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Abstract: Ultraweak photon emissions (UPEs) represent a plausible yet underexplored biophysical mechanism underlying energetic
biocommunication between human organisms, particularly in the context of biofield therapies (BTs) such as Reiki, Therapeutic Touch,
and External Qigong. Although biophotonic emission is a well-documented property of living systems across all kingdoms of life,
the present perspective focuses specifically on the human organism as a photoinformatic system. The central methodological gap
obstructing empirical validation lies in the inability to simultaneously detect UPEs from a human source and correlate them with
the resulting biochemical and functional changes induced in a target biological system. This work presents a restructured, convergent
framework built around three pillars: (i) a theoretical and experimental basis for evaluating four interrelated hypotheses concerning
selective photonic biocommunication; (ii) a tripartite laboratory strategy integrating multimodal multiphoton tomography, stimulated
Raman spectroscopy, and polychromatic spectral analysis of UPEs; and (iii) an explicit discussion of limitations. The framework anchors
energetic biocommunication in measurable parameters such as photon flux, spectral distribution, coherence, and biological responses,
providing operational foundations for rigorous investigation of BTs as potential modulators of endogenous photonic signaling and
paving the way for standardized biophotonic measurement technologies in precision medicine.
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1. Introduction

In the 1920s, the Russian embryologist Alexander Gurwitsch
demonstrated through experiments with onion roots that the tip
of one root could stimulate cell division in a second root sepa-
rated exclusively by a quartz plate, but not by glass or opaque
materials. He concluded that the signal had to be a form of ultra-
violet radiation so faint that he named it mitogenetic radiation
[1], marking the first experimental evidence of what we now call
biophotonic communication: the transmission of biological infor-
mation through ultraweak photon emission (UPE). At the cellular
level, biophotons are generated by oxidative metabolism, which
inevitably produces molecules in electronically excited states; a
small fraction of this excitation energy relaxes through radiative
decay, resulting in the emission of ultraweak photons at rates
typically on the order of a few photons·s−¹·cm−², increasing to
hundreds under stress conditions [2]. UPE is a universal phe-
nomenon confirmed over the last century in bacteria, yeast, plant
seedlings, developing embryos, excited nerves, beating hearts,
malignant tumors, human skin, and isolated mitochondria [3–8].
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Methodological advances, from single-photon-counting pho-
tomultiplier tubes (PMTs) and cooled cooled charge-coupled
device (CCD) cameras to polychromatic spectroscopic systems
resolving emission patterns approximately 1,000 times below the
human visual threshold [9–19], have opened new windows into
psychophysiology: negative emotional states measurably increase
trunk UPE intensity [20], and photoencephalography passively
records scalp UPEs correlated with functional brain states [21].
Parallel to these developments, biofield therapies (BTs), including
Reiki, Therapeutic Touch, and External Qigong, have attracted
clinical interest [22, 23]. Reiki has been shown to significantly
increase photon emission in intervertebral disk cells under stress
[24], and BT practitioners can modulate their own UPE intensity
through intentional focus [25, 26], yet a coherent biophysi-
cal framework explaining how these ultraweak signals trigger
measurable physiological changes has remained elusive.

Biofields have been defined as fields not necessarily elec-
tromagnetic in nature, hypothetically involved in biological
communication and information transfer [27–29], comprising
photonic biofields through which information can be primarily
transmitted [30]. This work addresses one measurable compo-
nent of that framework: biocommunication mediated by the
spatially and temporally patterned emission of ultraweak photons
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between human bodies, grounded in empirical photometric and
spectroscopic methods rather than metaphysical concepts.

Although the mechanisms of photobiomodulation (PBM)/
low-level laser therapy (LLLT) and pulsed electromagnetic fields
are well-characterized [31–42], as are signaling via biochemical,
piezoelectric, and electro/galvanotactic pathways [43, 44] and the
well-characterized processes of human wound healing [45], the
possibility of biophoton-mediated information transfer remains
largely unexplored. This gap motivates the central hypothesis of
the present perspective: BTs may operate through energetic bio-
communication, that is, the transfer of biological information
mediated by UPEs, modulating cellular processes via resonant
interactions with endogenous chromophores without significant
net transfer of chemical energy. This article presents a method-
ological framework synthesizing available evidence into a coherent
biophysical model, explicitly framed as a perspective culminating
in testable predictions and an experimental roadmap for validation.
Section 2 presents the theoretical and experimental basis for four
interrelated sub-hypotheses; Section 3 describes laboratory analy-
sis techniques; Section 4 discusses limitations; Section 5 presents
conclusions.

