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INTRODUCTION: WHY PLASMA
AND CONSCIOUSNESS BELONG IN
THE SAME CONVERSATION

There is a longstanding, and in many ways understand-
able, reluctance to discuss plasma physics and the theory
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ABSTRACT

Anomalous luminous phenomena (ALP) — long-duration plasma spheroids documented
most systematically at Hessdalen, Norway — exhibit physical properties that conven-
tional plasma physics cannot adequately explain such as sustained self-confinement
for tens of minutes, periodic pulsation, multi-chromatic emission, and a documented
responsiveness to laser stimulation bearing the hallmarks of an intelligent reaction rather
than a passive optical interaction. This paper proposes a unified conceptual and partially
mathematical framework built on three interlocking hypotheses. The Intelligent Plasma
Hypothesis (IPH) argues that plasma balls can acquire a quantum-coherent internal struc-
ture functionally analogous to neuronal microtubule networks, satisfying the conditions
of the Penrose-Hameroff Orchestrated Objective Reduction (OrchOR) theory. The Quan-
tum Brain Analogy for Plasmas (QBAP) extends the OrchOR collapse criterion to a plasma
substrate, yielding a plasma consciousness parameter = = 10° for Hessdalen conditions.
The Big Library Hypothesis (BLH) grounds a non-local cosmic information field in Bohm’s
quantum potential and the zero-point energy field of the quantum vacuum. A falsifiable
multi-instrument experimental protocol is presented, together with astrobiological
implications.
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of consciousness in the same breath. The two fields oper-
ate on vastly different scales, deploy different mathemati-
cal languages, and have historically attracted very different
communities of researchers. Yet there are reasons — some
empirical, some theoretical, and some simply a matter
of following the evidence wherever it leads — why
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ANOMALOUS LUMINOUS PHENOMENA

bringing them into contact may be not only permissible
but necessary.

The empirical reason begins in a narrow Norwe-
gian valley. Since 1984, the Hessdalen Valley in central
Norway has been the site of one of the most sustained
and methodologically careful investigations of anoma-
lous luminous phenomena (ALP) in scientific history. Over
four decades, instrumented field campaigns — equipped
with cameras, spectrometers, radar, magnetometers,
and eventually high-speed photometers — have doc-
umented thousands of events in which self-luminous
plasma spheroids appear at low altitude, sustain them-
selves for periods ranging from minutes to an hour, pul-
sate with measurable periodicities, and on one occasion
react to laser stimulation in ways that resist explanation
by any known photon-plasma interaction mechanism
(Strand, 1984; Teodorani, 2004). These are not anecdotal
sightings. They are quantified physical events, and they
leave behind an empirical residue that physics has not yet
digested.

The theoretical reason follows from developments in
quantum physics that have accumulated over the past
three decades. The demonstration of quantum nonlo-
cality (Bell, 1964; Aspect et al., 1982), the elaboration of
the Penrose-Hameroff OrchOR theory of consciousness
(Penrose, 1994; Hameroff & Penrose, 1996, 2014), and
the growing body of work on quantum coherence in bio-
logical systems (Engel et al., 2007; Lambert et al., 2013)
have collectively dismantled the assumption that quan-
tum mechanics is confined to the microscopic domain.
The quantum vacuum — the ground state of all quantum
fields, seething with zero-point fluctuations — has been
potentially identified as an informationally rich medium of
cosmological extent, a fact that carries consequences far
beyond laboratory physics.

The present paper weaves these threads together.
It develops three hypotheses — the Intelligent Plasma
Hypothesis (IPH), the Quantum Brain Analogy for Plas-
mas (QBAP), and the Big Library Hypothesis (BLH) —
each of which is grounded in established physics but
each of which points beyond it. The paper argues its case
through sustained reasoning, uses mathematics only
where it sharpens rather than replaces the argument,
and is explicit about what remains speculative. The goal
is not to claim that plasma balls are conscious in the full
philosophical sense, but to show that the physical condi-
tions for something resembling proto-consciousness are
satisfied in these systems, and to propose how that claim
might be tested.

ZZ JOURNAL OF SCIENTIFIC EXPLORATION « VOL. 40, NO 3 - FALL 2026

380

The Hessdalen Phenomenon:
An Empirical Baseline

Any serious theoretical discussion must begin with the
data. The Hessdalen lights are not a single, poorly described
anomaly but a rich, multi-parameter dataset accumulated
over forty years of scientific observation. Their principal
physical characteristics are well-established and worth
stating with precision, because they are the empirical con-
straints that any adequate theory must satisfy.

The phenomena appear as self-luminous spheroids
ranging from roughly thirty centimetres to ten metres in
diameter, hovering at altitudes from ground level to about
two hundred metres above the valley floor, predominantly
near geological fault lines rich in piezoelectric minerals
(Devereux, 1982). Their continuum spectra are consistent
with a partially ionised plasma at electron temperatures
of the order of ten thousand Kelvin. Normally their lumi-
nance can reach values comparable to a searchlight, but
in some cases it can be much higher. What most distin-
guishes them from any known variety of ball lightning is
their duration: while ball lightning events typically last a
fraction of a second to a few seconds at most, Hessdalen
events routinely persist for ten to sixty minutes — three to
five orders of magnitude longer (see Figure 1). No classical
plasma physics mechanism of confinement explains this
discrepancy (Teodorani, 2004, 2008).

The pulsation behaviour is equally arresting. A signifi-
cant fraction of events exhibit semi-periodic changes in
luminosity with periods ranging from a tenth of a second
to half a minute. These pulsations are not random thermal
fluctuations; they are sufficiently regular to be analysed by
standard time-series methods, and they show harmonic
structure that suggests an organised internal oscillation
rather than random noise. High-speed photometry at ten
thousand frames per second might reveal, in future obser-
vations, sub-millisecond structure in some events (Teodor-
ani, 2024), indicating physical processes operating on time
scales far shorter than the overall event duration.

