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Synchronistic Phenomena as Entanglement
Correlations in Generalized Quantum Theory

Abstract: Synchronistic or ps phenomena are interpreted as entan-
glement correlations in a generalized quantum theory. From the prin-
ciple that entanglement corrélations cannot be used for transmitting
information, we can deduce the decline effect, frequently observed in ps
experiments, and we propose strategies for suppressng it and improving
the visibility of ps effects. Someillustrative examples are discussed.

1. Introduction

So-caled paranorma phenomena like telepathy, psychokiness or
precognition are of notorioudy eerie and dusive nature. Although by no
means rare according to frequent reports (Gredey, 1987; Gredey, 1991),
(Bauer, Schetsche, 2003; Moore, 2005) all attemptsto get afirm grasp of
them and to produce them in ardiable way are invariably frustrated. For
sceptics this is sufficient reason to doubt their existence atogether
(Alcock, 2003).

The synchronicity theory initiated by C.G. Jung and W. Pauli
(Atmanspacher, Primas, Wertenschlag-Birkhduser, 1995) interprets
paranormal phenomena not as a result of any causa influence of mind
on matter or other minds but as "meaningful coincidences', carrdations
not produced by causal interaction of the kind physicists know and apply
successfully but mediated by correspondences of sense and meaning. In
fact, it is a common feature of paranormal phenomena that they are
prima facie disturbing, unfitting, unlikely incidences and are often
perceived as trangporting a message of vital relevance for the persons
involved and that they usudly occur in sStuations of high emotiona
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tension and receptivity for the meaning of such messages.

In view of the above mentioned failure of reliable production and
reproduction of paranormal phenomena, rather than doggedly insisting
on trying to identify causal mechanismsto understand and produce them,
it ssemswiser to usto invedtigate the synchronistic approach by casting it
into a suitable formal framework and to see, what kind of insight it will
give and to what conclusons and predictions it will lead us Thisiswhat
will be donein the present note.

Non-causd and non-local correlations as podulated in synchronicity
theory are wdl known in quantum theory under the name of
entanglement correlations. A compaosite quantum system in a so-called
entangled date will show corrdations beween the results of
measurements of observables which pertain to its components. A smple
gandard example is a system of two particles of spin /2 in asinglett or
triplett state, which shows drict entanglement correlations between the
messured va ues of the same spin component of each of the two particles.
It is an dementary consequence of quantum theory that entanglement
correations cannot be used to transmit information or to exert
controllable influences. (This consequence even holds if, by some
violation of Eingteins locaity entanglement correlations are produced by
drange physical causes. For a more detailed discusson we refer to the
appendix of this study.)

Starting from this smilarity between synchronistic correlations and
entanglement corrdations in quantum systems there are many
speculations that synchronigtic correlations are actually an effect of
physica quantum theory. We prefer to be cautious and to avoid such a
strong assumption for at least two reasons. Firg it seemsto presuppose a
srong physical reductionism, which claims that mental entities, which
after dl are involved in synchronigtic phenomena, can be completdy
described in physica terms. Secondly, physical quantum phenomena
usudly show up in microscopic systems, and the amplification
mechanisms proposed to prolongate them into macroscopic and psychic
systemslook rather artificial.

What is redly needed is a formalism which generalizes physica
guantum theory beyond the framework of ordinary physicsin such away
that quantum concepts like complementarity and entanglement keep a
well defined formal meaning. Such a formalism isindeed at hand under
the name of Wesk or Generalized Quantum Theory (Atmanspacher,
Romer, Walach, 2002). Generdized Quantum Theory takes over the
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notions of systems, states and observables from ordinary quantum theory,
but the sysems may be of a much more genera kind, for ingtance,
groups of conscious individuals. The set of dates, unlike in ordinary
quantum theory, is not in general a linear Hilbert space and observables
are identified with procedures transforming states into other states and
can be related to any festure of a system which can be invettigated in a
meaningful way. Similar to ordinary quantum theory, complementarity
can be attributed to the fact that observables as functions on states need
not commute with each other, and entanglement can arisein Stuationsin
which globa observables pertaining to a system as a whole are not
commuting with certain locd observables pertaining to parts of the
system.

The impossibility to transmit information or controllable causal
action by means of entanglement correlations, easily provablein ordinary
quantum theory, is raised to the status of an axiom in Generaized
Quantum Theory. This yields a well defined formal implementation of
the essentia idea of synchronicity theory and allowsto placeit in awider
context. We shal demondtrate, how this apparently negative statement
about an impossibility can be turned into postive predictions about the
nature of ps phenomena, which are wel confirmed in attempts of a
systematic investigation of the paranormal. (Smilarly, in physics, the
second law of thermodynamics with its countless consequences can be
derived from the negative statement of the imposshility of a perpetuum
mobile of second kind.)

Some of the consequencesto bederived are:

a) The wdl known decline effect: Whenever a ps-experiment at
first shows podtive results, later data or replications will wipe
out the primarily observed effect and will, possbly after
tantalisng revivas (see footnote 8) eventudly levd off to the
null hypothes's.

b) The reciprocity between effect strength and rdiability of ps
phenomena the more dragtic an effect, the less reproducible it
turns out to be and vice versa.

¢) Elusveness (evason): When one tries to pinpoint ps
phenomena, they show a tendency to disappear, where they are
sought for and to surface at some other unexpected placeThisis
the so-call ed displacement effect.
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Based on our entanglement mode for synchronistic phenomena we
shdl propose drategies how to enhance the vishility of ps effects by
reducing the deteriorating influence of the decline effect and exploiting
evasion.

Thematerial of thisarticleis organized in the following way:

In section 2 we shal give a sketch of Generdized Quantum Theory
in order to make our presentation reasonably sdf sustained and to
provide a basis for the understanding of the argumentsto foll ow.

