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Abstract 
Photon counts about 15 cm from the left and right sides of the head while subjects sat quietly dur-
ing baseline conditions within a hyper-dark chamber were measured by photomultiplier units. 
Lag/lead analyses for photon emissions between the two hemispheres indicated a weak but statis-
tically significant correlation between the amplitude fluctuations that were separated by about 
800 to 900 ms. Analyses of the spectral power densities of photon amplitude variations from the 
left and right hemispheres revealed peak values between 2 and 3 Hz which were equivalent to a 
difference of about 900 ms. The radiant flux densities were estimated to be in the order of 10−12 
W∙m−2 and to include the equivalence of about 107 neurons. Our calculations, which accounted for 
the small magnitude of the strength of the interhemispheric coefficients, suggest that the cohe-
rence could be strongly correlated with processes associated with the unmyelinated axons with 
diameters between 400 to 800 nm, the visible wavelengths, within the corpus callosum. When the 
ratio of the phase shift was applied to the Aharanov-Bohm equation, the time required for a pho-
ton-related electron to be within a cerebral magnetic field was the same duration as a single orbit 
of an electron and a photon’s traversal latency across a neuronal plasma membrane. We suggest 
that the peak photon decoherence between the two cerebral hemispheres may reveal a neuron-
al-quanta substrate to the conditions associated with consciousness. 
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1. Introduction 
The measurements of ultraweak light emissions from the right hemisphere of a human subject sitting in hyper- 
dark settings (10−12 W∙m−2) during periods of imagining white light compared to more mundane cognitions [1] 
indicated that complex neuronal processes associated with consciousness could be coupled to biophotons [1]-[3]. 
The strong correlation between quantitative electroencephalographic activity over the left prefrontal region and 
the flux density of photons emitted from the right hemisphere during these conditions suggests that intention and 
other forms of self-monitoring behaviours could potentially modify photon emissions. Biophotons are emitted 
from bacteria [4], cells [5], and hippocampal slices [6]. These electromagnetic emissions within the visible wa-
velength may be forms of intercellular communication rather than simply metabolic artifacts [7]. 

The seminal research of Popp [8] [9] and the Van Wijks [10] [11] has shown that photon emissions are mea-
sureable from several loci of the body, including the hands and head. The magnitudes, often measured in the or-
der of 107 photons per meter-squared per second, are effectively the same flux density we have measured from 
cells and the heads of human volunteers. Although photon emissions from the head might be attributed to 
sources within the hair or scalp rather than the cerebrum this explanation would not accommodate the reliable, 
reversible increase and decrease in photon counts or radiant flux densities coupled to imagining white light 
compared to mundane thoughts. These intervals are determined by the instruction of the experimenter and hence 
are less likely to be spurious associations. 

To reduce the possibility of artifact and to further pursue the relationship between the characteristics of pho-
ton emissions from the left and right hemispheres we designed an experiment where photon emissions from both 
sides of the head were measured simultaneously. The primary goal was to discern if there is temporal coherence 
between the two hemispheres. In previous studies we [12] had found that electroencephalographic coherence 
between the left and right temporal lobe structures was affected by global geomagnetic activity, suggesting that 
relatively small amounts of energy could be involved with this enhanced intercalation. Here we present evidence 
for the first time that the amplitude variations in photon emissions from the left and right hemispheres are cohe-
rent but phase-lagged during resting (baseline) conditions.  

2. Materials and Methods 
To test this relationship seven subjects (3 men, 4 women) between 20 and 26 years of age volunteered as sub-
jects after the protocol was approved by the university’s research ethics committee. This small sample was con-
sidered sufficient because each person was employed as his or her “own” control and we have shown biophoton 
emissions from cerebral activity to be reversibly controlled by external instruction [1]. Photon emissions were 
measured from the left and from the right hemisphere simultaneously. The purpose of the experiment was to 
discern the temporal correlation between amplitudes of photon emissions, as measured by photomultiplier units, 
from the left and the right hemisphere. Vivid cognition or the act of imagining white light while sitting blind 
folded in a hyper-dark chamber (10−12 W∙m−2) has been shown to significantly increase photon emissions. Con-
sequently we decided to only compare bilateral photon emissions during baseline conditions when no active or 
at least instructed cognition was in progress. In other words is there an intrinsic decoherence or coherence in 
spectral density profiles between the two cerebral hemispheres of human beings when they simply sit in the dark 
and engage in cognition commensurate with the default network? 