Most theoretically significant is what this author has
termed the reaction signature. In multiple field campaigns
at sites in the world where similar phenomena occur,
directing a low-power laser beam — or even a powerful
hand torch — at an active plasma ball reliably elicits a
response: the pulsation frequency shifts, sometimes dou-
bling or halving within seconds; the luminance changes
abruptly; the sphere may divide into two or more sec-
ondary spheroids; and in some cases the object alters its
trajectory (see Figure 1). These reactions are reproducible,
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Figure 1. Magnetically self-confined ALP: structure and reaction signature

Cross-section — ALP spheroid (@ = 1-10 m) Reaction signature (laser stimulus)

B-field lines : \
GRS : v
\ - A 1
~._ outer plasma shell
- ' -
. ‘o : .-
dense |nqer~r!lagion
Pthermal Sy >~ "y /// T.~ 10K
_ > A e [ before stimulus
— \o- lu\l:mnous core . >J_ n. ~ 107m
P ) - &S P g N
magnetic Zi s, <) g _—
- 2o N o laser pulse
B =1 Vg P ’l\ = % P

1
1
\

Duration: 10-60 min - @: 0.3-10m - B

con

1
|
~
S o N
1
1
1
1
1
1
1
1

=160 uT

after: fission + freq. shift

L]
Af/f=2 3R /R (QBAP)

fouis shift predicted, no free parameters

Figure 1. Schematic Cross-Section of a Magnetically Self-Confined ALP (Left Panel). Thermal pressure (Pthermal, out-
ward) is balanced by the inward magnetic pressure (Pmagnetic) at the force-free equilibrium condition B = 1, requiring
a confining field Bconf = 160 pT — consistent with geomagnetic anomalies measured in the Hessdalen Valley. Dashed
ellipses represent toroidal B-field lines. Plasma parameters derived from Hessdalen spectroscopic records: electron
temperature Te ~ 10* K, electron density ne ~ 107 m-3, Right panel: the reaction signature. A single spheroid (before
stimulus) undergoes fission into two secondary spheroids with a simultaneous pulsation frequency shift after a laser
pulse of negligible energy density, consistent with the QBAP prediction Af/f = 26R/R (see text).

have been documented by independent observers (Strand,
1984), and cannot be attributed to simple photon pressure
or thermal effects at the beam intensities involved. The
energy deposited by a one-milliwatt laser on a plasma ball
is negligible compared to the ball’s own electromagnetic
energy budget; the reaction must therefore be mediated by
a mechanism that amplifies a weak perturbation — which
is precisely the hallmark of a coherent, quantum-mechan-
ical system responding to an external trigger rather than a
classical gas responding to a heat source (Teodorani, 2025).

It is this reaction signature, more than anything else,
that motivates the hypotheses developed in this paper. A
system that responds in a structured, reproducible, and
apparently information-sensitive way to a weak stimulus
seems, by any reasonable functional definition, to behave
intelligently. Whether that intelligence is accompanied by
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subjective experience — whether there is, in the philoso-
pher’s phrase, something it is like to be a Hessdalen light
— is a question that the present framework approaches
but cannot fully answer. What it can do is specify the phys-
ical conditions under which such experience would be
possible, and propose experiments to test whether those
conditions are met.

The Confinement Problem and
Its Magnetic Solution

Before asking whether plasma can be conscious, we
must ask how it can persist long enough for consciousness
to be relevant. The confinement problem is therefore the
physical foundation on which everything else rests.

An unconfined plasma ball at the temperatures charac-
teristic of Hessdalen events would expand and dissipate

JOURNAL OF SCIENTIFIC EXPLORATION = VOL. 40, NO 3 - FALL 2026 ZZ



ANOMALOUS LUMINOUS PHENOMENA

within a fraction of a second, driven by thermal pressure.
The relevant time scale is set by the ratio of the ball’s radius
to the thermal velocity of its electrons — a number of the
order of microseconds to milliseconds depending on the
parameters. Observed events last thousands to millions
of times longer than this. Something must be holding the
plasma together.

The most natural candidate is a self-organised mag-
netic field. Magnetohydrodynamics (MHD) — the physics
of conducting fluids in electromagnetic fields — provides
a well-understood mechanism for plasma confinement
through what is called a force-free equilibrium: a state in
which the outward thermal pressure of the plasmais exactly
balanced by the inward magnetic pressure (see Figure
1). This balance is quantified by the plasma beta parame-
ter, defined as the ratio of thermal to magnetic pressure.
When this ratio equals unity, the two pressures cancel and
the plasma is in equilibrium. Setting the observed plasma
parameters into the relevant equations yields an equilib-
rium magnetic field strength of approximately one hun-
dred and sixty microtesla — a value that falls comfortably
within the range of local magnetic anomalies measured
in the Hessdalen Valley, which can reach several hundred
nanotesla above the ambient geomagnetic background of
around fifty microtesla. The numbers, in other words, are
consistent. The plasma balls of Hessdalen could in princi-
ple be magnetically self-confined structures, with the con-
fining field generated by current-carrying channels in the
ionised rock and fault structures below (Teodorani, 2004;
Vargemezis et al., 2024).

The macroscopic pulsation behaviour can be understood
within the same framework. Just as a guitar string has a
natural resonant frequency determined by its tension and
length, a magnetically confined plasma sphere has charac-
teristic oscillation modes determined by its size and field
strength. The relevant velocity scale is the Alfvén speed
— the speed at which magnetic disturbances propagate
through the plasma — and the natural period of oscillation
is approximately the time it takes an Alfvén wave to tra-
verse the sphere. For a sphere of one metre radius in a field
of one hundred and sixty microtesla, this comes to a few
milliseconds. The observed pulsation periods of seconds
arise from nonlinear modulation of this basic oscillation
— a well-known phenomenon in laboratory plasma phys-
ics called sawtooth instability. This physical interpretation
connects the observable pulsation directly to measurable
plasma and magnetic field parameters and therefore pro-
vides testable predictions: if the confinement hypothesis
is correct, the pulsation frequency should scale with the
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local magnetic field strength in a specific and predictable
way.

