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Summary 

Costa de Beauregard's proposal concerning physical retrocausality has been shown to 
fail on two crucial points. However, it is argued that his proposal still merits serious at
tention. The argument arises from showing that his proposal reveals a paradox involving 
relations between conditional probabilities, statistical correlations, and reciprocal causal
ities of the type exhibited by cooperative dynamics in physical systems. 
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1 Introduction 
The following concerns the physical concept of retrocausality proposed by Costa de Beau
regard (see, e.g. Costa de Beauregard.*, 1977; 1988, and earlier references contained 
therein). Although retrocausality is explicated in terms which penetrate into the whole 
of physics, the central basis consists in two assertions: 

(a) physical causality can be identified with conditional probability, 

(b) conditional probabilities are time-reversible. 

In two earlier papers it was shown that neither of these assertions is true (Stuart, 1989 
a,b). To be more precise, assertion (a) is not true under Costa de Beauregard's formulation 
of conditional probabilities; assertion (b) is not true in general; i.e., under plausible 
assumptions for linking conditional probabilities with time, temporal irreversibility is 
a formal consequence of conditional probabilities. 

However, this does not entirely dispose of Costa de Beauregard's proposal. For one 
thing, we show that important aspects of his overall purpose are revealed by the very 
demonstration that causality cannot be identified with his formulation of conditional 
probability. This arises through a further concept, here called reciprocal causality, which 
we show to have a definite physical meaning that relates to conditional probabilities. 
Using this concept, we then show that a paradox involving correlation and causality 
arises from elementary probability theory itself. We then go on briefly to discuss possible 
relations between reciprocal and retro-causality in connection with fundamental problems 
in modern physical theory. 

2 Physical Causality and Conditional Probability 
To make clear the central issues, we begin with a restatement of the demonstration that 
Costa de Beauregard's formulation of causality cannot be accepted. 

He starts with the Bayes-Laplace formulation of the relation between cause and effect. 
Here, the joint probability, (A)(B) is related to the two converse conditional probabilities, 
(A\B) and (B\A), and to the prior probabilities, (B) of the event B and (A) of event A, 
by the formula: 

(A)(B) = (B)(A) = (A\B)(B) = (B\A)(A) (1) 

Costa de Beauregard finds that this "somewhat conceals intrinsic symmetry under an 
ammixture of extrinsic asymmetry" (Costa de Beauregard, 1988; p. 221). This remark 
turns out to be a significant one to which we shall later return. Meanwhile, we simply 
note that Costa de Beauregard discards formula (1) and, instead, expresses the joint 
probability by the symmetric formula: 

(A)(B) = (B){A) = (A)(A\B)(B) = (B)(B\A)(A) (2) 



The notation used here is no* Costa de Beauregard's; his is designed to make for ease 
in passing from classical probabilities into the Dirac notation when considering quantum 
mechanical transition amplitudes. Since, in a general discussion like the present one it 
is scarcely possible to simplify the notation for probabilities beyond that which we use 
here, we shall continue with it on the assumption that nothing is lost thereby. 

As regards formula (1), simple inspection shows that it cannot possibly express the 
idea of a causal relationship between A and B. Thus, from 

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

we immediately have 
{A) = (A\B) (3) 

which, by definition, means that A and B are statistically independent: the occurrence 
of B induces no change in the probability for >4's occurrence. Hence, no causal relation 
exists between A and B. 

So far as formula (2) is concerned, its symmetry makes it a matter of indifference 
whether we focus attention on the relation between (A) and (A\B) or that between (B) 
and {B\A) since the reasoning applicable to the one will apply equally to the other. Then 
simple inspection reveals that 

(A\B)(A) = (A) (4) 
hence, 

(A\B) = 1 (5) 
This leaves just three possibilities for the relation between (A) and (J4 |£) . The first 

is that 
(A\B) < (A), 

meaning that the occurrence of B tends to inhibit A's occurrence. But this must be 
rejected if normalization applies, since equation (5) would then make (.4) > 1. The two 
remaining possibilities are given by 