2. Hypotheses of Selectivity: Irradiance Signature,
Coherence Shielding, and Proposed Mechanisms

The central hypothesis of this theoretical framework, namely,
that external UPEs from a BT’s hands, guided by the recipi-
ent system’s endogenous waveguides, preferentially interact with
the distinct photonic signatures of diseased tissues as opposed
to healthy ones to induce selective cytolytic effects, rests on a
well-established empirical asymmetry: diseased cells exhibit high
incoherent irradiance and intense yet disorganized biophoton
emission, lacking the active photon absorption capacity charac-
teristic of coherent healthy systems [46]. Because coherence is
used throughout this article in a physical rather than a figu-
rative sense, the term requires an operational definition at the
outset. Coherence here denotes the degree of first-order correla-
tion of the optical field, quantified by the normalized correlation
function g⁽¹⁾(𝜏) and expressed as a coherence time and a cor-
responding coherence length, together with the photon statistics
of the emission characterized by g⁽²⁾(0), which distinguishes a
chaotic from a coherent source. Spontaneous emission arising
from uncorrelated molecular relaxation events is expected to be
chaotic on both measures, and claims of coherence in UPE there-
fore stand or fall on direct measurement of these quantities rather
than on the presence of spectral structure or of non-exponential
decay kinetics, neither of which is by itself sufficient. No such
measurement has yet been reported for human emission, and
supplying it is accordingly treated here as a prerequisite for the
hypotheses that follow rather than as an established premise. This
differential in photonic signatures provides the physical basis for
selective interventions using external biological light. Based on
the premise that humans possess not only chemotrophic but also
chemophotogenic properties (from the Greek: chemo-, chemical;
photo-, light; -genic, producing; denoting the capacity to absorb
primary external photons, transduce them into chemical energy,
and re-emit endogenous biophotons that carry the spectral sig-
nature of the original signal, functioning as secondary photonic
messengers capable of being conducted by biological waveguides
to specific target tissues) and that BTs may share a transduction
pathway with photobiomodulation while operating in a differ-
ent dose regime, four interrelated sub-hypotheses are proposed.
Two distinct propositions are advanced in this article and are kept

terminologically separate throughout, because they carry very dif-
ferent photon budgets. Endogenous photobiomodulation denotes
the internal system developed in Section 2.4, in which emission
generated within a cell or tissue is absorbed by chromophores in
its immediate vicinity, with no intervening distance or epidermal
barrier. Interpersonal photonic signaling denotes the transfer of
emission from a practitioner to a recipient, which requires prop-
agation through air and through the epidermis before reaching
a chromophore. The first is not subject to the dosimetric con-
straint set out in Section 2.3; the second is. These are explicitly
presented as speculative propositions grounded in available exper-
imental evidence, albeit lacking robust confirmation, rather than
established biological facts.

H1 (Speculative): Chemophotogenic organisms emit and
absorb biophotons in a nonrandom manner. An endogenous net-
work of biomolecules acts as a system of biological antennas
capable of directing photonic energy via an environment-assisted
quantum walk mechanism [47] to cellular sites most in need of
regulatory signaling, such as damaged or tumorous tissues.

H2 (Hypothesis with experimental grounding): Diseased cells
absorb external coherent UPEs through interaction with the cell
membrane, modulating redox signaling pathways and potentially
inducing bioelectric and mitochondrial reorganization toward
apoptosis or the suppression of uncontrolled proliferation. Exter-
nal Qi has been reported to cause lysis of BxPC3 pancreatic
cancer cells without affecting normal fibroblasts [48]. Reports
of this kind establish an association between the intervention
and the outcome; they do not identify the mediating channel.
Because a practitioner delivers thermal, mechanical, acoustic, and
near-field electromagnetic inputs concurrently, attribution of such
effects to photon transfer requires the discriminating measure-
ments set out in Section 3 and is not assumed here. It has also
been shown that Therapeutic Touch reduced lymph node metas-
tasis and decreased the expression of pro-inflammatory cytokines
(IL-1𝛼, IL-1β, MIG, MIP-2) in a mouse model of breast can-
cer [49]. Additionally, BT reduced the resting membrane potential
of PANC-1 cells by 36.7% relative to sham controls (p < 0.01),
resulting in cell cycle arrest at the G1 phase, mitochondrial
ultrastructural disruption, reduced invasiveness, and decreased
liver metastasis in orthotopic models (p < 0.05), with FOXM1
identified as a key downstream mediator [50].

H3 (Speculative with mechanistic basis): Coherent UPEs
originating from a BT may increase the quantum coherence of the
patient’s healthy cells, rendering them more resistant to the chaotic
UPEs of neighboring tumor cells, a mechanism that would oper-
ate through interference between the two emissions [8, 30]. This
proposal carries a stringent physical requirement, since interfer-
ence between independent sources presupposes a stable phase
relationship between them, which spontaneous emission arising
from uncorrelated molecular relaxation events does not by itself
provide. H3 should therefore be read as a prediction contingent
on the demonstration of first-order coherence in UPE, as defined
above, rather than as an inference from it. Microtubules (MTs)
sustain coherent quantum states with relaxation times exceeding
excitation times by 9–10 orders of magnitude at physiological
temperatures [51]. Hydrated DNA has been shown to undergo
a macroscopic quantum phase transition at room temperature,
producing a Fröhlich condensate [52].

H4 (Speculative): Coherent UPEs may modulate the gal-
vanotaxis of immune cells, stimulating NK cell migration to
injury sites while simultaneously inhibiting M2 macrophages
and regulatory T cells. Direct current fields (0.4–1.4 V/cm)
induce directional lymphocyte migration via Erk1/2 and Akt
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activation [53]; macrophages exhibit galvanotactic polarity that
adjusts according to infection status [54]; and fibroblast electro-
taxis occurs through integrin redistribution [55]. BT modulates
these populations: Healing Touch preserved NK cell cytotoxi-
city over six weeks in patients with cervical cancer undergoing
chemoradiotherapy, whereas a decline occurred in the control
group (p = 0.018) [56]; and Therapeutic Touch reduced lymph
node metastasis and macrophage cytokine expression in a mouse
breast cancer model [49]. The mechanistic relationship between
biophotonic emission and the electrotactic guidance of immune
cells has yet to be experimentally established.

