
its emission, in a limited region S,(t) inside B& (t)
(H„), the reality corresponding to another one ot
the considered S is located, at a time t after its
emission, in another (in general) limited region
S,(t) inside the S& (t) of its own ~g,}, which is
superposable in shape to the B&,(t) of the preced-
ing experiment. Only the maximal distance possi-
ble at t between such two distinct locations of two
distinct B,(t) represented simultaneously in one

single S&,(t), with respect to a fictive common

origin for the different t, can now be conceived to
increase indefinitely with time, but no longer the
domain 5),(t) covered by one single microsystem
S (H, ). (It can be mentioned that this possibility
of an indefinite increase of the maximal distance
defined above can be conceived as a consequence
of some difference in the initial states of the two

corresponding microsystems S of the same type
and submitted to identical macroscopic conditions.
Also, the view described enables one to deal con-

ceptually with the localized character of a position
registration, without being forced to introduce ei-
ther the notion of "reduction, " or indefinitely split-
ting universes. But neither of these two remarks
is part of our present argument. )

The statistical significance of the spreading of a
free wave packet entailed by (H, +H, ) implies that
the domain u&(t) covered by a state vector ~g} at
an arbitrary moment t of its evolution is the union
(with the meaning the theory of ensembles a.scribes
to this term) of all the domains $,(t) covered at t
by 311 the possible locations of a microsystem S de-
scribable by ~g). Thus we can write

Thus, in rigorous consequence of the mere nega-
tion (H, +H, ) of the completeness hypothesis, OH,
+H, )'}defines certain purely geometrical features
of 'a nonorthodox significance of a state vector.
But we emphasize that (H, +H, ) yields no indication
svhatsoever concerning the physical nature of the

reality corresPonding to a microsystem S which is
located inside a sPatial domain B,(t). Only a fur-
ther constructive development of the bare negation
(H, +H, ) of the completeness hypothesis can intro-
duce by independent postulates assumptions con-
cerning the physical reality located in a, S,(t}.

Let us now continue our argument.
(2) If in particular an interference evolution

causes the wave packet to divide into parts p, and

g, that superpose during a certain period b, t, then
the consequence ((H, +H, )') of (H, +H, } implies that
the possibility of an unlimited increasing of the
superposition zone of these parts is due to the fact
that the individual domains B,(t, ) (t, C t t), the
simultaneous representation of which is covered
at t, Cat by u&, &

.(t,.), do not arrive at the reflect-
ing steP at the same time (nor in the same region of
the step, in a two- or three-dimensional treat-
ment). But whatever be the moment (ox the region)
at which one given 5), reaches the wall, when its
turn comes to be reflected, the reality contained
in this one &, superposes on itself over a spatial
domain that is adjacent to the steP and that obvi-
ously cannot exceed in extension this S, itself.
Now, according to H& a X), cannot sjxead out in-
definitely Consequently.

(3) the following sequence of assertions has to
be admitted concerning the process that leads to
an observable interference pattern:

The superposition with itself of the reality cor-
responding to one microsystem S causes some
specific internal evolution of S that influences the
result of the interaction of S with an apparatus
that is able to record what is named the "position
of S." This influence is perceivable on the statisti-
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cal level of observation by the fact that around a
point w'here it exists, the distribution of impacts
registered by a position recorder acquires the
well-known interference form. Since the individual
processes that are (by summation of their succes-
sively recorded punctual manifestations) the
source of this specific statistical distribution of
the impacts cover each time only a domain which
cannot exceed one S, and which is adjacent to the
reflecting step, the whole interference distribu-
tion of impacts obviously cannot cover moxe than
a domain maximized by I), (and adjacent to the re-
flecting step). Since the X), do not spread out as
the superposition zone er(t, ) of the parts g, (t,.) and

g, (t, ) of the state vector ~y(t, )), it follows that when
the distance from source to wall is increased, con-
txaxy to the quantum-nzechanical prediction, the
domain in which the interference form of the pres
ence pxobability distxibution is xealized does not
spread out like the superposition zone b,r(t, ) of g,
and g, . This is the consequence of H(n. c.) that we

wanted to demonstrate. It cannot be avoided, we
believe, unless some ad hoc repostulation of a
Schrodinger spreading is made for S,(t), by a
more or less explicitly circular reasoning.

C. The Young-Interference Example

In practice, the interference by reflection on a
step potential is rather inappropriate for an experi-
mental examination. Interferences of progressive
waves propagating in the same sense (along differ-
ent directions) are much easier to study. The pre-
ceding demonstration can be immediately trans-
posed to such examples. Let us consider for in-
stance a Young interference (see Fig. 1).

In this case the state vector keeps constantly the
additive form ~p)

=
~tt, + g,) in the whole right-hand

half-space, since the g, and g, packets propagate
simultaneously for one microsystem. At a given
moment, in any point of the superposition domain

of g, and g„Q.M. predicts the interference fozm
of the presence probability, 11(r) =

~g, (z)+q (r)p,
whereas in a point outside of this superposition do-
main that is covered only successively by the
terms tjI, and tj, the presence probability predicted
by Q.M. is II(r) = (g, ('+ (f, ]'

The argument developed for the step-potential
example concerning the compared dimensions of
the superposition zone of tjI, and g, and of the zone
where the interference form of II(r) is realized
can be entirely transposed to the Young-interfer-
ence example.

D. Interference of Plane-Wave Packets

Finally, analogous considerations can be devel-
oped also for an interference of practically plane-
wave packets, like that represented in Fig. 2.

E. Conclusion

Thus the quantum-mechanical postulate for the
presence probability distribution contains, built in-
to it, consequences of the completeness hypothe-
sis. As soon as the genexal validity of the quantum-
mechanical formalism is accepted, no choice is
left concerning the completeness hypothesis; this
hypothesis is already accepted also, implicitly.
Its negation, then, leads to non-quantum-mechani-
cal predictions. Thus the completeness pxoblem is an
essentially objective one; it is not a metaphysical,
subjective, purely interpretive problem that one
is free to refuse to consider, or for which a solu-
tion can be freely chosen independently of the ac-
ceptance of the quantum-mechanical formalism.

II. AN EXPERIMENTAL PROCEDURE CAPABLE OF
DETERMINING THE DEFINED ALTERNATIVE

This very short section is reserved for a more
specific description of the crucial experiment al-
ready discussed throughout the preceding section.
This experiment is studied elsewhere in all techni-

detail
A very low-intensity source 8 sends, one by one,

2

0

r
I r

FIG. 1. Young interference.
FIG. 2. Interference of two practically plane-wave

packets, obtained by use of a dividing interferometer.
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FIG. 3. The domain of superposition of the two pack-
ets g~ and P 2 is limited, on the screen E, by the points
A and B, if AB &A'B'.

electrons representable by a sufficiently mono-
kinetic wave packet ~q, ) towards an interferometer
with divisor of the front of the wave packet D.I.
(Fig. 2). Such an interferometer wasfirstdescribed
by Fa,get." The two packets g, and g„obtained
from ~g,), superpose in a domain the intersection
of which with the sensitive screen E is limited by
the points A, B (Fig. 3}.

If v represents the depth of the packets g, and

g„ then the relation AB = ~/sinn is obviously ful-
filled. Now, according to the SchrMinger law of
evolution, 7. is an increasing function of the dis-
tance 8 —D.I. (in free propagation the length of the
front of the wave packet ~g,) is equally an increas-
ing function of 8 -D.I., but the interferometric de-
vice contains diaphragms that recreate for g, and

&fr, a value of the length of the front of the wave in-
dependent of 8 —D.I., whereas they do not affect
the depth r inherited by p, and (, from ~g,)). Thus,
if 3 —D.I. is increased, 7 increases for ~g,) as
well as for p, and g„and, according to Q.M. , the
length AB of the zone on the screen where an inter-
ference distribution of the position is recorded
should also increase correspondingly (a calcula-
tion has been made"). But according to the sta-
tistical significance of ~g,), g„and g, entailed by
H(n. c.} the superposition domain of g~ and g2 has
to be distinguished from the domain of superposi-
tion of the parts X), , and ~, , of the domain S, cov-
ered by the physical reality corresponding to one
electron (Fig. 4), and the zone on the screen where
a periodic distribution of the position is recorded
does not change with the distance I —D.I. [at least,
it does not change as the intersection of E with the
superposition zone of g, and g, (H, )]. The small
values of a (see Fig. 3) required for the observ-
ability of the interferences imply difficulties that
can be overcome. "

%e add two remarks:

FIG. 4. The domain of superposition of the two parts
S~ g and@~ 2 of the domain Q, .

