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Summary

Background: Various physiologic and biochemical shifts can follow
meditation. Meditation has been implicated in impacting free radical ac-
tivity. Ultraweak photon emission (UPE, biophoton emission) is a con-
stituent of the metabolic processes in a living system. Spectral analysis
showed the characteristics of radical reactions. Objectives: Recording
and analysing photon emission in 5 subjects before, during and after
meditation. Methods: UPE in 5 subjects who meditated in sitting or
supine positions was recorded in a darkroom utilising a photomultiplier
designed for manipulation in three directions. Results: Data indicated
that UPE changes after meditation. In 1 subject with high pre-meditation
values, UPE decreased during meditation and remained low in the post-
meditation phase. In the other subjects, only a slight decrease in photon
emission was found, but commonly a decrease was observed in the kur-
tosis and skewness values of the photon count distribution. A second
set of data on photon emission from the hands before and after medita-
tion was collected from 2 subjects. These data were characterised by
the Fano factor, F(T), i.e. variance over mean of the number of photo-
electrons observed within observation time T. All data were compared
to surrogate data sets which were constructed by random shuffling of
the data sets. In the pre-meditation period, F(T) increased with observa-
tion time, significantly at time windows >6 s. No such effect was found
after meditation, when F(T) was in the range of the surrogate data set.
Conclusions: The data support the hypothesis that human photon emis-
sion can be influenced by meditation. Data from time series recordings
suggest that this non-invasive tool for monitoring radical reactions dur-
ing meditation is useful to characterise the effect of meditation. Fano
factor analysis demonstrated that the time series before meditation do
not represent a simple Poisson process. Instead, UPE has characteristics
of a fractal process, showing long-range correlations. The effect of med-
itation waives out this coherence phenomenon, suggesting a weaker
and less ordered structure of UPE. In general, meditation seems to influ-
ence the complex interactions of oxidative and anti-oxidative reactions
which regulate photon emission. The reason for the statistical changes
between pre- and post-meditation measurements remains unclear and
demands further examination.
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Zusammenfassung

Hintergrund: Verschiedene physiologische und biochemische Verande-
rungen konnen durch Meditation ausgeldst werden. Meditation beein-
flusst moglicherweise auch die Aktivitat von freien Radikalen. Die ultra-
schwache Photonenemission (UPE, biophoton emission) ist ein Be-
standteil der metabolischen Prozesse in lebenden Systemen. Spektral-
analysen zeigten die Merkmale der Radikalreaktionen. Zielsetzung:
Erfassen und Analysieren der UPE bei 5 Personen vor, wahrend und
nach der Meditation. Methoden: Die UPE wurde bei 5 Personen, die in
sitzender oder liegender Haltung meditierten, mit einem in drei Richtun-
gen beweglichen Photomultiplier in einer Dunkelkammer aufgenom-
men. Ergebnisse: Die Daten zeigten, dass sich die UPE nach der Medita-
tion veranderte. Bei einer Person, die vor der Meditation hohe UPE-
Werte hatte, nahm die UPE wahrend der Meditation ab und blieb niedrig
in der Phase nach der Meditation. Bei den anderen Personen war die
Abnahme der Photonenemission nur schwach, aber im Allgemeinen
nahmen die Kurtosis und die Schiefe der Photonenverteilung ab. Ein
zweiter Datensatz iber die Photonenemission von den Handen vor und
nach der Meditation wurde bei zwei Personen gesammelt. Diese Daten
lieRen sich charakterisieren durch den Fano-Faktor F(T), also als Varianz
tber den Mittelwert der Anzahl der Photoelektronen, die wahrend einer
bestimmten Zeitspanne beobachtet wurden. Alle Daten wurden mit
einem Satz von Zufallsdaten verglichen, der durch eine zuféllige Mi-
schung der empirischen Daten zustande kam. Vor der Meditation nahm
F(T) bei Zeitfenstern >6 s (iber die Beobachtungszeit signifikant zu. Die-
ser Effekt war nach der Meditation nicht sichtbar. Hier lag F(T) im Be-
reich der Zufallswerte. Schlussfolgerungen: Die Daten stltzen die Ver-
mutung, dass menschliche Photonenemission durch Meditation beein-
flusst werden kann. Eine Zeitreihenanalyse der Daten legt nahe, dass
dieses nichtinvasive Werkzeug hilfreich ist, um die Reaktion freier Radi-
kale wahrend der Meditation zu beobachten und diesen Meditations-
effekt genauer zu beschreiben. Die Analyse des Fano-Faktors zeigte,
dass die Zeitreihenanalyse vor der Meditation kein einfacher Poisson-
prozess ist. Stattdessen hat die UPE alle Merkmale eines fraktalen Pro-
zesses und zeigt weit reichende Korrelationen. Der Effekt der Meditation
verhindert dieses Koharenzphanomen und legt deshalb eine schwache-
re und weniger geordnete Struktur der UPE nahe. Allgemein scheint
also Meditation die komplexen Interaktionen der oxidativen und antioxi-
dativen Reaktionen zu beeinflussen, die der Photonenemission zugrun-
de liegen. Die Ursache fiir die statistischen Veranderungen zwischen
Vor- und Nachmeditationsmessungen ist noch unklar und erfordert
weitere Untersuchungen.
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Introduction