2.1. Quantifying biofield therapies through
biophotons

Biophoton emission offers a physicochemical framework for
exploring mechanisms underlying BTs. UPE measurement pro-
vides a potential means to detect and quantify interactions with
the supposed subtle biological energy field. Early studies showed
an inverse correlation in Qigong practitioners: hand biophoton
emission increased while skin temperature decreased, challenging
the thermal model and suggesting willpower-controlled phenom-
ena [57]. A beginner showed increased finger temperature during
practice, while an untrained individual exhibited increased emis-
sion during light visualization, indicating conscious concentration
can influence these parameters [26]. Subsequent research used liv-
ing organisms as biosensors: pieces of cucumber (Cucumis sativus)
were employed to detect Ki fields and noncontact healing effects,
quantifying the interaction between healer intention and bio-
logical samples through the J-value index (J = ln[IE/IC]). The
direction of the correlation between a healer’s age and healing
power proved unstable across studies, and the instruction given
to the healer emerged as a more decisive factor than age in deter-
mining the outcome. After the confounding influence of different
healing methods was removed through principal component anal-
ysis, a significant negative correlation was found between healer
age and gas J-value (r = −0.46; p = 0.034): younger healers suc-
ceeded in driving the biosensor in the intended direction, whereas
older healers did not. These findings indicate that the relationship
between healer characteristics and measurable effect is method-
dependent and that further confounding factors remain to be
identified [58].

Regarding the effect of mental concentration, the response
depended on the individual: some subjects showed an increase
and others a decrease in emission, a variability the authors linked
to the degree of concentration each subject was able to achieve.
Across seven subjects, mental concentration alone was associated
with changes in fingertip biophoton emission, and the subjects
separated into two consistent response groups whose directional
tendency held across all three experimental days. This provided
early evidence that focused intention, a central component of
many biofield techniques, might have a measurable photonic
correlate [26].

The most direct evidence comes from studies involving
experienced practitioners. In a comprehensive investigation, the
UPEs of energy healers and individuals performing bioenergetic
exercises were measured. Researchers found that emission from
the therapists’ hands decreased significantly after the healing
session—a statistically significant reduction of 11% in biophoton
emission from healers’ right and left palms combined (p = 0.019),
with the dominant right palm showing p = 0.05. Additionally,
subjects performing bioenergetic exercises with directed intention
were able to voluntarily increase emission from the forehead by
62–106% and from the cardiac region by up to 282%, demon-

strating a capacity for conscious and directional modulation of
biophotonic output consistent with conceptual models of energy
direction in BTs [25].

In nonhuman models to control for psychological placebo
effects, initial trials in germinated seeds and anesthetized mice
did not report statistically significant changes in UPE resulting
from noncontact healing [59]. However, Reiki has been shown to
significantly increase photon emission in intervertebral disk cells
of cultured stressed mice, directly linking BT to a quantifiable
photonic response in a biological system: Reiki post-treatment
photon emission significantly exceeded both Reiki pre-treatment
values and sham post-treatment values (p < 0.05), a difference
maintained on each of the three measurement days (p < 0.01).
Concurrently, RT-PCR revealed that Reiki significantly upreg-
ulated collagen II and aggrecan expression in the treated cells
(p < 0.05 vs. sham), linking the photonic response to a measurable
anabolic healing cascade [24].

2.2. Quantification of the energy provided by
external biophotons in humans

The energy associated with human UPE, while quantifiable,
is too low to be considered a direct energy source in any con-
ventional biochemical or biophysical sense. Unlike conventional
bioluminescence or laser emissions, UPE cannot be directly mea-
sured in watts using standard photometric techniques. Instead,
it is typically quantified as photon flux, the number of photons
emitted per second, normalized per unit area (photons·s−¹·cm−²).
Compiling data from multiple studies, spontaneous UPE from
human skin, particularly the palms and fingertips, consistently
ranges from tens to hundreds of photons·s−¹·cm−² [60–62].
For example, approximately 10.4 photons·s−¹·cm−² have been
reported in normal skin, while another study measured about 20
photons·s−¹ above the background level in the palm of the hand
[61, 62]. A comprehensive review confirms that the UPE of human
skin typically ranges from 1 to 1000 photons·s−¹·cm−², depending
on physiological conditions and measurement protocols [63].

The experimental setup illustrated in Figure 1 [63] employs
a high-sensitivity UPE spectrometer comprising an electron-
multiplying charge-coupled device (EMCCD) camera (iXon Ultra
888, cooled to − 95 °C), a telecentric lens module, and a liq-
uid crystal tunable filter (LCTF) spanning 400–720 nm, housed
within a light-shielded dark chamber. Operating sequentially
across discrete wavelengths over 10-minute acquisition periods,
this system enables the simultaneous capture of spatial and spec-
tral information from the dorsal surface of the hand. Spectral
distributions obtained with this configuration revealed a peak
emission of approximately 880 photons at 500 nm after dark sig-
nal subtraction. This approach captures not only total intensity
but also the spectral fingerprint of UPE, information critically
linked to reactive oxygen species (ROS) dynamics and metabolic
states of living tissue [63].

