NAMSCA : Neurophysiological Aspects of Modified States of Consciousness
and Awareness.

1. Summary of the research plan
Introduction - Consciousness is a puzzling mystery in the philosophical world and for cognitive neuroscientists. Large-scale
brain complex dynamics including coherence patterns sustain a higher degree of consciousness (Demertzi et al., 2019),
suggesting that conscious phenomena are not restricted to small-scale neuroanatomical constraints. However, there is still little
evidence on complex/large scale electromagnetic patterns for information sharing and integration. The present project aims at
filling this gap, conducting strict scientific investigations to overcome the current lack of definitive comprehension of
conscious phenomena and modified states of consciousness.
Methods / Expected Results / Significance - My main goal is to complete the current state of the art by assessing the
implication of coherence and resonance principles within synchronized neural processes and between brain’s electromagnetic
networks (intra- and inter-brain network topology) as a possible core basis for information sharing in the brain and
(in)conscious phenomena. First, by investigating the « Einstein-Podolsky-Rosen » (EPR) paradox in the brain [a quantum-like
entanglement occurence between brains of two individuals (Exp.1)], a general underlying psychophysical principle might be
revealed as quantum coherence between the overlapping electromagnetic fields of the two brains. This possible type of highly
synchronous phenomenon might be revealed by the quantitative electroencephalography (EEG) experiment and the following
inter-brain network topology indices such as partial directed coherence (PDC) and phase locking value (PLV) (Santamaria et
al., 2020), as well as by the investigation of transferred potentials (Grinberg‐Zylberbaum et al., 1994). Then, an inhibitory
repetitive transcranial magnetic stimulation (rTMS) protocol (Exp.2) can be used to assess the causal role of TPJ and cortical
desynchronization in autoscopy (AS) or out-of-body experience (OBE). The combination of the results from both experiments
with autoscopic phenomenological inquiries, will highlight the extend to which modified states of perceptual bodily selfawareness occur and might reveal the principles of cortical synchronization across the cortex for embodiment. Alltogether, the
present project will articulate a new theoretical framework starting from different findings and evolving toward a broader
conceptual frame. The final step will be to extrapolate the results into a compound of related theoretical pathways such as the
conscious electromagnetic information (CEMI) field theory of consciousness, coherence/resonance general theory of
consciousness and the holonomic brain’s theoretical axis including an unconstrained fourier coordinate system and holographic
principles.
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2. RESEARCH PLAN
2.1 State of research in the field
Consciousness is one of the greatest mystery of mankind. In the past decades, there has been a flourishing amount of scientific
interest towards what is commonly named : “ The modified states of consciousness “. From autoscopic to out-of-body
experiences (OBE), the Einstein-Podolsky-Rosen (EPR) paradox in the brain or absoptive trance states opened up scientific
paths to decipher the nature of modified states of consciousness (Flor-Henry et al., 2017; Gosseries et al., 2020; Grinberg‐
Zylberbaum et al., 1994; Hove et al., 2016; Wackermann et al., 2002). Absorptive states have slowly begun to trigger curiosity
of the scientific world during the past decades. Indeed, several neurophysiological indices such as a right hemisphere
dominance (Krippner & Combs, 2002), increased theta power (Jacob, 2015), a synchronization between left and right frontal
lobes coupled by progressive frontal hypoactivation in deeper states of trance (Lehmann et al., 2001) are the current mostknown correlates of absorptive states. However, it must be pointed out that the right hemispheric activation has been
associated with many altered states of consciousness such as depersonalization/derealization, autoscopy, out-of-body
experiences or self-dissolution meditative states (Lehmann et al., 2001). The current missing point is clearly psychic states
demanding more scientific inquiry. Psychic states may be defined by a condition where a clear impact is visible from one
brain (the psychic) towards another brain or towards waves/matter. Accordingly, the general goals of the present research
proposal will be to investigate the “The Einstein-Podolsky-Rosen Paradox” (EPR paradox) in the brain including the
related neural activity (Exp.1), and assess causal relationship of a key region for bodily consciusness in orchestrating the
whole-brain neural dynamics associated to altered bodily states. The EPR paradox appears as an argument from three
physicians (A.Einstein, B.Podolsky & N.Rosen) which stipulated that quantum mechanics missed additional variables that
