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ABSTRACT
Many experiments have shown that quantum entanglement is physically real. In this
paper, we will discuss its ontological origin, implications and applications by thinking
outside the standard interpretations of quantum mechanics. We argue that quantum
entanglement originates from the primordial spin processes in non-spatial and non-temporal
pre-spacetime, implies genuine interconnectedness and inseparableness of once interacting
quantum entities, plays vital roles in biology and consciousness and, once better understood
and harnessed, has far-reaching consequences and applications in many fields such as
medicine and neuroscience. We further argue that quantum computation power also
originates from the primordial spin processes in pre-spacetime. Finally, we discuss the roles
of quantum entanglement in spin-mediated consciousness theory.
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When in t he course of scient ific endeavor, it becom es appar ent t hat deeper t rut h
exist , a decent r espect t o Nat ur e r equires t hat such t rut hs be explor ed. We hold t hese
t rut hs t o be scient ifically approachable, t hat all form s of exist ence are int erconnect ed,
t hat t hey possess cert ain fundam ent al and unalienable propert ies. That t o describe t his
int erconnect edness and t hese propert ies, successive t heories shall be const ruct ed by
m ankind, deriving t heir explanat ory and predict ive powers from t he approxim at ions of
laws of Nat ure. That whenev er any t heory becom es inadequat e of t hese ends, it is t he
dut ies of m ankind t o m odify it or t o abolish it , and t o est ablish new ones, laying t he
foundat ion on such principles and organizing t he st ruct ur es in such form s, as t o
m ankind shall seem m ost likely t o r eflect t heir under st anding and knowledge of
Nat ure.
I n m e m or y of Thom a s Je ffe r son

1

Corresponding author:1Huping Hu, Ph.D., J.D., Biophysics Consulting Group, 25 Lubber Street, Stony Brook, NY 11790,
USA. E-mail: hupinghu@quantumbrain.org

www.quantumbrain.org

Hu and Wu, Thinking outside the box: the essence and implications of quantum entanglement

1. Introduction
Quantum entanglement is ubiquitous, appears everywhere in the microscopic world
(See, e.g., Durt, 2004; Brooks, 2005) and under some circumstances manifests itself
macroscopically (Arnesen, et al, 2001; Ghost et al, 2003 & Julsgaard et al, 2001). Indeed, it
is currently the most intensely studied subject in physics. Further, speculations abound as to
its nature and implications (See, e.g., Clarke, 2004, Josephson, 1991 & Radin, 2004). There
are many general and technical papers written on the subject. So cutting to the chase, we
shall immediately outline our propositions on the subject and then discuss each in some
detail with references to existing literature whenever possible. Readers are advised that our
propositions are outside the mainstream physics and other authors may hold similar views
on some of the points we shall make in this paper. We will also discuss the roles of
quantum entanglement in spin-mediated consciousness theory (Hu & Wu, 2002, 2003,
2004a-d).
The following are our propositions about the ontological origin, implications and
applications of quantum entanglement:
1) It originates from the primordial spin processes in non-spatial and non-temporal
pre-spacetime. It is the quantum “glue” holding once interacting quantum entities
together in pre-spacetime, implies genuine interconnectedness and inseparableness
of the said quantum entities and can be directly sensed and utilized by the entangled
quantum entities.
2) It can influence chemical/biochemical reactions, other physical processes and
micro- and macroscopic properties of all forms of matters, thus, playing vital roles
in many biological processes and consciousness. It is the genuine cause of many
anomalous effects (if they do exist) in parapsychology, alternative medicine and
other fields as some authors have already suspected in some cases.
3) It can be harnessed, tamed and developed into revolutionary technologies to serve
the mankind in many areas such as health, medicine and even recreation besides the
already emerging fields of quantum computation.