The spectral fingerprint captured by this system provides
the empirical basis for a mechanistic interpretation of UPE ori-
gin based on photon energy. Emission at higher energies (>3
eV; 200–420 nm) is attributed to radicals and ROS from oxida-
tive metabolism [3, 64]. Lower-energy emission (<3 eV; 420–1000
nm), which constitutes the majority of detectable UPE and
encompasses the 500 nm peak recorded in Figure 1, has been
associated with proton current flow in mitochondrial ATP syn-
thase complexes [64]. This hypothesis posits that excitation of the
proton system in active ATP synthase, particularly the F₀ unit,
generates light analogous to a laboratory proton light-emitting
diode (H⁺LED) [65]. Each actively rotating ATP synthase molecule
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Figure 1
Design of the UPE system for measuring one subject’s hand

Note: Adapted from Ortega-Ojeda et al. [63] (Figure 1)

operates at approximately 300 rotations/s with approximately 1000
protons per cycle, generating a cooperative proton current of
3 × 10⁵ H⁺/s (4.8 × 10−¹⁴ A) [66]. Assuming two photons emitted
per proton (H3O⁺ + OH−→ 2 H2O*), this yields a theoretical max-
imum of 6 × 10⁵ photons/s per ATP synthase molecule, of which
roughly half is retained in H⁺LED simulations as an upper bound
on radiative output [65, 66]. This figure is a ceiling on emission at
the molecular level and not a prediction of detectable flux. Taken
at face value and multiplied by the number of enzyme complexes
in a tissue volume, it would exceed measured cutaneous UPE by
many orders of magnitude, so the great majority of the emission
implied by the model must be lost to non-radiative decay, to reab-
sorption by intervening chromophores, and to scattering before
reaching the tissue surface. Quantifying that attenuation factor
is a necessary test of the model rather than a detail of its appli-
cation. This model explains the anatomical distribution of UPE
intensity: organs with high mitochondrial density (brain, heart,
liver) exhibit stronger UPE signals, correlating with regions of
high emission near the head, thorax, and abdomen [27, 60]. Water
plays an essential role, enabling proton conduction channels and
acting as the molecular medium for light emission [64].

To translate this photon flux into a physically significant
radiant power, it is necessary to consider the energy carried by
each individual photon, which depends on its wavelength. Poly-
chromatic spectral analyses have demonstrated that human UPE
spans the visible to near-infrared range (400–750 nm). Published
accounts of the position of the maximum do not converge. Fin-
gertip emission has been reported to peak in the 570–670 nm
region [67, 68], whereas the spectral distribution obtained with
the configuration of Figure 1 peaks near 500 nm [63], and this
disagreement is itself one of the measurements the framework pro-
posed here is designed to settle. A representative wavelength is
adopted below for the purpose of an order-of-magnitude estimate,
and the estimate is insensitive to which of the reported max-

ima is assumed. Taking a representative wavelength of 600 nm
(6 × 10−⁷ m) within this peak, the energy per photon is given by
the Planck–Einstein relation E = h·c/𝜆, where h is Planck’s con-
stant (6.626 × 10−³⁴ J·s) and c is the speed of light (3 × 10⁸ m/s),
yielding approximately 3.31 × 10−¹⁹ joules per photon.

Multiplying this value by a typical flux of 100 pho-
tons·s−¹·cm−² results in a radiant power density of approximately
3.31 × 10−¹⁷ W/cm², that is, 33.1 aW/cm² or 0.0331 fW/cm²
(1 aW = 10−¹⁸ W; 1 fW = 10−¹⁵ W). Integrated over the entire pal-
mar surface of approximately 100 cm², the total emitted power is
of the order of 3 × 10−¹⁵ W, that is, a few femtowatts. This places
UPE detection at the very limits of current photometric sensitiv-
ity, requiring specialized instrumentation such as cooled PMTs,
single-photon counting modules, and rigorous environmental
shielding.

Calculations based on empirical measurements during states
of focused intention further illustrate this point. In one such
study, the emission was characterized by a frequency of 780 THz
(corresponding to a wavelength of approximately 385 nm in the
near-ultraviolet range) and a flux of 1,600,000 photons per second
under intentional, non-spontaneous conditions [69]. This value
warrants explicit qualification. Distributed over a palmar sur-
face of approximately 100 cm², it corresponds to some 1.6 × 10⁴
photons·s−¹·cm−², which exceeds by more than an order of mag-
nitude the upper bound of the range reported for spontaneous
cutaneous emission, and the stated wavelength of 385 nm falls
outside the 400–750 nm interval reported elsewhere in this section.
The calculation below is therefore presented as an upper-bound
illustration derived from a single report, and the benchmark com-
parison that follows does not depend on it. Substituting a flux
at the upper end of the consensus range lowers the estimated
power by roughly the same factor without altering the conclu-
sion. Applying the Planck–Einstein relation (E = h·f) yields a
single-photon energy of 5.168 × 10−¹⁹ joules. The total detected
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power is then P = (5.168 × 10−¹⁹ J) × (1.6 × 10⁶ s−¹) = 8.268× 10−¹³ W, or approximately 0.83 pW. By comparison, the sponta-
neous emission of the whole palm amounts to some 3 femtowatts,
so the power reported under intentional conditions exceeds spon-
taneous emission by more than two orders of magnitude. This
reinforces the qualification above and should be borne in mind in
the comparisons that follow.

