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Biophotons: Invisible Light, Visible Life

Biophotons are ultra-weak electromagnetic radiation emitted by ALL living organisms:

• Energy → 1.7 eV – 3 eV

• Wavelength → 400 nm – 700 nm (Visible Range)

• Low Rate → 1 ÷ 300
𝑝ℎ𝑜𝑡𝑜𝑛𝑠

𝑠∙𝑐𝑚2 → ቊ
≪ 𝑩𝒊𝒐𝒍𝒖𝒎𝒊𝒏𝒄𝒆𝒔𝒄𝒆𝒏𝒄𝒆
≫ 𝑻𝒉𝒆𝒓𝒎𝒂𝒍 𝒍𝒖𝒎𝒊𝒏𝒆𝒔𝒄𝒆𝒏𝒄𝒆

 

THE BIOPHOTONS EMISSION IS 
CONNECTED WITH LIFE: 

IT STARTS WITH BORN AND END WITH DEATH

Biophotons emitted by a 
soybean. (Scott et al 
”Ultraweek emission imagery of 
mitosis soybeans, 1989)



Biophotons: Invisible Light, Visible Life

Biophotons in humans

Kobayashi M, Kikuchi D, Okamura H, PLOS ONE
(2009) 

Biophotons in plants and animals

V. Salari et al, The Journal of Physical Chemistry 
Letters (2025)



Biophotons: Invisible Light, Visible Life

There are two main hypothesis about the mechanism of  biophoton generation:

Biophoton image of a person’s right 
hand. The bright region of the finger 
shows the effect of cigarette smoking 
(https://atlasofscience.org).

➢ Random radiative decay of some molecules 
excited by metabolic events (oxidative 
process, radical reactions, etc…)

➢ Coherent electromagnetic field generated 
within and between the cells (biochemical 
reactions involving oxygen)

Hypotheses are not mutually exclusive - emission 
could have dual origin.

A study performed by us collaboration in 2022 
revealed patterns consistence with Quantum 

Coherence!
M. Benfatto et al., Biophotons and Emergence of Quantum 

Coherence—A Diffusion Entropy Analysis, Entropy, 2023



Measuring Biophotons in Plants: 
Apparatus and experimental approach

The collaboration realized an experimental setup 
consisting in:

• The germination chamber: realized in black 
PVC and with a cylindrical dug to host a petri 
dish of 4-7 cm in diameter.

• A photon counting system: a H12386-210 
high-speed counting head (Hamamats). 

• A turning filters wheel: having 6 circular 
positions used for the color filters, one empty 
and one closed with a black cap. 

Arduino board and a LabVIEW-
based system were used for DAQ 
and Slow control. 
Counts were read every 
second.



Photocounter placed here Petri dish with lentils placed here

Filter wheel

DETECTOR

Pictures of the apparatus

Monted Dismonted



Measuring Biophotons in Plants:
Experimental Campaign 

DARK COUNTS 76 GERMINATING LENTILS

Residual Luminescence

BIOPHOTON EMISSIONS MEASURED IN THREE DAYS OF DATA TAKING



Measuring Biophotons in Plants:
Experimental Campaign 

ONE BEAN We rescaled the time scale of the single 
bean by a factor of 0.164, for comparison 
with lentils signal.

Minima Aligned

Maxima Aligned (C)



Other Measurements on seeds
50 seeds of  Triticum aestivum - common 
wheat

Normalizing for the number of seeds and
the time window size we obtain almost
the same counts/sec of the lentil seeds

7000 seeds of Arabidopsis thaliana placed
on a Petri dish with Agar medium

C.M. Gallep and S.R. dos Santos , Seed Sci. 
&Technol. 35 (2007)

H. Saeidfirozeh et al. Scientific Reports (2018)



The Key Role of the light discrimination: 
The filter wheel allow the discrimination of the different spectral components of the 
light biophotons produced 

76 lentils case Filters bandwidth

COLOR DISCRIMINATION WITH THE FILTER WHEEL HELPS ANALYZE AND IDENTIFY 
MEANING OF BIOPHOTONIC RESPONSES.



Using a logistic equation to describe the growth of a population: ሶ𝑛 𝑡 = 𝑎 ∙ 𝑛 𝑡 + 𝑏 ∙ 𝑛2(𝑡) 

• n(t) is the number of cells growing 
• a and b are constants that depend on the system

𝑛 𝑡 =
𝑎 ∙ 𝐶𝑒𝑎𝑡

1 + 𝑏 ∙ 𝐶𝑒𝑎𝑡

• 𝐶 =
𝑛(0)

𝑎−𝑛(0)∙𝑏
depending on the initial condition. 