Meditation refers to a family of techniques that share a con-
scious attempt to not dwell on discursive, ruminating thoughts
but rather to focus attention in a non-analytical way [1]. Peo-
ple who meditate often develop their own mix of techniques.
These can embrace mindfulness meditation, concentrative
meditation, passive breathing exercises, yoga stretching, im-
agery, and autonomic training. In general, it is difficult to esti-
mate exactly which part of the technique is responsible for the
meditation experience. One definition of meditation experi-
ence is labelled ‘unity’, i.e. the loss of difference between sub-
ject and object [2]. Various physiologic and/or biochemical
shifts can follow meditation. Short-term physiologic effects
during and immediately after meditation have been described
by various authors for more than 30 years [3]. Davidson et al.
[4] demonstrated alterations of both left anterior activation
and antibody titres to influenza vaccine in subjects who medi-
tated 45 min daily over a 6-week period. In addition, these
people met weekly for up to 3 h, and participated in a silent
7-h retreat in week 6. Long-term effects in subjects with
chronic diseases were reported [5, 6]. Transcendental medita-
tion has been implicated in impacting free radical activity as
demonstrated by lower blood peroxide levels [7]. This obser-
vation suggests that human photon emission can be influenced
by meditation.

In the field of biophotonics, highly sensitive photomultiplier
devices have been developed to non-invasively study ultra-
weak photon emission (UPE, biophoton emission) from the
human body [8]. UPE is a constituent of the metabolic
processes of any living system. Intensity fluctuations reflect
the dynamic interplay of elementary biochemical reactions
(weak molecular and supra-molecular interactions) under
physiological conditions. Recently, the authors undertook a
multi-set recording protocol of spontaneous human UPE,
using a photomultiplier especially designed to record very low
emission rates. Spectral analysis showed the characteristics of
radical reactions through lipid peroxidation [9].

Early measurements showed no clear effect of any ‘energetic
technique’ on the intensity or spectral composition of UPE
[8]. Dobrin et al. {10, 11] compared UPE in subjects who in-
tentionally tried to influence emission to that in controls. The
rather simple equipment used in their study easily explains
why the authors did not yield any clear answer. Later, Naka-
mura et al. [12] studied the influence of Qigong on biophoton
emission from the fingertips. In one subject, UPE increased
during qi emission. In the other subjects, however, no such de-
pendency between consciousness and biophoton emission was
observed. Vekaria [13] investigated the influence of intention
on photon emission from the hands and found that the mean
photon count decreased in the intention mode. Not all sub-
jects could influence photon emission with equal success,
though. Analyses revealed that there was an individual varia-
tion among as well as within subjects.
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The present study is the first to examine with photon count
statistics of hands and forehead changes in the characteristics
of the optical radiation field due to meditation in order to
find out whether there is any effect. It was not our goal to
identify a particular type or component of meditation as most
effective.

Methods

Subjects

Subjects were 5 fellow scientists who joined this research programme
out of their personal interest. All subjects, 2 females and 3 males, aged
42-65 years, reported to be healthy and were non-smokers. Each had had
experience with meditation for at least 15 years although they used dif-
ferent techniques. Four subjects (subjects 2-5) practiced daily.