To contextualize this power level within established biolog-
ical signaling thresholds, three benchmarks are instructive. The
human rod photoreceptor is activated by a single photon carry-
ing approximately 3.6 × 10−¹⁹ J, with the visual system reliably
detecting flashes of 5–7 photons [70]. Cryptochrome photore-
ceptors, mediating circadian entrainment and magnetoreception,
are activated by single-photon absorption events in the 400–450
nm range (approximately 4.4 × 10−¹⁹ J per photon), overlapping
with the spectrum of intentional UPE measured in humans [23],
with a single absorption event sufficient to initiate a measurable
redox signaling cascade [71, 72]. A single neural action potential
consumes approximately 10−¹² J, placing the 0.83 pW intentional
biophotonic signal (8.3 × 10−¹³ J per second) within the same
order of magnitude. This last equivalence holds for the inten-
tional case alone. Spontaneous emission lies about three orders
of magnitude below the energy of a single action potential. These
comparisons demonstrate that biophotonic power levels are not
anomalously weak but precisely within the range at which evolved
biological sensors operate.

A critical qualification concerns the fraction of emitted bio-
photons effectively absorbed by a recipient’s skin. At dominant
UPE wavelengths of 450–670 nm, the single-pass absorbed frac-
tion within the epidermis, taken as a mean thickness of 0.1 mm,
is small. Using pooled in vivo absorption coefficients, it lies below
1% in the red and reaches only a few percent toward the blue,
rising to between 6% and 27% when the full combined depth
of epidermis and dermis is considered, with the value depending
on wavelength, skin phototype, and depth [73]. These single-
pass estimates are lower bounds, since reduced scattering exceeds
absorption by 1–2 orders of magnitude across this range and
substantially lengthens the optical path within the tissue. The
absorbed dose available at the chromophore is therefore well below
the emitted power. This does not undermine biological relevance;
it reinforces it. Cryptochrome activation requires only a single-
photon absorption event per receptor molecule [71, 72], and rod
photoreceptors operate reliably at 5–7 photons per flash. The bio-
logically relevant parameter is therefore not total emitted power
but absorbed dose at the chromophore level, a quantity deter-
minable using the polychromatic spectral analysis described in
Technique 3.

The relationship between interpersonal photonic signaling
and therapeutic photobiomodulation requires explicit statement,
since the two are readily conflated. Photobiomodulation is applied
at fluences of the order of 0.1–10 J cm−². A 20-minute exposure
at a surface flux of 100 photons·s−¹·cm−² delivers on the order
of 10−¹³ J cm−², so the two regimes are separated by some 12–14
orders of magnitude, and no adjustment of exposure duration
or hand-to-skin distance closes that gap. It follows that inter-
personal photonic signaling cannot inherit the evidential support
accumulated for photobiomodulation, and no such inheritance
is claimed here. What the two may share is the transduction
pathway, namely, the same endogenous chromophores and the
same downstream redox cascades, and not the dose at which that
pathway is engaged. Any mechanism proposed for the interper-
sonal case must therefore be one in which the limiting quantity is
the number of photons reaching a chromophore rather than the

energy they deposit, and it is on that basis, not on analogy with
photobiomodulation, that the hypotheses below are to be judged.

This rules out mechanisms based on direct energy trans-
fer. Endogenous biophotons may contain information encoded
in photon counting time series [74], with emerging diagnostic
applications [75]. A flux in the femtowatt to picowatt range is
biologically insignificant as a bioelectrical charge yet precisely
within the range theorized to act as a coherent low-entropy
signal, consistent with the Arndt–Schulz Law [76]: weak stim-
uli slightly accelerate vital activity, moderately stronger stimuli
increase it further, and very strong stimuli suppress function.
The 0.83 pW signal represents the quintessential weak stimu-
lus, capable of synchronizing endogenous cellular oscillations and
modulating cryptochromes, PI3K/Akt [77], TNF-𝛼 [78], tubulin
and β-actin [79], and telomeres [80]. The effectiveness of BT lies
not in energy brute force but in the precision and coherence of its
information [81–83], acting as an external tuning signal that recal-
ibrates the recipient’s endogenous biophotonic network without
constituting the source of biological energy driving the therapeu-
tic response. For a comprehensive methodological overview, see
Supplementary Material S1.

2.3. The role of biological waveguide candidates

The hypothesis is that the human body possesses a sophis-
ticated endogenous photobiomodulation system. This system
captures light from the external environment (artificial light or
exogenous biophotons), generates (photogenesis), and transmits
coherent endogenous biophotons through a network of pho-
tobiomodulatory sensor potentials and biological waveguides,
regulating cellular function and systemic homeostasis. This bio-
physical puzzle is explained in detail in the following subsections,
but first, a preamble to this topic is necessary.

