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Abstract 

Costa de Beauregard has proposed that physical causality be identified with condi
tional probability. The proposal is shown to be vulnerable on two accounts. The first, 
though mathematically trivial, seems to be decisive so far as the current formulation of 
the proposal is concerned. The second lies in a physical inconsistency which seems to 
have its source in a Copenhagenlike disavowal of realism in quantum mechanics. 
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1 Introduction 
In a series of papers extending from 1977, Costa de Beauregard has proposed a theory 
of retrocausality (e.g., Costa de Beauregard, 1985; 1987; 1988; and references therein). 
Those papers are of great depth and subtlety, penetrating into every branch of physics 
with often remarkable implications. Among other things, the retrocausality they describe 
has direct bearing on the post Bell-Aspect interpretation of the Einstein-Podolski-Rosen 
correlations. It would be out of place to make any general comment about this work in 
a brief note; instead, the objective in the present note is to point out a central feature 
which appears to be vulnerable. It is Costa de Beauregard's formulation of causality. 

2 The Causality Formulation 
There is no need for us to go into the complex history of causal notions in physics, nor to 
take into account various opinions as to whether causality is a physically "substantive" 
component of our perceptions or else a "conventional primitive" of those perceptions. 
The very existence of physical laws depends on a regularity in phenomena and, his
torically, the source of this regularity has been called "causality" and impupted to the 
domains described by the laws of physics. The main thing for our purposes is this. Anyone 
with even marginal acquaintance with the vast literature on the Einstein-Podolski-Rosen 
{EPR) correlations will recognize that the notion of physical causality is one of extreme 
subtlety, that physical theory provides no unique formulation of it, and that one of its 
formulations - relativistic or "local" causality - is perhaps not respected by quantum 
mechanics. 

As regards the last point, it is ironic that whereas the EPR paper pointed out that 
the probabilistic Copenhagen interpretation of quantum mechanics involves a violation 
of causality, Bohr's response demanded a "final renunciation" of the causality principle. 
The irony is that the EPR argument refers to what we would now call local causality, 
while Bohr's response refers to the principle of exact causality in the sense required by 
Laplacian determinism. It is one of the ironies of history that the protagonists did not 
come to grips with this discrepancy. 

Because of the manifold complexities hinted at in the two foregoing paragraphs, it is 
especially significant that Costa de Beauregard should propose a mathematically explicit 
formulation of the concept of physical causality. His proposal is that causality be identified 
with the symmetric conditional probabilty: 

(A\B) = {B\A), (1) 

the symmetry of which is to be understood as corresponding to quantum amplitudes 

{A\B) = {B\AY 

through the relation 
{A\B) = \{A\B)\>. (2) 
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Needless to say, this latter relationship - considered as a specification of causality - has 
very rich implications. This is especially apparent in Costa de Beauregard's treatment 
of relativistic quantum mechanics, i.e., "microrelativity". in connection with lue EPR 
correlations (Costa de Beauregard, 1985; 1987). 

For our immediate purposes, however, we need to understand the basic content of the 
proposal and, to this end, it will be best to quote its originator: 

"Is there anything more operational than a definition of causality based on 
this procedure: "If you do this, then the predictive probability that there 
will be such an outcome is ..." or: "If you find this, then the retrodictive 
probability that there has been such an occurrence is..."? Is this not the very 
meaning of causality?" (Costa de Beauregard, 1987; p. 782). 