Meditation Techniques

The meditation techniques used were

— a particular form of Zen meditation focusing on a monosyllable sound
while observing breathing. This approach is akin to mindfulness medita-
tion; i.e., attention is being held in the present utilising the monosyllable
to maintain focus (subject 1);

— phi-damped breathing wherein the amplitude and frequency of breath-
ing decreases until zero breathing is attained, which then initiates repe-
tition of the cycle (subjects 2 and 3);

- transcendental meditation (subject 4);

— a personal rendition of transcendental meditation comprising two parts.
The first part: saying a monosyllable while exhaling (three breathing
cycles). The second part: not thinking about anything and letting one’s
mind drift. Alternating between parts one and two until a physical sign
is experienced (subject 5).

Darkroom with Photomultiplier Device

A special darkroom and photon counting device were used to record UPE
of the subjects [cf. 9]. Walls and ceiling of that darkroom were covered
with black matt paint. It had commonly a temperature of 20 °C, and was
vented. The darkroom had a bed inside and subjects could be easily mea-
sured in lying or sitting position. The darkroom was built inside a control
room without windows, and separated by a light tight door. The control
room contained the electrical equipment and a remote computer system
for the photomultiplier and its steering system. Subjects used the control
room for adaptation. To this end it was illuminated with dim red light.
The photomultiplier (EMI 9235 QB, selected type) used could be manipu-
lated in 3 directions. It was a 52-mm diameter, especially selected, low
noise, end window photomultiplier that was mounted in a sealed housing
under vacuum with a quartz window. An additional ring at the front of
the photomultiplier tube allowed to measure a 9-cm-diameter area at a
fixed distance from the body (70 mm). This front ring was vented inside
in order to avoid condensation of moisture at the quartz window and
the shutter. The photomultiplier had a spectral sensitivity range of
200-650 nm. It was maintained at a low temperature of 25 °C in order to
reduce the dark current (electronic noise). During the experimental peri-
od, the average dark current (electronic noise) was 4.9 + 0.3 counts per
second (cps).

Protocol

Subjects were introduced to the control room and shielded from ambient
light for at least 1 h before starting the experiment. Thus, delayed photon
emission due to previous exposure to light was prevented [cf. 9]. During
that time subjects were informed about the experiment. After 1 h the sub-
jects entered the darkroom. At the beginning of the hand recordings, sub-
jects were instructed to find a comfortable sitting position similar to that
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Table 1. Photon

emission before and Subject Body area UPE before meditation, cps UPE after meditation, cps

after meditation (recording) M + s.e.m. kurtosis skewness M + s.e.m. kurtosis skewness
1 Hand 462+ 04 1.0 04 249+03 11 0.6
1 Forehead 10.0+0.2 3.0 1.2 9.9+0.2 1.8 1.0
2(1) Hand 142 +0.2 3.4 1.1 12102 1.4 0.9
2(2) Hand 16.0 +0.2 31 12 16.1+0.2 13 0.8
3(1) Hand 9.5+02 22 1.2 85+02 1.2 0.9
3(2) Hand 11.4+0.2 12 0.9 12.1+0.2 0.5 0.6
4(1) Hand 15.4+0.2 6.3 1.5 14.7+0.2 0.9 0.8
4(2) Hand 192+02 0.6 0.5 19.1+0.2 0.3 0.5
5(1) Hand 19.1+0.3 4.7 1.4 179+0.3 0.3 0.5
5(1) Forehead 148 +0.3 9.4 1.7 142+0.3 1.9 1.0
5(2) Hand 16.3+0.3 1.0 0.8 153+0.3 0.7 0.6
5(2) Forehead 12.0+0.2 1.1 0.9 114+02 0.9 0.9

utilised during meditation. Subjects were in the supine position when their

forehead was recorded. The photomultiplier was then positioned; the

door was closed, and the session began.

