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Time Symmetry and the Einstein Paradox. - 11T

0. CosTA DE BEAUREGARD
Institul Henri Poincard - 11 rue P, ef M, Curie, 75005 Paris

(ricevuto il 7 Dicembre 1978)

Summary. — To the predictive Einstein correlation between future
measurements corresponds a retrodictive Einstein correlation between
past preparations, exemplified by Pflegor and Mandel's interference
experiments between independent laser beams (one eannot retrodict
from which laser each detected photon has come, 2o that the two emis-
sions are ¢ nonseparable »), It iz shown that the Bchwinger-Feynman
S-matrix formalism describes both of these phenomena, which thus
belong to relativistic quantum mechanies. Intrinsic time symmetry plus
Born's addition of partial amplitudes are the essential ingredients of the
Einstein eorrelation, which iz tied vie the Feynman zigzag (that is
indirectly). Joint absorption of two polarized photons in an anticazcade
induced by two superposed laser beams (v echelon absorption ») is sug-
gested as a convenient, fast and precise procedure for testing the well-
known quantal sinuzoid (absorption rate vs. angle between the polarizers),
As a throught experiment, this arrangement allows an illnminating
dizscussion of infringic time symmetry ee, factlike, maeroscopie, time
asymmetry with respect to 1) varying the lengths of the beams and
2) turning the polarizers while the photong are in flight,

1. - Introduction.

In a recent paper (!) devoted to Bell's theorem, EBERHARD concludes that
the overall experimental verifieations (2} of the reality of the Einstein (*) (1927),

(') P. H. EpRrHARD: Nuove Ciments, 46 B, 392 (1978).

() 8. J. FeeEpMAN and J. F. CLAvSER: Phys. Rev. Lett., 28, 938 (1072); J. F. CLAUSER:
Phys. Rev, Letl., 36, 1223 (1976); L. 8. Fry and R. C. TroMrsox: Phys. Rev. Leit.,
37, 465 (1976); L. R. Kaspay, J. D. Urntvax and C. 8. Wu: Nuove (iments, 35 B,
663 (1975); A. R. Wison, J. Lowe and D. K. Burr: J. Phys. G, 2, 613 (1976);
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or Einstein-Podolsky-HRosen (%) (1935), paradox (%) allow four, and only four
issnes:

1) « Do not think, just compute, and thus avoid headaches s, This ia
playing the ostrich (and the majority’s vote),

2} It may be that quantum mechanies is only an approximation, that
under sophisticated conditions the paradoxical Einstein correlation fails and
that locality ean be saved after all. Numerous papers have been and still
are (*) exploring this (ever narrowing) possibility,

3) If not quantum mechanies, it is special relativity which may turn
out to be wrong. Specifically, the collapse of the state veetor looks like a non-
local phenomenon implying some sort of telegraphing ontside the light-cone (7).

4) If the general scheme of neither quantum mechanies nor speeial rela-
tivity can be shaken (and, after all, neither of them has ever been found faunlty (%)),
the only issue left is changing the aceepted, macrogcopic, causality coneept.
In this respect ERERHARD cites three proposals: Stapp's (%), Hverett’s (1), and
mine (); he eould have added Bohm and hiz co-workers’ (*) one,

As implied in my above presentation of Eberhard’s eonclusions, I disre-
garded issunes 1, 2, 3, and thus have to go throngh issue 4, Everett's fascinating
scienee fiction has, in my opinion, two drawbacks: first it is (in Popper’s words)

M. Lawemi-Racurr and W. Mrvvia: Phys, Fee. D, 14, 2543 (1976); M. Bruxo,
M. IYAgostivo and O. Magoxt: Nuove Cimento, 40 B, 143 (1977).

(* A. EmxstEIN: in Rapports el [eewsgions du V. Conseil Solvay (Paris, 1927),
p- 263-256.

{Y) A. Emvsremy, B, PopoLsgy and N. Roszex; Phys. Rev., 47, 777 (1835). The
formalizem in thiz paper iz nonrelativistic.