The taking-off point for this is Laplace's formulation of the relationship between cause 
and effect. In this, the joint probability, (A)(B)t of two chance events is related to the 
converse conditional probabilities, (A\B) and (B|A), and to the prior probabilities, (B) 
of B and (A) of A, by the formula 

(A)(B) = (B)(A) = (A\B)(B) = (B\A)(A). (3) 

Commenting on this, Costa de Beauregard finds that it "somewhat conceals intrinsic 
symmetry under an ammixture of extrinsic asymmetry" (Costa de Beauregard, 1988; p. 
221). So he discards it and, in its place, expresses the joint probability as 

(A)(B) = (B)[A) = (A){A\B)(B) = {B)(B\A)(A). (4) 

In parallel, the quanta! formulation is 

\A)iB\ = \A)(A\B)(B\. (5) 

3 Criticism of the Formulation 
In discarding the Laplace formula (3), Costa de Beauregard does not mention that from 

(A)(B) = (A\B)(B) 

we immediately have it that 
(A\B) = (A), (6) 

so that A and B are statistically independent. In terms of Costa de Beauregard's pre
scription for causality, cited in the preceding section, we can then say: "If B occurs, then 
the probability for the occurrence of A is identical with the probability for A without B's 
occurrence". Equation (6) means there is no causal relation in the Laplace formula (3). 

As regards formula (4), which is Costa de Beauregard's replacement for (3), we have 
the following immediate consequences: 

(A\B) = 1 = (B\A) (7a) 



« 

3 

(A) = (Aß) = (B), (76) 
where (AB) is the combined probability. So far as the relationship between the prior 
probabilities and the conditionals is concerned, there are three and only three possibilities. 
We need consider only (J4)'S relationship to (A\B) since the same reasoning will apply 
also to (B) in connection with (B\A). First we have the possibility that 

{A\B) < (A), 

meaning that the occurrence of B tends to inhibit A's occurrence. This is clearly impos
sible since formula (7a) would then make (A) > 1. The remaining possibilities are given 
by 

(A\B)>(A), (8) 
with the equality holding if A «aid B are independent, and the inequality holding when A 
and B are nonindependent. The latter case is evidently demanded by Costa de Beaure
gard's prescription cited above or, indeed, for any formulation of causal relation between 
A and B. So we assume 

(A\B) > (A). (9) 

Prom formula (4), we immediately have 

(A\B)(A) = (A). <10) 

Applying (9) to (10), we obtain 

(A\B)(A) > (A), (11) 

which is impossible since (A\B) = 1. This leaves us with 

(A\B) = (A) (6) 

as the only possibility remaining. Thus, as with the Laplace formulation, {3), we are 
forced to conclude that Costa de Beauregard's proposal fails as an account of causality. 

4 A Second Criticism 
An association of quantum mechanical {QM) transition amplitudes with causality would 
have deep implications: if only because probabilities enter the standard formulation of 
QM in a fundamental way. This bears upon what Wigner has called the essential dualism 
of QM. That is to say, whereas the QM wave function changes continuously according 
to Schrodinger's equation of motion, it also changes discontinuously, and according to 
probability laws, when a measurement is performed. According to von Neumann's argu
ment, this discontinuity - the "collapse" of the wave function - introduces an irreversible 
process into QM, thus yielding a direction to time. In that light, we can restate Wigner's 
remark by saying that QM is both time-symmetric as a dynamical theory and fundamen
tally time-asymmetric as a probability theory. Clearly, this dvalism has implications for 
any causal interpretation of QM transition amplitudes. 
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But one can ask: In what sense is QM a time-symmetric theory? Certainly, the time-
dependent Schrödinger equation is invariant under the operation of time-reversal: but 
what sort of "time-evolution" is involved? As is well known, Heisenberg argued against 
Böhm's "realistic" interpretation of the wave function by pointing out that there is noth
ing "physically real" about something defined within infinite-dimensional configuration 
space. By the same token, we can hardly associate any concept of physical time with a 
"time-evolution" that takes place in Hubert space. So if any physical meaning is to be 
attached to time in QM, it should be in connection with the macroscopic aspect of QM 
dualism - i.e., with probabilities and the measurement process - rather than with the 
microscopic aspect of that dualism. 

