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ABSTRACT

This paper discusses a coherence-recoherence-based model of reality and argues that the world and nature can be
grasped as positive and negative loops of continuous coherence-decoherence-recoherence behaviors. In so doing,
the paper presents a state-of-the-art about recoherence and claims that the world and nature can be taken as an
unceasingly process of decoherence-and-recoherence. Non-linearity and non-equilibrium dynamics prevail in

nature.
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Introduction
Quantum science is a highly counterintuitive
science - something that has produced serious
troubles for those used to realism and determinism
- the two most important and prevailing
philosophies in the history of western thought.

Quantum recoherence has been observed
both as a spontaneous event (de Ponte et al,
2010), and experimentally induced (Chin et al,
2013; Xu et al., 2009). The origin of recoherence
has apparently two distinct sources. Firstly, D.
Deutsch proposes the concept during the Rank
Prize Funds Mini-Symposium on Quantum
Communication and Cryptography, Broadway,
England, in 1993, based on a symmetrisation
procedure (for details see BBDE]M:
https://www.quantiki.org/wiki/basic-concepts-
quantum-computation#Bibliography). On the
other side, besides, in 1995 (Anglin et al., 1995)
introduce recoherence in the framework of the
study of black holes.

In any case, quantum recoherence appears
as a complementary stance vis-a-vis coherence,
and decoherence. Surprisingly, the bibliography on
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the subject is not large, and only a number of
papers and chapters in books have been devoted to
it. In any case, there is no general agreement or
consensus as to the interpretation of recoherence.
This paper provides the state-of-the-art en passant,
for it focuses on a different issue, namely after
presenting the quandary of coherence-
decoherence-recoherence, it aims at providing a
model of reality. It will be argued that reality can
be grasped as a sort of positive-and-negative loop
that continuously re-creates itself, even though not
in a linear way.

In any case, it has been demonstrated that
the quantum Zeno effect, quantum dynamical
decoupling and the strong continuous coupling can
effectively suppress decoherence only if the
frequency of the measurements or pulses is large
enough or if the coupling is sufficiently strong (Xu
et al,, 2009; Kauffman, 2016). By such suppression,
at the same time recoherence is feasible and takes
place.

This paper argues that a rather complete
view of the world and nature entails the
recognition that the classical world recoheres very
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much as the quantum world decoheres. As it
happens the traditional concern is about the
relationships between the classical or macroscopic
universe and the quantum or microscopic
universe. To be sure, however, there are no two
universes but only one. The trouble is that the
wave function collapses; thus, as traditionally
stated, decoherence stands at the hinge between
one world and the other. Hence the question
remains as to the explanation of how and when the
collapse of the wave function gives rise to the
classical world. However, this is half of the story,
for the question is complemented with as to how
recoherence shapes the world. It will be argued
that coherence and recoherence happen within the
same time lapse. As a consequence, the classical
world is a case limit of quantum physics.

The interplay between the quantum and
classical worlds

Quantum science - namely, quantum physics,
quantum biology, quantum chemistry, quantum-
based technologies, and even quantum social
science - radically changed the traditional view of
the world and nature in many concerns. This story
has been told a number of times, and the reasons
have been sufficiently provided.

At the heart of quantum systems is the idea
of quantum entanglement. A system is entangled
when two particles or photons are so intertwined
that no one has a state of its own, but the
connection between them provides both existence
and meaning to both of them. Entanglement,
however, has been experimentally developed to
three and four bodies — usually subatomic particles
(Gilder, 2009). Based upon entanglement, quantum
physics has made teleportation possible. It is

quantum entanglement that articulates both
quantum mechanics and quantum waves.
Now, as it has been traditionally

interpreted, the classical world is the outcome of
the quantum world, and we only face in the
conventional reality the effects of the quantum
realm. The Copenhagen interpretation argues that
the classical world is the outcome of quantum
effects — calling the attention to the measurement
problem.