Research comparing normal human fibroblasts with xero-
derma pigmentosum (XP) cells deficient in DNA excision repair
provides direct evidence for this concept [84]. Normal cells pos-
sess an efficient mechanism for capturing ultraweak photons,
exhibiting a characteristic hyperbolic decay of photon re-emission
after pre-illumination, interpreted as coherent re-scattering from
collective nucleic acid excitation. XP fibroblasts lack this photon-
storage capacity, releasing a pronounced burst of emission upon
subsequent illumination [59]. This suggests that DNA repair
machinery is integral to light-energy conversion: UV-induced
pyrimidine dimer formation acts as a light-trapping step, anal-
ogous to retinal isomerization in vision [85], with subsequent
excision and repair converting captured photonic energy into
biochemical signals influencing melanogenesis [86].

Based on the established biochemical paradigm, mammals
are classically defined as chemotrophic organisms that rely on the
oxidation of chemical substrates to produce ATP. This hypoth-
esis proposes an expansion of that concept by introducing the
term chemophotogenic to describe a complementary mechanism.
Beyond chemical nutrition, mammalian biological systems cap-
ture environmental light signals and employ them not as an
energy source per se but as a signal for preconditioning pho-
tobiomodulation. This external optical signal acts as coherent
information that drives the generation of ultra-weak endogenous
photon emissions through redox reactions and the activation of
molecular constellations in a state of quantum coherence, func-
tioning as a biophotonic communication system that orchestrates
cellular processes, modulates signaling pathways, and optimizes
mitochondrial function.
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The external signal is transmitted throughout the body via
specialized structural pathways or biological waveguides. Four
candidates are proposed: human skin [87–90], the interstitium
[91], the primo-vascular system (PVS) [92–95], and liquid-
crystalline collagen networks [96–99], which are described in detail
in Supplementary Material S2.

2.4. Photophysical events and information

Cells organize pigments into nanometric architectures that
fine-tune photophysical events, optimizing reactant distances,
modulating optical and redox transitions, and isolating specific
reactions, conferring exceptional control over photoinduced pro-
cesses. As schematized in Figure 2, incident photon streams create
electronically excited states in pigments (Pᵢ*), triggering two dis-
tinct reaction chains: (I) signal transduction chain (information):
processes informational content encoded in wavelength, intensity,
temporal pattern, and coherence. From enzymatic activation to
vision, informational richness emerges from subsequent signal-
ing cascades that amplify and interpret the initial photochemical
event; (II) Gibbs energy transduction chain: converts and stores
radiation energy in chemically usable forms, as in photosynthesis,
meeting fundamental energy demands of life [100, 101].

In the context of energetic biocommunication and BTs, it
is proposed that exposing the skin of a recipient human organ-
ism to radiation in the UPEs spectrum, whether endogenous,
from another organism, or from a therapeutic source, predomi-
nantly activates the signal transduction chain. UPEs, with their

intensity orders of magnitude below the thermal damage thresh-
old, do not possess sufficient raw energy to act as a significant
metabolic fuel. Their role, therefore, is not energetic, but infor-
mational. In this way, information emerges as the final product
of biocommunication between biological materials with optical
properties. This information, encoded in the pattern of incident
photons, is transduced by the network of cellular chromophores
(in the skin, membranes, cytoplasm, and mitochondria) and,
through signaling cascades, is finally expressed in the recipient
organism as a measurable physiological change. Such changes
can range from the regulation of gene expression and modulation
of enzymatic activity (documented in studies with BTs) to sys-
temic effects such as neuroendocrine-immune modulation. This
conceptual model positions the human body as a photoinformatic
(from Greek: photo-, light; informatic, pertaining to informa-
tion processing; meaning “a system that encodes, transmits, and
decodes biological information through light”) system, where light
acts as the medium for a biocomputation that regulates home-
ostasis, converting specific patterns of ultraweak electromagnetic
radiation into precise regulatory instructions.

The excitation and transduction of photonic signals within
a living biological system represent a sophisticated interplay
between endogenous chromophores and cellular nanostruc-
tures. The foundational step involves the absorption of specific
electromagnetic wavelengths by a distributed network of pho-
togenic sensors. As detailed in Supplementary Material S3,
these sensors are strategically localized across different cellular
compartments.

Figure 2
Conceptual model of information transduction mediated by biophotons in biological systems
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2.5. Optoelectronics and cellular function

A cell’s bioelectric potential, a key indicator of physiological
state, is linked to redox metabolism. Mitochondria generate bio-
photons whose intracellular intensity can be orders of magnitude
greater than externally detectable, suggesting significant potential
for intracellular signaling [102]. This electromagnetic energy can
be absorbed by endogenous chromophores, influencing electron
transport chains and ion channel conformations. A biophysical
model introduces MTs as critical intermediaries [4]. MTs act as
quantum-electrodynamic cavities, supporting coherent states and
interacting with electromagnetic fields. Thus, MT states modu-
lated by mitochondrial biophotons influence membrane electrical
properties, synaptic strength, and neuronal computation, estab-
lishing a biophoton–microtubule–membrane electricity signaling
axis.

This electric field can explain diverse cellular responses to
light [103], including modification of enzymatic activity, altered
kinetics of adenine nucleotides, stimulation of the Na+/K+
ATPase pump, regulation of intracellular Ca2+, and enhanced
mitochondrial ATP synthesis. Therefore, the bioelectric potential
of the cell emerges not only as a product of ionic gradients and
metabolic energy but also as a property susceptible to modulation
by its own intrinsic photonic emissions, creating a sophisticated
cycle of energetic and informational feedback. The diagram in
Figure 3 organizes the mechanism of this hypothesis of energetic
biocommunication with an intentional focus on healing between
a biofield healer and the recipient/patient’s skin.