must restore causality and locality. It corresponds to non-local phenomena such as quantum entanglement that might be
sustained by unknown hidden variables. Currently, some research is showing that consciousness is not restricted to constrained
anatomical pathways. Instead, neural coalitions including signal fluctuations generating a highly integrated state by the mean
of large-scale complex dynamics, seem to be the cornerstone of conscious phenomena (Demertzi et al., 2019). Accordingly,
consciousness might occur when highly synchronized or coherent states are apparent in the brain sustaining a non-reductive
philosophical axis to interpret consciousness. However, there is still need to demonstrate (a) the neuronal communication
through neuronal coherence/resonance (Hunt & Schooler, 2019) and (b) the assumption that quantum coherence and
entanglement might occur within brain processes or between invididual’s brains (EPR paradox). Additional components of
conscious processes might be related the EM fields, analogous to the well-known microstates (McFadden, 2020), and the
holographic storage processes by means of interference patterns within the dendritic network of pyramidal cells, defined by
the holonomic brain theory (Pribram, 2011). To fill this gap, the main theoretical hypothesis of the present projet is that
quantum entanglement between brains and the disruption of corporeal self-location (OBE) following a brain inhibition
suggests that conscious processes lie effectively within electromagnetic waves information sharing processes
(coherence/resonance/interference and entanglement) and could give credit to the two main theoretical axis (a & b). To
establish the neurophysiological underpinnings of consciousness, the present project will focus, firstly, on what is called
“quantum entanglement” or non-classical correlations between two brains implicating non-locality (Exp.1). Quantum
entanglement in macroscopic systems is well-known in the current scientific world. Indeed, biological systems as well as large
and hot systems might have evolved to use quantum entanglement as an adaptative advantage (Vedral, 2008). Many
experiments are directly linked to each of these general hypotheses as the EPR paradox in the brain might support that the
quantum coherence assumption is theoretically valid for brain research (Streltsov et al., 2017; Grinberg‐Zylberbaum et al.,
1994). Accordingly, physics shows us that coherence and interference are general psychophysical features of electromagnetic
waves (Streltsov et al., 2017) and quantum coherence seems to be a prerequisite for entanglement where nonzero coherence
can be used for entanglement creation (Streltsov et al., 2017). Thus, with regard to the hypothesis that non-local correlations
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can be revealed by Exp.1, we can explore to what extend quantum entanglement, and possibly quantum coherence, might
occur between brains. The general assumption for Exp.2 is that large-scale complex dynamics (pattern 1) might have an
underlying theoretical principle which is : neuronal coherence or resonance mainly known as neural synchrony. The
general idea behind neuronal coherence is that : « only coherently oscillating neuronal groups can interact effectively,
because their communication windows for input and for output are open at the same time » (Fries, 2005).
With regard to disembodiment phenomena due to altered body perception (ABP) and regrouping autoscopy (AS) and out-ofbody experiences (OBE/180° body reversal), the common view sustains that the temporoparietal junction (TPJ), especially
the right hemisphere, is the neural hub to convey multisensory body-related information and builds a coherent sense of body
ownership (Blanke et al., 2002). Indeed, multisensory conflicts seem to be the cornerstone of abormal body perception (Ionta
et al,. 2011) and phenomenological changes in perceived body ownership seem to follow the progressive stimulation of right
TPJ (Blanke, 2000). However, further investigations reported controversial evidence. On the one hand, also the left TPJ seems
to be involved in disembodiment (Bos et al., 2016). On the other hand, TPJ is not the only brain region implied in body
ownership since, for instance, abnormal body perceptions have been associated with the medial occipitoparietal junction (Jonas
et al., 2014), occipital cortex (Daltrozzo et al., 2016), precuneus/thalamus (Dirk et al., 2007), and thalamo-occipital radiations
(Smith & Messier., 2014). This large synchronous functional network is known to be involved in reflective self-awareness
(Kjaer et al., 2002). Interestingly, the activation process of the funtional network never lead to disembodiment but only to
autoscopy (without large changes in visuoperspective and location). Indeed, a deactivation/desynchronization process along a
highly functional network might be linked to OBE. In sum, the specificity of the rTPJ for ABP is controversial and a
systematic