In section 3 we show how to apply Generdized Quantum Theory to
synchronistic phenomena.

In section 4 we describe Strategies for planning ps experiments and
in section 5 we give some illugtrative examples. Section 6 summarises
our conclusons. For the benefit of the reader, we add an appendix in
which we show how the impossbility of sgna transmisson by
entanglement correlations follows from the formalism of quantum theory
and discuss the meaning of thisresult.

2. A Sketch of Generalized Quantum Theory

Generalized Quantum Theory is a generdization of quantum theory
devised to be gpplicable beyond the range of ordinary physica systems. It
was obtained darting out from the agebraic formulation of quantum
theory and relaxing dl those axioms which seem to be special to the
physica world. The remaining structure is more general, yet ill rich
enough to be able to describe quantum like phenomena like
complementarity (Waach, Romer, 2000), and entanglement in a much
more general setting. Here, we give a short sketch of the dructure of
Generalized Quantum Theory. For details as well as for several
gpplications of Generaized Quantum theory we refer to the origina
publications (Atmanspacher, Romer, Walach, H. 2002; Atmanspacher,
Filk, ROmer, 2004; Romer 2004; Romer, 2006; Walach, Schmidt,
2005).

In Generalized Quantum Theory, the fundamental notions of system,
state and observable are taken over from ordinary quantum theory:

A system X is any part of redity in the most genera sense,
which can, at least in principle, be isolated from the rest of the
world and be the object of an investigation.
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A system is assumed to have the capacity to reside in different
gtates. The notion of state dso has an epistemic side, reflecting
the degree of knowledge an observer has about the system.
Unlikein ordinary quantum mechanics, the set Z of statesis not
assumed to have an underlying linear Hilbert space structure.

An observable A of asystem X isany feature of < which can be
investigated in a (more or less) meaningful way. Let A denote
the set of observables. Just likein ordinary quantum mechanics,
observables A in A can be identified with functions on the set of
dates Any observable AT A assodiates to every state z1 Z
another state A() T Z. As functions on the set of states,
observables A and B can be composed by applying A after B.
The composed map AB defined as AB(2) = AB(2) is dso
assumed to be an observable. Observables A and B are caled
compatible or commensurable if they commute, i.e. if AB = BA.
Noncommuting observables with AB ! BA ae cdled
complementary or incompatible. In ordinary quantum theory,
observables can dso be added, multiplied by complex numbers
and conjugated, and the st of observables is endowed with a
rich sructure caled C-adgebra structure. In Generalized
Quantum Theory, observables can only be multiplied by the
above compostion. This gives the sat of observables a much
simpler so-caled semigroup structure. In (Atmanspacher,
Romer, Walach, 2002), Generdized Quantum Theory is
characterized by a list of axioms. Here, we only give the most

important properties:

§  For every obsarvable AT A there is an assodiated set SpecA,
which is cdled its spectrum. The s&t specA is just the st of
different outcomes or reslts of the investigation
("measurement”) correponding to the observable A

§  Propositions are special observables P with PP=P and specP |
{yesno}. They smply correspond to yes-no questions about the
sydem X. For every propostion P there is a negation P
compatible with P. For compatible propositions P, and P, there
exists a conjunction P,U P, = PyP, and an adjunction P,U P, =
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PinP,  Laws of ordinary proposition logic (excluding
associativity) are assumed to hold for compatible propositions.

§ Ifzisadateand Pisaproposition, and if ameasurment of P in
the Sate z givesthe answer "yes' then P(2) isa state for which P
is true with certainty. This emphasizes the constructive nature
of measurement as preparation and verification.

§  The fdlowing property generdizes the spectra property of
observables in ordinary quantum theory. To every observable A

and every dement a 1 specA there bdongs a proposition A,
which is just the propostion that a is the outcome of a
meesurement of A. Then

A Ag = AgA, =0 for a # 3, a. 3 € specA, (1)
Ady = A, A,/ A.=1 ©)
aEspecA

where 0 and 1l are just the trivial propositions which are never
and dways true respectivdy. Moreover, an observable B
commuteswith Aif and only if B commuteswith al A,.

We dready mentioned that Generalized Quantum Theory is rich
enough to encompass the notions of complementarity and entanglement.
For complementary observables A and B with AB* BA, the order of their
measurement matters, and, just like in ordinary quantum mechanics,
they will nat, in general, possess statesin which both of them have awell
defined vaue with certainty.

Entanglement can arise if globa observables pertaining to dl of a
system X are complementary to local observables pertaining to parts of X.
If, in addition, the system isin an entangled state, for instance in a Sate
in which a globa observable has a well defined value, there are typica
interactionless entanglement correlations between the results of
measurements of local observables. In ordinary quantum theory, it can be
proved that entanglement cannot be used for sgna transmisson or
controlled causd intervention®: If S; and S, are different subsysems of a
compodte sysdem S, the digribution of values of measurements
performed on S, does not alow to tell whether or not measurements have

[1] Jean Burns (Burns, 2003) has called this"Eberhard's theorem (Eberhard, 1978)
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been performed on S, unless the results of the measurements on S; are
known at S;. The proof of this fact is reproduced in the Appendix. It is
independent of any assumption about the separation of the subsystemsin
gpace and time. If, however, the theory of specia relativity is assumed to
be vdid, as suggested by al evidence, and if the separation of the
subsystemss is spacedlike in the sense of the special theory of relativity,
then the possibility of any causal physicd interaction can be exduded as
a mechanism to produce the entanglement correlations. In Generdized
Quantum Theory, the impossibility of signal transfer by entanglement
correlations probably cannot be derived from the other axioms, but it is
srongly expected to be true and it may be wise to podulate it as an
additiond axiom (Romer, 2003; Romer 2004):

Entanglement corrdlations cannot be used for transmitting
signasor controllable causal influences.