(%) Paradox: A surprising but perhaps true statement (meaning No. 1 in all dictionaries).
o Copernicus’ heliocentrism has been a paradox s,

(% F. SErLLERI: Found. Phys., 8, 103 (1978); G. Scamavvrnt and F. Serreri: Uni-
versity of Bari preprint (1978).

("} B. p'Espracwar: Uonceptual Foundalions of Quentum Mechanics, 2Znd ed, (New
York, N. Y., 1976). There iz, a2 it seems, a paralogizsm in cheosing (p. 27) « 1o focus ...
on ... nonrelativistic quantum meehanics v and then stating (p. 90, 238, 265 and 281)
that & the wave packet reduction is & noneovariant process s, Episl. Lell. |Lousanne),
19, 19 (1978). C. Pmox: Epis. Leit, (Lausanne), 19, 1 (1978).

{7 Of ecourse, there are unsolved problems in both schemes {and some important
ones); but thiz is quite a different matter.

(M H. P. 8rarp: Nuoro Cimenfo, 29 B, 270 (18975).

(' H. Evererr 111: Kev. Mod. Phys., 29, 454 (1957).

(*) 0. Costa pE BEAvrEGArD: Compt. Rend., 236, 1632 {1953); Rev. Intern. Philos.,
61-62, 1 (1962); Dialectica, 19, 280 (1955); in Proceedings of the Infernational Conference
o Thermodynamics, edited by P. T'. Laxpspera (London, 1970}, p. 539,

(**) D, Bomm and co-authors, various preprints,
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« nonfalsifiable »; second, it assumes an intrinsic time asymmetry which I
consider inappropriate at the microlevel. Stapp’s « Whiteheadean » concept
implies, a8 it seems, & metaphysical determinism very remote from physical ope-
rationalism. Bohm's theory of the manifest and the nnmanifest is still in gesta-
tion; one point emphasized in it looks very akin to Dirac’s (%) and Landé's (1)
interpretation of @ «states |p"(r)> as a transition amplitude (wla) between
a [r) and an |a) representation, While this is a point made in appropriate pre-
sentations of the orthodox quantum mechanies, inelnding relativistieally cova-
riant ones (12), it certainly deserves more thinking (which may uncover important
physical or metaphysical points).

Thus I am left (and how could it be otherwise?) with my own (%) inter-
pretation, as presented in a previous paper () (hereafter referred to as 1),
Hssentially, this interpretation is relativistically covariant and time symmetrie,
The present paper aims at completing its characterization,

Making use of a previons hint by GArvccto and SELLERT (V), sect. 1 below
shows how the very S-matrix formalism, in its Schwinger-Feynman expres-
sion, does indeed imply the « paradoxical » Einstein correlation; that is, a
« nonseparability » of systems « presently » separated but eonnected either by
their common past (predietive Einstein corvelation between fulure measurements)
or their common future (retrodictive Einstein corvelation between past preparations).
The Einstein correlation is thus unambiguously shown to be tied via the Feynman
sigzag consisting of two (or more) timelike vectors with a common relay either
i the past (Einstein correlation proper) or in the future (time-reversed Ein-
stein correlation). The thesis 1 am defending sinee 1953 (V) thus receives a
coneige expression.

While the Einstein correlation proper is now quite familiar, the time-reversed
one 18 much less so. Suspecting that it might be implicit in some experiments
already performed, T finally realized (%) that it is demonstrated in Pflegor
and Mandel's () interference experiments implying two independent lasers.
As emphasized by Prigcor and MANDEL, these experiments demonstrate the
4 nonseparability » of the two (spatially separated) sources of each individual
photon: observing the interference precludes that one ean retrodict from which

(") P. A. M. Dirac: The Principles of Quantum Mechanies, 3rd ed. (Oxford, 1948),
P TH

(") A. Laxpe: New Foundations of Quantum Mechanies (Cambridge, Mass., 1963), p. 84.
(**) 0. Costa pE BrAUREGARD: Prévis de méeanigue quantique velativiste (Paris, 1067).
(") 0. Cogra pE Braveucarp: Nuove Cimento, 42 B, 41 (1977).

('") A. Garvocro and P BELiERt: Nueve Cimento, 36 B, 176 (1976). See also 0. CosTa
DE BEAUREGARD: Lell. Nuove Cimento, 19, 113 (1977).