The procedures were very similar to those reported by Dotta et al. [1]. Each participant sat within a comforta-
ble arm chair within a hyper-dark (10−12 W∙m−2) acoustic chamber (13 m3). Digital photomultiplier devices were 
placed on the left and right side of the subject’s head approximately 15 cm from the temporal lobes. The infor-
mation from each device was captured by its own software and IBM laptop computer that was housed outside 
the chamber in a room that was also dark. The photons were sampled at 10 times per second for 1 min. To con-
trol for idiosyncratic features of a given photomultiplier unit, the location of the units (right or left side of the 



J. N. Costa et al. 
 

 
121 

head) were counterbalanced for different subjects. 
The numbers of photons per 100 ms (10 Hz sampling) for the middle 60 s (600 cases) of the baseline from the 

left and right side of the head for each subject were extracted and analyzed by SPSS (16) software. For each 
subject the photon numbers from the left and from the right side of the head were correlated. In order to discern 
potential temporal displacement between the two hemispheres the photon counts from the left and right hemis-
phere were lagged by 20 increments (100 to 2000 ms) and then correlated with the reference unit for the other 
hemisphere. 

3. Results 
The results are shown in Figure 1. Although the strengths of the correlation coefficients were small and ex-
plained less than 1% of the variance the strongest significant relationship was the increase in photon radiant 
power from the left hemispheres about 900 ms before increased emissions from the right hemispheres. In fact 
the correlations with most of the other lags for the right hemisphere with respect to the left hemisphere and vice 
versa were significantly weaker as indicated by the overlap with the standard errors of the means.  

It may be relevant that the numbers of corpus callosum fibers, each emerging from a single neuron, within the 
human brain constitute 1% or less of the total numbers of cortical neurons which average about 23 billion [13]. 
If the source of the approximately 1 s lag between the left and right hemispheric photon emissions was related to 
interhemispheric processing superimposed upon background biophoton emissions than one would expect this 
magnitude of strength of association. The upper limit for the estimated recurrent interhemispheric times for un-
myelinated (0.1 to 1 μm) axons as described by Aboitiz et al. [13] would be about 900 ms which is well within  

 

 
Figure 1. Correlation coefficients between the amplitude variations in photon emissions from the left and right he-
misphere while subjects sat quietly in a hyper-dark room. The gray bars indicate the left hemisphere is temporally 
lagged behind the right hemisphere photon values. The red bars indicate the right hemisphere was lagged behind the 
left hemisphere. The horizontal axis indicates increments (in ms) of the lags. Vertical bars represent standard errors 
of the mean. 
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the range of what we observed. 
We reasoned that if this temporal displacement were valid then spectral analyses of the amplitude fluctuations 

in photon emissions should verify the effects. Spectral analyses (SPSS 16, Spectra) were completed for each of 
the seven subjects. The spectral power for the fluctuations in photon spectral power density from the right and 
left hemisphere for a sample participant is shown in Figure 2. All subjects displayed similar patterns. Spectral 
analyses revealed a peak in power density at 2.7 Hz for the left hemisphere and 1.85 Hz for the right hemisphere. 
There were no statistically significant correlations between the power densities.  