In fact, violation of this axiom would bring about a very serious
danger of emerging intervention paradoxes of the kind of killing on€e's
own grandfather in aremote past.

This axiom will be used frequently in the following and its
consequences will be investigated in the forma framewark of
Generalized Quantum Theory. Let us call it the NT ("non transmisson')
axiom.

As in ordinary quantum theory, the result of a measurement is in
generd not determined by the date, but notice, that Generalized
Quantum Theory, at least in itsminima version presented here, does not
associate quantified probatilities to the outcomes of a measurement of an
observable A. This is related to the absence of a Hilbert state structure of
the set Z of dates. Moreover, the notion of time is completely absent in
the genera formulation of Generalized Quantum Theory.

Planck's constant h which contrals the degree of noncommutativity in
ordinary quantum theory, does not enter into Generalized Quantum
Theory. Hence, macroscopic  effects of  complementarity  and
entanglement are to be expected under suitable circumstances.

In ordinary quantum mechanics it is possble to derive Bel's
inequalities and to conclude that the indeterminacy of quantum theory is
not epistemic i.edue to an incomplete knowledge of the "true" state of
the system but ontic and deeply rooted in the very notion of a quantum
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date. In Generdized Quantum Theory there is no bass for such a
deduction. On the contrary, quite frequently Generalized Quantum
Theory will be a phenomenological description of complicated systems
with strong coupling and limited control, and the quantum features like
indeterminacy, complementarity and entanglement will arise from rather
innocent epistemic reasons like incomplete knowledge, uncontrollable
interactions and, in particular, unavoidable disturbances by the process of
measurement. In this Stuation it cannat be exduded that entanglement
correations are produced by causa interactions, but ill they cannot be
used to transmit information or causal influencesin any controllable way,
and the NT axiom remainstrue.
Thisremark will beimportant in the following section.

3. Synchronicity and Generalized Quantum Theory

Paranormal or synchronistic phenomena occur in complex systems of
persons and parts of the physica world, which are strongly coupled by
many physical, mental and in particular emaotional ties. Systems of this
kind have a property, cdled organizational closure in system theory.
Vardla formulated the "Closure Theds' in the following way: "Every
autonomous system is organizationally closed”. The cdlular system or
the immune system may serve as an example from biology and human
consciousness may be an example from psychology. He defines an
organizationally closed unity as a network of interactions that recursively
regenerate the network as a unity in space (for details see (Varea,
1981)). Observation will have uncontrollable effects on the state of such
systems, and this makes them privileged objects for the application of
Generalized Quantum Theory. Organizationally closed systems are
composite and thus have the capacity to resde in entangled dtates. As
already mentioned in the Introduction, we shal pay specia attention to
entanglement correlations between parts of such highly complex systems
and associate them with synchronistic phenomena. Much research and
discussion is fixed on the exclusion of any "norma" mechanism, which
could produce these phenomena. In our terminology, this amounts to the
question, whether the quantum festures of the system described by
Generalized Quantum Theory are of ontic or episemic origin. In
favourable stuations, the possihbility of causal physicd interactions
between parts of a system can be ruled out, for instance if Spatial
separation and time differences are such that signals would have to be
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supraluminal®. Ancther fortunate case are phenomena like precognition
where the time order of cause and effect is inverted and where the
exisgence of such inverted pairs of events would produce intervention
paradoxes like killing one's own grandfather. In general, however, and in
particular in the most interesting cases, it is extremey difficult if not
impaossible to decide on this question, and it does nat make any difference
for our phenomenological description and analysis, either.

The identification of the organizationally closed systems to which our
formalism should be applied is a non trivid problem, in particular
because entanglement correlations between apparently digoint systems
can never be excluded with certainty. One of the smallest systems
conceivable would be a single person, on which one could observe
psychosomatic phenomena like somatization. But such phenomena are
not normally counted as paranormal or synchronistic, and in Generalized
Quantum Theory they should rather be considered as an effect that the
complementarity of mind and body has on individuas. However, there
seems to be a diding transition to "poltergeist” phenomena, which might
be interpreted as a prolongation of somatization into the outside world,
and asamgjor example of entanglement correlations.

Next in complexity would come systems of intermediate complexity
condsing of severd persons and physical objects and showing
phenomena like telepathy, psychokinesis or precognition. The largest
concelvable system would be C.G.Jung's unus mundus, the totaity of the
world, neutral with respect to the distinction of mind and matter. It might
be possble to shed some light on phenomena of culturd history,
emergence of gyles in art, invention of philosophica or scientific
concepts and their mutual relationship, but aso on mass movements and
hysteria by applying Generalized Quantum Theory to the unus mundus
and looking at entanglement correlations.

Paranormal phenomena are usudly associated with the intermediate
level of complexity just mentioned.

Synchronigtic phenomena are expected, if such a system is prepared
in an entangled state. This can in general be done by making sure that
the system isin an eigenstate z of a global observable A, i.e in adate, in
which the system resides after a measurement of A has yielded some
definite result a T specA. For instance, for an operationaly closed
system of severd persons, A may be an observable which measures the

[2] The so-called "presentiment expariments' may sarve as an example (Bierman, Radin, 1997)
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degree of ther "emotiond tuning in" or their fundamental
connectedness, for instance, by family ties. In an entangled date,
correlations between measured vaues of local observables for different
parts of the sysem will be observed. As aready mentioned and
formulated as Axiom NT and in accordance with much experience with
ps phenomena, these correlations cannot be interpreted as resulting from
any controllable causal interactions or signas between parts of the
system.