2. The Origin and Nature of Quantum Entanglement
Popular opinion has it that Erwin Shrödinger coined the word “entanglement” and first
used it in 1935 in his article published in the Proceedings of Cambridge Philosophical
Society (Shrödinger, 1935). Mathematically, Shrödinger showed that entanglement arises
from the interactions of two particles through the evolution of Shrödinger equation and
called this phenomenon the characteristic trait of quantum theory (id.). Einstein called
quantum entanglement “spooky action at a distance” in the famous EPR debate (See, e.g.,
Einstein et al, 1935).
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Ontologically, we argue that quantum entanglement arises from the primordial
self-referential spin processes which are the driving force behind quantum effects,
spacetime dynamics and consciousness as we have argued previously (Hu & Wu, 2003;
2004a). Pictorially, two interacting quantum entities such as two electrons get entangled
with each other through the said spin processes by exchanging one or more entangling
photons with entangling occurring in pre-spacetime. Such ontological interpretation is
supported by existing literature as discussed below.
First, Hestenes showed that in the geometric picture for the Dirac electron the
zitterbewegung associated with the spin is responsible for all known quantum effects of
said electron and the imagery number i in the Dirac equation is said to be due to electronic
spin (See, e.g., Hestines, 1983).
Second, in Bohmian mechanics the “ quantum potential” is responsible for quantum
effects (Bohm and Hiley, 1993). Salesi and Recami (1998) have recently shown that the
said potential is a pure consequence of “ internal motion” associated with spin evidencing
that the quantum behavior is a direct consequence of the fundamental existence of spin.
Esposito (1999) has expanded this result by showing that “ internal motion” is due to the
spin of the particle, whatever its value. Bogan (2002) has further expanded these results by
deriving a spin-dependent gauge transformation between the Hamilton-Jacobi equation of
classical mechanics and the time-dependent Shrödinger equation of quantum mechanics
which is a function of the quantum potential of Bohmian mechanics.
Third, spin is a unique quantum concept often being said to have no classical
counterpart (See Tomonaga, 1997) and associated with the “ internal motion” of a point
particle. Unlike mass and charge that enter a dynamic equation as arbitrary parameters, spin
reveals itself through the structure of the relativistic quantum equation for fermions that
combines quantum mechanics with special relativity (Dirac, 1928). Indeed, many models of
elementary particles and even space-time itself are built with spinors (Budinich, 2001;
Penrose, 1960 & 1967). Pauli (1927) and Dirac (1928) were the first to use spinors to
describe the electron. Also, Kiehn (1999) showed that the absolute square of the wave
function could be interpreted as vorticity distribution of a viscous compressible fluid that
also indicates that spin is the process driving quantum mechanics.
Therefore, in view of the foregoing it could be said that the driving force behind the
evolution of Shrödinger equation is quantum spin and, since quantum entanglement arises
from the evolution of Shrödinger equation the said spin is the genuine cause of quantum
entanglement.
What do we mean by pre-spacetime? Pre-spacetime in this article means a non-spatial
and non-temporal domain but it is not associated with an extra-dimension in the usual sense
since there is no distance or time in such domain (See, e.g., Hu & Wu, 2002). We have
argued before that in a dualistic approach mind resides in this domain and unpaired nuclear
and/or electronic spins are its pixels in the reductionist perspective (id.). So pre-spacetime
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is a holistic domain located outside spacetime but connected through quantum
thread/channel to everywhere in spacetime enabling quantum entanglement or Einstein’s
“ spooky action at a distance.” It has similarity to Bohm’s concept of implicate order (Bohm
& Hiley, 1993). Aerts (2004), Clarke (2004) and others have also expressed the non-space
view of quantum nonlocality.
Such a non-spatial and non-temporal pre-spacetime is a “ world” beyond Einstein’s
relativistic world but does not contradict with the latter since the latter deals with classical
physical events occurring within spacetime. In contrast, quantum entanglement occurs
within non-spatial and non-temporal domain. Therefore, instantaneous signaling through
quantum entanglement in pre-spacetime is possible if the entangled quantum entities can
directly sense and/or utilize the entanglement.
So what is then the essence of quantum entanglement? We propose that quantum
entanglement is not merely the correlations of certain observable physical parameters in the
process of measurement but genuine interconnectedness and inseparableness of once
interacting quantum entities. It is the quantum “ glue” holding once interacting quantum
entities together in pre-spacetime and can be directly sensed and utilized by the entangled
quantum entities as further discussed below. It can be diluted through entanglement with
the environment, i.e., decoherence.

