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This paper emphasizes a wvery specific difference between the paleo-quantal and
the neo-quantal predictions pertaining to the correlation of polarizations of the photon
pairs iseuing from & cascade transition, the recent experiments (1) being definitely in
favour of the latter. In this light, three definite statements pertaining to the nature of
the Einstein (*) paradox will be drawn.

The neo-quantal probabilities of the yes-yes and no-no, yes-no and no-yes answers
to the question put to the photons (Aying in opposite directions along an axis ) hy a
pair of linear analysers with relative angle « are

(1) <1, 15 = €0,05 = jeosta, <1,00=<0,1>=}sinta,
with the 0-1-0 cascades, and
(2} L1y =<0,05 = Leine, ¢1,00 = 40,1 =} costx,

with the 1-1-0 cascades.

First we derive simply these expressions from the neoguantal rule of squaring the
absolute value of the sum of partial amplitudes, using in snccession two orthogonal
bases: the cireular, and two perpendicular linear, polarizations.

From the two pure helicity states L, L, and E, R, of the photon pair we build the
parity invariant orthogonal states

(3) LL,+ B.R, = E'E! + E1E:,
(4) L5, — B,R, = i B1E,— FLE}],

() 8. J. FrEEDMaN and J. F. Cravser: Phys. Rev, Lell., 38, 038 (1872); J. F. Cravsen: Phys. Hevp.
Left., 86, 1923 (1978); E. Fry and R. O. THoMsox: Phys. Rev. Lell., 37, 465 (1978),
(% A, EixsTEIY, in Rapports et Discussions du ¥V Conseil Solvay (Paris, 1928), p. 253,
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114 0. COSTA DE BEAUREGARD

the former appearing in the 0-1-0 and the latter in the 1-1-0 cascades; the y and = axes,
together with z, define a Cartesian tripod. We present the reasoning with formula (3),
but it would be quite similar g formula (4).

First we use the basis made of circular polarizations. Rotating by A4 the analyser
on the a-beam changes the relative phase by (say) + A4 for the L pair, and (then)
— A4 for the E pair. Similarly, rotating by AB the analyser on the b-beam changes
the phase by — AB for the L pair and + AE for the R pair. Thus setting

(8) a=R—A,

we obtain exp [iz] and exp[—ix] as the partial (orthogonal) amplitudes. The neo-
quantal rule then gives (1) in the form

(8) {1, 1)=(0, 0>=3exp [ix]+exp[—ix]|*, <1, 03=<0, 1>=F%lexp [ia] — exp [—ia]]®.

Second we use the basis made of two perpendicular linear polarizations. The transi-
tion amplitudes (as deduced from the classical transition probabilities) are in this case
cos A cos B and sin A sin B for the 0,0 and 1,1 answers, cos 4 sin B and sin 4 cos B for
the 1,0 and 0,1 answers. Together with formula (5) the neoquantal rule now yields (1)
in the form

<1, 13 = {0, 0> = }{cos A cog BB 4 gin 4 sin B)?,

™ {1, 0} = {0, 1) = §(cos 4 gin B — sin A cos B)®.

Expanding formulae (6) and (7) will yield diagonal and off-diagonal terms. The gum
of the dingonal terms iz the paleoguantal expression for the probabilities at stake,
obeying the old law of addition of partial probabilities. The sum of the off-diagonal
terms is the neoguantal phase-dependent correction to these. With the circular polariza-
tions basis we thus obtain

(8) L1y =4<0,05 = }1 + co82x), <I,0) =<0, 1> = }{1— cos 2x)
and, with the (perpendicular) linear-polarization basis,

<1, 13 = <0, 0> = §(cos* 4 cos® B + sin® A sin? B) + }sin 24 sin 28,

@) 1,03 = {0, 1 = }{cos® Asin® B 4 cos® 4 8in® B) — }sin 24 8in 28 .

Contrary to (1), (6) or (7), neither the paleoguantal probabilities (first terms in
eqs. (8) or (9)) nor the neoquantal corrections (second terms) are basis invariant.

They are even not rationally invariant around the z-axis in (9). Therefore the
paleoquantal physicist would have taken in () the rotational mean value. This we
do most easily by writing

(10) }sin 24 gin 2B = }{cos 2a—cos {4 + B)} =~ § cos 2x

(cos2(A + B) being 0 in the mean). Therefore the paleoguantal probabilities, when
using the linear polarizations, were

(11) {1, 15 = 0,0 =} + Leos2x, <1,05 =<0, 15 = }—%coa2a

and thus different from the neequantal ones (8),
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Aw the experiments (') definitely favour the neoguantal probabilities (1) and com-
pletely rule out the paleoquantal ones, this directly entails the following three general
and far-reaching statements:

I) The photons a and b do not possess a polarization of their own when leaving
the source ¢, but berrew one later, through interaction with the analysers I and N.

To eee this quite erudely consider the case ¢ = 7/2, where the neoquantal prob-
ability <1, 17 has the value 0. IT the photons did possess cireular polarizations (of same
helieity) when leaving € the joint transition probability would be the paleoguantal one,
} in this ease. If they did possess (parallel) linear polarizations with (necessarily)
random orientations, the joint transition probability would be the paleoguantal one,
4 in this caze.

Anyhow, according to the (paleoquantal) law of addition of partial prohabilities,
the sub-ensemble of photon pairs with (parallel) linear polarizations parallel to either
the y- or the s-axis would be of measure 0. Quite the contrary, the photon pairs with
this property are in fact the ensemble of all photon padrs in this experimental situation!