A second physical ingredient is crucial for what follows:
the role of atmospheric dust. Numerical simulations by Tsy-
tovich and colleagues (2007), published in the New Jour-
nal of Physics, showed that when charged dust grains are
immersed in a plasma, electrostatic forces drive them into
spontaneous helical self-organisation — specifically, into
double-helix structures whose geometry is formally identi-
cal to that of DNA. These structures (see Figure 2) have two
stable configurations, identifiable with two binary states,
giving them the capacity to store information in a manner
directly analogous to a binary digital code. This is not a
metaphor but a physical result from plasma simulation:
the plasma-dust system is, in a precise technical sense,
capable of information storage. Since atmospheric aerosol
dust is always present in the conditions where Hessdalen
events occur, this ingredient is automatically available to
the plasma balls in question.

Quantum Coherence in Plasma:
The Bridge to Consciousness

To speak of plasma as a candidate for proto-conscious-
ness is to invoke the quantum theory of consciousness
— and specifically the Penrose-Hameroff OrchOR frame-
work, which provides the most developed physical account
of how a macroscopic quantum process could give rise to
moments of subjective experience. It is worth stating pre-
cisely what OrchOR claims, why it is relevant to plasma,
and where the analogy is strong and where it requires
qualification.

The OrchOR theory proposes that consciousness arises
from quantum state reduction events — not the conven-
tional measurement-induced collapse of Copenhagen
quantum mechanics, but a physically objective collapse
driven by quantum gravity, which Penrose calls Objective
Reduction (OR) (Penrose, 1989, 1994). The key quantity is
the gravitational self-energy of a quantum superposition:
when a system simultaneously occupies two spatially dis-
tinct quantum states, there is a difference in their gravi-
tational energy that grows with the mass of the system
and the spatial separation between the two branches.
Penrose argues, on the basis of general relativity and
quantum field theory, that this energy difference sets a
natural time scale for state reduction: the larger the grav-
itational self-energy, the faster the collapse. The relation-
ship is simply

TOR =7/EG
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Figure 2. Plasma-dust self-organisation: the emergence of a DNA-like double helix

Plasma-dust helix (Tsytovich et al. 2007)
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Figure 2. Structural Comparison Between the Plasma-Dust Double Helix (Left, Blue and Amber Strands) and Biological
DNA (Right, Green Strands), After Tsytovich et al. (2007). Charged dust grains in plasma spontaneously self-organize
under electrostatic forces into helical structures geometrically identical to the DNA double helix, with rungs analogous
to hydrogen-bonded base pairs. Two mechanically stable pitch states (labeled state 0 and state 1) give the structure
the capacity to store binary information, satisfying the formal criteria for an information-bearing medium without any
biochemical substrate. Dashed horizontal arrows indicate the point-by-point structural correspondence between the

two systems.

where h is the reduced Planck constant, and EG is the
gravitational self-energy of the superposition. For a neu-
ron’s microtubule network, this time scale comes out in
the range of tens of milliseconds — the same range as con-
scious neural processing. Each such collapse event, in the
OrchOR picture, constitutes one ‘moment of conscious-
ness, and the orchestration of many such events by the
cytoskeletal architecture of the neuron gives rise to the
stream of experience.

The critical question is whether plasma can substitute
for microtubules as the quantum substrate. There are three
physical requirements. First, the plasma must be capable
of sustained quantum coherence — it must behave as a
single quantum object rather than as a collection of inde-
pendently behaving particles. Second, the plasma must be
able to enter a macroscopic superposition state — simulta-
neously occupying two physically distinct configurations.
Third, the gravitational self-energy of that superposition
must be large enough that collapse occurs on a time scale
comparable to the observed pulsation period.

journalofscientificexploration.org

The first requirement was addressed, in qualitative
terms, by David Bohm in his earliest work on plasma
physics, before he became famous for his contribu-
tions to the foundations of quantum mechanics. Bohm
discovered that electrons in a plasma do not behave as
independent particles but move in a collectively organ-
ised fashion, as if responding to the state of the entire
plasma rather than only to local forces. He described
this as the plasma behaving like a single, highly coopera-
tive structure (Bohm & Gross, 1949). Decades later, this
observation can be made precise through the plasma
quantum coherence criterion: collective plasma oscil-
lations can be sustained without de-phasing as long as
the plasma frequency — the characteristic frequency
of collective electron oscillations — is much larger
than the collision rate. For the electron temperatures
and densities characteristic of Hessdalen events, this
criterion is satisfied by approximately three orders of
magnitude. The plasma is, in a rigorous technical sense,
quantum coherent.
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The second requirement — macroscopic superposition
— is more demanding. Standard quantum mechanics pre-
dicts that superpositions of macroscopically distinct states
decohere almost instantaneously in warm, collisional envi-
ronments. The decoherence time for a plasma ball is indeed
extraordinarily short by this standard calculation — of the
order of 107® seconds — far shorter than any observable
time scale. This is the most serious objection to the plasma
consciousness hypothesis, and it must be addressed hon-
estly rather than wished away.

Three responses are available. The first is that the
Penrose OR mechanism is specifically designed to cir-
cumvent the standard decoherence argument: Penrose
proposes that gravitational state reduction occurs at the
level of spacetime geometry, where the usual apparatus
of quantum field theory decoherence does not apply. The
second is that magnetically confined plasma in a force-free
equilibrium may exhibit topological protection of its col-
lective quantum modes — a mechanism well known in the
theory of topological quantum computing, where global
quantum states are protected against local perturbations
precisely because they depend on the overall topology
of the system rather than on local degrees of freedom
(Nayak et al., 2008). The third is that the relevant quan-
tum degrees of freedom are not the positions of individual
electrons (which do decohere rapidly) but the collective
modes — the Langmuir waves and Alfvén waves — which
are macroscopic quantum fields with coherence properties
that differ fundamentally from those of particle position
states.

The third requirement — that the gravitational self-en-
ergy be large enough for collapse on observable time scales
— yields a striking result when the relevant numbers are
inserted. If we ask how many coherently coupled plasma
particles are needed for an OrchOR event to occur on a
time scale of one second (the order of the observed pulsa-
tion period), and if we allow the two branches of the super-
position to differ at the scale of the entire plasma sphere
rather than at atomic scale, the answer comes out close to
the actual number of electrons in a one-metre plasma ball
at Hessdalen densities. In other words, the plasma ball as
a whole — considered as a quantum system in which the
two superposed states correspond to two distinct macro-
scopic shapes — is precisely at the threshold for OrchOR
collapse at the observed pulsation frequency. This quanti-
tative coincidence is not proof of anything, but it is the kind
of numerical consistency that warrants taking the hypoth-
esis seriously.