Considering different type of units in the seeds 
activated at different time with different time scales

𝑛 𝑡 = 𝑎2𝑒𝑎𝑡෍

𝑖=1

𝐽
𝐶𝑖

(1 + 𝑏𝑖 ∙ 𝐶𝑖𝑒
𝑎𝑡)2

J represents the number of seed units activated at 
different times.

The solution is:

May be biophotons a communication

mechanism among cells?

Data Analysis – Population Growth



The Diffusion Entropy Analysis (DEA)

Key Concept:
Convert the experimental time series into a diffusional 
trajectory, and then calculate scaling factors.

Germinating plants are a complex system: formed by several interacting units 
generating a whole with specific properties such as non-linearity, self-similarity, self-
organization, just to quote a few.

The Diffusion Entropy Analysis (DEA) was introduced into literature in the early 2000s for 
the analysis of complex systems. 

The seed can in fact be thought of as a system that self-
organizes when it begins to germinate because of watering.

The apparatus acquired number of photons by the counter every 1 s

We can build different time series by 
grouping counts over time intervals larger 
than the acquisition time (1 s), creating 
new series with different time scales.

𝑥 𝑡 = න
0

𝑡

𝜉 𝑡′ 𝑑𝑡′ + 𝑥(0)

ሶ𝑥(𝑡) = 𝜉(𝑡)



The Diffusion Entropy Analysis (DEA)

We examine the probability distribution function (PDF) p(x, l) of displacements over a 
moving window of size l, and then calculate Shannon entropy:

𝑆 𝑙 = −න𝑝 𝑥, 𝑙 ln 𝑝 𝑥, 𝑙 𝑑𝑥

If the process is characterized by a scaling law 𝑝 𝑥, 𝑙 ~
1

𝑙𝛿
𝐹

𝑥

𝑙𝛿
for a stochastic process. 

The entropy grows as S 𝑙 ~𝛿 ln 𝑙, where 𝛿 characterize the diffusion:

• 𝛿 = 0.5 → Normal diffusion (Brownian Motion), no correlations

• 𝛿 ≠ 0.5 → Anomalous diffusion, possible underlying 
correlations, memory effects, or hidden structures

In systems with renewal events uncorrelated, memory-resetting events 
are separated by random waiting times τ, distributed as

Φ(𝜏)~𝜏−𝜇 With:

• 1 < 𝜇 < 2 → strongly non-stationarity

• 2 < 𝜇 < 3 → weak non-stationarity

• 𝜇 ≅ 3 →normal distribution, stationarity

Possible presence of 
crucial events, sign of 
possible correlation in 
biophotonic emission



DEA Analysis – With No Stripes

dark
seeds

Without seeds m=2.73, close to 3 which is
the border of the ordinary statistics, while
with seeds m goes from 2.29 to 2.44 -
much less than 3.
The difference between dark and seeds
is clearly shown

𝜇 = 2,73 ≅ 3

No Correlations

𝝁 = 𝟐, 𝟐𝟗 ÷ 𝟐, 𝟒𝟒

CRUCIAL EVENTS



DEA Analysis – With Stripes
Standard DEA captures global complexity but is mostly sensitive to Gaussian 
fluctuations. 

For a better highlight of Crucial 
Events, especially in tails, the 
signal is converted into a binary 
sequence marking threshold 
crossings (stripes)

This enhances visibility of non-Gaussian 
dynamics and long-range memory effects.



Data Analysis conclusion and perspectives

• Standard DEA applied to biophoton signals from germinating plants revealed 
crucial events, suggesting a possible communication mechanism — 
potentially linked to individual or collective intelligence.

• The stripes-based DEA enabled a deep signal characterization by 
highlighting regions rich in crucial events, potentially linked to communication 
mechanisms and aiding signal decoding.

For example the analysis of the Electroencephalogram in humens shows that
the human brain in good health generates crucials events with μ =2,
instead μ=3 corresponds to a pathological state.

Which impact could have these kind of studies???

Dea applied to biophoton emission from germinating plants in darkness can reveal 
transitions from healthy to pathological states.

BIOPHOTONS OFFER A NON-INVASIVE TOOL TO ASSESS PHYSIOLOGICAL 
CONDITIONS IN LIVING ORGANISMS.



Data Analysis conclusion – more details

M. Benfatto et al.; Biophotons and Emergence of 
Quantum Coherence —A Diffusion Entropy 
Analysis. Entropy 23 554, 2021.

L. De Paolis, et al.; “Biophotons: A Hard 
Problem”, Applied Sciences14(13), 5496, 
2024.

M. Benfatto et al.; Biophotons: New Experimental
Data and Analysis. Entropy 25 1431, 2023.



First measurement on cell target
Recently, we performed a first measurement of biophotons emitted by
cellular samples in the laboratories of Fondazione Pisana per la Scienza, in Pisa,
Italy.