(a) The mere fact that the depth r of the wave
packet associated with a free electron is often men-
tioned as a measurable characteristic of an elec-
tron (the value estimated by some authors has an

order of magnitude of 1 p) stands in contradiction
with the unlimited spreading entailed for 7 by the
Schrodinger evolution. The y characteristic of an
electron seems to be much more probably a dimen-
sion of the individual non-quantum-mechanical do-
main S,(t) necessarily introduced by H(n. c.), rath-
er than a dimension of the quantum-mechanical do-
main K)&(t)

(b) Let us consider the following question:
At a moment t,-E ~t, in the example of a step po-

tential, how large exactly is the superposition
zone nr(t, ) of g, and (, where, according to
Q.M. , the expression II (r, t, ) =

~g, (r, t, ) + g, (r, t, ) ~' of
the presence probability of 8 is validT

In principle Q.M. yields a perfectly definite an-
swer to this question: The dimensions of b,r(t, )
are calculable from the initial geometrical and dy-
namical structure of the incident packet g, —deter-
mined by the macroscopic and microscopic struc-
ture and state of the source of g, at the moment
of emission —and from the distance from the source
of q, to the reflecting step; if all these data are
known, the time-dependent Schrodinger equation
describes g, at the moment at which it reaches
the wall, as well as the progressive transforma-
tion of g, into g, by the reflection process, and,
in particular, it determines for any t,, Eat the di-
mension of the zone tI,r(t, ) where it has to be writ-
ten II(r, t, ) =

~g, (r, t, ) +g, (r, t, )('. The difficulty .is
that in practice these necessary data are never
known rigorously, so that the zone nr(t, ) can be ex-
perimentally identified, but not predicted by calcu-
lation. Therefore, on the theoretical level, as soon
as the state vector ~g) is written as a sum normal-
ized to unity, ~g)

= ~g, g,) of solutions of the time-
evolution equation, the problem arises of finding



3404 MUGUR-SC HACHT ER, E VRARD, AND THI E F FINE

criteria for deciding at any given moment on the
spatial extension of the interference form of the
presence probability distribution. Feynman and
Hibbs, "for instance, consider that if in principle
one could have determined in which of the states g,
the system was, then the amplitudes of the g~ do
not interfere and the probabilities add: II(r)
= g& ~q&(r) ~'. Otherwise, the amplitudes add and
w(r) = ~g(r)(' so that there is interference. Schul-
man" gives a more formalized criterion.

But any such a Posteriori criterion, as long as
it is used in an absolute, noncomparative way, is
obviously fundamentally incapable of bringing into
evidence a distinction between an abstract super-
position of domains u&(t) and a physical superposi-
tion of domains 5), (t), if such a distinction really
exists. To bring into evidence such a distinction,
at least tuo different exPeriments are necessary,
corresPonding to different distances from source
to screen.

III. EXAMINATION OF THE DEFINITION OF THE
PRESENCE PROBABILITY DISTRIBUTION IN

INTERFERENCE STATES IN THE
DE BROGLIE-BOHM INTERPRETATION

OF QUANTUM MECHANICS

A. Introductory

The conclusion established in Sec. I is void of
any hints concerning the nature and properties of
the individual physical reality located in one do-
main 5),(t) assigned to one single microsystem S
in consequence of H(n. c.). For a further construc-
tive development of this conclusion, such hints
may be very fruitful. It seems to us that the mod-
el for a microsystem introduced by de Broglie in
his thesis" is particularly suggestive in this re-
spect. But, as we pointed out in the Introduction,
our preceding conclusion implies that this model
has been integrated into a theoretical structure
where the completeness problem certainly does
not obtain an integral and coherent solution. There-
fore, before trying a nonorthodox constructive de-
velopment of our conclusion, we shall first ana-
lyze de Broglie's theory, with the explicit aim of
identifying the features, in his model for a micro-
system, that hinder a coherent and integral con-
structive solution for the completeness problem.

B. History and General Framework

In 1927, immediately after his thesis, de Broglie
outlined a deterministic description of microphe-
nomena, ' but in a form still too schematic to be
convincing. The development of the orthodox de-
scription continued therefore its inertial course
despite the mell-known "paradoxes" and the various
interpretative difficulties formulated by Einstein,

SchrMinger and many others (Solvay Conference,
1927). In 1952, Bohmo expressed in a more de-
tailed fashion an essentially equivalent view, and
obtained a certain attention. Since 1956, de Brog-
lieao- i4 and his schooli5-x8 developed systematical-
ly this view under the name of double-solution
(D.S.) theory. This theory, we believe, already
represents a very remarkable conceptual con-
struct —the best structured in fact among all the
nonorthodox descriptions proposed up to now, and
particularly rich in suggestive views. It possesses
the conceptual capacity —though not yet realized in
all directions —to dissolve most of the features
which, in the orthodox description, appear as un-
satisfactory to a constantly increasing number of
physicists. [An image of this growing dissatisfac-
tion concerning the orthodox description of micro-
phenomena can be acquired by reading the follow-
ing works: Bohm, ' Bunge, ""Destouches, ""

Bub,"Scott,"Lamb, "Robinson, "Tutsch, "Bal-
lentine, ' Pearle, "Popper, "Mugur-Schachter, '
Evrard, "and many others. ]

Let us recall concisely the essential contents of
D.S.:

We consider first only the Schrodinger time-
evolution equation for a zero-spin microsystem
with nonrelativistic energy.

1. The Double-Solution Principle
f 0'~&hFor every regular solution g=a&e ~ of this

equation, the double-solution principle asserts the
existence of a second solution u= a„e, having
the same phase

and an amplitude a„containing a point singularity
(in general mobile) arbitrarily located inside u.
This second solution is considered to describe a
physically existing corpuscular field, the mobile
point singularity of this field representing the cor-
puscular part (not "aspect") of the microsystem,
whereas its regular part represents the wavelike
part (not "aspect" ) of the microsystem. Each one
of these two parts of the microsystem exists per-
manently and is the source of the corresponding
"aspects" or "manifestations" of the microsystem,
wavelike or corpuscular, of which it is spoken in
the orthodox quantum theory, and to which the
principle of complementarity refers.

Z. The Guidance Relation

The double-solution principle [in particular, the
identity (1)] implies the following expression for
the velocity of the singularity representing the
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corpuscular part (8) of the corpuscular wave u:

py + (e/c)A

sy~/st —eV
(2)

microsystem with the hypothetical subquantum
medium.

C. More About the f-u Relation

(where X and V are the exterior vector and scalar
potentials, e is the electronic charge, and c is the
velocity of light).

If V=0 and X=0, this implies for the momentum
of the corpuscular part

pe = -(Vq'q)uc (2')

where M~ indicates the point at which is located
the singularity representing the corpuscular part.
The values p~ do not belong in general to the quan-
tum-mechanical spectrum of the momentum. In
an interference state (in particular, in a station-
ary interference state) these values p of the mo-
mentum are distributed otherwise than the quan-
tum-mechanical eigenvalues of p, and are con-
sidered in D.S. as hidden, unobservable, though
really existing before a p measurement.

3. The Quantum Potential

The following equality is also demonstrated:

where the expressions in parentheses are calcu-
lated at the point Mz. Q is shown to act on the
corpuscular part like an additional potential, the
de Broglie-Bohm "quantum potential, " that can be
nonzero even if V=0 and X=0 (this happens if ob-
stacles produce interference or diffraction); the
"quantum forces" (-VQ)„derived from Q change,
when they are non-null, the momentum p, of the
corpuscular part of the microsystem.

4. The Eigenvalues Postulate

It is also shown that if "fluctuations of a sub-
quantum medium"" are assumed, it can be coher-
ently accepted that II(r) = ~g~' represents the dis-
tribution of the presence probability of the cor-
puscular part of a microsystem described in Q.M.
by g. More generally, the quantum-mechanical
eigenvalues-distribution postulate II(q,.) = ~(q&, ~g) ~'

is accepted: Any measurement process of a quanti-
ty q is assumed to produce the quantum-mechani-
cal distribution of eigenvalues q, of q, alone ob-
servable, out of a non-quantum-mechanical distri-
bution of values of q, existing before the measure-
ment and considered as hidden.

All this can be generalized for relativistic micro-
systems of zero or nonzero spin (Klein-Gordon,
Dirac theory), and can be completed by thermody-
namical considerations on the interaction of a

To incorporate organically. the corpuscular part
of a microsystem and its dynamics into the micro-
system's wave, it is necessary to conceive that,
rigorously, u is solution of a nonlinear equation of
evolution. It is admitted in D.S. that this equation
is, moreover, very well approximated by the linear
quantum-mechanical equation for g, everywhere
in the domain covered in common by u and g, ex-
cept at the location Me of the singularity, where
the nonlinear terms are important.