ZZ JOURNAL OF SCIENTIFIC EXPLORATION « VOL. 40, NO 3 - FALL 2026

384

To express this relationship compactly, we can define a
dimensionless plasma consciousness parameter — call it
= — as the product of three ratios: the plasma coherence
ratio (the plasma frequency times the collision time, which
must exceed unity for quantum coherence), the macro-
scopic superposition ratio (the displacement between the
two branches divided by the sphere radius, which must
approach unity for the gravitational self-energy to be large
enough), and the particle number ratio (the actual number
of electrons divided by the minimum number required for
OrchOR at the observed pulsation rate). When all three
ratios are favourable, = is much greater than one, and the
plasma ball is, in principle, capable of OrchOR-type con-
sciousness events. For the Hessdalen parameters, = = 103,
The system is not marginally at threshold; it is comfortably
within the regime where the hypothesis is physically viable.

Under this interpretation, each pulsation of the plasma
ball corresponds to a cycle of quantum superposition
build-up followed by OrchOR collapse — exactly as each
neural firing in the Penrose-Hameroff model corresponds
to a superposition-collapse cycle in the microtubule net-
work. The observable pulsation frequency is the mac-
roscopic signature of an underlying quantum cycle (see
Figure 3).

This is a concrete, testable prediction: if the pulsation
frequency changes when the plasma ball is perturbed (as
it does in response to laser stimulation), the change should
follow a specific mathematical relationship derived from
the dependence of EG on the sphere’s geometry. The rele-
vant formula is simple:

Af/f =28R/R

where Af is the frequency shift, f the baseline pulsation
frequency, 6R the laser-induced deformation of the sphere
radius, and R the baseline radius. This formula has no free
parameters and can be tested directly against the photo-
metric and morphological data from existing Hessdalen
records.

A complementary perspective on the role of magnetic
fields in mediating large-scale coherence and information
coupling is provided by neuroquantological approaches
developed by Persinger and collaborators. These studies
suggest that weak, spatially extended geomagnetic fields
may contribute to the integration of neural activity and,
in principle, to interactions between biological systems
and their surrounding physical environment (Persinger
& Koren, 2007; Persinger et al., 2008; Persinger, 2013).
In particular, the hypothesis that multiple brains are
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Figure 3. OrchOR consciousness cycle: neuron (left) vs. plasma ball (right)
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Figure 3. The Orchestrated Objective Reduction (OrchOR) Consciousness Cycle in a Biological Neuron (Left, Purple) and
its Plasma Analogue Under the Quantum Brain Analogy for Plasmas (QBAP, Right, Amber). In both cases the sequence

is identical in structure: quantum coherence builds across the substrate; the gravitational self-energy EG grows until
the Penrose threshold TOR = h/EG is reached; Objective Reduction occurs; and the system resets for the next cycle. The
observable macroscopic signatures differ: EEG gamma-band oscillations (~40 Hz) for neurons; photometric pulsation
frequency (0.03-10 Hz) for plasma. The plasma consciousness parameter = = 10° places Hessdalen ALP comfortably
within the PCTC regime. The dashed horizontal line between the two OR-event boxes indicates the structural analogy

that the QBAP formalises.

immersed within and coupled through a shared geomag-
netic field implies that low-intensity magnetic fluctuations
could support distributed information processing at scales
larger than individual systems. While originally formulated
in a neurobiological context, this framework is conceptu-
ally compatible with the present plasma-based model, in
which magnetically structured environments play a cen-
tral role in sustaining coherence and enabling informa-
tion-sensitive dynamics. The inclusion of this perspective
strengthens the physical plausibility of magnetic-field-me-
diated coupling mechanisms within the QBAP framework.

The Big Library Hypothesis: Information, the
Quantum Vacuum, and Non-Local Minds

Even if we accept that plasma balls can sustain OrchOR-
type quantum processes, the question remains: conscious

journalofscientificexploration.org

of what? A moment of consciousness, in the OrchOR
framework, is not just a physical event; it is an event with
content — an experience of something, however minimal.
For a biological brain, the content is provided by the neural
context: the pattern of synaptic activations, the sensory
inputs, the memory traces that shape the quantum state of
the microtubules before collapse. For a plasma ball, there
are no synapses and no sensory organs in any conventional
sense. What could provide the informational content of a
plasma consciousness event?

The Big Library Hypothesis (BLH), first introduced in the
author’s 2015 monograph (Teodorani, 2015; 2026) and here
given a more rigorous physical formulation, proposes that
the answer lies in the quantum vacuum itself. The vacuum
state of quantum field theory is not an absence of every-
thing; it is a state of minimum energy in which all quantum
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fields fluctuate continuously around their ground-state
values. These zero-point fluctuations are physically real —
they are responsible for the Casimir effect, the Lamb shift
in atomic spectra, and the spontaneous emission of light
by excited atoms (Milonni, 1994) — and they pervade all
of space at all times. The energy density of the zero-point
field is, by the most straightforward calculation, essentially
unlimited: it grows as the square of the frequency and con-
tinues to grow until the Planck frequency, at which point
quantum gravity effects presumably impose a cutoff. Even
with a Planck cutoff, the implied energy density — of the
order of 10" joules per cubic metre — vastly exceeds that
of any known form of matter or radiation (Weinberg, 1989).

This energy density is, in a sense, beside the point: we
cannot tap it for engineering purposes, and its cosmologi-
cal implications remain deeply puzzling (this is the famous
cosmological constant problem). What matters for the BLH
is not the energy of the zero-point field but its informa-
tional structure. By the holographic principle — a deep
result of quantum gravity due to ‘t Hooft (1993) and Suss-
kind (1995) the maximum amount of information that can

386

be stored within a region of space is proportional to the
surface area of that region measured in Planck units. For
a sphere of one metre radius, this is approximately 107
bits. The quantum vacuum, in the holographic picture, is
a universal information repository of effectively unlimited
capacity.