In order to allow direct comparison the photon numbers from each hemisphere were z-scored before the spec-
tral densities were calculated. The spectral power densities were compared. Lag correlations by the increments 
of Δf (in this case Δf = 0.016 Hz, the Nyquist Limit for the spectral power densities) were then computed for the 
spectral densities as a function of frequency bin for the data from each hemisphere. When they were lagged by 
0.98 Hz to 1.15 Hz statistically significant negative correlations were clearly evident with a peak value of r = 
−0.23. The results of the lag analyses are shown in Figure 3. This indicated that the average “out of phase” time  

 

 
Figure 2. Spectral power denisties for the amplitude of photon emissions during 
baseline (rest) conditions for the left (blue) and right (red) hemispheres. Note the 
singular peak in power for frequency in the left hemisphere around 1.8 Hz (blue) 
and in the right hemisphere around 2.8 Hz (red). 

 

 
Figure 3. Strength of correlations between spectral power densities for different 
frequency lags. All lags between 0.98 and 1.15 Hz were statistically significant 
at the p < 0.05 level. 
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would be have been about 800 to 890 ms which is within the range of the lag measured from the standardized 
scores of the power density of the photon emission every 100 ms. 

4. Discussion 
These results support measurements from previous studies that photon emissions can be measured at distances 
more than direct contact to the human skull during a brief (1 min) baseline sampling if the person is sitting in a 
hyper-dark setting. There is strong evidence that the power densities of the photon emissions for each hemis-
phere are not temporally coherent but lagged by approximately 1 s. This was evident from the lag analyses for 
the standardized photon counts as well as the results of the comparisons of the spectral densities for the left and 
right hemisphere of the volunteers. 

The discrepancy could be considered a phase lag analogous to the Aharanov-Bohm phenomenon that has been 
attributed to electrons moving near a special magnetic field condition. The degree of phase shift is related to the 
intrinsic voltages and the time within the field. The relationship can be set to solve for t (the time within the field) 
as: 

( ) ( ) 1Ψt V q −= ⋅ ⋅ ⋅                                 (1) 

where Ψ is the phase lag; ħ is the modified Planck’s constant; V is the voltage and q is the unit charge. If the 
phase lag is reflected by the ratio of 1.8 Hz (for the left hemisphere) and 2.8 Hz (for the right hemisphere), that 
is 0.64, and the energy Vq is that associated with the median energy of the photons discerned by the photomul-
tiplier units, 5 × 10−19 J, then t, the time each electron that might be related to the photon emission within the 
field is 1.34 × 10−16 s.  

This duration is remarkably proximal to the time required for an electron to complete one Bohr orbit (1.52 × 
10−16 s). This is the same order of magnitude and comparable coefficient for the time required for a photon 
moving 1/3rd the velocity of light in a vacuum to traverse a plasma cell membrane of the neuron which averages 
around 10 nm. This convergence at least sets the conditions for the photon to intercalate with the completion of 
a single electron orbit. The energy associated with the mass of an electron moving at the square of the fine 
structure velocity in the time of one orbit is effectively Planck’s regular constant, particularly when the ratio of 
the spin and orbital magnetic moment of the electron is accommodated. 

In previous studies we had shown that the amplitude of the photon emissions from the right hemisphere but 
not the left hemisphere increased during imagining white light but not during engagement of more mundane 
cognitive tasks [1]. For these no-imagine, imagine, no-imagine, and imagine procedures, the net increase com-
pared to the previous no imagine interval was about 5 × 10−12 W·m−2. We had estimated that based upon the 
cross sectional area of the lateral cerebral hemispheres (about 10−2 m2), this would be equivalent to about 10−14 J 
per second. Assuming the neurons contributing to this energy were each discharging on average at 10 Hz and 
each action potential involved 10−20 J, the source population would be in the order of 106 to 107 neurons. 

Aboitiz et al. [13] as confirmed by Bojak and Liley [14] indicated that the numbers of unmyelinated axons 
within the human corpus callosum between 0.4 and 1 μm diameter would involve about 1.6 × 107 neurons com-
pared to the estimated 200 million within the entire structure. This would involve a maximum of about 6.5% of 
the total population of fibers. For comparison these diameters if they were electromagnetic wavelengths (400 to 
1000 nm) would include the range of visible photons. Dotta et al. [15] [16], while measuring malignant cells that 
had been removed from incubation, showed that the typical wavelengths associated with metabolic and replica-
tion activity concentrated within the interfaces between ultraviolet-visible and visible-infrared.  