During the 10-min adaptation period the background (electronic noise) of

the photomultiplier was recorded. After adaptation, photon emission was

recorded in three periods of 10 min each:

— before meditation; the subjects performed a simple cognitive task (for
example, counting backwards from 1,000);

— during meditation; each subject used his/her approach to meditate;

— after meditation; the subjects again performed their cognitive task.

In the first series with all 5 subjects, each 10-min period was divided to

600 intervals of 1 s, and for Fano factor analysis (in 2 subjects) to

6,000 time intervals of 100 ms. After the experimental session, back-

ground measurements were recorded to ensure that background values

had not changed.

Data Analysis
Statistica 6.0 was used for basic statistical analyses of photon count data.
In addition, we determined the photon count distribution with increasing
time window for observing photon emission. This was found to be very
helpful to analyse the random or deterministic character of fluctuations in
action potentials [14-16] and photon count [13, 17]. Furthermore, we de-
termined the Fano factor F(T), defined as the variance divided by the
mean number in a time window T:

F(T) = Variance [Ni(T)] / mean [N;(T)]
where Nj(T) is the number of events in the i time window of length T.
The Fano factor curve is constructed by plotting F(T) as a function of the
window size T on a log-log scale. For a total block of Tmax = 600 s with
sampling times of 100 ms, T was varied from a minimum of 100 ms to a
maximum of Tmax/6, so that at least 6 non-overlapping windows of 100 s
were used for each measure of the Fano factor (index i counts the number
of windows).
From a theoretical perspective, it can be shown that for a random process
in which fluctuations in photon counts are uncorrelated, F(T) is 1 for all
window sizes [14, 15]. For a periodic process, the variance decreases and
F(T) approaches 0 as the time window is increased. For a fractal process,
F(T) increases as a power of the window size and may reach values >1.
The power-law relationship appears as a straight line with a positive slope
o. Alpha, the scaling exponent, is the power to which fluctuations in
counts on one time scale are proportional to those on larger time scales.
Linear regression is used to calculate o.. Whether the calculations for the
Fano factor curve are correct and truly reflect a fractal process and thus
long-range correlations of events was tested by constructing surrogate
data sets in which we used sets of randomised data. For this purpose, ran-
dom numbers were assigned to the photon counts in the original time se-
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ries and then the random numbers were sorted by size. In the experimen-
tal situation, only data deviating from the surrogate data set were consid-
ered as meaningful deviations and used for later evaluations.

Results

Photon Emission before and after Meditation

In another study, our group found that different subjects emit
at different intensities depending on the body location [9]. The
present study focuses on intensity alterations of photon emis-
sion within one and the same body location of a given subject.
Table 1 illustrates means and corresponding standard errors of
photon emission in the five subjects before and after medita-
tion. Mean, standard error of the mean, kurtosis and skewness
were calculated from 10-min recordings (600 measurements
of 1s). In subjects 1 and 5, UPE was recorded both from hand
and forehead; subject 5 was recorded twice. In subject 1, pho-
ton emission from the hand before meditation was more than
twice as intense as in the other subjects. Figure 1 illustrates
the results of recording hand photon emission in subject 1
over time before, during and after meditation . The intensity
of photon emission in the pre-meditation period was approxi-
mately 46 cps followed by an intensity decrease to 25 cps in
the post-meditation period. Taken into account electronic
background, meditation involved a 50% continual decline of
emission intensity. In the post-meditation period, photon
emission did not decrease further; it remained low, without
any sign of recovery within the recording period. This behav-
iour, i.e., a stable, lower intensity after the 10 min post-medita-
tion was also observed in the other subjects. However, in the
latter subjects, photon emission intensity was in most cases
only slightly decreased. The frequency distributions of photon
counts were characterised by skewness and kurtosis values
(table 1). The kurtosis, a parameter for the peakedness of a
distribution of photon counts, and the skewness, a parameter
of non-symmetry of a distribution, commonly decreased after
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meditation. This suggests that further statistical characterisa-
tion of the emission process may provide more insights.