II} As a corcllary, in our gambling game, the dye is cast not at C but later, where
and when a measurement is made, at L and/or N.
This is the Einstein (?) paradez, better known as the Einstein-Podolsky-Roszen (%)
paradox, which EixsTeix (*), ScHRODINGER (%), DE BROGLIE (%), and others (") a priori
refused, but which today experiments (!) do show is really (%) there.

III) The correlation existing between the measurements at L and N is net drawn
in space-time along the spacelike vector LN (which is physically empty). It is drawn
along the Feynman style zigzag made of the two timelike vectors LC and N, (which
are physically oceupied), once towards the past, once towards the future, as shown
quite clearly by a caleulation (*).

This is the interpretation of the Einstein paradox I have proposed quite a few times
since 1962 (), and towards which other authors (1) are more or less coming.

IV) The preceding formulae are specifications of a general neoquantal scheme
whirh, thongh implicit in most writings on the neoguantal correlation, has been made
explicitly first by Garvccio and SeLieri (12) of whom I present here the idea in my
OWL WAY.

According to the neoquantal law of addition of partial amplitudes, two eorrelated
subsystems ¢ and ¢ are described by a pure state ¥ expanded in the form

(12) [ =3 eslwdlvid

() A. EmvsTEIN, B. Foporsgy and N. Rosex: Phys. Rev., 47, T77 (1935).

{*} A. ENsTEIS: In Einstein Philosopher Seientis!, edited by P. A, ScEnsr (Evanston, I11,, 1848),

p. 85, 633,

{*) E. ScardpiNoer: Nolwrmwiss., 28, 307, 823, 844 (1935). See, p. 845,

(") L. DE BroGLIE: Une lenfative d*inferprélation causale ef mom linfaire de la méoanique ondulatoire
(Paris, 1956}, p. 73.

("} M. RENNINGER: Physik, 158, 417 (1970); Phys. Zeils., 136, 251 (1063).

(") Paradox: a sueprising but perhaps true statement (sense No. 1 in all dictionaries). Coperniens® helio-
centriem haz besn a paradox. Fi k. 1
(*) 0. Co8TA DE BEAUREGARD: H’:yssﬂ#m?ﬂ?eg aleo, Compl., R{'ndifa;A.r I ﬂﬂj C fj ?KJ‘
{**) 0. CosTa DE BEAUREGARD: Rev. Indern. Philos., 61-62, 1 (1962); Diolectica, 19, 1 (1862);

19, 280 (1965); in Proceedings of the Inéernalionol Conference on Thermodynamics, edited by P. T.
LaxpsseRG (London, 1970), p. 540; Found. Phys., 6, 539 (1976).

(1) H. P. STapP: Nuovo Cimento, 29 B, 270 (1075); J. 8, BErL: Episl. Letl., 9,11 (1876); W. C. DAVIDON:
preprint.

(**) A. Garmvoomo and F. SELLERI: preprint.
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with
{13) wy=2oj0;, ij=1.

The (basis invariant) correlated mean wvalue of two physical magnitndes A4 and B
respectively measurable on ¢ and v is

(14) (A, B> =33 efo, il Al > <{wi|Bly,> -
Setting
(15) CAPp = (plAlpy, (B ={w|B|ys>

and separating the diagonal and off-diagonal terms, we obtain

(16) (A, By = {A, By + ACA, B),

where {4, B}, is the (noninvariant) paleogquantal correlated mean value
(17) (A, Byy= 3 wAD (B

obeying the law of addition of partial probabilities, and implying eeparate statistics
on g and w (possibly « local hidden variables »), while

(18) ACA, By =1 Y efedpdAlp><{w |Blvy + e.c.
i#y

is the (noninvariant) neoguantal correction, implying the phase differences.

A sufficient eondition for making A¢d4, B) zero iz the diagonalization of at least
one of the operators A or B. With such a particular basis the statistics will be that
of a classical mixture, but this is a mgre semblance, relative to the basis (except, of conrse,
if the corresponding measurement is performed, which will produce the mixture),

V) Coneluding, if the recent measnrements (1) had been performed before the
advent of the new quantum mechanics, they certainly would have produced the same
stupefaction as the Michelson experiment did. Ermwsrtems () did point out at the paradox
as early as 1927, but the simple ealeculations of this paper were not produced at that time.

That extremely simple caleulations de best convey the new paradigm implied in a
true, or real, paradox (*), has been exemplified by both Einstein (for special relativity)
and de Broglie (for wave mechanics).

The present situation resembles much the one out of which special relativity was
born: we do have the good formulae, but have not yet fully understood their meaning.
And today, like then, the answer to the riddle is not to be found inside an underlying
modelism (¢ hidden variables » replacing the + mechanical ether s), but rather in an un-
biased reading of hoth the experimental result and the operational fermalism.

What the experiments do say is that the measurements performed at the distant
places L and N do produee the same wave collapse at O, in itheir common past. And
what the (relativistically covariant) formalism does say () is that the neoquantal stoch-
astic event, the wave collapse, is (ns wans the one in classical statistical mechanics)
intrinsically lime symmetric, affecting both future and past.

Thug, Einstein’s prohibition to telegraph into the past was only a macrescopic or
de facto, one. It does not hold at the elementary level. This, together with the golden
rule of the wavelike probability caleulus (addition of partial amplitudes) requires (no less
than did the Michelson experiment) a drastic revision of « our classieal ideas pertaining
to space and time s (%).
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