The precise meaning of the terms "signa"” or "controllable causa
interaction” as we mean and use it in this study is defined by the
fulfillment of the following conditions:

Thereis apredefined pair of quantities, one at the emitter Sde
S, oneat therecaiver sde S;.

Thereis astable correlation between the registered va ues of the
quantities.

Controllable manipulations at the emitter side are possible, and
their effect can beregistered at the receiver side.

Conclusons on the nature of the manipulations must be
possible.

The synchronigtic entanglement correlations may sometimes ook
spectacular, but if, by some episodica fluctuation, they look as if they
were due to causd interaction, this apparent effect will be wiped out, if
one tries to corroborate it by improving datistics through attempts at
replicating the effect. This is the wel known and often experienced
decline effect. The decline effect will be faster, if the origind effect was
stronger: the reciprocity of effect srength and reproducibility is a further
prediction of Generalized Quantum Theory. One may even with some
confidence turn the logic around and conclude, that a reproducibly
observed influence on parts of the system onto each other is not a ps
effect but the result of ordinary physics. Another phenomenon expected
from Generdized Quantum Theory may be cdled "evason" or
"dugveness'. Carrdations, if onetriestointerpret them assignalsand to
validate them gatigtically, may even change sign or disappear atogether,
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or ese show up again in different observables and/or between different
parts of the system. This evasion phenomenon is expected to be observed
in particular, if the number of observable correations is large and if the
preparation in the entangled state is of limited stahility.

Especidly synchronigtic events are good examples for dtuations
occurring in systems which include a large number of possble
meaningful nonlocal corrdations. C. G. Jung's initial example of a
patient's dream of the scarabaeus and the corresponding rose-beetle,
which flew to the window in the moment the patient reported the dream,
is a good illugration. The synchronistic corrdation has nothing to do
with the precise object and its location but with the semantics (Sate) (or
"meaning’) of the reevant objects The "Modd of Pragmatic
Information” (MPI) provides a phenomenological description of the
semantic processes of such synchronigtic situations. It proposes a possible
operationalization® of the term "meaning" (pragmatic information) by
introducing complementary observables such as "novdty" and
"confirmation” (Weizsicker, 1974; Lucadou, 1998). It is obvious that the
MPI can be conddered as a specia case of Generdized Quantum
Theory. Pragmatic information is not locaisable in physical terms and
cannot be "labeled”. In Jung's example the meaning of the scarabaeus
could correspond to any similar looking beetle or even to the word
"beetle" if it had been written on a paper flying, for instance, through the
door etc. According to Rosder (RGsder, 1992), objects which cannot be
labeled create non-classica properties. In gpontaneous psi-experiences
the number of possible semantic states is open, but in experiments it is
fixed by the experimenta sdting. If in an experimental setting the
"effect” would be fixed to a single localised dtate (e.g. a rose-bedle is
expected) any other redization with the same meaning would be
excluded. This is the reason why post hoc evduations in
parapsychologicd experiments very often show highly sgnificant
meaningful post-hoc corrdations, which had not been consdered
beforehand (see examples). In “"poltergeit” cases new phenomena
usualy occur when previoudy observed phenomena are expected

[3] It has been argued that, it was by no means clear that Varela's concept of "organizational
closure" or Weizsaecker's concept of "pragmatic information” can be operationalized in a
sufficiently rigorous fashion. It is true that, until now, there is no standard-
operationalization of these concepts available, but in (Lucadou, 1986), experimena
approaches are described which can be interpreted along these lines and Generalized
Quantum Theory can a so be consdered asfirst step in this direction.
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(Lucadou, Zahradnik, 2004). Such "displacement-effects’ are typical of
parapsychology.

4. Planning of Ps Experiments

In ps experiments one triesto observe ps effects under conditions which
are as controllable as possble, laboratory conditions being the ideal case.
From the outset, one has to expect only rather small effects in such
dtuations. To improve the visihility of synchronistic effects one should,
according to Generalized Quantum theory obey the following Strategies:

One should take care that the organizational closure of the
system and its preparation in an entangled state are not
destroyed by the observations.

One should concentrate on€s search on  conspicuous
correlations between different parts of the system rather than on
(isolated) causal influences.

In order to reduce the decline effect, one should make positive
uee of the evasion phenomenon. This can be done by
simultaneous regidration of as many different correlations as
possble. Ps effects will then show up as transitory, jumping
unexpected and gatigticaly unlikely patterns in the correlation
matrix.

Clearly, by such measures it will never be possible to overcome the
decline effect completely and to convince every sceptic. But at least the
vishility of synchronistic phenomena may be increased considerably.

In a conventional mono-causal experimental setting the independent
variable A could aways be used in a drict replication to code a sgnd
which shows up in the dependent variable B by switching the
independent variable A on and off. If it is erroneoudy assumed that a
correlation beween A and B, that has been found in previous
expeariments, is causd in nature the replication must fall due to the NT
axiom, if the system under study is governed by non-locd correlations.
Moreover this gives a criterion for an upper limit of the effect-size E in
any replication study: If it is assumed that the usual dtetistical Z-scoreisa
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criterion to decide only by means of the dependent variable B, whether A
is switched on or off, at least one bit of information is transferred. In the
smplest case E<const/Cn holdsiif n isthe number of replication. Only for
drict replications congt is redly a constant which depends of the
experimental  setting. Since many details differ even with drict
replications the formula is merely a rule of thumb. As shown in
(Lucadou, 2000), the size of const is not necessarily small and revivals
are posshle (see footnote 8). Since this is dso true for each trial in a
single experiment, the effect-sze of each ps-experiment should decline
with the sze of trials. A recent meta-anaysis of 357 PK-experiments
(Steinkamp, Boaller, Basch, 2002) corroborates this prediction. The
funnd-plot (Fig. 1) shows an overwheming evidence for the decline of
the effect-size with number of trials. The authors of the meta-anaysis
interpret the result as an indication that a PK-effect does not exist and is
merdy a statistical artefact due to selective reporting etc®.