Finally, and this is the important point in the
present discussion, "to be able to explain the suc-
cess of the usual calculus of interference and dif-
fraction phenomena, and also the success of the
usual calculus of eigenfunctions of the stationary-
state energies in quantized systems" (Ref. 11, pp.
54-55; our translation), de Broglie and Vigier
have been led to accept a further hypothesis con-
cerning the structure of the function u =a„e«u/

u is representable as a sum u=l4p+v of two solu-
tions of the linear quantum-mechanical equation,
where u, is a singular solution having an important
contribution only in the immediate proximity of the
singularity, whereas v is a regular solution of the
same equation that must, "in general at least, co-
incide, except for a constant factor, with the form
usually admitted for the wave g in the considered
problem" (Ref. 11, p. 55; our translation). There-
fore it is admitted that g= Cv, C being a, constant
that ensures normalizability of g. On this basis,
de Broglie represents the subjective evolution of
the predictive contents of p as a function of the in-
formation on the microsystem acquired by the ob-
server by changes of the value of the constant C
of proportionality between the objective v and the
informational g: If g, during a "second-type mea-
surement" (Ref. 11, pp. 102-106; our translation),
separates in several packets g„u separates cor-
respondingly in several distinct parts u, , and
since u, is unique, it exists in only one of these
Parts uy up+ v„, the other ones containing only a
v part, u,.= v,. (i 4k). Before knowing in which u
part u, is, the observer has to write g, = Cv,. for
all the i, where C ensures normalization of the
whole g. But, as soon as he has learned, by a
registration, that u, is in the u part u„, he has to
rewrite g, = C, v„, g, „=O.v„where C, now en-
sures normalization of g„alone. This representa-
tion of a measurement eliminates the objective re-
duction, leaning only an informational reduction
Thus g appears as "a construct of the mind, hav-
ing a subjective character, and the unique role of
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which is to permit calculation of certain probabili-
ties, but it ought to be built by the physicist from
the relation g= Cv, insofar as his informations on

the v function are exact. It is because the g func-
tion is thus built out of v, which is an objective
reality, that it permits an exact estimation of the
probabilities despite its subjective character"
(Ref. 11, p. 59; our translation).

The assumption of coextensivity of g and v soon
raised objections. It has been remarked in particu-
lar that the quantum-mechanical wave g often
spreads out over infinite domains, whereas it is
difficult to conceive that the objective v wave of
one microsystem spreads correspondingly. de
Broglie has therefore (Ref. 10, pp. 247-263) been
led to "weaken" the coextensivity assumption. For
instance, in Q.M. the isotropic emission of a point
source of monochromatic corpuscles is repre-
sented by a spherical g wave, p= (A/r)e '""e'~'".
de Broglie accepts that "the diverging g= (A/r)e""
would no longer be in this case a wave associated
with each corpuscle, but simply a statistical rep-
resentation of the global emission of the source,
spherically isotropic" (our translation and our
italics). But a one-to-one extensional relation g-u
has never been clearly dropped in D.S.

D. Critique of the P-u Relation Defined in D.S.

As its designation shows, the double-solution
principle asserts a one-to-one (extensional) rela-
tion between the quantum-mechanical wave func-
tion g associated with a microsystem, and the real
corpuscular wave u attributed to this microsystem
in D.S. Let us confront this relation with the de-
finability in D.S. of a satisfactory distribution of
the presence probability in interference states.

D. S. Description of the Step Potential Exampl-e

To make a choice, we shall examine the D.S. de-
scription of the autointerference realized by reflec-
tion on a step potential of microsystem S, sent one

by one.
To the quantum-mechanical incident wave packet

g corresponds, according to the double-solution
principle, an incident objective wave u„at any mo-
ment coextensive to g, . A permanent localized re-
gion of high amplitude of vibration, constituting the
corpuscular part of S, is included in u, as long as
this region has not yet left uy by transmission or
by reflection. To the quantum-mechanical reflect-
ed wave packet g, corresponds analogously an ob-
jective, reflected part u„of uy coextensive to

q, at any moment, and including the corpuscular
part of S, starting from the moment at which this
corpuscular part has reached the step and has been
reflected. (If, however, it has not been integrated

into the transmitted part, u„of u„corresponding
to the transmitted wave packet P„' in the special
case in which the step has a practically infinite
height, the transmitted u, and g, vanish, and u,
certainly contains the corpuscular part of S, from
the moment when u, has been entirely reflected. )
The phases and the amplitudes of g, and u, are re-
lated, respectively, according to the relations
(1) and (3), and this is equally asserted concerning
the phases and amplitudes of g, and u2. In the super
position domain of P, and g„which coincides with the
superposition domain of u, and u„ in consequence of
the assumption of coextension of u, with P, and of u,
with P„ the phase y& of

~ P) =
~ g, + P,) identical to

the phase y„of u =u, +u, takes on an interference
form. This interference form of y„=—y& trans-
mits an interference value to the momentum p of
the corpuscular part of S, by the guidance relation
(2') (if the corpuscular part of S is contained in
u=u~+u, at the considered moment). Thereby, the
dynamics of a corpuscular part contained in the
superposition domain is specifically modified, and
it is this modification that leads, on the statistical
level of observation of the positions, to the inter-
ference form of the position distribution.

2. D. S. Prediction for the Positions Distribution

In D.S. the quantum-mechanical eigenvalues pos-
tulate is entirely maintained. For the special case
of the quantity position, this postulate states that
the distribution of the presence probability is II(r)
= ~g(r) ~'. Hence the D.S. prediction is identical to
the quantum-mechanical prediction: In D.S., ex-
actly as in Q.M. , the quantum-mechanical wave
function g is considered to be a descriptive ele-
ment sufficient for yielding alone the definition of
the presence probability distribution. The concept
of an objective wave u of one microsystem S,
though admitted and mathematically defined inside
D.S., makes no specific contribution to the defini-
tion of the presence probability distribution. It is
true that the proportionality relation )= Cv makes
it possible to express 1I(r) also as a function of the
continuous a.mplitude v of u, by writing II(r)
= ~g(r) ~'= C' ~v(r) ('. But this does not introduce a
change in the measurable aspects of the distribu-
tion.

3. The Relation of D. S. to the Argument of Sec. I
It can be easily found that, rather surprisingly,

the argument contained in Sec. I remains in itself
rigorously unchanged in D.S. However, the con-
tents of this argument acquire a more explicit
character in D.S., in consequence of the definition
stated here for u. Indeed, what was called,
throughout the argument developed in Sec. I "the
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objective reality of one microsystem -whatever
it be" becomes in D.S. the mathematically de-
fined concept of an objective u wave of one micro-
system, including a permanent localized and mo-
bile region of high amplitude of vibration, repre-
senting the corpuscular part of one microsystem.
Now, this explicit definition of "the objective re-
ality of one microsystem" brings forth the follow-
ing important sequence of remarks:

(1) The definition of a permanent localized and
mobile element in the u wave of one microsystem
S, that does not exist in the corresponding g wave
of S, permits, as has been shown in e of the pres-
ent section, the elimination of the necessity of
accepting an objective reduction in order to explain
the unique and localized result of each measure-
ment operation, despite the non-null extension of g.
Now, the reduction problem has always been con-
sidered by the unorthodox physicists as a typical
manifestation of the nonvalidity of the complete-
ness postulate. The introduction of an additional
descriptive element for one microsystem, its
corpuscular part, constituted in D.S. a negation of
the completeness postulate. The dissolution of the
reduction problem appears in D.S. as a conse-
quence of this partial negation of the completeness
postulate.

(2) But the reduction problem is not the unique
quantum-mechanical conclusion considered as a
symptom of the incompleteness of Q.M. The possi-
bility of an unlimited spreading of certain quantum-
mechanical g waves that describe, according to the
completeness hypothesis, one single microsystem
S was also always considered by the unorthodox
physicists as a typical manifestation of the incom-
pleteness of Q.M. (de Broglie himself expresses
the same attitude concerning the spherical spread-
ing g wave that represents in Q.M. a particle emit-
ted by a point source). Now, the definition of a
localized element in the reyresentation of one
microsystem -though it resolves the reduction
problem -does not eliminate also the orthodox con-
clusion of the possibility of an unlimited spreading
of one microsystem (more specifically, in terms
of its description by a u wave, of the wave part of
one microsystem): The reduction problem and the
problem of the possibility of an unlimited spread-
ing of a part of the objective reality of one micro-
system are not identical; grey are independent

problems.
As long as a one-to-one extensional relation g-u

is asserted, and as long as g and its corresponding
u are admitted to be governed by the same equa-
tion (the double-solution principle does assert such
a relation and such a uniqueness of the equation of
motion), every indefinite spreading that takes place
for a g wave according to the quantum-mechanical

laws is transferred to a u wave also. Thereby the
problem of the possibility of an unlimited spread-
ing of a part of the objective reality of one single
microsystem —considered by most unorthodox phys-
icists as a manifestation of incompleteness of the
adopted description -is transferred from Q.M. into
D.S. It follows that the consequences of the com-
pleteness hypothesis are not integrally suppressed
&g D. S. This is rather paradoxical, concerning a
theory created in order to permit the substitution
into Q.M. of a complete description of microphe-
nomena.

(3) The specific, direct negation H(n. c.) of the
possibility of an unlimited spreading of the objec-
tive reality of one microsystem leads necessarily
to a more profoundly statistical view on the sig-
nificance of a ( wave than that implied by the defi-
nition alone of a corpuscular part of a microsystem,
located somewhere inside the domain of g: Namely,
it leads to the assertion (H, +H, ) of a statistical re-
lation between the domain covered by g and the
domain covered by the objective wave of one micro-
system. Hence, in order to suppress entirely the
incompleteness problems, it is necessary to sub-
stitute for the double-solution principle a more
totally statistical relation g-u, assuming that one
quantum-mechanical g wave corresponds to a
whole (virtual) ensemble of u waves, each of which
covers a. spatial domain in general much smaller
than that covered by g, and to derive the fundamen-
tal consequences of this assumption. Of course,
the possibility of a one-to-one extensional relation
g-u has to be left open for nonspreading bound
states of small dimensions (like the electron states
in atoms, or the particle states in nuclei). But
this can be conceived as a limiting case of a sta-
tistical extensional relation g-u, whereas such a
statistical relation cannot be described as a limit-
ing case of a one-to-one extensional relation g-u.