(**) 0. Cosra pr BravrEaarD: Compt. Rend., 286 A, 535 (1978); Phys. Letl., 67 A,
171 (1978).

(**) R. L. Priecor and L. Maxorr: Phys. Eer., 159, 1084 (1967); Jowrn. Opt. Soc.
Amer., 38, 946 (1968).
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of the two lasers each received photon has been emitted. In other words, each
photon is emitted joinfly by both (phase eoherent) lasers working in unison.
They are connected through their common future.

Section 2, after reminding these important facts, proposes a transposition
of the PHlegor-Mandel scheme in the form of jeint absorption of two polarized
photons in an anticascade, This very sort of experiment (*) has already been
performed more than once since the advent of the dye-laser; however, it has
not been thought of as the time symmetric of the famous cascade experiments (21)
implying pairs of polarized photons. My proposal aims at three interconnected
ends: 1) disenssing definite aspects of intrinsic time symmetry os. factlike
(macroseopie) time asymmetry in this problem; 2) thus countering various
objections a prieri raised against the existence of the Einstein eorrelation;
3) defining the scheme of a (possibly) very fast and precise experiment that
would test all at once numerous counterproposals to the guantal formula
for eorrelated polarizations.

Finally, what seems to me the metaphysics of ¢ the expanding paradigm
of the Einstein correlation » is sketched in the conclusion.

2. — Feynman zigzag as the link in Einstein correlations,

Intringic time symmetry plus wavelike addition of partial amplitudes (replac-
ing classical addition of partial probabilities) are essential ingredients of the
spacelike Einstein correlations. Both of these traits are also characteristic of
Feynman's technique for computing transition probabilities. Thus it is only
natural to inguire if perhaps this similarity does not refleet an intrinsic link
between these two conceptual sechemes, The aim of this zection is to articulate
an angwer yes to this question.

The ennuple Einstein correlation proper is expressed as an axpansion (17)

(1) D) = Z"-"!H |'sz-:' ¥
| i

the |g, 's spanning disjoint Hilbert spaces.
M denoting the direct product of Hermitian operators m; acting respecti-
vely on the |g, s, the ¢ correlated mean value »

(2) (D M|P) =3 ¥ ele, 1;[ Cpalmyle,
i 4

(*") A, KasTLER: Ann. de Phys., 6, 663 (1936); P. F. Livo and G. €. BJorkrnusDp:
Phys. Rev, Lett., 36, 584 (1976),
(*') Three first references in (2).
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comprizes a sum of diagonal terms

(3) (DM Doy = 3 e [] <myy
i A
with by definition
(4) ijG:'E’, Zru,:.l,
i
(3) (my,) = <‘F'_u|'m1|'§i”.u} y

plus a sum of off-diagonal terms

(6) AOU|®) = § 3 oo, TT walmiles) + o
1
neither of which ig basiz invariant.

In thiz context the distinction between the new, wavelike, probability
calenlus and the classical one eonsists in the replacement of formula (3) imply-
ing partial probabilities by formula (1) implying partial amplitudes. If, and
only if, the off-diagonal, interference style confribution (6) is rendered zero
by uging a representation diagonalizing at least one of the m’s, (3) is a conse-
quence of (1). But this is merely the semblance of & mixture, as it is relative
to the reference frame (the basis).

The expansion (1) is & specification of the more general expansion (sum-
mation sign omitted)

(7) [ = eV~lp>|wiy

M denoting the direct product of Hermitian operators m, n, ... acting,
respectively, in the disjoint Hilbert spaces |¢, |y, ..., the « correlated mean
value »

(8) (P M|D = iV ety

mlg o Cyplnlys)

comprises a fully diagonal contribution, where i = 4, j = j' ..., namely
(%) (P M[|P)e = MmNy

with (no summation this time on repeated indiees)

(10) Wi = ¥l gida

(11) (mp = {pdmlps, o = plnjyo

plus an off-diagonal, interference style contribution

(12) AP M| D) = (D|M|D) — (P|M|D), .
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Again the transition from the classical to the wavelike probability calenlus
consists in the replacement of (9) by (7). This time, however, the off-diagonal
contribution (12) is rendered zero if, and only if, the representation diagonalizes
all the Hermitian operators m, », ...