From this result (see the following chapter) it seems not useful to
perpetuate the research Strategy of "proof oriented” experiments, because
a drict replication is the best recipe to destroy the effect. Since the NT
axiom is assumed to be respongble for this fact one could solve the
problem in two ways:

1. The experimental sdting is designed in such a way that only
correlations could be measured, which cannot be (mis-)used for
any signa-transfer, likein the EPR-case® and,

2. the experimental setting alows the effect to "displace” in an
unpredictable way®.

[4] One may remark that the meta-analyss in (Bosch et. al., 2006) has been extensively criticized,

(5

—

with other meta-analyzes coming to different condusions and a rebuttal in the samejournal that
published it. To the authors knowledge, this critique, however, mainly deals with the question of
the sdlection of studiesfor the meta-analysis and has nothing to do with the obvious dedine of the
effect-szein dependency of n.

This is naturally the case in ps-expeariments which use neurophysologica sampling method
(Bierman, Radin, 1997), (Wackermann, Seiter, Keibd, Waach, 2003), because the signd
cannot be extracted from the data stream, Sinceit is only after averaging many episodes of EEG
asociated with simulation that the correlations can be seen (see above). Apart from the fact hat
the sysgem dlows for many degreesof freedom through the gppli cation of multiple dectrodesand
by conddering both positive and negative directions of the correlation (see below).

[6] A third possibility would be to mix nonHoca variables with causa onesin an indistinguishable

way. In this case the sgnas would enhance the organizationd dosure of the sysem and thus
amplify the non-causd corrdation within the psycho-physica sysem. However, this design
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Funnel plot of all 357 studies
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Figure 1. Funnel-plot of 357 PK-studie (Steinkamp, Boller,
Bosch, 2002)

The firg condition is difficult to achieve in a psycho-physica
experiment, because the psychologica variables must be measured before
the psycho-physical interaction. These data could adways be used to make
predictions about the physical variables. It does not matter whether this
information is actually used or not. Thisisan important differenceto the
EPR-gtuation. Only if the interpretation of the psychological data would
be generated post hoc (eg. by a new factor anadysis of the data) this
problem could be circumvented, but this is already very smilar to the
fdlowing method.

The second condition can be redlized by using large sets of
psychological and physical variables which may or may not correlate in
the psycho-physical system. In this case the result is a corrdation matrix
which shows the psycho-physicd correations. The organizationa
closure which is created by the experimental conditions (such as
ingruction to the subjects, vividness of the display, motivation of the
subjects etc.) enables the psycho-physica interaction which shows up in
the number and drength of the corrdations in the matrix. The

would never convince a soeptic, Snce one could dways argue, that al mesesured corrdationsare
due to causd interactions and no "ps-effect" occurred. It must be admitted, that mogt
spontaneous paranormal experiences suffer from this methodologica deficiency.
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null-hypothesis is given by the number of chance-corrdations. With any
replication of the experiment the structure, direction, and strength of
these corrdations may change, but the total number and total strength
can remain high if the experimenta conditions are the same. It is
impossble to violate the NT axiom because it is not known in advance
which corrdations will show up and with which signs. This situation is
comparable with the EPR-stuation.

As dated above, the creation of the organizationa closure of the
psycho-physical system is of paramount importance. Furthermore, one
has to take care, that it is crested mainly by the experimenta conditions
for the subjects and not for the experimenter. Sometimes experimenters
are more motivated than the subjects and then the data are difficult to
interpret and lead to so-call ed experimenter-effects (Lucadou, 2000).

5. Examples

The most impressive example of decline effect after a gtrict replication is
the replication study of the Princeton (PEAR) PK-gtudies (Jahn, 1981)
(Jahn, Dunne, Bradish, Dobyns, Lettieri, Nelson, Mischo, Boller, Bosch,
Vaitl, Houtkooper, Water, 2000). The authors write: "A consortium of
research groups at Freiburg, Giessen, and Princeton was formed in 1996
to pursue multidisciplinary sudies of mind/machine interaction
anomalies. The first collaborative project undertaken was an attempted
replication of prior Princeton experiments that had demonstrated
anomalous deviations of the outputs of dectronic random event
generators in correation with prestated intentions of human operators.
For this replication, each of the three participating laboratories coll ected
data from 250 * 3000-trial * 200 binary-sample experimental sessions,
generated by 227 human operators. Identical noise-source equipment was
used throughout, and essentially similar protocols and data analysis
procedures were folowed. Data were binned in terms of operator
intention to increase the mean of the 200-binary-sample distributions
(HI); to decrease the mean (LO); or not to attempt any influence (BL).
Contiguous unattended calibrations were carried forward throughout.
The agreed upon primary criterion for the anomalous effect was the
maghnitude of the HI-LO data separation, but data aso were callected on
a number of secondary correlates. The primary result of this replication
effort was that wheress the overal HI-LO mean separations proceeded in
the intended direction at al three |laboratories, the overall szes of these
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deviations failed by an order of magnitude to attain that of the prior
experiments, or to achieve any pesuasve levd of dHatidtical
sgnificance”

If the results are compared with the first sudy of the Princeton group,
which was published 1981 a drong decline of the effect-sze can be
observed.