Fano Factor

In order to further distinguish the influence of meditation on
photon emission of human beings, Fano factor analysis was
applied. For this analysis, more refined recordings at shorter
intervals were made: recording 10-min pre- and post-medita-
tion periods with 6,000 time intervals of 0.1 s increased the
window size range. Two subjects (subjects 2 and 3) were able
to contribute with 6 meditation sessions each to this series of
recordings. The data of each pre- and post-meditation session
were analysed according to a standard procedure. For a
recording time of 600 s (Tmax), we used Tmax/6 as the largest
time scale for a data block so that with 6,000 data points of
0.1 s, at least 6 non-overlapping windows of 1,000 data points
(equivalent to 100 s window time) were used for F(T). We cal-
culated F(T) values for 13 different window sizes between
0.1 s and 100 s. Figures 2 and 3 present the mean (s.e.m.) Fano
factor values at the different window sizes for pre- and post-
meditation of each subject together with the results of the sur-
rogate data set. In the pre-meditation period, the 2 subjects
showed Fano factor values >1 with a marginal increase at win-
dow sizes between 0.1-6 s. At window sizes between 6-100 s
the Fano factor increased more evidently with window size,
and rose significantly above the surrogate data set. The in-
crease in Fano factor with window size after meditation was
lower than before meditation and never rose above the level
of the surrogate data set.

In the pre-meditation period, the scaling exponent o was cal-
culated by linear regression over the range of window sizes
between 6-100 s as 0.23 + 0.04 and 0.19 + 0.06 for subjects 2
and 3, respectively. A similar calculation for the post-medita-
tion period showed o as —0.01 + 0.06 and —0.05 + 0.07, respec-
tively. Scaling exponents of pre- and post-meditation were sig-
nificantly different in both subjects (p < 0.05).

Discussion

In the present study, meditation was used as the independent
variable. Yet, it must be noted that different techniques or
combinations of techniques can be applied, and that medita-
tion is not easy to quantify. The subjects participating in the
study had learned different meditation techniques or devel-
oped a unique combination technique. Four out of 5 subjects
practiced daily. The dependent variables in the present study
were the intensity of photon emission, its distribution parame-
ters of kurtosis and skewness, and the Fano factor.

The presented pre-meditation data illustrate that the intensity
of photon emission may differ between subjects and between
body locations, ranging between 46 and 8 cps. These values in-
clude background (electronic noise) of approximately 5 cps.
The previous multi-site recording study demonstrated that
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Fig. 3. Mean (s.e.m.) Fano factor values vs. observation time (window
time) for UPE from the hands of subject 3 before and after meditation as
compared to surrogate data.

lowest emissions around 8-9 cps tend to be observed in the
morning and on the thorax-abdominal region [9]. Photon
emission increases in the course of the day depending on the
body location. This increase is relatively small in the lower ex-
tremities; thorax-abdominal region does not change. Photon
emission from the hands reflects a strong tendency to increase.
In general, photon emission is higher and shows more dynam-
ic over hands and forehead [9]. This is why these two regions
were chosen for the present study.
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It is interesting that the low levels of hand photon emission
were recorded in those 4 subjects that practiced meditation
daily. The data of subject 1, who did not meditate regularly, re-
flected a relatively high intensity of photon emission and a
large effect of meditation on intensity. In subjects 2-5 effects
of meditation were mainly observed in the skewness and kur-
tosis of the photon count distribution. Such an effect of medi-
tation was not observed in subject 1, though. Further studies
are required to establish a possible inverse relation between
meditation practice and intensity and distribution parameters
of photon counts.

The conditions for recording were analysed to make sure that
changes in UPE were not due to external factors such as tem-
perature and humidity. Temperature and humidity did not
change during the 45-min period of measurement. A system-
atic decrease of UPE due to long-term delayed luminescence
could also be ruled out. The procedure, including a 1-h dark
adaptation of the subject and 10-min recording periods, re-
vealed only small differences between the average photon
emissions of two consecutive recording periods [9]. Control
data sets showed that two consecutive measurements, dif-
fered on average by 1.6%, without any systematic increase or
decrease.

We can speculate about the physiological implications of med-
itation on emission intensity. From a biochemical point of
view, the emission of light from the hands results from relax-
ation of excited states. Spectral analysis gave first insights into
the underlying molecular changes [9]. The wavelength of hand
emission, corresponding to the UV and visible (200-650 nm)
spectral range of the photomultiplier demonstrated that major
intensity is emitted in the 470-570 nm range. It suggested re-
actions involving singlet oxygen, its dimers, and excited car-
bonyls [18-20]. Such reactions and emission spectra depend
on complex interactions of oxidative and anti-oxidative
processes [21].