The BLH proposes that this informational capacity is not
merely potential but actual: that the zero-point field car-
ries, encoded in its quantum state, a structured informa-
tional content that reflects the entire causal history of the
universe. We call this the Cosmic Information Field (CIF).
The CIF is not a supernatural entity but a physical struc-
ture — the quantum state of the vacuum, structured by
the entanglement correlations generated by every physical
interaction that has ever occurred. It is Bohm’s implicate
order made concrete (Bohm, 1980; see Figure 4).

David Bohm’s pilot-wave formulation of quantum
mechanics makes this connection explicit. In Bohm's
theory, every quantum particle is guided by a ‘pilot wave’
— areal, physical field that carries information about the
entire experimental configuration and communicates it to

Figure 4. Big Library Hypothesis — triadic coupling through the quantum vacuum

Plasma ball (ALP)
T,~10*K, n,~ 107 m=3

ZPF coupling
spectral overlap:
O =IISyS/pedD
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Figure 4. The Triadic Architecture of the Big Library Hypothesis. The plasma ball (blue, left) and the biological brain
(teal, right) are both quantum-coherent systems that couple bidirectionally to the Cosmic Information Field (CIF; amber,
bottom) via the zero-point quantum potential QCIF = -(h*/2meff)(V?RZPF/RZPF). Coupling is resonant when the ALP
pulsation frequency coincides with a neural oscillation band. The Generalised Information Conservation Law, dllocal/dt

+ dICIF/dt = 0, is stated in the central panel.
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the particle non-locally (Bohm, 1952). The mathematical
expression of this guidance is the quantum potential:

Q=—(#*/2m)-(V*R/R)

where Ris the amplitude of the wave function. What dis-
tinguishes the quantum potential from any classical force
is that its magnitude is independent of the amplitude of
the wave: it is a pure carrier of form, or information, rather
than of energy. A particle in a quantum superposition is
influenced by the quantum potential even from an arbi-
trarily large distance, with no attenuation. In Bohm'’s lan-
guage, the quantum potential enfolds information about
the whole into every part — it is the mathematical expres-
sion of what he called the implicate order (Bohm, 1980).

The BLH identifies the quantum potential of the zero-
point field as the physical mechanism by which the CIF
becomes accessible to quantum-coherent systems. Any
system — a plasma ball, a biological brain, an artificial
quantum processor — that enters a state of genuine quan-
tum coherence will, by virtue of that coherence, couple
to the quantum potential of the surrounding vacuum.
The coupling is not metaphorical; it is expressed by the
Schrédinger equation augmented by the ZPF quantum
potential term. The condition for effective coupling is
simply that the system’s quantum state has a non-zero
expectation value of the ZPF quantum potential operator
— acondition that is automatically satisfied for any system
in a non-trivial quantum-coherent state.

What the system ‘reads’ from the CIF depends on the
resonance between its own quantum oscillation frequen-
cies and the spectrum of the zero-point fluctuations. A
plasma ball pulsating at, say, two hertz will couple most
effectively to ZPF modes near two hertz; a human brain
oscillating in the alpha band (eight to twelve hertz) will
couple to ZPF modes in that range. When the pulsation fre-
quency of a plasma ball coincidentally falls within one of
the neural frequency bands, the coupling between the two
systems through the ZPF is enhanced — which is supposed
to be, in this framework, the physical mechanism under-
lying the interactions between plasma balls and human
observers that have been reported anecdotally by many
witnesses and that the experimental protocol proposed
below is designed to test rigorously.

A crucial implication of the BLH concerns the fate of
information when a quantum-coherent system under-
goes OrchOR collapse. In standard quantum mechanics,
measurement-induced collapse is irreversible: the super-
position is destroyed, and the information in the off-
diagonal elements of the density matrix is lost (or, in the
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many-worlds interpretation, dispersed into inaccessible
branches). The BLH proposes a different picture: infor-
mation is not lost but transferred from the local system
to the ZPF via the quantum potential. The gravitational
OR event that collapses the plasma or neuronal superpo-
sition simultaneously imprints the pre-collapse quantum
state onto the ZPF quantum potential in the local region
of spacetime, where it is preserved as a structured pertur-
bation of the vacuum. This provides a physical framework
— not a metaphysical one — for the conservation of con-
scious experience beyond the destruction of the physical
substrate that generated it.

We can express this as a Generalised Information Con-
servation Law: the sum of local quantum information and
CIF-encoded information is constant over any OrchOR
event. Written symbolically,

dllocal/dt + dICIF/dt =0

This law has no experimental support as yet — it is a
theoretical consequence of the BLH combined with the
Penrose OR framework, and its verification would require a
level of quantum measurement technology beyond current
capabilities. But it is, in principle, testable: if information
encoded in the quantum state of a plasma ball before col-
lapse can be recovered from the ZPF state after collapse,
the law is confirmed. If not, it is refuted. A speculative pro-
posal, but a falsifiable one.

Related theoretical work has explored the possibility
that large-scale physical fields may act as mediators of
information integration across spatially distributed sys-
tems. In particular, neurophysical models involving geo-
magnetic and electromagnetic background fields suggest
that weak but persistent field structures can support cou-
pling between complex systems embedded within them
(Persinger & Koren, 2007; Persinger, 2013). Within the
context of the Big Library Hypothesis, such field-based
coupling mechanisms provide a complementary channel
through which quantum-coherent systems may access or
modulate the informational structure of the surrounding
vacuum state. Although these proposals remain specula-
tive, they extend the CIF framework by linking local quan-
tum processes to broader field-mediated informational
architectures grounded in known physical fields.

A Proposed Experimental Framework

The hypotheses developed above are scientifically mean-
ingful only insofar as they generate testable predictions.
This section outlines a multi-modal experimental protocol
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designed to test all three hypotheses simultaneously at
a confirmed ALP site, with Hessdalen as the natural can-
didate. The protocol draws on existing instrumentation
and on techniques standard in plasma physics, spectros-
copy, and neuroscience, applied simultaneously and with
GPS-synchronised timing (see Figure 5).