(A\B) > (A) (6) 

where the equality holds if A and B are statistically independent events; otherwise, 
the inequality obtains. Clearly, the inequality is necessary if causal relations exist between 
A and B; we therefore assume 

(A\B) > (A) (7) 

If this be true, then we should have it that 

^m (8) 

But we have already established that (A\B) = 1, i.e., through equations (4,5); hence, 
relation (8) reduces to 

(A) > (A) (9) 
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Since this is impossible, relation (8) cannot be true; and since (8) depends on the 
hypothesis (7), it follows that (7) cannot be true. This leaves us with only one remaining 
case: 

M) = M|ß) (10), (3) 
which, as with the Bayes-Laplace formula (1), means that we must also reject Costa 

de Beauregard's proposal to identify causality with conditional probability. 
On the formal level, the foregoing proof is mathematically trivial; however, one never

theless sees that this proof is itself a direct consequence of the symmetry which Costa de 
Beauregard was at pains to introduce into his proposal for retrocausality. Since one may 
thereby suspect that this may not be an entirely trivial matter, we now turn to consider 
the symmetry aspects of the problem. 

3 Symmetry Considerations 
Simple inspection of formula (2) also immediately reveals that 

(A\B) = 1 = (B\A) (11) 

which, together with equation (10), yields 

(A) = 1 (12) 

By a general theorem we have it that 

(A\B) = (B\A) iff (A)=(B) (13) 

and, by definition 

(A)-(B\AY^}-(A\B) ( 1 4 ) 

where (AB) is the combined probability, (AB) = (A C\ B). Putting these results 
together, formula (2) then gives us 

(AB) = (A)(B) (15) 

This not only acts - equivalently with equation (10) - to define the statistical inde
pendence of A and B, it also reveals that the expressions (A)(A\B)(B) and (B)(B\A)(A) 
in formula (2) are simply ways of writing the combined probability (A 0 B). 

Two things are now apparent: (I) we are not dealing with probabilities but with 
certainties; (II) The event A contain» the event 2?, and conversely. Statement (I) simply 
expresses the fact that, as regards formula (2), all the terms, (A), (B), (A\B), (B\A), 
and (AB), have unit probability. Statement (II) can be expressed in set-theoretic terms 
as A C B C A; this relation conforms with equations (11) and (14) taken together, and 
is in general conformity with the symmetry of formula (2). 
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At this point one might suppose that formula (2) reduces to the triviality 

AcBcA = A = B (16) 

However, we are not constrained to that conclusion. For one thing, equation (15) 
says that the probability for both A and B occuring is given by the product rule for 
independent events; one can hardly suppose that the occurrence of A is independent of 
B\ occurrence if A = B. Moreover, Costa de Beauregard's formulation is quite general, 
so that wc have no assurance that either of the events A or B is an elementary event in 
a given probability space {S,?, V}. The sample space S is undefined; we do not know 
whether the event-field T is a Borel field; and we do not know how the prior probabilities, 
P, are assigned. Under such extremely general circumstances, the previously mentioned 
set-theoretic formulation may be too restrictive. 

Alternatively, we might express statement (II), that the event A contains the event 
B (and conversely), through the concept of reciprocal causality, which we can symbolize 
asA^B. 

This may be considered as a general notion applicable, e.g., to cooperative mechanisms 
in physics, such as may be represented through element ̂  field interactions. Thus, A 
might correspond to the occurrence of a critical value for some order parameter, a, and 
B to an underlying long-range or field correlation ß, among the system's constituent 
elements { a j . In terms of probabilities, the relation of reciprocal causality thus reduces 
to the relations (13); for, certainly (£*„.,«|/?) = (/?!«„.„) makes perfectly good sense, and 
we have no reason to suppose that (<\.T,i) ^ (/?). Moreover, within an ideal experimental 
arrangement, we can be confident that (/Slate,,,) = 1 wiH be satisfied and, hence, the 
equations (11) will also be satisfied. 