So far the reasoning is purely guantal, without any reference to space nor
time, and no committment either pro or against relativistic covariance,

From now on we refer explicitely to relativistic quantum mechanies by
considering the Schwinger-Fevnman-Dyvson transition amplitude in the §-
matrix formalism. For simplicity we consider the interaction pieture proper (*2)
with (fig. 1) initially incoming L,, M,, N,, ... and finally outgoing L,, M,, N,, ...

ot / i
L; M, N,
yr

Fig. 1. — Predictive and retrodietive Eingtein correlations as deseribed in the S-matrix
interaction pieture. L,, M,, N,, preparations of ineoming particles. L, M, N.,
measurements of outgoing particles,

particles in respective states {g,|, {p|, <l ... and gy, |90, [7e) ... For example,
in quantum electrodynamies, these states will be the photons A's, the eleetrons
U's and the positrons |’s,

The point 1s that, when expressed, for predietion, in terms of the outgoing
states, the Schwinger-Feynman transition amplitude is precisely of the general
form (7). Moreover, when expressed, for retrodietion, in terms of the incoming
states, the Schwinger-Feynman transition amplitude is again of the form (7)
(with bras instead of ketg). Formulae (8) to (12) then follow. Thiz shows (fig. 1)
that the interaction existing inside the € spacelike region does entail the Ein-
stein correlations between the (spatially separated) incoming particles L,, M,,

(**) When appropriate the ¢ bound interaction pieture » could of course be used. Why
the interaction picture, rather than the mathematically equivalent Heisenberg picture,
iz chosen, i essentially that it describes the incoming and outgoing particles as
izolated.



TIME SYMMETEY AND THE EINSTEIN PARADOX - 11 273

N, ... on the one band, and the ontgoing particles Ly, M., N, ... on the other.
Thus these partieles are truly « nonseparable v and the correlation between them
g fied via the Feynman atgzags.

This is the relativistically covariant formalization of both a predictive cor-
velation between future measurements L, M., Ny, .. {as, for example, with
the eorrelated polarizations in caseade experiments (*')) and a retrodietive
correlation bebween past preparations Ly, M,, N,, ... {as in the Pfiegor-Man-
del ('*) experiments).

An important remark is that no hypothesis whatsoever is made concerning
the space-time regions where the preparations L,, M, Ny, ... and the measu-
rements Ly, M., N., ... are performed (except of course that any of the prepa-
rations is in the past of all of the measurements, and any of the measurements
in the future of all of the preparations), Thus the Schwinger-Feynman transi-
tion amplitude is invariant with respect to translating any of the L’s ... along
the corresponding space-time beam—a point very well substantiated experi-
mentally (#). Now, if two preparations or measurements Joand M are performed
on massless particles, the separation between them is necessarily spacelike.
But, if they are performed on masgive particles, as in Mittig and Lamehi’s (32)
experiments, the separation between them may very well be timelike; moreover,
no diseontinuity should appear if, sav, M is moved relative to L so that the sepa-
ration between I and M changes from spacelike to timelike, or viee versa—a
point that could be tested experimentally. Tneidentally, in the case of a time-
like LM zeparation, the Einstein correlation would remain extremely paradox-
ical, as implying some sort of retroaction of the later measurement, or prepa-
ration, npon the former one (*).

One more step can be taken in this formalization. The Schwinger-Feynman
transition amplitude between an ipifial state @) = |@{m, ) and a final state
¥, = |¥ie,)> is of the Iorm

(13) (DI = (B, | U = (B UY)

with 7 denoting that specification of the unitary evolution operator U{g)
leading from a, to @,. Denoting by ¢ (@ the complete set of orthogonal projec-
tors adapted to a given set of preparations or measurements, one expands (13)
as (sommation sign upon € omitted)

(14) (DY = (DB O ,

(=) WiLeow ef al.; Bruxo el al., ref. (*).