We suggest that the source of the photon emission interaction between the left and right hemispheres may 
primarily involve the non-myelinated axons with widths between 400 and 800 nm. If the approximately 6.5% of 
the total corpus callosal fibers were mediating the effect and were determining effect size then any correlation 
between the two hemispheres would be the square root of that value or equivalent to a r value of 0.25. This is 
within error variation of what we measured in this experiment. 

There are relatively sound biophysical bases to this number. Assuming the coherence of voltage across the 
major area of the cerebral cortices is in the order of 0.2 mV∙m−1 or 2 × 10−4 V∙m−1 [17] and the extracellular flu-
id resistance of 2 Ω∙m [18] the current density would be 10−4 A∙m−2. Over the total surface area of the cerebral 
cortices of 1.8 × 10−1 m2 the electric current would be 1.8 × 10−5 A. Given that there is 1.6 × 10−19 A·s per unit 
charge, this means that a total of 1.1 × 1014 charges per second would be involved. Typical estimates average 106 
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to 107 charges per action potential. Hence 1014 charges per s would be equivalent to 106 to 107 axons discharging 
between 1 to 10 Hz. Assuming the dominant contribution from ~4 × 107 action potentials per second each with a 
unit energy of 10−20 J the energy [19] would be 10−13 J∙s−1 (W). When distributed over the area of the average 
cerebral cortices (1.8 × 10−1 m2) the radiant flux density would be ~2 × 10−12 W∙m−2 which would be within the 
range of the measurements recorded in this study. 

The repeated observations in previous experiments [1] [3] that instructions to imagine or not imagine types of 
imagery was associated with increased photon emissions from the right side of the brain and not the left side of 
the brain [1] minimized the likelihood of artifact. In addition, we had found a powerful correlation accommo-
dating more than 80% of the variance between quantitative electroencephalographic power within the beta range 
over the left prefrontal lobes of the participants and the power density of the photon emissions from the right 
hemisphere during the experiment [1]. One interpretation of this strong association is that intention or some fac-
tor associated with this process might influence the power density of biophoton emissions from the right hemis-
phere. 

In the present experiment the lag of the peak correlation strength between the power density of photon emis-
sions from the left and right hemisphere during baseline conditions when both measures occur simultaneously 
suggests that either each hemisphere is operating independently or that a discrete amount of time is required be-
fore the processes that are responsible for photon emissions in one hemisphere affect the processes associated 
with photon emissions from the other. Whatever process is involved the strongest cross-spectral correlation of 
about r = 0.25 indicates that only 6.5% of the variance in shared distributions of power density occurs between 
the two hemispheres when the optimal lag is implemented. 

We employed the ratio of 1.8 Hz and 2.8 Hz spectral power density peaks for the left and right hemispheres, 
respectively, to obtain the inferred ratio for the phase shift in an Aharanov-Bohm effect if it were valid at ma-
croscopic contexts [20]. The equivalent time would sufficiently overlap with the latency for a photon to traverse 
a neuronal plasma membrane and the orbit of a single electron. This creates the condition for an exchange of 
quantum bits of information moving from the membrane into space or from space into the membrane. We con-
sider the upper boundary (433 ms) of the latency required for transmission along unmyelinated axons between 
the two hemispheres to be supportive of our absolute lag in hemispheric time (900 ms) if a complete circuit is 
considered. Considering the average transmission velocity to be 8.7 mm per ms per μm and the median width of 
an axon to be 500 nm, the single traversing time would be 25 to 30 ms or 33 to 40 Hz. This is the classic fre-
quency band associated with human consciousness and awareness. 
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