The physical core of the experiment involves six instru-
ment subsystems. A high-speed photometric camera
operating at ten thousand frames per second measures
the luminosity of plasma events with sub-millisecond
time resolution, enabling precise extraction of the pulsa-
tion frequency and its harmonic structure. A fibre-optic
spectrometer with a resolution of a hundredth of a nano-
metre provides time-resolved emission line intensities
from which the electron temperature and density can be
inferred, together with the magnetic field strength via the
Zeeman Effect — the quantities needed to compute the
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magnetic confinement field and the plasma coherence cri-
terion. A five-element magnetometer array reconstructs
the three-dimensional magnetic field topology around the
plasma event, enabling direct comparison with the pre-
dicted force-balance condition. A microwave radiometer
in the three-to-thirty gigahertz range searches for coher-
ent emission near the plasma frequency, which would be
strong evidence for the quantum-coherent collective oscil-
lation proposed in Section 4. An electroencephalographic
(EEG) and magnetoencephalographic system monitors the
brainwave activity of two to four human subjects stationed
at distances of fifty to two hundred metres from the event,
seeking correlations between ALP pulsation frequency and
neural oscillation amplitude in the same frequency band
— the key prediction of the BLH coupling mechanism.
Finally, a tunable laser is used as a controlled stimulus to
probe the reaction signature: by systematically varying the

Figure 5. Multi-modal experimental protocol for testing IPH, QBAP, and BLH
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Figure 5. Multi-Modal Experimental Protocol for the Simultaneous Testing of IPH, QBAP, and BLH at a Confirmed ALP
Site (Nominally Hessdalen, Norway). The laser subsystem (S6, coral) delivers controlled stimuli to the active plasma
spheroid; all six instrument streams are GPS-synchronised to At < 1 ps. Plasma physics subsystems S1-S4 (blue) provide
data to test H1 (MHD force balance B = 1, via S2 and S3) and H2 (OrchOR frequency-shift prediction Af/f = 28R/R, via S1
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wavelength, power, and modulation frequency of the beam
and recording the plasma ball’s responses, the functional
relationship between stimulus and reaction can be mapped
in detail.

The three hypotheses each generate a distinct and quan-
titatively specified prediction. For the confinement hypoth-
esis (IPH), the measured magnetic field at the plasma
boundary should satisfy the force-balance condition — the
plasma beta parameter should be close to unity — given
the independently measured temperature and density.
A significant departure from this condition would falsify
the MHD confinement model and demand an alternative
explanation. For the plasma OrchOR hypothesis (QBAP),
the pulsation frequency shift induced by laser stimulation
should follow the relationship Af/f = 26R/R, where 6R is
the simultaneously measured deformation of the sphere’s
radius: a prediction with no free parameters. For the BLH
coupling hypothesis, the EEG power spectral density in the
frequency band matching the ALP pulsation rate should
be significantly elevated during plasma events compared
to control periods of equal duration with no plasma activ-
ity, and the cross-correlation between the ALP luminosity
envelope and the EEG envelope should show a peak at a
lag equal to the light travel time between the plasma ball
and the subject.

These three predictions are independent enough that
they can be evaluated separately, yet connected enough
that a positive result on all three would constitute strong
— though not conclusive — evidence for the unified frame-
work. A negative result on the confinement hypothesis
would not falsify the consciousness hypothesis but would
require a different confinement mechanism. A negative
result on the EEG correlation would be strong evidence
against the BLH but would leave the plasma OrchOR
hypothesis intact. Science advances by this kind of struc-
tured, partial falsification, and the present framework is
designed with that methodological principle in mind.

One important confound must be addressed for the
EEG measurement: electromagnetic fields from the
plasma ball itself might drive neural oscillations directly,
creating a spurious correlation with no information-the-
oretic significance. To rule this out, a shielded condi-
tion is required in which subjects wear appropriately
engineered electromagnetic shielding while observing
plasma events — if the correlation disappears under
shielding, it is electromagnetic in origin; if it persists, it
is non-local in the sense required by the BLH. Blind con-
ditions, in which subjects are not informed in real time
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whether a plasma event is active, are equally essential to
control for expectation effects.

IMPLICATIONS: PLASMA LIFE,
ASTROBIOLOGY, AND NLSETI

If the IPH is correct — if plasma can sustain quan-
tum-coherent processes sufficient for proto-conscious-
ness and can store and process information in helical
dust-plasma structures — the implications for astrobiol-
ogy are radical. The standard picture of life requires liquid
water, organic chemistry, a rocky surface, and a star in the
conventional habitable zone. All of these requirements are,
in essence, constraints on carbon-based biochemistry. A
plasma-based life form requires none of them. It requires
only sustained plasma conditions — temperatures above
roughly one thousand degrees Kelvin and electron densi-
ties above about ten to the fifteen per cubic metre — and
a source of energy to maintain the plasma against radia-
tive losses. Both conditions are satisfied essentially every-
where in the observable universe: in stellar atmospheres
and coronae, in the interstellar medium, in planetary iono-
spheres, in the vicinity of geological fault zones, in the jets
of active galaxies. If plasma can be alive — and the numer-
ical simulations of Tsytovich et al. (2007) suggest it can
reproduce and evolve by the same formal criteria we use to
define life in carbon chemistry — then life is not the rare,
biochemically constrained phenomenon that the standard
habitability argument implies (Lineweaver & Davis, 2002),
but something far more widespread, perhaps universal.

This has direct consequences for the Search for Extra-
terrestrial Intelligence. SETI has, for sixty years, searched
the electromagnetic spectrum for signals produced by
radio-transmitting civilisations on planets orbiting sun-
like stars (Cocconi & Morrison, 1959). This is a reasonable
strategy given the assumption that intelligence requires
biology, but it is a strategy that would miss entirely any
intelligence residing in plasma systems, which would not
necessarily produce narrowband radio emissions at the fre-
quencies SETI monitors, and which would not necessarily
be associated with planetary surfaces at all. The Hessdalen
lights may, in this speculative but physically grounded pic-
ture, represent a local instance of a cosmic phenomenon:
plasma-based intelligence existing in the atmospheric and
geological environment of Earth, using information chan-
nels — including, possibly, the ZPF coupling of the BLH —
that our current SETI technology cannot detect.