First PEAR(1981) report Eji—1o = 6000/13050 =0.46
All PEAR studies before replication | Ep;—;, = 35000/834000 | = 0.042
Replication (2002) study Eyi—1, = 7070/750000 | = 0.0094

Table 1. Effect-size of the PEAR-Experiments and its
replications (the numbers are taken from the figures in the
references)’

In table 1 the effect-sze is defined as follows:
Epiio=(Thi-Tio)/n, T = Number of hits, n = Number of trids

It is evident, that effedt-Sze declines continuoudy with each
replication®. However, the "psi-effect” does not disappear completdly, it

[7] Inthiscasethedaafit quitewdl with the formula given above and const » 50.

[8] It was objected "...that the authors apparently read (Jahn et. d. 2000) without noticing that thet
paper's review of the chronological sequence of the PEAR REG data (Fig. 12 and associated
discussion) shows a strong early effect, a decline to null performance, followed by an increaseto
grong effects again, which is in stark contradiction to the authors no-signading modd.” In
contragt to this opinion thisis what has to be expected from the MPI and Generalized Quantum
Theory. "No signd" does not mean that an extra-chance effect cannot occur, but the data must
behave in such a way that they cannot be used to "recondtruct” the initial conditions (HI, LO,
BASELINE) on the besis of the random-data done. If in the second epoch (see Fig 12 of (Jahn
. d 2000)) the data would have been the same asin the first epoch an identification of thethree
conditions would have been possble. Therefore a return to a zero effect hasto be expected by the
NT-axiom. Asareault, in the third epoch such a criterion ismising. And even awesker criterion
which would be available by combining the first two epochsisruled out by the fact that in epoch
three the BASELINE-condition cannot be disinguished from the HI-condition. From this
condderation it is dear that the given formula only holds for very smple Stuations. In redl
gudiesit can only be used as a rule of thumb which, however, fits agtonishingly well. To mekea
more precise prediction, it would be necessary to know the hitory of each experiment and the
devdopment of the signd-criteria, which can be derived from the data This includes dso
changes in the setting during the experiment. From this point of view only thefind results of the
gudiesare usad in thetable above.
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shows up in other variables in the post-hoc evaluation. The authors state:
"Various portions of the data displayed a substantial number of interior
structural anomalies in such features as areduction in trial-leve standard
deviations, irregular series-podtion patterns, and  differential
dependencies on various secondary parameters, such as feedback type or
experimental run length, to a composite extent well beyond chance
expectation.”; see aso (Pallikari, 2001; Atmanspacher, Bosch, Baller,
Nelson, Scheingraber, 1999).

It should be mentioned here, that on the basis of the MPI a clear-cut
prediction about the outcome of the replication study was made in
advance It was kept in the minutes before the final evauation began,
but, unfortunately, it isnot mentioned in thefinal research report.

The same feature can aso be found in another field, where non-loca
cordations may play a crucia role, namey homeopathy (Lucadou,
2002). However, in homeopathy there is not such a clear-cut separation
between the independent variables (homeopathic trestment) and the
dependent ones (cure of the patient). Nevertheless a causal mechanism
seams unlikely, because in high dilutions which are used in homeopathy
nearly no molecule of the healing substanceis present (Walach, 2003).

Although a series of clinicd trials has been launched recently to test
homeopathy according to the conventional methodological standard of
placebo controlled, randomised, trials the outcomes are inconclusive.
Very often a similar pattern can be seen: Initid experimenta paradigms
are promising and show large deviations from chance expectation, not
compatible with the hypothesis of random fluctuation. However, when
probed for replicability, these effects vanish. (It is not the am of this
paper to give an overview of the present debate, for further details see:
(Walach, Jonas, lves, van Wijk, Wengéartner, 2005; Walach, 2003).

The main problem of such studies thus seems to be their lack of
repestability. There might be many reasons for the lack of repeatability
such as psychologica ones, or differencesin environmental variables, or
regresson to the mean, and last but not leest the axiom of
no-signa-transfer (NT). In mog meta-analyzes it is difficult to decide
between these reasons. However, in the folowing meta-analysis (Taylor,
Reilly, Llewelyn-Jones, McSharry, Atchison, 2000) of four subsequent
homeopathy-studies the results can be interpreted as an effect of the
axiom of no-signd-transfer (NT).
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@ Homoeopathy O Placebo

Visual analogue scale scores Main objective measures
Overview Pooled analysis Overview
Pilol —Or— .
Hay lever ~—@—
- w—(O—  Noof "escape’
Hay fever? _.:< —— —@— antihistamine
TaoThe lables
O Bronchial hypes-
et -0 © * responsiveness
fog15 PGy g
p— histamine
erenni O
hinitis -9 B
Nasal inspiratory
- peak flow {Vmin)
Composite O -
-40-30-20-10 0 10 20 -40-30-2%-10 0 10 20 [

Change from baseline over fina, two weeks Change from eniry to final week

Figure 2. Meta-analysis of four homeopathy studie (Taylor,
Reilly, Llewellyn-Jones, McSharry, Atchison, 2000).

In figure 2 the reaults are shown. The first column gives the name of
the sudy. The second column shows the difference between the
homeopathy and the placebo group measured by the visual anaogue
scale. The third coumn shows the overdl effect sze and the fourth
coumn the difference of the homeopathy and the placebo group
measured with different methods. The row "Composite® gives the
compodte effect of al four sudies.