3. Laboratory Analysis Techniques

To transcend the theoretical realm and subject the hypoth-
esis of energetic biocommunication via biophotons to empirical
scrutiny, a robust, multilevel approach is imperative. The cen-
tral challenge lies in detecting and quantifying ultraweak photon
signals while simultaneously capturing the potential alteration
induced in cells and tissues. The core of this approach is the
direct correlation between the photon count emitted from human
hands (the proposed vector of communication) and the result-
ing biochemical and functional signatures in targeted biological
systems.

Three techniques were selected to address (1) quantification
of spontaneous and induced biophoton emission, (2) imaging of
metabolic and morphological changes in living tissues with sub-
cellular resolution, and (3) mapping of the molecular landscape
with high chemical sensitivity and specificity. The experimental
techniques described below are designed to probe the endogenous
chromophores and photosensitive structures detailed in Supple-
mentary Material S3: MPT will assess metabolic changes in
NAD(P)H and flavins within epidermal and dermal tissues; stim-
ulated Raman spectroscopy (SRS) will map vibrational signatures
of lipids, proteins, and metabolites in the same regions; and poly-
chromatic spectral analysis will characterize the UPE emitted
by these very chromophores under various conditions. Future
implementation of these techniques should incorporate explicit
controls, sham conditions, blinding procedures, and sufficient
sample sizes to enable rigorous statistical inference.

Figure 3
The hypothesis: An endogenous photobiomodulation system
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3.1. Technique 1: multimodal multiphoton
tomography (MPT)

MPT is a state-of-the-art, noninvasive imaging technology
for high-resolution, label-free optical biopsies of living tissues
[104–111]. MPT relies on nonlinear optical interactions of
near-infrared laser pulses with endogenous tissue components,
providing simultaneous imaging through three modalities: two-
photon autofluorescence (AF) from NAD(P)H and flavins for
single-mitochondria visualization; second harmonic generation
(SHG) from collagen for extracellular matrix delineation; and
fluorescence lifetime imaging (FLIM) for quantitative metabolic
readouts. Reflectance confocal microscopy provides contrast from
cell membranes and melanosomes. MPT is specifically suited
to probe the biological targets of H1 and H2 because its two-
photon AF channel directly excites NAD(P)H and flavins at the
single-mitochondria level, while its FLIM readout quantifies the
metabolic shift between bound and free NAD(P)H—the most
sensitive available marker of oxidative phosphorylation changes
induced by UPE absorption in dermal and epidermal tissues.

The MPT compact integrates an air-cooled femtosecond
fiber laser (780 nm) into a 360° imaging head [104], with subcel-
lular lateral resolution (0.3 µm). With functional metabolic data
in vivo, MPT enables early diagnosis of skin pathologies and in
situ evaluation of interventions, potentially reducing the need for
physical biopsies [104]. In the context of this framework, MPT
is linked to the chromophore network detailed in Supplementary
Material S3: it directly images NAD(P)H and flavin activity, pro-
viding functional readouts of the metabolic state that determines
UPE intensity and coherence. MPT is therefore the technique of
choice for assessing morphological and metabolic responses in
recipient tissue following BT exposure.

3.2. Technique 2: stimulated Raman spectroscopy
(SRS)

SRS [112–118] constitutes an advanced analytical technique
based on nonlinear optical processes that enables the detection and
imaging of molecular species with high sensitivity and chemical
specificity, without the need for external labels [112]. SRS relies on
coherent interaction between pump and Stokes beams tuned to
match molecular vibrational frequencies; under resonance, energy
transfer occurs between beams, producing a signal proportional
to analyte concentration.

For biophoton research, the SRS technique offers high sensi-
tivity for real-time, subcellular monitoring of lipids, proteins, and
metabolites. Its coherent, directional signal enables rapid imaging
of dynamic processes, while its hyperspectral capability allows for
the simultaneous mapping of multiple molecular components to
identify vibrational signatures of bioenergetic states. SRS is specif-
ically linked to the molecular targets of H2 and H4: it can map
alterations in tubulin, β-actin, lipid composition, and metabolic
cofactors, precisely the biomolecules that exhibit Granger-causal
coupling with the electroencephalogram (EEG) of a BT practi-
tioner during healing sessions [79]. A critical distinction must be
noted: the SRS technique described here employs coherent laser
sources as probe beams, which are not equivalent to human bio-
photon emission. Relevant similarities lie in the spectral overlap
between SRS probe wavelengths and UPE emission bands, as well
as in shared molecular targets, and this distinction must be explic-
itly addressed in future experimental designs. The implementa-
tion utilizes synchronized femtosecond/picosecond lasers focused
through a high-numerical-aperture objective, employing balanced

detectors and lock-in amplification. For human studies, SRS
must be combined with ultrasensitive photon detectors to cor-
relate molecular changes with biophoton emission patterns
(Supplementary Material S4).