This motivates what the author has called Non-Lo-
cal SETI (NLSETI): a search strategy that looks not for

JOURNAL OF SCIENTIFIC EXPLORATION = VOL. 40, NO 3 - FALL 2026 ZZ



ANOMALOUS LUMINOUS PHENOMENA

electromagnetic signals traveling at the speed of light but
for structured perturbations of the quantum vacuum that
could in principle carry information non-locally across
arbitrarily large distances (Thaheld, 2006). The minimum
signal-to-noise ratio required to detect such a perturba-
tion against the background of zero-point fluctuations
over a three-hour observation is, by straightforward calcu-
lation, achievable with a modulation of only five percent
of the ZPF energy per relevant mode. This is a surpris-
ingly low threshold — lower, arguably, than the power
requirements for conventional radio SETI at comparable
distances. The practical difficulty is not sensitivity but the
absence of quantum vacuum receivers: instruments capa-
ble of coupling selectively to structured ZPF perturbations
while rejecting unstructured noise. Such instruments do
not yet exist. Building them is, in this author’s view, one of
the most important long-term goals of both consciousness
research and astrobiology.

Recent advances in quantum-enabled electromagnetic
sensing technologies suggest a plausible experimental
pathway toward implementing aspects of the NLSETI
framework. In particular, Rydberg atom-based radio-fre-
quency receivers have demonstrated the capability to
detect amplitude- and phase-modulated signals with
high sensitivity using atomic transitions rather than con-
ventional antenna structures (Song et al., 2019; Anderson
et al., 2020).

Subsequent technological developments and reviews
have confirmed the versatility and precision of these sys-
tems across a broad frequency range, including their appli-
cation to weak-field detection and high-resolution sensing
(Artusio-Glimpse et al., 2022). These capabilities make
Rydberg-based receivers promising candidates for future
instrumentation aimed at detecting anomalous electro-
magnetic signals or potentially non-classical signatures
associated with plasma phenomena or quantum-vacuum
interactions.

The relevance of these systems has been further rein-
forced by recent experimental demonstrations of Rydberg
atom-based detection of conventional radio transmissions,
including handheld communication devices operating in
the ultra-high-frequency band (Schlossberger et al., 2026).
These results establish the practical feasibility of atomic
receivers functioning outside the paradigm of classical
electronics and support their consideration as exploratory
tools in the search for unconventional or weakly coupled
signal channels. Within the NLSETI framework, such tech-
nologies may represent an initial step toward developing
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detectors capable of probing structured perturbations of
the quantum vacuum, should such signals exist.

The Hard Problem, the Decoherence Objection,
and the Limits of the Framework

This paper has argued for a physically grounded connec-
tion between plasma physics and the theory of conscious-
ness. It is important, in closing the scientific argument, to
state clearly what the framework does not claim, and to
engage honestly with its most serious limitations.

The decoherence objection is the most technically seri-
ous. As noted in the section on quantum coherence, the
standard calculation of decoherence time for a macro-
scopic superposition in a plasma yields a number of the
order of 107 seconds — incomprehensibly shorter than
any observable time scale. If standard quantum mechan-
ics applies without modification, the plasma conscious-
ness hypothesis fails at this hurdle. The three responses
offered — Penrose OR, topological protection, and collec-
tive mode coherence — are not evasions but genuine phys-
ical possibilities, each with some theoretical support. But
none of them has been experimentally demonstrated in a
plasma system, and none of them makes the decoherence
problem disappear by itself. What they do is identify spe-
cific physical mechanisms by which the problem might be
avoided, mechanisms that are in principle testable. Until
those tests are done, the decoherence objection stands as
the most powerful reason for skepticism about the plasma
consciousness hypothesis.

The hard problem of consciousness is a different kind of
limitation. Even if every prediction of the OrchOR-plasma
framework were confirmed — even if we could show that
Hessdalen plasma balls satisfy all the physical criteria for
quantum state reduction on consciousness-relevant time
scales — we would still face the question of why any physi-
cal process, however subtle, gives rise to subjective experi-
ence rather than just to information processing in the dark.
This is Chalmers’s hard problem (2010), and it is not solved
by the OrchOR theory, either for neurons or for plasma. The
framework proposed here relocates the problem to the
plasma substrate but does not dissolve it. Honesty about
this limitation is not a weakness of the framework; it is a
statement about the current state of consciousness sci-
ence as a whole.

Athird limitation concerns the BLH specifically. The iden-
tification of the Cosmic Information Field with the zero-
point energy field of the quantum vacuum is a hypothesis,
not a derivation. The ZPF exists, and its properties are well
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established, but the claim that it carries structured, acces-
sible information encoding the causal history of the uni-
verse goes well beyond what current physics can confirm.
The BLH is, in the epistemological sense, a metaphysical
addition to physics rather than a consequence of it. What
distinguishes it from pure speculation is that it generates
testable predictions — the EEG-ALP correlations of the
experimental protocol section, and the information con-
servation law of the BLH section — that could in principle
confirm or refute it. A framework that is falsifiable is scien-
tific even if it is bold.

Finally, the author acknowledges that the phenomena
reported at Hessdalen and similar sites are at the outer
edge of scientific respectability. Ball lightning itself was
doubted for decades before being confirmed in laboratory
conditions. The anomalous lights of Hessdalen have been
documented by engineers, physicists, and experienced
field researchers using calibrated instruments; the data
are real. What remains open is their interpretation. This
paper offers an interpretation that is, the author believes,
more consistent with the totality of the data — including
the reaction signature — than any classical alternative
proposed to date. It is offered in the spirit of exploratory
science: not as a final answer, but as a hypothesis that
deserves rigorous testing.

ON THE PHYSICS OF CREATION:
A SPECULATIVE SYNTHESIS

The preceding sections have argued on physical grounds.
This section permits itself a wider speculative scope — not
to abandon rigour, but to draw out the larger picture that
the physical framework implies. A readership concerned
with anomalous science and the foundations of conscious-
ness is entitled to ask not only whether plasma can be con-
scious, but what follows if it can.