(4) If now the argument developed in Sec. I is
taken into consideration, it follows from it that a
statistical reconsideration of the double-solution
principle is incompatible with the assumption of a
general validity of the quantum-mechanical postu-
late II(r) = ~g(r) ~' on the distribution of the position
probability. In the particular case of autointerfer-
ences produced by reflection on a step potential,
for instance, another distribution law, which is
not deducible from g alone but depends also on the
dimension of one u wave, will be obtained.

(5) Thus the important conclusion is reached
that a clear choice has to be made in D.S. between
the following two alternatives:

(i) acceptance of the possibility of an unlimited
spreading of the objective u wave of one microsys-
tem (of a, one-to-one extensional relation g-u), and
conservation of the quantum-mechanical probability
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distribution, oz
(ii) negation of the possibility of an unlimited

spreading of one objective u wave (substitution of a
statistical extensional relation |)t-u to the one-to-
one extensional relation g-u), and acceptance of
the nonvalidity, in interference states, of the quan-
tum-mechanical postulate for the distribution of
the position probability.

The first of these possibilities does not eliminate
entirely the incompleteness problems. The second
possibility raises the problem of a redefinition of
the presence probability distribution that shall be
coherent with the admitted statistical relation g-u.

(6) This last point is simply a remark: Profes-
sor de Broglie, who does not accept the possibility
of an unlimited spreading of one microsystem, does
in fact envisage —among other solutions —a statisti-
cal relation g-u, every time he is directly faced
with a particula. r spreading state (cf. Ref. 10, pp.
288-260). But nowhere does he define systemati-
cally such a relation, nor does he accomplish a
full development of its implications (that should in-
clude a dissolution of the very principle of a double
solution of a unique equation of evolution). In par-
ticular, he seems not at all aware of the fact that
a statistical extensional relation P-u is not general-
ly compatible with the quantum-mechanical defini-
tion of the presence probability distribution and
that consequently a clear choice has to be made in
this respect.

E. Conclusion

In D.S. the consequences of the completeness hy-
pothesis appear to be only Partially eliminated; the
definition of a permanent localized element in the
representation of one microsystem entails the pos-
sibility of a solution for the reduction problems,
but it does not entail an elimination also of certain
other quantum-mechanical conclusions, which are
equally considered by the unorthodox physicists as
unacceptable consequences of the incompleteness
of Q.M. , and which are specifically rooted in the
possibility of an unlimited spreading of a g wave
packet. In order to eliminate these conclusions it
is necessary also to assign to a quantum-mechan-
ical $ wave packet a meaning more radically sta-
tistical than that attributed to it by D.S.

Indeed, the g-u relation asserted in D.S. by the
double-solution postulate attributes already to a
g wave packet a statistical meaning, but exclusive-
ly by the fact that the corresponding u function—
conceived as coextensive to g and as governed by
the same differential equation as p-possesses a
singularity arbitrarily located inside the common

domain of u and g, so that one single ~-wave part
of the u function corresponds to one g wave packet,
but this u-wave part is associated in fact to an en-
semble of u functions, representing an ensemble of
possible microsystems, differing by the location
of their corpuscular part. Now, as long as a u
wave is conceived as coextensive to the correspond-
ing g wave packet, and governed by the same evolu-
tion equation as g, any unlimited outspreading of a
g wave packet, as well as all the quantum-mechani-
cal consequences of this outspreading, are trans-
mitted to the corresponding u wave, and thereby
persist in D.S. To suppress this transmission,
the domain of a g wave packet has to be considered
as distinct (in general) from that of the correspond-
ing u wave, namely it has to be considered as the
union of a whole statistical ensemble (virtual) of
smaller domains of possible u waves of the unique
microsystem represented by g. This makes neces-
sary the adjunction of a new statistics to that issued
exclusively from the arbitrary location of the sin-
gular part of a u function inside the domain covered
by the wave part of u. Only such an enriched sta-
tistical meaning of a g wave packet contains the
power of entirely eliminating the implications of
the completeness hypothesis. But at the same time,
it leads to predictive divergences with Q.M. con-
cerning the interference states.

Moreover, by the fully statistical relation g-u
outlined, the u-function description could acquire
a degree of independence with respect to the (-
wave-packet description that could permit an under-
standing of the dependence of the P wave packet of
a microsystem of given type on the characteristics
of the source and of the emission process of this
microsystem, and could also permit acceptance of
an unlimited spreading of such a packet. This
spreading, in the new context, would be compatible
with the concept of a nonspreading objective singu-
lar u wave characterizing fully, by its properties,
one single microsystem. A g wave packet and a
singular u wave that possess this degree of inde-
pendence with respect to one another ought to be
governed respectively by two distinct —though
closely related —equations, the first one linear,
the second one nonlinear. Thus the double-solution
principle of one equation of motion dissolves en-
tirely, and has to be replaced by the definition of a
new relation P-u. These views may lead perhaps
to a prediction concerning the dimensions of the
interference zone of the presence probability dis-
tribution that possesses an operational definiteness
superior to that of the corresponding quantum-me-
chanical prediction (while being different from it).
Criteria such as those proposed by Feynman and
Hibbs" and by Schulman" (cf. Sec. II) may then
cease to be necessary.
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IV. DEFINITION OF AN UNORTHODOX

DISTRIBUTION OF THE PRESENCE PROBABILITY

A. Introductory

A critical analysi. s of the quantum theory of mea-
surement processes led us to a progressive out-
line of a possible unorthodox theory of microphe-
nomena ' ' 2' ' based on D.S. theory, but pos-
sessing specific conceptual features and, in conse-
quence of these, leading —contrarily to D.S. theo-
ry -to verifiable experimental predictions nonex-
istent in Q.M.

We shall begin with a summary of the primitive
outline of this theory.

We shall then graft upon this primitive view an
embodiment, co'herent with it, of the radically sta-
tistical conception of the significance of a quantum-
mechanical state vector of one microsystem, al-
ready characterized in abstracto in the course of
the critical considerations from the preceding sec-
tions. Within the theoretical structure thus ob-
tained, it will be shown that a detailed definition of
interference states can be carried out, leading to
a redefinition of the presence probability distribu-
tion, that coincides in ordinary states with the
quantum-mechanical definition, but diverges from
it in interference states. Moreover, we shall indi-
cate other specific consequences of the above-men-
tioned, constructively elaborated, statistical view
on the significance of a wave function.

B. Primitive Outline: The Two Types
of Measurement Theory

(I) To begin with, a doubt has been established
concerning the validity, in interference states, of
the quantum-mechanical probability distribution of
the momentum; a systematic analysis of the quan-
tum theory of measurement processes leads to the
conclusion that for interference states the quan-
tum-mechanical probability distribution of the mo-
mentum, II~(p, ) = )C~ ('= )(g(y(p, .))(', is devoid of

any existing experimental basis, and that, more-
over, several strong conceptual reasons support
the opinion that this quantum-mechanical probabili-
ty distribution is probably false in such states (cf.
Refs. 4 and especially 49). The doubt thus estab-
lished leads outside Q. M. It can be developed
along two distinct paths: On the one hand, it can
be continued by a purely experimental investiga-
tion, aimed towards a specific confirmation or in-
firmation of the validity in interference states of
the quantum-mechanical distribution postulate for
the momentum. On the other hand, this doubt can
be followed by a theoretical investigation elabo-
rated outside Q.M. Hence, whereas an experi-
mental investigation has been proposed, """new

theoretical steps have also been taken tentatively,
starting from the de Broglie-Bohm interpretation
of Q.M. , namely'.

(2) It has been shown first' that the acceptance of
the validity of the quantum-mechanical probability
distribution II~(p) = ~Ci P for the momentum is
logically inconsistent with the rest of D.S. theory.
Indeed, in D.S. theory, the nonquantum distribution
of values of p defined by the guidance relation is
considered to be hidden; that is to say, any experi-
mental procedure that leads to registrations inter-
pretable in terms of a distribution of values of p-
in other words, any measurement process of p —is
admitted to transform these non-quantum-mechani-
cal values into a distribution of quantum-mechani-
cal eigenvalues of p, different in general from the
distribution of the guidance values of p in g, before
the measurement. Now, notwithstanding this as-
sumption, if the a priori acceptance of the quantum-
mechanical distribution postulate is ignored, it is
possible to derive deductively from the rest of the
D.S. formalism the conclusion that certain experi-
mental procedures, applied to an interference
state, lead to the registration of a nonquantum dis-
tribution of guidance values possessed by p in this
state. These experimental procedures are there-
fore named "noneigenvalues measurements, " to
distinguish them from the "eigenvalues measure-
ments" that lead to the quantum-mechanical distri-
bution. This conclusion is obviously in contradic-
tion with both the acceptance of the general validity
of the quantum-mechanical postulate and the as-
sumption of hiddenness of the distribution of guid-
ance values of p.