3. Implications of Quantum Entanglement
It is often said that instantaneous signaling through quantum entanglement is
impossible because of Eberhard’s theorem that basically says that since local measurements
always produce random results no information can be sent through quantum entanglement
alone (Eberhard, 1978). However, there are at least two ways to circumvent this
impossibility. The first is to assume that the statistical distribution can be modified and
utilized to transmit information. Quite a few authors have expressed this view (Josephson,
1991; Stapp, 1982 & Walker, 1974) especially when discussing the roles of consciousness
in parapsychology such as telepathy. The second is to assume that each quantum entity can
directly sense and utilize quantum entanglement as already mentioned before. This latter
view is the view we subscribe to and it is permissible in the Bohmian picture (Bohm &
Hiley, 1993).
The implication of the second view is far-reaching. It means that quantum
entanglement can influence chemical and biochemical reactions and other physical
processes. Thus, it plays vital roles in many biological processes and consciousness and is
the genuine cause of many anomalous effects, if they do exist, in parapsychology,
alternative medicine and other fields as some authors have already suspected in some case.
It can affect the micro- and macroscopic properties of all forms of matters such solid and
liquid.
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For example, the results reported by Rey (2003) that heavy water and highly diluted
solutions of sodium chloride and lithium chloride behaved differently in the thermoluminescence tests can be explained as the consequence of water molecules forming
different hydrogen bonds due to the entanglement of water molecule with sodium chloride
or lithium chloride ions being diluted out of existence and its subsequent effect on
hydrogen bond formation during freezing. Indeed, in light of the recent results on
observable macroscopic entanglement effects (Arnesen, et al, 2001; Ghost et al, 2003), the
explanation offered herein is most likely true.
For a second example, the so called “ memory of water” effect (Davenas, et al, 1988),
which is largely discredited by the mainstream scientists because of non-reproducibility,
can be explained as the result of entanglement of the substances being diluted with water
and then the subsequent entanglement of water with the quantum entities in the biochemical
processes responsible for producing certain visible or detectable result. Of course, quantum
entanglement cannot directly serve as a reagent in a chemical reaction nor can it be
recorded or transferred through any classical means such as a digital device within a
computer or the telephone wire. So any claim of recordable or telephone -wire-transferable
“ chemical signal” cannot be attributed to quantum entanglement.
Similarly, the therapeutic effect of a homeopathic remedy, if it truly exists beyond and
above the placebo effect, can be explained as the entanglement of the substances being
diluted out of existence through vigorous shaking/stirring with the diluting solvent and then
the subsequent entanglement of the solvent with the quantum entities involved in the
diseased biological and/or physiological processes and the effect of such entanglement on
the latter processes. Indeed, there are reports in the existing literature exploring the use of
generalized entanglement to explain the therapeutic ingredient in a homeopathic remedy
(See, e.g., Milgrom, 2002; Wallach, 2000 & Weingärtner, 2003).
Further, many other unconventional healing effects reported in alternative medicine
such as Qi Gong and other types of bioenergy healing, if they are genuine, can be explained
as the results of quantum entanglement between the quantum entities involved in the
diseased processes and the quantum entities in the healing sources, such as a healthy
biological entity, and the effect of the former on the latter processes.
For yet another example, all the results from Princeton Engineering Anomalies
Research program over the last 26 years (Jahn & Dunne, 2005) can also be
straightforwardly explained as the entanglement of the quantum entities controlled by
human mind with the quantum entities responsible for the physical processes capable of
producing modified random results. By the same token, many if not all anomalous effects
reported in parapsychology such as telepathy and those results reported by GrinbergZylberbaum (1987) and the repeaters (For a summary, see, Wackermann, 2005) can be
simply explained as the results of quantum entanglement between the quantum entities
capable of invoking action potentials in one person and those in a second person and the
effect of one on the other through quantum entanglement. Grinberg-Zylberbaum himself
speculated that his results had something to do with quantum entanglement (1994).
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4. The Ontological Origin of Quantum Computation Power
It is said that the computational speed-up of a quantum computer is due to quantum
entanglement (See, e.g., Steane, 2000). However, the ontological origin of its power over
classical computation is very much in dispute due to different interpretations of quantum
mechanics (id.).
For example, some argue that, in terms of the amount of information manipulated in a
given time, quantum superposition/entanglement permits quantum computers to ‘‘perform
many computations simultaneously’’ which invoke the concept of vast numbers of parallel
universes (See, e.g., Deutsch & Hayden, 2000; Deutsch, 2002). Others argue that quantum
entanglement makes available types of computation process, which, while not
exponentially larger than classical ones, are unavailable to classical systems (See, e.g.,
Steane, 2000). Thus, according to Steane (2000), the essence of quantum computation is
that it uses entanglement to generate and manipulate a physical representation of the
correlations between logical entities, without the need to completely represent the logical
entities themselves (id.).
Do we have anything to add in light of our view expressed in this paper? The answer is
“ Yes.” We argue that the types of computation process made available by quantum
entanglement are the ones driven by the primordial spin processes in the non-spatial and
non-temporal pre-sapcetime. Or, if you like, the power of quantum computation over
classical computation originates from Bohm’ s implicate order driven by the primordial spin
processes.