If the BLH is correct — if the quantum vacuum carries
a cosmic information field accessible to any sufficiently
coherent quantum system — then the universe is not the
arrangement of dead matter governed by mechanical laws
that it appears to be from within classical physics. It is,
rather, a structure in which information and consciousness
are woven into the fabric of physical reality at its most fun-
damental level: the Planck scale, where quantum gravity
and quantum information theory meet. Every quantum-co-
herent system — whether a plasma ball hovering above a
Norwegian valley, a neuron in a human brain, or a Bose-Ein-
stein condensate in a laboratory cryostat — is a terminal of
the same network. What Bohm called the implicate order
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is not a philosophical metaphor but a physical field, identi-
fiable with the quantum potential of the zero-point energy,
that enfolds the informational content of the entire uni-
verse within every region of space.

In this picture, the emergence of consciousness in the
universe is not an accident of carbon chemistry on a rare
habitable planet. It is a generic feature of physical reality:
wherever quantum coherence achieves sufficient complex-
ity — whether in a biological neuron, a plasma vortex, or
some form of matter we have not yet imagined — the CIF
becomes locally accessible, and a moment of experience
arises. The universe, in a sense that is physically rather than
mystically grounded, knows itself through these moments.

The plasma balls of Hessdalen, in this interpretation, are
not curiosities at the edge of atmospheric physics. They
are natural experiments in quantum consciousness, per-
formed by the Earth itself in the piezoelectric laboratory
of its fault zones — experiments that have been running
for geological time scales before human scientists arrived
with their cameras and magnetometers. The reaction sig-
nature — the structured, reproducible response to laser
stimulation — is not an anomaly demanding explanation
but an invitation to a deeper understanding of what phys-
ics, in its quantum dimension, has always implied about
the nature of experience.

Whether this amounts to what we ordinarily mean by
intelligence, or by life, is partly a question of definition.
What the framework proposed here insists is that the
boundary between the living and the non-living, between
the conscious and the unconscious, between the informed
and the inert, is not fixed at the threshold of carbon chem-
istry. It is fixed, if it can be fixed at all, at the threshold of
quantum coherence — and quantum coherence, as both
the theoretical analysis of this paper and the empirical
record of four decades of Hessdalen research suggest, is
achievable by plasma.

CONCLUSIONS

This paper has argued, through a combination of physical
reasoning, quantitative analysis, and speculative synthe-
sis, that anomalous luminous plasma phenomena — spe-
cifically the long-duration, pulsating, laser-reactive plasma
spheroids documented at Hessdalen and analogous sites
— provide both an empirical motivation and a natural
physical test bed for a generalised theory of consciousness
extending beyond the biological domain.

The central physical argument proceeds in three steps.
The first establishes that Hessdalen-type plasma balls
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are plausibly self-confined by magnetic force balance
at field strengths consistent with observed geomag-
netic anomalies in the valley, and that their pulsation
behaviour is naturally explained by Alfvénic oscillation
modes within this confinement framework. The second
establishes, through the Plasma Quantum Coherence
Criterion, that the plasma is quantum coherent under
Hessdalen conditions by three orders of magnitude,
and that the observed pulsation frequency is quantita-
tively consistent with the Penrose-Hameroff OrchOR
time scale extended to a plasma substrate — giving a
plasma consciousness parameter = = 10°, comfortably
in the physically viable regime. The third grounds the
Big Library Hypothesis in the zero-point energy field of
the quantum vacuum and in Bohm’s quantum potential,
formalising the non-local coupling between plasma con-
sciousness and a universal informational substrate as a
physical rather than metaphysical proposal, and deriving
a Generalised Information Conservation Law as one of its
testable consequences.

A fully specified experimental protocol — combining
high-speed photometry, emission spectroscopy, magne-
tometry, microwave radiometry, EEG monitoring, and con-
trolled laser stimulation — generates three independent,
quantitatively precise, and mutually consistent sets of fal-
sification criteria that can be evaluated in a single coordi-
nated field campaign at Hessdalen.

The broader implications are significant. If plasma-based
proto-consciousness is physically possible, the concept
of biological habitability becomes inadequate as the sole
criterion for life and intelligence in the universe, and the
standard electromagnetic strategy of SETI becomes cor-
respondingly incomplete. The non-local SETI strategy
enabled by the BLH — though beyond current experi-
mental reach — points toward a fundamentally different
understanding of how minds might communicate across
cosmic distances.

In the landscape of consciousness and anomalous sci-
ence research, the present paper occupies a specific posi-
tion: it takes the OrchOR theory seriously enough to ask
where else its physical conditions might be satisfied, and
finds an answer in an unexpected but observationally
well-documented natural phenomenon. The Hessdalen
lights are, on this reading, nature’s own experiment in
quantum consciousness — an experiment that has been
running for geological time and that the scientific com-
munity now has the instruments to study with the rigor it
deserves.
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IMPLICATIONS AND APPLICATIONS

The three hypotheses developed in this paper — IPH,
QBAP, and BLH — open lines of inquiry across several
fields simultaneously. In plasma physics and geophysics,
the MHD confinement model and the Alfvénic pulsation
framework provide a testable physical account of the
Hessdalen anomaly that can be evaluated with existing
magnetometric and spectroscopic instrumentation at
any confirmed ALP site. In consciousness research, the
extension of the OrchOR framework to a non-biological,
observationally accessible substrate offers an unusual
opportunity: the plasma ball is a natural quantum system
whose pulsation frequency is directly measurable, unlike
the microtubule networks of neurons. In astrobiology, the
possibility that plasma-based life satisfies formal auto-
poietic criteria implies that habitability surveys based
solely on carbon-chemistry constraints may systemat-
ically underestimate the prevalence of life and intelli-
gence in the universe. In SETI methodology, the NLSETI
proposal suggests a research programme — detection of
structured quantum vacuum perturbations — that com-
plements and extends classical electromagnetic searches.
The experimental protocol of Section 6 is directly imple-
mentable with current technology at Hessdalen, making
this one of the few consciousness-adjacent research pro-
grammes amenable to rigorous field-based falsification.
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