(*t) This set of remarks contitutes a set of very strong objections against d'Espagnat's
feeling (7) that the Einstein corvelation is tied divectly rather than indirectly (ag in the
S.mptrix formalism),
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In a predictive problem we interpret the (G|¥ ‘s as the components of the
final state (in the & representation) and the (®|@>’s as the coeflicients of the
expansion. In a retrodietive problem we interpret the (@|@)'s as the com-
ponents of the initial state (in the @ representation) and the (@%'s as the
coefficients of the expansion. In both cases the expansion has the general
form (7).

To eonclude this section, the Feynman zigzay truly is the «deus ex maching »
of the Einstein correlations, and the wizzard of the Einstein parados.

3. — Time-reversed Einstein correlation: proposed experiment with polarized
photons absorbed in an anticascade.

As emphasized in the introduction, Pflegor and Mandel’s interference ex-
periments using independent laser beams truly are retrodictive correlation
experiments between past preparations, and it is this way that they are inter-
preted by their authors (*). The measured magnitudes are occupation numbers
at emission, and the « paradox » (%) is blatant when the intensities are lowered
to the point at which + there is no more than one photon flying inside the ap-
paratug » (that is, when the transit time is smaller then the mean internal bet-
ween two absorptions).

A similar scheme can be used (that is, interacting independent lager beams)
with the measurement of polarization states replacing that of oecupation num-
bers, and the joint absorption of a pair of photons in an anticascade replacing
that of one single photon in a photomultiplier. Indeed this sort of experiment (*)
has become a routine experiment since the advent of the dye-laser; the experi-
mentalists call it an ¢echelon absorption ». However, the emphasis here will
be more specifically related to our problem.

Preliminary remarks are as follows:

If two photons of (well defined) frequencies », and », are to be absorbed
jointly so as to lift the energy eigenstate of an atom from W, to W, = W +
~+ h{r, + v,), it is not strietly necessary that the intermediate level W, + by, =
= W,— kv, be a resonant state. The cross-section, however, will be strongly
enhanced if it is a resonant state, and only then are the expressions anti-cascade
or echelon absorption appropriate.

Another remark is that the joint absorption oceurs only when a definite
phase relation existes between the two beams. These beat at the frequency
[#e — |, 80 that the absorption occurs in pulses.

Thirdly, the intrinsie transition probabilities in emission and in absorption
are equal to each other—a fact not contradicted by the existence of Einstein's
¢ Epontaneous-emission probability », as made obvious by replacing in the for-
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mulae the initial occupation numbers of the final state by the final ocenpation
numbers of this final state (23),

All this points to the fact that if, say, two linearly polarized mdependent
laser beams are made to interfere, so that the energy eigenstate of detecting
atoms is raised from W to W), and the number of atoms exeited per time unit
13 measured, one shall obtain exactly the same intensity law versus the orienta-
tions of the polarizers as in the cascade experiments proper ().

This is interesting, because the anticascade experiment is a priori very
much easier, faster and more precise than the cascade experiment. No simul-
taneous counting of photons is needed, as a simple photometric measurement
of the radiation emitted by the excited atoms will suffice to evaluate the number
of pairs of phoetons jointly absorbed per time unit. Tt even seems that a conti-
nuous rotation of the polarizers will be possible, together with a continnous
measurement of the re-emitted radiation.

As iz well known, the simplest, and also the optimal, formula for the pola-
rization Einstein correlation obtains when the angle of the interfering beams
is either 0 or 7 radians. The angle 7 commonly used with the cascades is also
quite appropriate with the anticascades, as there is no objection to illuminate
one laser, M, by the other, L, and also as high-quality monochromators could
be nsed if necessary (**) (fig. 2). All the rest is experimental routine and, by

i Eml# . %H_
Ly ¢ 2
B g &

Fig. 2. — Antieaseade joint absorption of two polarized photons., L, L,, lasers shooting
in opposite directions along the axis .z, Fy, F,, monochromators; P,, P,, linear
polarizers; €, cell containing the antieascading atoms.

using this approach, a fast and precise (%) check of the theoretical sinusoid ()
would be possible. Thus a whole set of counter proposals to the gquantum
theory could be neatly tested,

The rest of this section will be devoted to a theoretical diseussion of aspects

{(**) This= remark i made by L. bt Brocuz: Ta mécanigue ondulatoive du photon, Vol. 2
(Paris, 1942), p. 83.