5. Applications of Quantum Entanglement
Recently, quantum computations have been achieved in the laboratory but they are
implemented in controlled environment to prevent decoherence through entanglement of
the system of interests with its surrounding environment. Indeed, it is also often said that
the reason why we don’ t experience quantum entanglement in the macroscopic world is
because of rapid decoherence within the macroscopic system. However, this view may
rapidly change (See, e.g., Brooks, 2005). We are convinced that quantum entanglement can
be harnessed, tamed and developed into revolutionary technologies to serve the mankind in
many areas such as health, medicine and even recreation besides the emerging fields of
quantum computation and communications.
For example, once harnessed, quantum entanglement technologies can be used to
deliver the therapeutic effects of many drugs to a target biological system such as a human
body without ever physically administrating the said drugs to the said system. Such
technology would dramatically reduce waste and increase productivity because the same
www.quantumbrain.org
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drugs can be repeatedly used to deliver their therapeutic effects to the mass. By the same
token, many substances of nutritional and even recreational values can be repeatedly
administrated to the human body through the said technologies. For a second example, the
harnessed quantum entanglement technologies can also be used to entangle two or more
human minds for legitimate purposes. Further, the said technologies can be used for
instantaneous communications with humans sent to the outer space.
Are we delusional? We think not. We predict that the wonders of quantum
entanglement technologies will be soon widely utilize to serve the mankind and a new
paradigm of science will be born in the near future.