(3) On the other hand, it has been remarked' that
the assumption of the general validity of the quan-
tum-mechanical distribution postulate is not or-
ganically integrated into the logical structure of
D.S. theory; if this assumption is dropped, the
rest of the D.S. formalism is left essentially un-
altered.

(4) On the basis of all the preceding conclusions,
the a priori acceptance, by postulate, of the quan-
tum-mechanical eigenvalues distribution law is ten-
tatively dropped, whereas the rest of the D.S. for-
malism is tentatively conserved. Inside the new

logical structure that results in this way, the con-
tradiction brought into evidence at point (2) is ob-
viously eliminated.

Moreover, it can now be shown deductively inside
this structure liberated from the a priori accep-

' tance, by postulate, of the quantum-mechanical
eigenvalues distributions, that the particular cate-
gory of the eigenvalues measurements (which are
considered in Q.M. as the only possible measure-
ments) effectively leads, according to the specific
D.S. formalism, to the registration of eigenvalues;
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the quantum-mechanical eigenvalues postulate is
thereby demonstrated for eigenvalue measure-
ments. ' Thus the ensemble of all the possible
measurements appears as consisting of two dis-
tinct categories: the noneigenvalues measure-
ments, connected deductively with specific experi-
mental previsions inexistent in Q.M. , and the eigen-
values measurements, for which the theory leads
deductively to conclusions identical to those ad-
mitted in Q.M. by postulate. Therefore the theory
obtained starting out from the D.S. formalism, by

dropping the quantum- mechanical eigenvalues dis-
tribution postulate, was originally called "the theo-

ry of two types of measurements. "' " The further
outline proposed below expresses a much more
profound view on microphenomena, brought into
evidence by developments subsequent to those sum-
marized above.

C. Further Outline: Radically Statistical Redefinition

of the P-u Relation and

Characterization of Interference States

We shall now build upon the two-types-of-mea-
surement theory, a radically statistical redefini-
tion of the p-u relation for one microsystem, per-
mitting a detailed characterization of interference
states. (The importance of such a redefinition has
been perceived first by Evrard, who was struck by
the unacceptable implications of a one-to-one re-
la.tion in the step-potential example. ") This redef-
inition is based on the conclusions of Secs. I and II.
We shall then study the consequences of this re-
definition.

2. SPatial Relation (-u

We define first the purely spatial aspects of the
radically statistical relation t)t-u we propose on the
basis of the conclusions obtained in the preceding
sections.

Let g=a&e ~ be a solution of the Schrodinger
equation of a given problem, concerning one micro-
system S. This solution will then have the form of
a g wave packet. Let 5)& be the domain of g. Since

g is a packet, K)
&

is a, function of time, B&(t).
Let us now conceive a virtual statistical set

(u(j, k)} of de Broglie-type singular functions u(j, k)
=a~j „& e "~'~ representing a virtual set (S(j,k)} of
identical replicas of the microsystem S, only one
of which is physically existent in one experiment.
Let 5)(j) be the domain of u( j,k). We admit that in
general 5)&»B(j), but it is also possible that S&
= u( j). Let M» designate the quasipoint region lo-
cated somewhere in 5)(j), where the amplitude
a„&J» of u( j, k) has a singularity representing the
corpuscular part of the replica S(j,k) of S. Thus

each X)(j) corresponds in fact to a virtual set
(u(j, k)} of singular wave functions M(j, k) having
all the same domain at any moment but including
differently located singularities labeled by the in-
dex k.

Every u(j, k) is conceived as a possible solution
of a still unknown nonlinear evolution equation that
defines in particular I)(j) and the location of M»,
and prevents spreading of S(j).

We admit that the domain S& of g is the union
(this term is used here with the meaning it has in
the theory of ensembles) of all the domains S(j)
of the virtual set of functions (u( j,k)} describing
the virtual set (S(j,k)} of replicas of S.

It can then be formally written

(4)

[In (4) the X)(j, t) are a,ssigned a physical content
that was absent in the B,(t)from ((H, +H, )'} in Sec. I.]

If the considered state is a propagating state,
then, even if the initial/packet is chosen such that

I)& (t, ) shall coincide at an initial moment t, with one
domain u( j) in which all the waves (u( j,k)} corre-
sponding to the virtual ensemble (S(j,k)} of micro-
systems superpose at t„as time passes, S&(t)
spreads out indefinitely, since P is governed by the
linear Schrodinger equation. Consequently 5)&(i)
certainly ceases to coincide with one K)(j)at t & t, .
We conceive this as an effect of a certain disper-
sion at t, ineluctably existing in the initial condi-
tions concerning the singularities of the u(j, k)
waves of the virtual ensemble (S(j,k)} of micro-
systems S.

The spreading of I)
&

is a physical fact (it corre-
sponds to the spreading of the registrable presence
probability) that has to be described inside a com-
plete theory of microsystems. But, moreover,
this fact is conceived here as a statistical-level
fact, not as an individual-level one. By the radi-
cally statistical significance we assign to it, a g
wave packet is perfectly appropriate for describ-
ing this statistical-level fact. The distinct time
evolutions of the elements B&(t) and B(j, t) related
in (4) illustrate strikingly that a quantum-mechani-
cal wave packet, even if one tries to constrain it to
describe one microsystem at the maximal degree
possible inside Q.M. by imposing initially upon it
the dimensions of one K)(j), still remains an es-
sentially statistical descriptive device (contrary to
what Bohm and Bub believe; cf. Ref. 41), since the
k statistics cannot be eliminated even at an initial
moment, whereas the j statistics, if initially sup-
pressed, are irrepressibly resurrected as time
passes, in consequence of the initial k statistics.

For these reasons we believe that the linear char-
acter of the evolution equation of g corresponds to
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an essential and useful descriptive capacity of g,
and has to be conserved; it must not be suppressed
by submitting g to a nonlinear equation, as is en-
visaged in D.S. theory, and as Wigner, ' Ludwig, "
and other authors also suggested. Other descrip-
tive elements, the u(j, k) waves, describing indi-
vidual-level aspects of microphenomena, have to
be governed by a nonlinear equation.

Let us now consider the case of a bound state. If
the microsystem is bounded inside a region of the
order of one B(j) of a microsystem S, both B& and

5)(j) are immobile, and (4) takes on the particular
form

ug =&(j) (4')

If the well is of dimensions superior to one S(j) of
an S microsystem, then we assume that the transi-
tory process constituting the genesis of the bounded
state (that ought to be describable in a complete
theory) is such that it transforms the continuous
structure of the ( packet of the system, in a super-
position of monochromatic g waves possessing fre-
quencies that form a discontinuous series of har-
monics. This superposition fills up the well, so
that S& coincides with the well and is immobile.
But the u(j, k) of the virtual ensemble {u(j, k)] (the
structural relation of which with the p, waves will
be defined later) have domains S(j)&S& that are
mobile inside G&. If then we denote by (R(j) the re-
gion swept out by B(j, i) it can be formally written

K)~
= U, (R(j, t) . (4/i )

Since each B(j) corresponds to a statistical en-
semble {u(j, k)]., according to (4) and (4") the do
main of the quantum mechanical wave -g contains
in fact in general a double level statistic-s, with
xesPect to both indices j and k. If in particular
the domain I)& is of the order of a domain K)(j) —as
can happen for systems bounded in nuclear or even
atomic structures -then the statistics on j vanish
and alone the statistics on k are left.

Thereby the D.S. statistics on the location of the
corpuscular part of a microsystem inside the ob-
jective wave that includes it (exclusively "k sta-
tistics") are supplemented by a superadded sta-
tistics concerning the location of K)(j) inside S& (a
"j statistics"). The statistical view on the signifi-
cance of a quantum-mechanical wave function is
thus carried up to its limit and the orthodox com-
pleteness postulate for Q.M. is exhaustively ne-
gated.

2. SPatial Characterization of Interference States

From the radically statistical point of view on
the significance of a p wave adopted here, the orth-

odox characterization of interference states, by
exclusive use of g waves, appears as insufficient.
Let us construct a more detailed characterization,
connecting the concept of interference state to
that of an objectively existing u wave of a micro-
system. We shall achieve this characterization by
a sequence of definitions. We begin by considering
only the spatial aspects of an interference state.

SPace Point, gPoint, u (j, k) Point. At any given
moment t all the u( j, k) are virtual except a single
one that is real. Let us denote it by u"(j, k), and

its domain by S"(j,t).
We distinguish in what follows between a sPace

Point M(x, y, z) of the physical space, a g point
M&(x&, y&, z&) of the domain S& of the g wave of the
studied microsystem, and au"(j, k) Point M„r&, »(x, , .

y, , z,.) conceived as a material constitutive point of
the body of u"(j, k). Any u"(j, k) point obviously is
a g point a,nd a space point, and every g point is a
space point.