{*%) 0. Cosra pE BavrecarD: Ann. L. de Broglie, 3, 105 (1078).

(*) A. KasTLER: private communication.

(**) Une reason smong others for more precision with anticascades than with cascides
is the quasi-zero aperture of laser beams.

(*) For the (well known) formulae see for example ref, (%),
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of this experiment considered as a thought experiment. The matter diseussed
will be intringic time symmetric versug factlike (macroscopic) time asymmetry,
It will turn out that some extremely paradoxieal () aspects of the Einstein
correlation proper have completely trivial corresponding aspects in the time-
reversed Einstein correlation.

Two aspects of the Einstein correlation proper (one that has been {**) and
one that will be () tested experimentally) are felt to be extremely paradoxical;
first, that the correlation holds irrespective of the distance between sources
and analysers (nonlocality problem (")) ; second, that the significant orientations
of the analysers are those existing while the photons do pass them (retroaction
problem (**)). What of the twe corresponding peints in the time-reversed
experiment?

First, one feels eertain that the beam lengths between the polarizers at L
and N (fig. 2) and the absorbing atoms at € are completely irrelevant. Experi-
mentally, there is no known limit to the conservation of a polarization state,
which may be observed over cosmological distances. In particular, the coherence
length of wave trains has nothing to do with this.

Second, one algo feels eertain that the significant orientations of the pola-
rigers at L and N are indeed those existing while the photons do pass them,

In both eases the intuitive feeling is that the two photons considered do
dretain o the polarizations which they « acquire s when passing the polarizers,
and this sounds guite trivial. This feeling of triviality, however, is eompletely
misleading, becanse the very formulae of the absorption probabilities (which
are the same as those of the emission probabilitics () in the Binstein correla-
tion proper) do contain off-diagonal terms which forbid to think of the two
photons as objeels separately endowed with properties named polarizations (%),

Thus precisely what looks so extremely paradoxieal in the Einstein correla-
tion proper does look utterly trivial in the time-reversed Einstein correlation
{thongh on closer inspection it is not so).

One need not say that in the intrinsically time-symmetric scheme here
advoeated the guantal transition per s¢ should be coneeived as time symmetrie—
apoint I have previously discussed (). One anthor, among others, who has made

{19 A. Aspmcr: Phys. Rev. 1, 14, 1944 (1976).

(%) E. BcurdoiNGer: Proe. Camb, Phil. Spe., 31, 355 (1935); W. H. Furry: Phys.
ftev., 49, 393 (1936), have independently proposed that the Einstein correlation may
perhaps die out with increasing distanee between the two measuring deviees. It has
more than onee been suggested that a charneteristic distance for this may be the coherence
length of the wave train—a very doubtful snggestion in the case of correlated polariza-
tions, See ref. (*%), p. 61,

(%) Interaction of the analysers via the Feynman zigzag through the source is my
specific interpretation of the Einstein paradox: rvef. (V).

(1) F. J. BELINFANTE: dm. Jouwrn. Phys., 46, 329 (1878) has an essentially identical
argunment. The apparatus in fig. 2 ie in faet the second part of Belinfante’s ideal ap-
paratus,
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quite clear that the so-called time asymmetry of the quantal measurement
process is of maeroscopie origin and a mere semblance, is DAvIES (). The
intrinsically time-symmetric concept of the measurement process can be con-
nected with the information approach to probability, and with reference to
the symmetry between information as cognizance and as organizing power (*),
It thus turns out that what makes the direct Einstein correlation so paradox-
ical and the reversed one so (apparently) trivial is the faetlike macroscopic
time asymmetry, that is the retarded eausality eoncept. In other words, what is
paradorieal in the Einstein correlation dis the intrinsic time symmetry.

4. — Conclusions.