Two kinds of dependent variables had been used to measure the
therapeutic effect: 1. the subjective visual anadogue scale and 2. different
objective measures like histamine concentrations and nasal inspiratory
pesk flow. From our theoretica point of view it is important that for all
studies one variable (1.) had been used which was the samefor al studies
and, additionally, non-comparable variables (2.). If the assumption is
correct that non-loca correlaions play an important role the following
result would be expected:

1. The thergpeutic effect measured with the same variable,
comparablein all studies (1.) will decline during the replication
dudies as the Satisticd reliahility of this variable is increased
dueto theincreasing number of cases (n) (decline-effect).
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2. Thetherapeutic effect measured with non comparable variables
(2.) will increase and "compensate’ the decline of the effect size
of the comparable variable, thus the certainty to predict future
outcomes does not increese with n for non comparable
variables, because the direction and strength of the effect is
unknown (di splacement-effect).

Notice the opposte tendencies in cdumn 2 and coumn 4. The
decline effect of column 2 seems to be compensated by the increase of the
difference measured with a new variable in cdumn 4. Due to the
homogeneity of the studies it can be assumed that the organizational
closure of the whole sysem and herewith its non-local entanglement
gtays constant during the four studies The reaults of the meta-anaysis
(figure 2) show astonishing agreement with these predictions.

Findly, an example can be provided, where the decline effect is at
leest partidly avoided by circumventing the axiom NT due to the
correlation-matrix technique (see above). In these experiments (Lucadou,
1986; Lucadou, 1991; Lucadou, 2006; Radin, 1993) (table 2)
psychological variables were corrdated with outcome in PK experiments,
with feedback and without (control). Only the number of (significant)
correlations between psychologica variables and physica variables of a
PK-experiment are counted and compared with controls (runs without
feedback or runs without subjects).

The psychologicd variables were measured before the
PK-Experiment by standard personality-questionnaires. Only in the last
two studies (Lucadou 20053, b in table 2) the psychologica variables
were behaviora variables (pressing of buttons, for details see (Lucadou,
2006)). The physical variables were several datisticd test-values, which
describe properties (such as mean-vaue, variance, autocorrelation etc.) of
a binay random sequence (Markov-chain) produced by a
quantum-physical random event generator. The physical random event
generator was carefully shielded againgt any physica influence of the
subjects.

It turned out that in all studies the overall-digtribution of the physical
variables showed no deviation from the theoretica expectation-vauesfor
both experimental and control conditions. Severa techniques were
applied to find a PK-sgna (tracer) within the experimental
random-sequences, but none was found. This is a strong argument for
the assumption, that indeed no sgnal transfer between the observing
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subject and the random event generator was involved. Nevertheless the
number of (dgnificant) correlations between the psychologicad and
physica variables is sgnificantly increased for the experimenta runs
compared with the number of corrdations of the control runs. The
deviation isgiven in table 2 by Z-values.

In these experiments the effedt-size (E = Z/On, n = number of
correations) depends primarily on the organizational closure of the
system. This can mainly be seen in the last two experiments (Lucadou
2005 a, b) of table 2. Both studies had an identical design and were
carried out in pardld. The next to last one in the table (2005b), which
was not dgnificant, was performed by unsdected subjects with low
motivation (during an exhibition) wheress dl significant sudies (1986,
1991, 2005 &) were performed by highly motivated subjects, who cameto
the lab because they were interested in taking part in a parapsychol ogical
experiment. A more detailled anadyss shows, however, that the
unsdected subjects (2005b) were not completely unsuccessful. A
subgroup (2005¢), who showed more "innovative behavior" got aso an
increase of corrdations. Findly, it could be demongtrated in the study,
that the Structure of the correlation matrix is not stable if the experiment
is repeated, but the number of correlations remains roughly the same (for
details, see (L ucadou, 2006))°.

The study of D. Radin (Radin, 1993) is the only independent
experiment in the literature that used the correlation technique. In this
case however, there was only one subject and the "psychological
variables' contained also environmental variables and therefore the study
is not completely comparable.

[9] It had been criticized that "The discussion of several experiments by von Lucadou suggests that
the authors have a peculiar undersanding of the conoept of a "signdl”. Although they failed to
"find a PK-dgnd" in individual random sequences the robust and repestable corrdations
reported in table 2 in fact conditute a Sgnd”. This argument is only true if and only if the
individual correlations between a given psychologica- and a given physical variable would be
dable if the experiment is repeated. But this is obvioudy not the case, as only the number of
correlations is conserved, but not the precise postion of corrdated variables. In section 3 an
explanation of the term "signd" is given. Thisfact, however, does not exclude the possibility that
certain pairs of psychologicd and physca variables show stronger correlations which occur
more frequently with replications. Thismeansthat certain regionsin the correation-metrix may
show a somewhat predominant structure indicating certain characteristics of the psycho-physca
sydemin question, but it doesnot mean that asignd ishiddenin the matrix.
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Study Naiogcorr | Waut; | PsVar | PhiVar | #corr | £ E

Luc1986 3—'1] 75 209 24 23 L52 513 | 0.218
Luc199] 35] 28 307 16 5 128 3.10 | 0.274
Had1993[37] 3z 1 16 23 368 2,63 | 0.137
L11C2[][]!:1€1[36] 39 386 27 18 216 6.22 | 0.423
LIII:‘EU[]E\]J[SG] 11 386 27 18 216 0.04 | 0.003
LIICE[][]E\C[SC-] 21 220 27 18 216 2,25 | 0.153

Table 2. Result of all correlation studies (Nsigecor = NUMber of
significant correlations, Nsuy; = number of subjects, PsVar =
number of psychological variables, PhVar = number of physical
variables, #corr = number of correlations, Z = z-value, E = effect
size).

The examples, given here, which show decline and displacement,
could easily be augmented by many other ones, and it would be an
interesting research task to implement the presented idess in future
meta-analyss of experimentsincluding non-local effects.