But now we encounter something paradoxical - in the sense emphasized by Costa 
de Beauregard - i.e., something surprising but perhaps true. This already showed up in 
the remarks immediately following equation (16). If we now interpret formula (2) along 
the lines which the concept of reciprocal causality makes possible, we have: (IK) the 
independence of A and B precludes any causal relation between them; (IV) equation (11) 
asserts a reciprocal causality (with probability equal to unity) between A and B. 

As noted in Section 2, Costa de Beauregard objected to the Bayesian-Laplacian for
mula (1) on the basis of symmetry considerations. But it now appears that the very 
symmetry of Costa de Beauregard's formulation leads to the paradox embraced by state
ments (HI) and (IV), above. Moreover, the paradox is especially intriguing as regards 
reciprocal causality, since Costa de Beauregard's original proposal concerns retrocausal-
ity. By this latter concept, he of course does not mean that future events can induce a 
causal change in events that have already occurred; but he does mean that future events 
can influence the shaping of past events. However, before going into this aspect of the 
problem, we should first examine the central paradox concerning statements (III) and 
(IV). 
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4 A Paradox of Probability Theory 
We begin by stating some familiar and "obvious" ideas. First; naturally, we do not need 
recourse to probabilities when dealing with events that are certain (4.1). Nor do we 
need recourse to statistics when dealing with correlations exhibiting a probability equal 
to unity (4.2). On the other hand, a causal dependence between events means that the 
events in question cannot be statistically independent (4.3). Then we can add the familiar 
idea that statistical correlations are not the same thing as causal relations - since the 
former may occur fortuitously and, in general, in the absence of the latter (4.4). Finally, 
we have the symmetry principle of causality which says that the symmetries of the effects 
cannot be less than the symmetries of the causes - since a given effect may have more 
than one cause (4.5). 

As regards (4.5), one might suppose that Costa de Beauregard's proposal fails be
cause it strains the symmetry principle of causality by making no allowance for an event 
having more than one cause. But the matter cannot be so simple as that since we saw 
in the preceding section an evident violation of (4.3). That is to say, events correlated 
through reciprocal causality - which maximizes the symmetry between cause and effect -
are guaranteed, by probability theory, to exhibit the properties of statistical independence. 

This violation of (4.3) immediately suggests that there must be some intimate con
nection between (4.4) and the pair (4.1) and (4.2). Such connection is not hard to find; 
we can express it by saying : If a correlation is strictly causal - or, at least, one of re
ciprocal causality in which unit-probability obtains - then probability theory treats the 
"correlated" terms as being statistically independent. Put differently: Not only is (4-4) o 
correct statement, but elementary probability theory demands thai it be so. 

In a limited sense, the conclusion just reached is one which throws some light on the 
paradoxical idea that causally related events should exhibit statistical independence. But 
it does little to illuminate the "obvious" ideas (4.1) and (4.2). For it seems that it is not 
merely that we do not need probabilities in certain circumstances; it seems also that if 
we do use them in certain circumstances where they are not needed, then we are led to a 
genuine paradox; i.e., to asserting the statistical independence of events that are causally 
related. 

If the foregoing paradox be real, then one can hardly escape its implications for 
physics. For one thing, it bears directly on the relations between "exact" and statistical 
correlation, which in itself entails connections between determinism and randomness -
connections central to the foundations of modern chaos theory. The latter may be viewed 
as taking not only the Poincare catastrophe to its logical conclusions, but equally so as 
regards Max Born's interpretation of the Poincare catastophe. That is to say, the finite-
ness of the specification of a system's initial conditions itself implies that the initial state 
must be represented not as a point in phase space, but as a region; then instead of a 
point trajectory, the "time-evolution" becomes a probability distribution of trajectories 
- so that classical mechanics is itself a fundamentally statistical discipline. In that con
nection, we also note that relating the notion of determinism with a "time-evolution" in 
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phase space is itself a problematic conception since we can hardly associate a sense of 
physical time with "events" described within abstract, multidimensional - or even infi
nite dimensional - phase, configuration, or momentum spaces. The same consideration 
applies to the "time-evolution" of Schrödinger's equation in quantum mechanics since 
this occurs, in general, in Hilbert-space. The quantum case is especially significant since, 
there, causality (represented through the Laplacian determinism of the "time-evoiution") 
combines with probability considerations in a unique way. 