As conceived ingide the framework of relativistic quantum mechanics and
as expressed in the Schwinger-Feynman S-matrix formalism, the Einstein cor-
relation does indeed entail (as emphasized by EBErmarD (*)) an entirely new
causality concept: one which is both intrinsically time symmetrie and eonsonant
with Born's prineiple of adding partial amplitudes (rather than probabilities),
In Kuhn's (*) words a ¢ scientific revolution s—and quite possibly « the third
storm of the 20-th century »—is over our heads, When Lord Kerviy, in a
famous 1900 lecture (*), said he saw two small clouds over the otherwise clear
sky of theoretical physics (the unexplained Michelson experiment and the ano-
malies in specific heats), he very exactly pointed to the ready storms of the
« special relativity » and the « old quantum » theories., Thunder has also been
rumbling ever since the beginning of the « new quantum theory », but the big
storm is about to burst only now. Full relativistic covariance (including intrinsie
fime symmetry) intertwined with Born's adding of partial amplitudes has
dramatic implications.

CLAURER and SHIMONY (%) recently wrote: « Bell's theorem ... has ... inspired
various experiments, most of which have yielded results in excellent agreement
with quantum mechanies, but in disagreement with the family of local realistic
theories. Consequently, it can ... be asserted with reasonable confidence that

(3 P. C, W. Davies: The Physics of Time Asymmetry (Surrey, 1974), p. 174-175.
(#) 0. Costa DE BrEaunEGarn: Phys. Lel., 67 A, 171 (1978).

(**) Tm. Kunx: The Structure of Scientific Revolutions, 2nd ed. (Chicago, 111., 1970).
Essentially Kubn's thesis concerning a change in paradigm is found in P. Dvnen:
The Aim and Structure of Physical Theory, Part. 11, Chap. IV and VI (translated after
the French 1913 edition) (Princeton, N. J., 1954). That today no two theorists agree
as to what the new paradigm should be, although all of them agree that a new paradigm
is needed, is characteristic of an impending « seientific revolution ».

() W. KeLvix: Phil. Mag., 2, 1 (1901).

(*¥) J. F. Cravsen and A. SmimoxNy: preprint UCRL (1978). This paper contains a
very eareful evaluation of the experimental results quoted in rel. (%), the conclusion
being that only the three first ones are compelling.
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either the thesis of realism or that of locality must be abandoned. Either choice
will drastically change our concepts of reality and of space-time s '

My conviction is that both the locality concept and the reality coneept have
to vield, because in this problem they are tied together, Intringie time sym-
metry here entails intrinsic symmetry between vetarded and advanced waves to-
sether with intrinsic symmetry between information as gain in knowledge and
information as organizing power. This I have discussed elsewhere ().

In quoting freely from the Vedas « Separability is an illusion which is rela-
tire to our ordinary, pragmatie, approachs. « Cosmic consciousness, on the
other hand, (if acquired) would be knowledge of the past, the future and the
elsewhere, together with awareness of siddis, or paranormal powerzs. Wasg
it not BErxsrery who wrote twice (*) that the Copenhagen-style interpretation
of his correlation implies « telepathy »! ScHRODINGER (‘') that it is magie»?
And DE Brocurie () that it iz not consistent with « our clazsical views con-
cerning space and time »?

As formalized in the relativistic wavelike probability coleuwlus, the space-
time telegraph is very, very strange indeed.

(*) 0. CosTa DE BEAUREGARD: Studium Generale, 24, 10 (1971); Found. Phye., 6,
539 (1976); Synthise, 35, 120 (1877).

(**) A. Ervstrin: in Albert Einstein Philosopher Secieniisl, edited by P. A, Scuner
{Evanaton, Ill., 1048), p. 85 and 683.

(1) E., ScurdpiNcEr: Naturwiss., 23, 844 (1935). Bee p. 845

(#*) L. B Brocrie: Une tentative d'interprétation causale et non-linéaire de la mécanique
ondulatoire (Paris, 19536), p. 73. See also Ftude eritique ... de la mécanique ondulatoire
(Paris, 1863), p. 20.