6. Quantum Entanglement in Spin-Mediated Consciousness Theory
Our spin-mediated consciousness theory says that quantum spin is the seat of
consciousness and the linchpin between mind and the brain, that is, spin is the mind-pixel
(Hu & Wu, 2002, 2004a-d). The starting point is the fact that spin is basic quantum bit
("qubit") for encoding information and, on the other hand, neural membranes and proteins
are saturated with nuclear spin carrying nuclei and form the matrices of brain electrical
activities. Indeed, as discussed above, spin is embedded in the microscopic structure of
spacetime as reflected by Dirac equation and is likely more fundamental than spacetime
itself as implicated by Roger Penrose’ s work. In the Hestenes picture the zitterbewegung
associated with spin was shown to be responsible for the quantum effects of the fermion.
Further, in the Bohm picture the internal motion associated with spin has been shown to be
responsible for the quantum potential which, in turn, is responsible for quantum effects.
Thus, if one adopts the minority quantum mind view, nuclear spins and possibly unpaired
electron spins become natural candidates for mind-pixels (Hu & Wu, 2002; 2003; 2004a-d).
Applying these ideas to the particular structures and dynamics of the brain, we have
theorized that human brain works as follows: Through action potential modulated nuclear
spin interactions and paramagnetic O2/NO driven activations, the nuclear spins inside
neural membranes and proteins form various entangled quantum states and, in turn, the
collective dynamics of the said entangled quantum states produces consciousness through
contextual, irreversible and non-computable means and influences the classical neural
activities through spin chemistry (Hu & Wu, 2002; 2003; 2004a-d).
Existing literature supports the possibility of a spin-mediated consciousness. For
example, it was shown that proton nuclear spins in nematic liquid crystal could achieve
long-lived intra-molecular quantum coherence with entanglement in room temperature for
information storage (Khitrin et al, 2002). Long-ranged (>10 microns) intermolecular
multiple-quantum coherence in NMR spectroscopy was discovered about a decade ago
(Warren, et al 1993). Long-lived (>.05 milliseconds) entanglement of two macroscopic spin
ensembles in room temperature has been achieved recently (Julsgaard, et al. 2001). Further,
NMR quantum computation in room temperature is reality (Gershenfeld & Chuang, 1997).
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Therefore, according to our theory, consciousness is intrinsically connected to the spin
process and emerges from the collective dynamics of various entangled spin states and the
unity of mind is achieved by entanglement of these mind-pixels (Hu & Wu, 2002; 2003;
2004a-d). Our theory is tentative as are all current theories about consciousness. As with
other quantum mind theories, decoherence is a major concern as pointed out by Tegmark
(2000) but may not be insurmountable (See, e.g., Hagan, et.al., 2002). We believe that the
solution will be found through the study of the nature of quantum entanglement.
Indeed, our dualistic approach adopted earlier (Hu & Wu, 2002) and described in more
detail in this paper allows mind to utilize quantum entanglement to achieve the unity of
mind in pre-spacetime. The essential question is, then, how does mind process and
harness the information from the mind-pixels which form various entangled
spin states so that it can have conscious experience. We have argued that
contextual, irreversible and non-computable means within pre-spacetime are utilized
by mind to do this. Furthermore, we recognize that there may not be any
large-scale quantum coherence in the warm and wet brain to support those
quantum theories of mind that require macroscopic quantum effects. However,
our theory does not depend on such a coherence to work in the dualistic
approach.

7. Conclusion
In this article, we have discussed the ontological origin, implications and applications
of quantum entanglement by thinking outside the standard interpretations of quantum
mechanics. We have argued that quantum entanglement originates from the primordial
self-referential spin processes in non-spatial and non-temporal pre-spacetime, implies
genuine interconnectedness and inseparableness of once interacting quantum entities, play
vital roles in biology and consciousness and, once better understood and harnessed, has
far-reaching consequences and applications in many fields such as medicine and
neuroscience. It follows then that quantum computation power also originates from the
primordial spin processes in pre-spacetime. We have also discussed the roles of quantum
entanglement in our spin-mediated consciousness theory.
Finally, the principle of science dictates that a scientific theory/hypothesis should only
achieve legitimacy if it is experimentally verified. Thus, since the summer of 2004 to the
present, we have mainly focused our efforts on the quantification of our theory and the
designs and implementations of computer simulations and experiments for the verifications
of the same. Important results shall be reported as soon as feasible.
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