We shall not pursue this aspect further since it will be more appropriate that the 
paradox in question be first objectively evaluated by others. Here, we only note that, 
as regards the foregoing paragraph, the central appearance of time in connection with 
causality and statistical independence suggests the possibility of rescuing Costa de Beau
regard's initial proposal - especially as regards his insistence on symmetry. In order to 
explore that possibility, it will be necessary to examine the relations between reciprocal 
and retro-causality. However, this is a subtle problem, and so we can here only sketch the 
barest essentials needed for a closer examination. 

5 Reciprocal and Retro-Causality 
It is evident that retrocausality is a special case of reciprocal causality. If events with 
earlier time-coordinates can act as causes of events with later time coordinates, then the 
inverse relation is allowed by the invariance of physical equations of motion unde** the 
operation, T, of time-reversal. Writing C for 'causal relation1 and H for 'retrocausation', 
we can symbolize this situation as 

K(Bh-+Att) = TC(Ati^Bh) (17) 

thus suggesting the expression of reciprocal causality, R, by 

AtA^Jsft + C (18) 
However, the relations between R, % and C are not altogether straightforward. For 

example, the notion of retrocausality is not a clear one as regards the distinction between 
"causing events to come into being" as opposed to Costa de Beauregard's idea of "shap
ing" events. Moreover, on entirely separate grounds there are good reasons for questioning 
the meaning of the T-operator itself. Such matters are deferred for consideration in later 
papers. Meanwhile, we can at least point out the following. 

6 Concluding Remarks 
The paradox discussed in Section 4 does not reduce to the "triviality" that 'statistical 
correlation' means something different from 'causality' when the latter is understood in 
connection with interactions of the kind discussed in Section 3, i.e., the element *** field 
interactions familiar in the physics of cooperatie mechanisms in many-bodied systems. 
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Nor does the paradox reduce to the "triviality" that words like 'correlation' are "context-
dependent" as between, e.g., statistical and nonstatistical contexts. The deep penetration 
of statistical concepts throughout modern physics makes the issue nontrivial from a prac
tical point of view. But it goes beyond practicality when correlations equal to unity imply 
the following properties: (i) as made plausible in Sections 3 and 4, the correlated events 
A and B are such that not only {A) = (B), but also A — B\ (ii) the same events are also 
statistically independent. 

It might appear inappropriate to thus challenge the coherence of probability theory 
when one might equally say that the very notion of causality - which gave rise to the 
paradox in the first place - is itself ill-defined or perhaps even incoherent. But the virtue of 
paradox lies in this: it seems always to involve our treating as a single concept something 
which, more deeply, involves more than one concept. The Einstein • Podolsky - Rosen 
{EPR) correlations and their treatment through the Bell inequalities (to say nothing 
of Aspect's experiments) make it beyond question that statistical and causal relations 
combine to reveal deep problems in the very foundations of physical theory, therefore, 
the exploration of paradoxes involving relations between statistics and causality seems 
worthy of attention. Costa de Beauregard's proposal - with which we began - has brought 
at least that much to our awareness. If the paradox discussed in Section 4 stands up, then 
his proposal reveals a great deal more. 

In particular, it will not have escaped attention that the paradox we have discussed 
bears directly on the EPR paradox and its formulation through Bell's inequalities. This 
is apparent once one recognizes that whereas time enters explicitly into the formulation 
of reciprocal causality in equations (17,18), there is no mention of time in the paradox 
shown in Section 4. In other words, the joint assertions of (i) causal relationship and (ii) 
mutual independence between two events, A and B, finds expression through nonlocal 
reciprocal causality. In that light, retrocausality need not be brought into consideration 
- though without it, we may perhaps not have discovered the essential situation. A more 
explicit account will be given in subsequent papers. 
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