The appearance, hence, is that there are
two worlds, one based on quantum behaviors
explained by three levels, thus: quantum
mechanics, quantum waves, and entanglement.
That world is the subject of a number of
interpretations —over fourteen- all of which have as
common ground the trouble about the interplay or
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the relation with the classical world. The other
world is the classical - that was traditionally the
subject of science, philosophy, and culture, as we
know it from the past until the emergence of
quantum science. The first one 1is highly
counterintuitive, whereas the second is rooted on
common sense and human perception (Haven and
Khrennikov, 2013).

From a logical standpoint, the classical
world is ruled by the principle of third excluded set
out originally by Aristotle; that is, it is impossible
for one proposition (about the world) to be true
and its negation to be also true. Either the
proposition is true or the negation is false. Such a
principle simply is untenable within the
framework of quantum theory - something that
was already set clearly out by Th. Young’s double-
slit experiment.

As it is well known, the core problem is the
divide between both worlds. One classical
explanation has been the wave function collapse,
one more time, a contribution from the
Copenhagen interpretation. During the last few
decades, with the development of quantum
information theory, quantum measurement has
been understood in the framework of quantum
decoherence theory.

If so, the issue then becomes about the
relationship among coherence, decoherence, and
recoherence. We now turn to this.

Coherence, decoherence, recoherence: A non-
linear dynamic
Two basic but different approaches to decoherence
and recoherence appear in the bibliography. On
the one side, there is recoherence as the reversal of
propagation-induced decoherence in laboratory. In
this case, the concern is about recovering lost
information. On the other side, focused mainly on
quantum biology, coherence has been observed
that coexists with energy transport or also with
light harvesting. Non-trivial quantum behaviors in
living systems have been observed in DNA
mutations, photosynthesis, electron transfer in
proteins, magnetic sensing (birds navigation),
enzyme catalyzed reactions, ranging from
femtoseconds to  picoseconds, and even
nanoseconds (Maldonado and Gémez, 2014). Non-
equilibrium processes lead to the spontaneous
creation and sustenance of (electronic) coherence.
Decoherence can be safely taken as the
interaction of a quantum system with an external
environment. The entanglement is therefore
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broken, and singular and local entities appear on
their own.

Correspondingly to the various timescales
identified, recent studies have even also identified
some range of temperatures where coherent
oscillations occur - at 77 K, and 277 K. The
recoherence time can also be taken as the time
scale of the thermalization process.

In any case, biology, i.e. quantum biology
seems to open the door widely for a better
understanding of open quantum systems. Put
differently, non-equilibrium systems may generate
or maintain quantum entanglement.

Now, as it is well known, the quantum
world is essentially probabilistic and heavily
marked by randomness, whereas the conventional
reality is bivalent and solid. Such a view, however,
is only apparent, for there is a continuous process
of decoherence and recoherence that shapes
reality, as it happens.

The interpretations about the decoherence-
recoherence behaviors are varied and no
consensus can be seen herein. Table No. 1 shows
the various positions about it. This table also
serves as a state-of-the-art about the subject of this
paper. It is a short matrix with a twofold
consideration, thus: either recoherence is total or
partial or, besides, recoherence is induced in
laboratory or spontaneous in nature.

Table 1. Interpretations and Observations about Recoherence

Total Partial Induced Spontaneous
Recoherence Recoherence recoherence Recoherence
Refs. (1), (3),
e 0| e @ |G & G w0
70000 | (13 4}, 16y | &) O 09| (15
Even though important, a series of

technical arguments support each position
mentioned in table No. 1. [ leave aside those
technicalities mainly pertaining the role of the
reservoir, and the detector field system; I refer to
the bibliography for further details. The focus here
lies in depicting a general view of reality thanks to

the interplay between decoherence and
recoherence.
The distinction and even opposition

between the alternatives presented in Table No. 1
are not a hurdle for the aim of this text: reality
recoheres and then decoheres, and on and on -
creating thus a sort of wave that is defined in terms
of degrees of freedom.

Certainly, it appears, the quantum
coherence cannot be fully recovered. However,
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according to some authors (9) (xyz) all of the
quantum coherence will recover in the end, after a
much longer relaxation time (highlighted, C.E.M.).
As it has been stated, the quantum Zeno effect with
continuous measurements can be used to preserve
the coherence of specific states (Kauffman, 2016).