@ HIASSUNTO ()

Alle eorrelazioni predittive di Einstein tra misurazioni future corvizponde una eorrela-
gione retrodittiva di Einstein tra preparazioni passate, esemplifieate da esperimenti
sull'interferenza di Pflegor e Mandel tra raggi lager indipendenti (uno non pud retrodeter-
minare da quale laser ogni definito fotone & venuto eosicché le due emissioni gono « non
separabili »), 8 mostra che il formalismo di Schwinger-Feynman sulla matriee 8 descrive
entrambi questi fenomeni, ehe cosi appartengono alla meccanica quantistica velativistica.
La simmetria intrinseca di tempo piit addizione di Born delle ampiezze parziali sono
ali ingredienti essenziali della correlazione di Einstein, che & vincolata tramite il zig zag
di Feynman (cioé indirettamente). L'associato assorbimento di due fotoni polarizzati
in un'anticaseata indotta da due raggi laser sovrapposti (v assorbimento a scaglioni »)
& suggerito come procedura conveniente, veloce e precisa per controllare il ben noto
sinusoide quantale (valore di assorbimento rispetto all'angolo tra i polarizzatori).
Come eaperimento pensato, questo schema permette una discussione illuminante della
simmetria di tempo intrinseca rispetto all'asimmetria di tempo maeroseopica fattiforme,
nei confronti del 1) variare le lunghezze dei raggi @ 2) voltare i polarizzatori mentre
i fotoni sono in volo.

(*} Traduzione a cura della Redazione.
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Peatome (7). — YroOwt npenckazannas SMHNTEHHOBCKAA KOPPEIALHA MEKAY By ayLHMH
HIMEPEHHAMH COOTBETCTROBANA NOCTECKa3aHHOH MHmTeHHOBCKON KOPPensIHE MR 1y
NPOULTLIMHE NPHIOTOBACHHAMME, PACCMATPHBAIOTCA HHTEPGEPEHUHOHHBIE IKCIEPHMEHTEI
@neropa u Manaena MeR Iy HE3ABHCHMBIMHE NA3ePHLIMHE NYYKAMH (HEBOZMOIKHO CKATATE,
K4KHM faseposm ObLT MCTYIIEH KakIbiil 3aperucTpupobanneii GoOTOH, T.e. gBa H3NY-
HATENA ABNAKTCA Hepaznmuumbivu), IlowaseipaeTcs, 410 dopmanusm  S-MaTPHLEL
[eunrepa-deiinmana onuceiBaeT ofa 3TH ABRNEHHA, KOTOPHIE OTHOCATCA X PEAAMIN-
BUCMCKOI Keaumosoil mexanure. CuMMETPHS CODCTBEHHOTO BPEMEHH Miuc GOPHOBCKOE
AobapieHne TAPUHATBHRIX AMIUINTYI HPENCTABASIOT HEOBXOOVMBIE MHIDEIHCHTEI
IHHWTEHHOBCKOR KOPPeNsLINN, KOTOPAA CBA3AHA Yepe3 3ursar PeiinMana (T.e. Kocsenno).
IMpeanonaraercs, 4TO COBMECTHOE TOINOMEHHE ABYX NOASPHIOBAHHEIX (GOTOHOB B
ANTH-KacKane, HHIYLUHPOBAHHOM ABYMA J43CDHBIMHA MyYEamH (¢ CTYDEHYATOE MOTIO-
IEHUE ») npeacTaBaseT yAoOHeI, OMCTPBIA # TOYHLUD METON NpPOBEPKH XOpOmO
HIBECTHOR KBAHTOBOM CHHYCOWIL (HHTEHCHBHOCTL MOTJIOLUEHNS B JaBHCHMOCTH OT YIIa
MEXKIY MOAAPHIALUMAMH). DTOT MBICTCHHBIH JKCHEPHMEHT MO3BONAET OBCYIHTh CHM-
MeTpHio COOCTBEHHOTO BpPEMEHHM B 3ABHLHMOCTH OT MAKpPOCKONMYECKOH BpeMEHHOM
ACHMMCTPHH NMPH 1) HIMEHEHHH JUIMTENBHOCTH HMIYILCOB, 2) BPALEHHH NONAPHIALHMN
BO BpEM# ABHACHHA (OTOHOB.

(*) IMepesedenn pedaryneil.
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