Individual interference Point, g suPerjosition
Point, one g Point. Individual interference domain,

g suPerPosition domain. Individual interference
state, g suPexPosition state. Whether a given space
point is or is not also a g point, or also a g point
and a u"(j, k)-point, is a function of time. From
this point of view the following situations can be
distinguished:

A given space point M(x, y, z) can be, at a given
moment t, in one of the following three situations,
with respect to the domain 5)&(t) of all the g-points
M~ '.

(n) It may not be covered by any g point M& [x
«xs, y«y«, z «zs, for all M«Gu«(t)].

(P) It may be covered by one single g point M&

Cu&(t) [x=x&, y=y&, z =z&, for one M&GS&(f)].
(y) It may be covered simultaneously by 2, 3, . . . ,

q different g points.
The significance of this assertion is the following:
It may happen that the Schrodinger equation of

the considered problem requires at the moment t a
g solution that consists in a superposition of n dif-
ferent g, wave packets, ~q(t)) =Q", , ~(,.(t)) (in the
step-potential example, at a moment t belonging to
the time interval in which the reQection process of
the incident wave p, takes place, the complete
solution of the Schr Minger equation of the problem
is, at certain points Ht the left of the wall, the
superposition ~g(t)) =

~g, (t)+g, (t)) of a still inci-
dent part of the initially entirely incident packet
g„with an already reflected part of P,. In such
a case 2, 3, . . . , q distinct wave packets can be all
defined, at t, in one given space point M(x, y, z).

Let us now consider the u"(j, k) points. A given
space point M(x, y, z) can be, at a given moment t,
in one of the following three situations with respect
to these points:
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(o.') lt may not be covered by any u" (j,k) point

M[u"(j, k)] [xex~, yay, , z ez, , for all M[u"(j, k)]
C u"(j, t)].

(p') It may be covered by one single u"(j, k)

point M[u" (j,k)] of 6"(j, t) [x = x~, y = y, , z =z, for
one M[u'( j, k)] C z"(j, t)].

(y') It may be covered simultaneously by 2, 2, . . . ,

s different u"(j, k} points M[u"(j, k)] [x=x,=x,
~ ~ ~ —g 0) 0) + ~ 0 g 8 g 1 2& g j j. $ 9 J

s, for s points M[u"(j, k)]ED"(j, t)].
The significance of this last assertion is the fol-

lowing:
According to the g-u relation we defined, a g

wave corresponds to a virtual collective {u(j, k}]
containing one single real wave u"(j, k). If the g
solution of the problem has at I; the form of a super-
position ~g(t)}= ~Q, p,.(t)), then a given g, (t) either
contains no u"(j, k) at all [though a Priori it has a
non-null probability to contain u"(j,k) at the mo-

ment t], or it contains integrally u" (j, k) [as, for
instance, in the wall example, the reflected packet

g„ if the wall is infinitely high, and if, more-

over, I; is posterior to the time interval during

which the reflection process of u"(j, k) takes place],
or, finally, it contains a part of u (j, k) [as, in the

step-potential example, the incident wave (, and

the reflected wave g„at a moment during the re-
flection process of u"(j,k); or as each one of the

Young packets at the right of the holes; or as each
one of the packets represented in Fig. 2, at the

right of the interferometer. In the last two ex-
amples, each one of the waves g, and g„ the super-
position of which constitutes ~g}, corresponds to a
virtual collective of parts of a u( j, k) wave].

Now, if the last case is realized, some of these
parts of u" (j, k) contained in different g,. (or all of

them) can, in particular, superpose at a given mo-

ment, in a given space point.
Let us now formulate some further definitions:
We say that the space point M(x, y, z) is, at the

moment t,
an individual interfere-nce point of degree s, if

(y ) is realized (the point P in Fig. 5), and we shall

denote it M[u", (j,k)] (usually s = 2);
a g superposition point of degree q, if (y) is real-

ized (the points A, B, C in Fig. 5), and we shall

denote it M(Q;. ,g,.) (usually, q = 2);
a, one /point, if (p) is-realized (the points D, E

in Fig. 5), and we shall denote it M(g).
We call
individual interference domain of degree s, in g

at t, the ensemble of all the individual interference
points at the moment I;, and we denote it by
Q~[u", (j,k), t] (usually s=2);

individual interference domain of degree s, in g,
the union of the 1)~[u", (j,k), t) corresponding to all

the moments of the evolution of g, and we denote it

S~[u",(j,k)]= U, &S[u",(j,k), t] (the shaded domains

in Fig. 5);
sup-erposition domain of degree q, in p, at t,

the ensemble of the g-superposition points at g,

and we denote it by D~(Q;. ,g,.);
sup-erposition domain of degree q in p, the

union of the K)~s(g', ,(,) corresponding to all the

moments of the evolution of g, and we denote it
5)s(g;. ,g,.) = U, Ds(g;. ,g, ) (the shaded and dotted

domains in Fig. 5).
We call
individual interf-erence state of degree s, a state

for which $~[u",(j,k)] is not void;
superp-osition state of degree q a state for

which $~(g;. ,(,) is not void.
If we confront the above definitions with the g-u

relation we have defined, it follows that (P) g (P')
whereas (p')- (p) [a g point is not necessarily a
u"(j, k) point, whereas a u" (j, k) point is always a

g point]; this expresses in other terms the inclu-
sion S(j, t) C 5)&(t) essential to our views. Another,

u&(j, k)

X

L.

~ ~

' ~

I

I

~ ~ ~ I

~ g

(b)

FIG. 5. Interference of two practically plane-wave
packets: g and u" (j,k) superposition domains. (a) Gen-

eral representation. (b) Details: shaded areas, S &

x [u~ (j,k)]; shaded and dotted areas, QS (Pz & 2 f~).
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less trivial implication is that (y )- (y) whereas
(y) )t (y') (any individual-interference point at t is
a superposition point, but a superposition point is
not necessarily an individual-interference point).
This expresses the fact that in general

in consequence of the unlimited spreading of freely
propagating (I),. packets, corresponding to I)(j) that
do not spread out indefinitely. Only in the particu-
lar case in which (4') is realized,

[stationary interference of u (j,k)]. But it is also
possible, as another limiting case, that whereas
5)~(p;,g, ) is finite, S~[u",(j, k)] may be void:
This happens, for instance, if the (I) superposition
to which St'(P;, g, ) corresponds is not "coher-
ent. "

3. Structural Relation g-u and Dynamical
Characterization of Interference States

So far we have taken into consideration exclusive-
ly the spatial aspects of the relation g-u. Let us
now state very briefly what structural relations we
assume for the moment. A more complete account
of these relations is given in another study. "

In D.S. it is admitted that the g wave packet of
one microsystem corresponds "in general" to one
objective singular wave u, (I) and u being governed
by the same equation of evolution, the rigorous un-
known form of which is nonlinear, but which is well
approximated outside the singular region of u, for
nonrelativistic energies, by the linear Schrodinger
equation. The phases of g and u are asserted to be
always identical, and their amplitudes are consid-
ered to be "in general" proportional everywhere,
except around the location of the singularity of u.

In our conception, the p wave packet of one mi-
crosystem is vigorously governed by the linear
Schrodinger equation (for nonrelativistic energies),
and corresponds to a whole virtual collective of ob-
jective singular waves {u(j,k)j, each of which is
governed by an unknown nonlinear equation, differ-
ent from the Schrodinger equation of g. We con-
ceive the amplitude of the g wave packet as repre-
senting aspects of the described reality, essential-
ly different from the aspects described by the am-
plitude of a u(j, k). The amplitude of (I) is directly
related, in our view, only to the statistical distri-
bution of the locations of the singularities of the
u(j, k) from {u(j,k)J, but it has no direct relation
u)ith the amPlitude of the u)ave Part of one uj(, k),
whereas the amplitude of an u(j, k) describes the

structure and shape of a possible objective wave of
the studied microsystem. Therefore we drop any
coextensivity and proportionality relation between
the amplitude of (t) and that of the u( j,k), even at
the level S(j), and we are unable yet to state some
other relation between these two amplitudes; in
particular we can state no equivalent of (3) from
Sec. III.

This influences the assumptions that we can co-
herently make concerning the relations implying
the momentum. '

Let us first consider a g point that is not an indi-
vidual interference point at the considered moment
t. Such a point can be covered at t only by a one-
piece u'( j,k) or part of u"(j, k). Therefore, the
amplitude and the phase of an u"(j, k) possible at t
in such a point are independent of one another.
Hence. , even though we are unable for the moment,
starting from g and from experimental data, , to
make assumptions concerning the amplitude of
u" (j,k), it may be possible to find a ba.sis for stat-
ing tentative assumptions concerning the phase of
u"(j, k). Indeed, if the (j) wave packet of the studied
microsystem has the form of an approximately
Ifjane wave almost everywhere in S& (if it is ap-
proximately an eigenwave of the momentum), then
experience shows that the measured momentum p
is yielded by -v'@& =p. Now, in our view, an indi-
vidual objective event, like the registration of one
value of p, must be directly related to u"(j, k),
hence this registration has to be regarded as pro-
duced by the corpuscular part 8 of u'( j,k), whereas

Vy&, inasmuch as it is derived from the abstract
statistical (I), cannot possess directly an individual
objective significance: Vy& and p in de Broglie's
relation -Vy& =p must be, in the limiting case of
an approximate plane-wave packet, the two ends of
a chain containing in the middle some element of
u" (j,k).