Measured were carried out on:

• Astrocytes cultures

• Glioblastoma cultures



A new apparatus developed at LNF

A new cylindrical apparatus was designed and developed in Frascati as a further
machine for the measurement biophotons in biological system.

Monte Carlo simulation
GEANT4

Estimated Geometrical Efficiency 0.6% with the petri dish
at 3 cm from the photon counting.



Targets

Human Brain Astrocytes (HBA) and Glioblastoma (T98G) samples were exposed to
biophoton measurement machines for two days of data taking each sample.

Petri dishes were placed at 3 cm from
the photo-counter (0.6% of geometrical
efficiency)

The incubator was kept at a temperature
of 37 °C

The Cristal Violet technique shown in
figure, reveals how the distribution of
cells and, therefore, their proliferation is
not homogeneous, thus affecting the
geometrical efficience of the
apparatuses.



Data Taking - Tor Vergata (TOV) Machine

The TOV machine collected 2 days of data taking for each biological sample and 2 days
of Darkness data taking (no sample inside the machine)

The mean signal 𝑚 increase progressively
from dark to astrocytes and glioblastoma,
reflecting the higher biological activity or
scattering contribution of the samples.



Data Taking - Frascati (LNF) Machine

The LNF machine collected 2 days of data taking for each biological sample and 2 days
of Darkness data taking (no sample inside the machine)

The mean signal 𝑚 increase progressively
from dark to astrocytes and glioblastoma,
reflecting the higher biological activity or
scattering contribution of the samples.



DEA Analysis and Results
DEA shows that astrocyte and glioblastoma signals have distinct scaling behaviors, clearly 
different from those observed in darkness.

Dark: 𝝁 → 𝟑

Glioblastoma and Astrocytes:
𝟐 < 𝝁 < 𝟑 →CRUCIAL EVENTS!



These results confirm that DEA with the stripes provide a more powerful tool to reveal 
hidden dynamics and memory effects in biophoton signals, enabling a better 
discrimination between cell types and physiological states.

DEA Analysis and Results

The two systems (LNF vs TOV) show a ~10% 
difference in μ without stripe correction, 
reduced to ~7% with stripes. 

This discrepancy likely reflects 
instrumental variations, such as electronic 
response or phototube behavior.

Glioblastoma show higher μ than 
astrocytes, approaching 3 — indicating 
stronger correlations and persistent dynamics 
and increased COMPLEXITY TYPICAL OF 
PATHOLOGICAL STATES.



Data Analysis conclusion – more details

L. De Paolis et al, First experimental measurements of biophotons from 
Astrocytes and Glioblastoma cell cultures, ArXiv 2510.05792, 2025

NEW



Conclusions
• The Biophoton Collaboration developed two highly sophisticated setups for 

biophoton measurement, ensuring ultra-low dark noise and reliable signal 
detection.

• Biophotons were observed in plants, and crucial events were revealed and 
discriminated using DEA with Stripes —specifically developed for biophoton 
signal analysis and applied here for the first time.

• First biophoton measurements on astrocytes and glioblastoma samples
were conducted at Fondazione Pisana per la Scienza, revealing crucial events and
enabling discrimination between the two cell types — with glioblastoma signals
suggesting a pathological state.

MAY THE BASIS FOR A
DIAGNOSTIC TOOL?

• The study and collection of biophoton signals may built a dataset to reveal
quantum coherence hidden in the process. Future analyses will aim to uncover 
possible quantum features within the biophoton signal, shedding light on its deeper 
physical nature.



Future Perspectives
What are we doing or are we planning to do for the future?

1. We are realizing a new DAQ system for a better collection of signal, avoiding 
possible counts lost and reducing background.

3. The DEA with stripes analysis, especially developed for the biophoton signals, is
being formalized and write for a dedicated paper.

4. NEW SETUP will be designed at the end, including new sensors, a cooling system, 
a dedicated and developed new filter wheel, a new optics and a new DAQ suitable 
and comfortable for measurements in the incubator.

2. We are studying a new optics to increase the geometrical efficiency of the 
apparatuses (presenty 0.6%)

We are planning new measurements on plants and biological samples using upgraded 
apparatuses and DAQ systems, aiming for cleaner and more fundamental biophoton 
data. These studies will shed light on the communicative and quantum nature 
of biophoton signals, and may lay the groundwork for future diagnostic databases.



THANK 
YOU!!!
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