This seems to accord not too badly with Costa de Beauregard's point of view since 
he considers the "quanta] system" transisting from preparation to measurement as doing 
so outside spacetime, and also that time only comes into consideration through "the 
factlike irreversibility of the preparation-and-measurement stochastic game" (Costa de 
Beauregard, 1987; p. 781). But this is an extraordinary point of view in connection 
with his proposal as regards causality. According to that proposal, the QM transition 
amplitudes ^between a preparation and a measurement, say) symbolize a causality that 
is time-reversible. Of course, he does not mean by this that future events can induce a 
causal change in events that have already occurred; but he does mean that future events 
can influence or shape past events. But how is this possible if: (a) time only enters the 
picture through the asymmetry of macroscopic irreversibilities while, (b), the presumed 
retrocausality arises from a microscopic symmetry of both time and causality (Costa de 
Beauregard, 1985; 1987; 1988)? 

The points at issue here can be clarified if we pay attention to the emphasis Costa 
de Beauregard lays on the distinction between factlike asymmetry and lawlike symmetry 
- the former being of macroscopic character, the other microscopic. Thus, concerning 
the EPR correlations, he emphasizes that, whereas they are incompatible rith the 1905 
macrorelativity, in relativistic QM - i.e., microrelativity- CPT invariance "enforce a law
like arrowlessness of the causality concept, which is emphasized in the very phenomenology 
of the EPR correlations" (Costa de Beauregard, 1985; p. 874). 

In other words, the lawlike symmetry of time, guaranteed by the lawlike CPT in
variance, applies to the microscopic world, not to the macroscopic. The notion of time-
symmetric causality then comes in because we get Feynman propagators (obeying full 
CPT invariance) when we attach a spacetime connotation to the QM transition am
plitudes (i.e., to conditional probabilities = causalities). But Costa de Beauregard has 
already stipulated that the quanta! transitions do not occur in spacetime! 

The inconsistency just pointed out is far from trivial. In any relativistic QM not only 
must the x and k "pictures" be coupled with spacetime, it is also necessary that QM 
preparations and measurements constitute events in spacetime. If we say that the tran
sition amplitudes connecting the preparation and measurement, i.e., |(/4|£)J2, symbolize 
physical causalities, then those causalities must also occur in spacetime. If the lawlike 
CPT invariance yields microreversibility (i.e., the principle of detailed balancing) for 
particle-antiparticle interchange and for absorption-emission processes, than perhaps it 
can also yield a preparation-measurement interchange: but not by allowing the one type 
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of interchange to occur in spacetime while withholding this possibility from the other. 
CPT invariance implies motion reversal and, if symmetric causality depends on this 

lawlike symmetry, then any motions involved in causal relations must also be reversible. 
But if causal transitions occur outside spacetime, than one may ask where these tran
sitions are supposed to occur. The appeal to unknowable virtual states will not work 
simply because their being virtual depends upon their being short-lived - so time comes 
into the microworld that way also. 

5 Concluding Remarks 
As mentioned ia the introduction, this note concerns only one aspect of Costa de Beau
regard's proposal to identify causality with conditional probability. In section 3 it was 
shown that the identity does not work. Although section 4 reveals an inconsistency as re
gards retrocausality, nothing was said there about the question as to whether conditional 
probabilities are time-reversible or not; that topic is examined in another paper where it 
is shown that temporal irreversibility is a formal consequence of conditional probabilities 
{Stuart, 1989). 

A further central feature of Costa de Beauregard's proposal is its entailment of the 
"negentropy ^ information transition"; this will be discussed in a subsequent paper 
(see also: Stuart, 1985, for general remarks about this transition). This aspect of Costa 
de Beaureg xd's proposal is intimately connected with the idea that QM is concerned 
only with our knowledge of quantum systems, as evinced through actual phenomena, 
thus precluding any realistic interpretation of the QM formalism. The inadequacy of 
thai view is shown in a further paper demonstrating the internal inconsistency of the 
Bohr-Heisenberg scheme {Stuart, 1988). 
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