Now, we established" that, for an arbitrary
)t)=P', , ()), , the general p-(}) relations that are co-
herent with the significance we assign to a state-
vector (the two ends of the above-mentioned chain)
are the following:

(p [M(j,k), t]),„=-[V(t), (t)]
u(x', ,~;)=~(y, ~)

In (5), (p [M(j, k), t]),„ is the mean value of the
momenta of all the corpuscular parts of all the dif-
ferent objective waves u(j, k) (at most one of which
is real) that can be located at M(j, k) at the moment
t (the other notations have obvious significance).
In (6), (p, [M(j,k), t]),„ is the mean value of the mo-
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ments of all the corpuscular parts of the different
objective waves u(j, k) (at most one of which is
real) constituting the virtual set corresponding to
one, g„of the g, from g= P;. ,g, , that can be lo-
cated at M( j,k) at the moment t

If q =1, (5) and (6) identify and reduce to a sta-
tistical generalization of the D.S. guidance rela-
tions. But if q41, in a g-superposition point, the
existence of (6), besides (5), indicates an impor-
tant specificity with respect to D.S. theory. The
relations (5) and (6) characterize dynamically, in
our view, a noninterference point.

As to the p-u( j, k) relation, the middle of the
p-u-g chain, only the individual theory implied by
the statistical significance that we assign to a state
vectors will be able to yield it (maybe it will be
found that pq = V'y„r&;,~, as de Broglie's intuition
asserts).

Let us now consider a point that is an individual-
interference point at a given moment t. In this cir-
cumstance the relations (5) and (6) are no longer
valid, according to our results. " All that we can
coherently assume in an individual-interference
point is the relation, unconnected to g,

p = F[u", (j,k)],
where F[u", (j,k)] is an unknown function of u", (j,k),
itself unknown as long as the nonlinear equation de-
termining u (j, k) is still unidentified. A Priori
this relation differs in general from the D.S. guid-
ance relation in an interference point. It expres-
ses however the conception that the momentum of
the corpuscular part of u" (j, k) is influenced by all
the parts of u" (j, k) that superpose in the point

M(j, k) where the corpuscula, r pa.rt of u" (j, k) is
located, creating a "quantum field. " This quantum

field, however, is fundamentally different from
that one defined by de Broglie and by Bohm on the
basis of the amplitude of p, which, in our view, is
not connected in a known way to u" (j, k). This
characterizes dynamically, in our view, an indi-
vidual-interference point.

4. The Presence Probability Distribution
in Interference States

What definition of the presence probability distri-
bution in an interference state is coherent with the

conception just outlined?
If we possessed a precise knowledge of the initial

conditions of u" (j, k), as well as of the form of the

assumed nonlinear equation of one u" (j, k), the

characteristics and the evolution of the objective
wave u" (j, k) of one microsystem could be predicted
for any moment withcertainty (our fundamental con-

ception is deterministic). But we do not yet possess

such a knowledge. Consequently our predictions
concerning the evolution of one microsystem will
still be probabilistic, as are the quantum-mech-
anical ones, but they will also bear the imprint of
our deterministic underlying view, that introduces
the idea of one u" (j, k) associated to any quantum-
mechanical g wave packet. It can therefore be said
in advance that these predictions will have a mixed,
hybrid character, implying at the same time sta-
tistical and individual features.

Let us begin again by considering the step-poten-
tial example. The arguments developed throughout
the preceding sections describe with much detail,
though qualitatively, the basis on which our defini-
tion has now to be established:

Concerning an individual-interference point
M[u", (j,k)] C u [u', (j,k)] according to our concep-
tion we can assert that u" (j,k) is divided in such a
point into two parts that superpose, one belonging
to g„ the other one to g„so that u" (j,k) in its inte-
grality belongs there simultaneously to both g, and

g, that is to say, to the sum ~ttt, + g,).
The physical modifications in the structure of

u" (j,k) that lead to a specific "interference form"
of the presence probability for the corpuscular part
6 of u (j, k) can take place only in an individual-
interference point where two or more parts of
u" (j, k) superpose (where a, quantum field acts).

Though the specific form taken on by the pres-
ence probability, at a moment t, of the corpuscular
part 6 of u (j,k) in an individual-interference point

is, physically, an effect of the superposition with

itself of the objective wave u (j, k), experiment
demonstrates so far that formally, this specific
form of the presence probability of 8 is describ-
able in a correct way by the expression II(M, t)
= ~g. ..g, ~', built up exclusively from the quantum-
mechanical wave-packet functions g, and g, to which
u" (j,k) belongs simultaneously at t, in the con-
sidered interference point.

Analogous remarks hold for an individual-inter-
ference point of a Young interference or of the in-
terference state illustrated by Fig. 5.

These reasons lead, within our conception, to
the postulation, at a moment t in an individual-in-
terference point M[u", (j, )k]6u [~u~", (j, )k], of the fol-
lowing form of the presence probability of e:

M =M[u", (j,k)]Zu~ [u", (-j, k)] .

This definition is formally identical to the defini-
tion asserted in Q.M. for any g-superposition point,
but it differs from this definition by the domain of
validity we attribute to it, since in general
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Concerning a p-superposition point of the step-
potential example, which is not an individual-inter-
ference point, we can assert, according to our
conception.

u" (j,k) belongs entirely —contrary to the quan-
tum-mechanical assertion —to only one of the wave-
packets g„g, but we cannot tell to which of them.

If we know that it belongs entirely to p„experi-
ment shows that the presence probability of 6,
though it concerns a part of u" (j,k), is formally
describable by aid of the expression ~g, (M, t) ~'

(M=M(Q. ..g,.), MtEI)~[u", (j,k)]), built up from
the quantum-mechanical g, . An analogous asser-
tion holds for g. But all the knowledge available,
in fact, is that u" (j, k) belongs either to g, or to g, .

Similar remarks can be made concerning the
points M(p. ..tlt, ) EE S~[u",(j,k)] of a Young inter-
ference or of the interference represented in Fig.
5.

Finally it can be concluded that the available
knowledge, according to our conception, concern-
ing a g-superposition point of degree q that is not
an individual-interference point, has to be ex-
pressed, to agree with the current rules of the
probability calculus, by the expression

(8)

This definition is different from the quantum-me-
chanical one that asserts the relation (7) for any
P-superposition point. If in particular q =1, Eq.
(8) reduces to the definition of II ~(M, t) in a one-

g point M(g) that is identical to the quantum-me-
chanical one.

It has to be noted that the normalization condi-
tion compatible with (7) and (8), JII & (M, t}dM = 1,
has to be realized, even though its expression, in
terms of g wave packets, is different from the
quantum-mechanical one, in consequence of the
form (8) of Ilt'(M, t) at the points

for q1.

In the most general case, a given space point
can be at certain moments an individual interfer-
ence point (of a degree function of the moment) and
at other moments only a g-superposition point (of
a degree function of the moment, in particular, of
degree 1) [point A, Fig. 5(b)]. Therefore, if an
integration with respect to time is performed on
II ~(M, t) in a fixed space point, one has to add in
general an integrated term of type (7), correspond-
ing to the moments that can contribute to the pro-
gressive constitution of an interference pattern on
a sensitive screen, and a term of type (8}, corre-
sponding to the moments that can superpose a uni-
form distribution, to the interference distribution
(7). An explicit calculation of these two terms re-
quires the knowledge of the particular features of
the considered state [analytic form, propagation
velocity u" (j,k), etc.]. The term of type (8) is
usually not taken inta account on the theoretical
level, and is introduced afterwards, as a devia-
tion from the theoretical conditions, to express
the existence of a "noise. " Of course, a given
space point can also be populated, in particular,
exclusively by individual-interference points
(points on the axis, Fig. 5) or exclusively by g-
superposition points that are not individual-inter-
ference points. In the first case, the time-inte-
grated distribution has a "noiseless" interference
structure; in the second case it has a uniform
structure.

The definitions (V) and (8) integrate Feynman's
criterion into our virtual statistical view on the
significance of quantum-mechanical wave packet,
thus connecting this criterion to an objectively ex-
isting u"( j, k) wave.

On the final calculational level, the presence
probability II~(M, t) is still defined exclusively in
terms of the quantum-mechanical abstract wave
packet ttI of the microsystem, determined by the
Schrodinger equation of the problem, and thereby
the statistical descriptive resources specifically
possessed by the quantum mechanical g-waves are
integrally conserved. But these resources are
utilized in a way different, in interference states,
from the quantum-mechanical one. Moreover, by
the intermediary of the concepts of a t)I-superposi-
tion point and of an individual-interference point;
II~(M, t) is explicitly connected to the objective
wave u'( j, k) and is thereby rooted into an underly-
ing, unorthodox conception, where a virtually sta-
tistical meaning is attributed to a g wave packet
and where the nonlinear equation of one u" (j, k)
acts, determining in principle the respective non-
quantum-mechanical domains of the definitions (7)
and (8) expressed in terms of the quantum-mechan-
ical g wave packet.