The diagram No. 1 below offers a picture of
what a model of reality based on coherence-
recoherence would look like.

. .
‘e
. ”
0@ 9,
. Coherence

Classical

World

Quantum

World Recoherence

Termper. from 77 K ta 277 K

Pico to Femtoseconds

Diagram 1. Coherence and Recoherence with Timescales and
Temperatures, Depicting Reality
Source: Own Elaboration

Nature loves to hide, apparently

Reality originates from the quantum realm, i.e.
quantum scale. No question about this. Cosmology
has already set this out clearly enough. In the
conventional wisdom of the quantum research
community, the classical world is the outcome of
the wave function collapse. There is, as yet, not
enough clarity as to why and how the collapse
happens, even though a number of good
interpretations are being brought to the fore. The
classical world, it appears, is a limit case of
quantum behaviors and phenomena.

The novelty about recoherence is that it
allows for a two-way bridge “departing” so to
speak from the classical world, and going to the
quantum scale, and on again to the conventional
reality, and so forth. Recoherence has been both
induced and observed spontaneously in a number
of cases. The kernel, though, is that recoherence
never offers a 100% identical system as it was the
case when coherence happened. Recoherence
offers an “attenuated” copy of reality, as it has been
said (de Ponte et al,, 2010).

In recoherence the entanglement is
reversed by (unitary) spatial propagation, and the
original state recovered. Moreover, though the
reversal of any quantum mechanical process must
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always be theoretically possible, these findings

demonstrate that any reversibility can be
observed, even for decoherence phenomena
(Bouchard et al., 2015).

The discussion remains open as to whether
the initial quantum state can be recovered
(period), or else, just partially recovered, say by
75% - larger than the classical limit 66.7%. The
concepts range from “a certain recovery”, to “fully
recovered”. Further research and reflection will
shed better lights in some close future.

In one way or another, the core issue
remains the very fact that reality is information,
rather than sheer matter (mass) or energy (Vedral,
2010). If so, information is never completely lost,
and if the knowledge about it is the very
knowledge about the continuous dephasing of
reality and re-phasing - as a wave that vanishes
and appears once and again but never in the same
way (i.e. never exactly in the way it has been
grasped once). It seems true, after all: we never
step on the same river twice - for it is not the same
river, and it is not the same man, as Heraclitus once
pointed out.

Recoherence can be understood as the
decay of the degree of entanglement or also as the
restoration of the degree of quantum coherence -
two different ways of stating the issue. The system
after decoherence evolves toward equilibrium: the
spontaneous recoherence of quantum states
(Bouchard et al., 2015). Over against the concern
about the loss of information (whether in quantum
computation, or in black holes) a metaphor was
introduced by some authors (Bouchard et al),
namely nature does not erase information: it just
shuffles it - in the environment.

Now, apparently, it is an asymptotic view of
time that allows a full understanding of
recoherence. The question regarding the role of
time in the coherence-decoherence-recoherence
behaviors does not discharge the possibility that
the distinction between past and future be
contingent.

Conclusions

Quantum mechanics does not provide a
comprehensive worldview. Nonetheless, it can be
seen as replete with suggestions (Malin, 2001). A
coherence-recoherence-based model of reality is
reasonable and tenable interpretation.

The understanding of reality is an
essentially incomplete enterprise, for it depends on
the advances of research and reflection. Each
epoch tries to fulfill a more complete picture of
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nature than the previous ones. The task of
achieving a complete view of the world, however,
remains open-ended. This should, though, not be
taken as a relativistic or eclectic take. Each
generation re-writes the story of the world, very
much as science, research, and reflection depict an
always more complete understanding and
explanation of reality as the story unfolds. Culture
is shaped in such interplay.

Conventional reality is the outcome of
decoherent quantum behaviors. However, classical
reality does recohere. The discussion remains
whether it does partially or fully - a question that
is to be better clarified in some future to come.
Nonlinear dynamics infringes the interplay
between the quantum world and the classical one.
Definitely, non-equilibrium states seem to be the
landmark of the world and reality.
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