Our previous data on hand photon emission have shown that
emission depends on the supply of blood, probably on oxygen
supply [9]. Thus, it can be speculated that rhythmic pulsations
of blood in the cardiovascular system as well as breathing
rhythm influence in a complex manner oxygen supply of the
hand over time. Such processes may lead to time series of pho-
ton emission that look random at first inspection. With the
techniques of non-linear analyses it may be possible to reveal
underlying deterministic dynamics. Studies of cardiovascular
and neural systems were the first to be subjected to non-linear
methods of analysis, demonstrating that the time series that
represent fluctuations in heart rate and neuron firings are not
at all random, but instead can be completely deterministic.
Such time series which show features of scale invariance are
described as fractal or chaotic [16].

In the present study, we applied the Fano factor time curve
F(T) that was utilised before by Teich [14, 15] and Gebber et
al. [22, 23] to study the statistical properties of action poten-
tials. F(T) was used by Vekaria [13] and Kobayashi and col-
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leagues [17] to evaluate UPE data. The increase in F(T) oc-
curs because rare clusters of high and low photon counts are
more apt to be found as more and more data are collected.
Such clustering has been considered characteristic of a fractal
process [14, 15].

The analysis of Fano factors with data from the photon emis-
sion showed that the pre-meditation data do not represent a
simple Poisson process. If the photon counts represented a
Poisson process, that is, if they occurred with equal probability
per unit time, the Fano factor would approach unity. In the
present paper, we report values >1, even at a short time win-
dow of 0.1 s where they are in the range of the surrogate data.
A possible explanation is the variance of the electronic noise
of the photomultiplier. The Fano factor of incident light must
be deduced by correcting for the variance of the dark compo-
nent. Such procedure is currently under investigation (Van
Wijk et al., paper submitted).

In the pre-meditation period for longer time windows (>6 s),
increases of the Fano factor approximated a power log scaling.
Within this range, the curve for the real data clearly deviated
from the superposed curves for 12 surrogate data blocks. For
window sizes <6 s, the values of F(T) for the real data were ap-
proximately the same as those of the surrogate blocks. There-
fore, the power-law relationship can be attributed to long-
range correlations among photons, corresponding to the sig-
nificant increase of F(T) in window length >6 s.

The log scaling behaviour is considered the signature of a frac-
tal process [16]. Thus, as more data were collected, the vari-
ance increased, possibly because of photon clustering in the
emission process, and these clusters become increasingly man-
ifest over longer time windows. Such clustering has not been
reported for human photon emission before. However, such a
behaviour has been reported before for the Fano factor of
photon time series in the initial stages of cell proliferation of
marine luminescent bacteria [17].

The dynamic process of photon emission suggests its model-
ling as non-linear dynamic system. It is evident that much re-
search is still needed in modelling the reaction schemes in the
oxidative and anti-oxidative reactions regulating singlet oxy-
gen and photon emission.

It is still unclear how meditation lowers statistical measures
like kurtosis, skewness of UPE data. The Fano factor F(T)
shows that especially the time window >6 s is affected. The
Fano factor data suggest that a different pattern occurs fol-
lowing meditation, probably due to a decrease in photon clus-
tering in photon emission. In the light of our discussion this re-
sults from (a) differences in the tuning of oxidative and anti-
oxidative processes that regulate free radical levels and thus
photon emission; (b) the dynamics of the blood flow in the
capillaries which supply the necessary oxygen to the tissue,
and consequently modulates the processes mentioned in (a).
The whole setting of the different types of meditation lowered
the deterministic order of the UPE as expressed via F(T), i.e.
the data showed no clear fractal behaviour after meditation.
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One could even suggest that the data were shifted toward a
more random behaviour after meditation. In fact, this result is

counter-intuitive, as one would rather expect an ordering in-
fluence of the process of meditation. Further research is need-

ed to clarify this issue.

lations will have to be modified after further experimentation.
Yet, we believe that this work deserves to be followed up.
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