3.3. Technique 3: polychromatic spectral analysis of
ultraweak biophotonic emissions

The application of an advanced polychromatic spectroscopy
system, specifically designed to characterize spectral patterns
of UPE in humans, provides a solid methodological founda-
tion for investigations into energetic biocommunication between
individuals. The system overcomes the limitations of conven-
tional filter-based spectroscopy methods, which operate under a
monochromatic scheme with low temporal resolution [119–121],
using an optical lens, diffraction grating, and cooled CCD cam-
era for simultaneous spectral acquisition across 450–750 nm.
This polychromatic approach is essential for capturing biopho-
tonic emissions approximately 1,000 times below the human visual
threshold.

Spectral analysis of spontaneous fingertip UPE has revealed
dominant emission between 570 and 670 nm with a primary peak
at 600–650 nm, distinct from melanin/linoleic acid chemilumi-
nescence (550–600 nm), suggesting the involvement of additional
fluorophores beyond melanin [67, 68]. Polychromatic spectral
analysis is the only technique among the three capable of directly
quantifying the UPE signal itself, resolving its spectral distri-
bution across 450–750 nm, and thereby providing the reference
measurement against which the molecular changes detected by
MPT and SRS can be causally attributed to biophotonic stimula-
tion rather than to thermal or mechanical artifacts. This positions
Technique 3 as the anchoring measurement of the tripartite frame-
work: without a direct photonic correlate established by spectral
analysis, the biochemical readouts of MPT and SRS remain
mechanistically unanchored. Importantly, the experimental setup
shown in Figure 1 is a research-grade UPE measurement system,
not a standard commercial device, and its performance character-
istics including sensitivity, dark noise, and acquisition time should
be explicitly described in any experimental protocol to allow
reproducibility assessment. For biocommunication research, this
technique offers noninvasive detection of natural biophotonic
emissions without external markers, complete spectral patterns for
identifying biochemical signatures of physiological, emotional, or
pathological states, and potential for developing diagnostic tools
through databases correlating UPE spectra with skin type, age,
health status, and interpersonal states.

4. Limitations

A rigorous evaluation of this framework requires acknowl-
edging several interconnected limitations spanning instrumen-
tation, biological variability, and theoretical grounding. UPE
intensities in the range of 1–1,000 photons·s−¹·cm−², equivalent
at 600 nm to approximately 3 × 10−¹⁹ to 3 × 10−¹⁶ W/cm²,
place detection at the outer limits of current photometric tech-
nology, demanding cooled detectors (−80 to − 100 °C), complete
optical isolation, and extended acquisition times, with rigorous
pre- and post-session baselines to distinguish genuine biophotonic
modulation from instrumental drift.

Reproducibility is inseparable from biological heterogeneity.
Beyond circadian rhythm, emotional state, and hydration, skin
phototype of both practitioner and recipient represents an under-
controlled variable: Fitzpatrick types I–II exhibit higher epidermal
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transmittance in the 450–670 nm range than types V–VI, intro-
ducing systematic variability across subject pairs. Standardization
protocols incorporating phototype characterization of both indi-
viduals, fully shielded environments, and operator-independent
acquisition systems are essential but not yet established.

Maintaining coherence across biological distances remains
the most significant theoretical gap. It has not yet been experi-
mentally demonstrated how a signal at the picowatt scale preserves
coherence while traversing warm, hydrated, and structurally com-
plex tissue layers over clinical distances between practitioner and
recipient. Furthermore, BT studies are susceptible to placebo
effects and operator-dependent variability, and rigorous double-
blind experimental designs incorporating sham conditions are
essential yet rare.

Three of the four candidate waveguide structures proposed
in Supplementary Material S2 require substantially more exper-
imental investigation: the PVS lacks broad scientific consensus
and independent replication; the fascial collagen network, while
biophysically plausible, lacks direct demonstration of photon
propagation under physiological conditions; and the interstitium
has not yet been the subject of direct biophotonic measure-
ments. The skin remains the exception, with its photoreceptive
and absorptive roles well-established. Resolving these uncertain-
ties will require polychromatic spectral analysis combined with
tissue-specific optical coherence methods, alongside advances in
EMCCD sensor cooling, LCTF spectral ranges, and signal pro-
cessing, aiming to map the distribution of absorbed biophotons
with the resolution necessary to test hypotheses H1 through H4.

5. Conclusions

This perspective has presented a biophysical framework posi-
tioning the human body as a photoinformatic system, explicitly
framed as speculative but empirically grounded hypotheses. The
chemophotogenic model proposes that UPEs serve as a reg-
ulated medium for energetic biocommunication rather than a
metabolic epiphenomenon. The four sub-hypotheses articulate
distinct mechanisms through which internal biophotons from a
BT practitioner might modulate a recipient’s biological state:
chromophore-mediated signal transduction (H1), redox pathway
modulation (H2), coherence enhancement of healthy cells (H3),
and immune cell guidance via galvanotaxis (H4).

The proposed tripartite experimental strategy, combining
MPT for metabolic imaging, SRS for molecular mapping, and
polychromatic spectral analysis for UPE characterization, pro-
vides a methodological foundation that, when implemented with
rigorous controls including sham conditions, blinding, and ade-
quate sample sizes, offers a path toward empirical validation or
refutation of these hypotheses. By grounding energetic biocom-
munication in measurable parameters and explicit mechanistic
predictions, this work aims to stimulate the design of experiments
that will determine whether BTs operate through endogenous pho-
tonic signaling and how this knowledge might be translated into
evidence-based clinical applications.
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