6. Conclusion

We have made an argument that synchronistic, anomdlistic or PSl-effects
are likely due to non-locd correations that can be expected according to
Generdised Quantum Theory in systems with sufficient closure that
contain complementary local and globa features or observables We have
pointed out that such an interpretation gets rid of the fact tha all
purported direct mental influences on physicad systems using dleged
PSl-signds would creste theoretica difficulties violating various
theorems of invariance On the contrary, it dlows a rationd
interpretation of PS| effects as non-loca correlations between elements of
a sysem that are not causal and hence not usable for sgnal transmission.
The downside of this fact is the difficulty to experimentally isolate such
effects, since every experimental attempt a isolating an effect is in fact
the isolation of a causal signa from background noise. This approach
explains two pervasve features of PSl effects: The dusiveness and the
decline of experimental results through replication. We have pointed out
that indiret drategies exidt, though, which could be used for
experimenta vaidation of our clam. We contend that thisis arationa
explanation in line with mainstream scientific gpproaches and hope that
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this paves the way for further cregtive research and eventua integration
within abroader scientific framework.

7. Appendix: " Eberhard’s Theorem"

In this Appendix we show that the imposshility of transmitting
information by entanglement corrdations, sometimes referred to as
"Eberhards theorem”, is a direct consequence of the formalism of
quantum theory. In adddition, we discuss the relevance of thisresult. Let
us assume that the Hilbert space H of a quantum system X is the tensor
product of two Hil bert spaces H, and H.:

H =H1A Hz (3)

Such atensor product decomposition will be given if X is composad of
two subsystems S, and S, with Hilbert spaces, H;, and H, respectively.

Consider any density matrix r on H = H; A H,. The density
matrix r is called decomposable if it isof theformr =r® A r @, where
r®and r® are density matrices on H,; and H., and undecomposable
otherwise. Let A and B be two observables on H; and H.,, respectively,
with projection operators P; and Q; and spectral decomposition

A= Zaipiv B= Z ijj“
i Fi

P P; = 4P, QiQ; = 6;5Q;, (4)

SR =l > Q=1

The obsarvables AA 1 and 1 A B are commensurable and can be
measured sSmultaneoudly.

The probability of measuring the pair (&, b)) of values of A and B is
given by

wi;® = tr(P @ Qsp) )

If onlyisAA T or 11 A B measured, the probabilities for the result &
or b are

wzm tr(P; @ 1p), (6)

w® = tr(1®Q;p)
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Once the observers have chosen the observables they want to
measure, they, of course, have no control over the result of their
measurment. From eq. (4) we seethat

w® =3 wf?, Zwu 2) )
7
Imagine now that a mee&;rement of B has yielded the result by. The
conditional probability Wu ) that a subsequent measurement of A will
yield & isgiven by
(1,2 _ a )w§_2) €S))

wij — Wiy

Evidently, we have

Zw(l) -1 )

For undecomposzble states, the conditiona probabilities w;™ may
depend strongly on j, and this is dso the place where the entanglement
correlations show up. If, however, the outcome of the measurement of the
observable B is unknown to an observer measuring A, the observer will
seethedidribution

Egl) = ng‘?wf) = Z fjl 2 = w,gl). (10)
J J

This distribution of measured vaues g, is the samefor dl observables
B and caincides with the distribution w® obtained if no measurement at
al is performed on the second part of the compound system. Hence, the
observer measuring A cannot decide from the probability distribution
obtained whether a measurement at the other side has been performed
nor what observable has been measured. So, no signd can be tranferred
by choosng and measuring an observable B on the other part of the
system. Thisis"property 4" in ref (Eberhard, 1978).

Entanglement correlations could only be used for signal transmission,
if, on a different channel and for every act of measurement, the observer
at the other end were informed, which observable has been measured and
which of his measured va ues he should keep or discard.

The result about the distributions of measured vaues is independent
of the spatial or tempord separation of the measurement events. But if
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the separation of any pair of measurements on both sdes of the
compound system is spacdike and if Eingtein's special theory of relativity
is assumed to hold (as it should), then the entanglement correlations
cannot be the reault of any physical interaction.

Without specid relativity, for instance if instantaneousinteractions at
adistance are assumed to be possible, this conclusion, of cause, cannot be
drawvn. Eberhard (Eberhard 1978) proposes a violation of special
relativity by the existence of a preferred inertial system, in which an
event E; can bethe cause of an event E, whenever E; isprior toE,. Ina
different system, obtained by a Lorentz transformation, the two events
could bein reversed tempora order.

Even if by some violation of specal rdativity, entanglement
correlations could be due to physical causes, this does not invalidate our
genera reault that, as a smple consequence of the formalism of quantum
theory, entanglement correlations cannot be used for signd transmisson
without the aid of another information channdl.

The impossibility of signa transmisson by means of entanglement
corrdations is a graigtforward consequence of the basic formalism of
quantum theory. Peacock and Hepburn (Peacock, Hepburn, 1999), give a
useful ligt of references on this question, but in view of the above
consderations, their assertion,that the proofs of the no signa property
are question begging and that the transfer of information and even
energy by means of entanglement correlations could not be excluded is
very daring indeed.

The remaining way to destroy "no signa” would be a change in the
basics of quantum theory, for instance by describing observables
pertaining to subsystems no more by obsarvables of thetype A A 11 but by
some other operator. But it seems to be impossible to do so without
contradicting innumerable well established experimental facts, for
example of the physics of atoms with severd dectrons. Moreover, with
the ensuing violation of Eingtein locdity, intervention paradoxes would
be lingering right around the corner.

Quite generally, the quantum theoretical reduction of state does not
lead to an inconsistency between Eingtein locality and quantum field
theory. Converse assartions by Hegerfdd have been disproved in a
convincing and generaly accepted way by Buchholz and Yngvason
(Buchholz, Y ngvason, 1994).
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