Of course, in the present stage of development
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of the theory, since the nonlinear equation of one
u( j, k) is not yet identified, the domains of the
probability definitions postulated above cannot be
calculated. But what can be done is to confront
these definitions directly with the experimental
position distributions obtained in states contain-
ing an individual interference domain (an experi-
ment is outlined in Sec. II). Such a confrontation
can yield experimentally the domains of the two
distributions postulated, and thus it can verify
qualitatively our theory, and at the same time —if
this theory proves true —it can offer significant
data for the identification of the nonlinear equation
of one u(j, k). Moreover, the theory outlined above
could throw light on certain experiments already
performed, where correlations have been very ac-
curately registered (cf. Ref. 53).

A final remark: Every position of the corpuscu-
lar part 6 of the u'( j, k) successively implied in
the N measurement processes that lead to the
registration of a position distribution ('l) or (8) is
conceived in our view to exist before the registra-
tion takes place; they are not assumed, as in
orthodox Q.M. , to be created by the measurement,
via a reduction of the g wave packet of one micro-
system. The unique corpuscular part 6 of the
unique u"(j, k) of the virtual collective (u(j, k)J
represented by the |j wave packet of one micro-
system simply imprints some mark upon a posi-
tion recorder where it happens to be located
at the moment at which the recording takes place:
The values making up the distributions (7) and (8)
are permanently defined observables. The experi-
mental procedure proposed in Sec. II can be re-
considered in the more detailed terms available
in consequence of the definitions (7) and (8).

5. Remarks cm the Momentum Probability
Distribution in Individual Interference States

We add now a few important remarks on the
momentum probability distribution, in order to
complete the picture, though these remarks are
in fact exterior to the specific object of this arti-
cle. The basis of these remarks may be found
elsewhere. "

The expressions (5) and (6) concern in our con-
ception averages calculated over values of pq pos-
sibly possessed before measurement by the cor-
puscular part 6 of the single objective wave u"(j, k)
from the virtual collective (u( j, k)J described by

g, if 8 happens to be located, at the considered
moment, at the point concerned by the definition
of pq. Moreover, we assume that a measurement
of the momentum at any moment t does not create
a new value of p~, previously nonexistent, nor

does it imply a reduction of the wave packet in the

p space, but that it simply registers a preexisting
value, the only real one contributing to the averages
expressed in (5) and (6). These expressions do not
concern "hidden" values of p~, as in D.S. theory,
nor values "created by the measurement" as in
Q.M. , but permanently defined momentum observ-
ables. Moreover, the value of such a permanently
defined momentum observable is implied in a mean
value that is a function of the location of the rnea-
surement interaction. Relating this dependence on
the location —surprising from the point of view of
Q.M. —to the definitions (7) and (8) of the presence
probability, one obtains a distribution of the mo-
mentum observables which is a function of the po-
sition distribution. It can be shown that this dis-
tribution of permanently defined momentum ob-
servables can be coherently assumed to coincide,
in noninterference states, with the quantum-me-
chanical distribution of momentum eigenvalues,
but that it diverges from the quantum-mechanical
distribution in interference states. The difficult
problem of the possibility of joint probabilities for
the position and the momentum seems to admit a
solution, if these probabilities are defined in sys-
tematic agreement with the statistical significance
we assign to $."

This implies specific experimental consequences,
permitting a test of the outlined theory, and also
the collection of data significant for the study of
the u "(j, k) waves and of the nonlinear equation by
which these waves are assumed to be governed.

Analogous conclusions can be obtained, we hope,
concerning the other dynamical quantities.

The observable and permanently (independently
of the realization of a measurement) defined char-
acter possessed, according to our view, by the
values defined for any dynamical quantity of a mi-
crosystem, are a fundamental characteristic of the
theory outlined above.

b. Remark on the SPatial Structure of g
and on Its Time Evolution

The P wave packet associated with a microsystem
is strongly dependent on the structure of the source
and on the process of emission (a spherical emis-
sion by a quasipoint source yields a Ij radically dif-
ferent from that describing an emission by an ex-
tended source in one definite direction, even if the
microsystems emitted in the two cases are the
same). Moreover, a P wave packet that propagates
freely spreads out indefinitely, and this spreading
does correspond to a physical fact: The emission
of a quasipoint source creates effectively, after a
certain time, a non-null probability of presence in
a whole spherical layer centered on the source,
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and this layer does effectively spread out indefi-
nitely. This is a fact, and it has to be described,
so that the capacity of an unlimited spreading of g
is a necessary feature, to be conserved.

But on the other hand, the objective u"(j; k) wave
of one microsystem certainly has another type of
dependence on the source and on the process of
emission, and also another type of time evolution
since it cannot be conceived to spread out seithout

limitation, accordingly to our view.
Therefore a one-to-one extensional relation p-u,

as in D.S. theory, as well as the idea that p and u

are governed by the same equation of motion, con-
stitute a p-u connection too restrictive to permit a
free representation of these differences between g
and u that have to be a Pro~i admitted.

But the statistical relation P-u we propose could
remove this obstacle, because it introduces a much
more radical separation between a g wave and its
corresponding u waves. If a P wave is conceived
as describing global aspects of the evolution of a
whole ensemble (virtual) of u( j, k) waves, then the
dependence of the form of the domain it covers on
the geometry and nature of the source, as well as
on the process of emission, become clearly under-
standable, and its capacity to spread out indefinite-

ly becomes at the same time a natural and a neces-
sary characteristic, adequately describable by a
convenient superposition of solutions of a linear
equation of motion, whereas the objectively existing
u"(j, k) wave of one microsystem has then to be
conceived as governed by another equation of mo-
tion, nonlinear, that determines the dimensions,
shape, structure, as well as the dynamical proper-
ties of the studied microsystem, as sufficiently
stable characteristics of this single microsystem
(and of the fields that act on it), and moreover that
forbid an unlimited spreading of the substance of
this single microsystem. Obviously, the two dis-
tinct equations governing g and u "(j,k), as well as
their solutions, have to be closely related.

7. Conclusion

We developed in this section a radically statisti-
cal conception concerning the significance of a
quantum-mechanical P wave packet associated with

one microsystem. This conception permitted a de-
tailed characterization of the interference states,
which led to a redefinition of the presence proba-
bility in such states, divergent from the quantum-
mechanical one in an experimentally verifiable
way. The same view leads, moreover, to the defi-
nition of position-dependent values of the momen-
tum, which are shown elsewhere to be distributed
as the quantum-mechanical eigenvalues of the mo-
mentum in noninterference states, but to have a

non-quantum-mechanical distribution in interfer-
ence states.

Contrary to the quantum-mechanical eigenvalues
conceived in usual orthodox interpretations (an ex-
ception is found in Ref. 2) as being created by re-
duction during a measurement process, and con-
trary to the de Broglie-Bohm "hidden" values,
all the values defined in our conception are perma-
nently defined observables.

CONCLUSION

A systematic research of the implications of the
completeness hypothesis, concerning specifically
the possible interpretation of the unlimited spread-
ing of free wave packets, introduces a first, mini-
mally defined (in purely geometrical terms) unor-
thodox definition of a state vector. If de Broglie's
model of a microsystem is modified so as to be-
come coherent with this first definition of a state
vector, this definition, in turn, can be completed
on the basis of the modified model by physical as-
sumptions that permit the development of a new
conception of microsystems issuing from de Brog-
lie's D.S. theory, but essentially different from
D.S. theory. This conception permits a very de-
tailed characterization of the structure of an inter-
ference state. Via this characterization it leads
in principle to the construction of a new definition
of the position probability distribution, diverging
from the quantum-mechanical one in interference
states, and experimentally recordable. At the
same time a position-dependent definition of the
momentum values is given that involves a new, po-
sition-dependent definition of the momentum prob-
ability distribution not established in this work.

This definition deviates also from the quantum-
mechanical one, in interference states. Thus the
interference states appear as the Achilles'heel of
Q. M. This may seem a paradoxical result, con-
cerning a theory that confers to the wavelike as-
pects of microphenomena a clear domination over
the corpuscular aspects. (However, it certainly
becomes less surprising as soon as the fact is tak-
en into account that the only one-microsystem
states that permit microinteraction are the auto-
interference states. ) Finally, the results obtained
involve the dissolution of the P-reduction problem,
as well as stimulating consequences, to be devel-
oped elsewhere, concerning the degree of statis-
ticity of a given description of microsystems, and
concerning the profound significance of the
Schrodinger equation.

Despite the tentative character of the performed
investigation, the results obtained may be interest-
ing, we hope, in at least two respects:

In the first place, they yield an explicit formula-
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tion of the potentialities contained in the statistical
hypothesis we made. This permits a clearer ap-
preciation of the value of this hypothesis.

In the second place, they constitute a theoretical
basis for further experimental research, concern-
ing at the same time the completeness problem
and certain characteristics of individual microsys-
tems.
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