decrease

of

EEG

power

is

found

in

all

frequency

bands,

suggesting

that

a

cortical

deactivation/desynchronization (possible reduced connectivity) is correlated with ABP. One possible reason of this
inconsistency is that most of the previous studies (1) were focused on only one TPJ (left or right) and (2) did not include the
analysis of global brain dynamics following the manipulation of neural activity in TPJ.
To fill this gap, in the present project the desynchronization hypothesis will be tested when both TPJs are inhibited. In
particular, in Exp.2 a possible desynchronization occurence will be pinpointed by EEG power spectral analyses and linked
to the possible ABP. The main scientific step forward compounding both experiments consists into experimentally proven
non-local correlations between brains (EPR paradox) and to figure out whether the blockage (inhibition) of both TPJs will
trigger large desychronization process (highlighting underlying global brain dynamics) and disembodiment. This approach
will reveal whether different altered states of consciousness have common features : coherence/sychronization specific
patterns that might be one of the crossing link between the three experiments (Exp.1a, Exp.1b, Exp.2) and theoretical
unfolding.

2.2 Own contribution to the chosen topic
One of the main topics of the present project is body ownership. In this domain, under the supervision of the promoter of the
present project, I worked for one year on a project about the alteration of body ownership through multisensory visuo-tactile
conflicts. In particular, we were interested in manipulating the visual input to change the relative weight between vision and
touch in the well-know experimental protocol of the rubber hand illusion. For this aim, I worked on a hardware update, to be
able to change the quantity of visual input (visibility of the rubber hand during the visuo-tactile stimulation), I digitalized the
traditional questionnaires used to quantify the subjective illusory feeling of ownership for the rubber hand (Longo et al 2008)
as well as the method to assess objective outputs associated with the rubber hand illusion (proprioceptive drift), I developed the
software to run the experiment, record the data, and perfom the data processing, and I was actively involved in the data
analysis and the interpretation of the obtained results. The main findings were that the effects of manipulating the visual input
were dissociated between the subjective and objective aspects of the rubber hand illusion. While the objective measure was not
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affected by visibility changes, the subjective measure indicated stronger illusion for better visibility. On this basis, we decided
to publish the resulting manuscript on which I am working in the present period.

2.3 Objectives, data and methods
The principal aim of the project is twofold : (1) To investigate how quantum entanglement might occur between two
brains (EPR paradox), in the brain, amongst two different paired couples and (2) To explore causative relatioships in the
global brain dynamics associated with ABP. 1a. with patient-psychics (see inclusion criteria for psychics (practitioners),
DMP). 1b. with closed relatives or twins. In order to fullfill the goals, (1) the use of a quantitative EEG mapping procedure
with a dual electroencephalography experimental design and an event-related potential technique (ERP) and will be
settled to understand more precisely the EPR paradox in the brain. 1a. Firstly, with the atypical practitioners population and
lambda volunteers, by analyzing to what extend the therapeutic procedure (psychic state) (practioner’s brain wave patterns)
will affect the subject’s brain activity by looking at large timeframe EEG timecourse (quantitative EEG). 1b. Secondly, with a
close relatives or twins population and a meditation protocol, by identifying the ERP components during a trivial light
flashes protocol. Then, the two ERPs (evoked and transferred) will be grand-averaged and compared to evaluate the EPR
paradox phenomenon. During the experiment, one participant will be placed in a simple room (obscured, not electromagnetic
shielded) or inside a soundproof, magnetic shielded faraday’s cage and the other participant inside the second (or only)
faraday’s cage. On an experimental standpoint, one Faraday’s cage will be sufficient because it strictly isolates one brain
from the other. So, the first participant will receive the flashes by the mean of a screen in the simple room or faraday’s cage
and the other will be placed, eyes closed inside the second (or only) faraday’s cage in a relaxed position (see Figure 2, 3, 4,
p.8). Globally, the first goal of the project will be to analyze to what extend non-local correlations or entanglement (EPR
paradox) might occur between the trained and atypical population of practitioners and volunteers as well as amongst a lambda
population (twins/close relatives). (2) To figure out the extend to which the inhibition of both TPJs affects the global brain
neural dynamics associated with altered consciousness and measured with EEG recording. TMS will be used to "knock out"
TPJ and induce ABP. The simultaneous EEG will serve to look for the possible decrease power in frequency bands across
the whole brain possibly due to the large-scale desynchronization or reduced connectivity in a highly functional network
(Daltrozzo et al., 2016). Moreover, the phenomenology of the disruptive corporeal awareness and the following changes
in first-person perspective or awareness will be evaluated. Indeed, whether brain’s waves features (resonance/synchrony,
quantum entanglement, coherence) sustain consciousness, a desynchronization hypothesis will answer many questions
around disembodiment and corporeal awareness.
Exp.1 / Aims : To investigate the EPR paradox in the brain by means of two experiments (Exp.1a and Exp.1b), and to
look for the possible generalizability of quantum entanglement (ERP paradox) across populations. The two experiments
will be initiated with prior distinct protocols and populations. For Exp.1a, a complete survey with preliminary questions
(psychic readings or specific abilities) will be submitted only and specifically for the first targeted population of practitioners
(who have the ability to trigger a voluntary psychic/absorptive state) in order to ensure the legitimacy of such specific
population (see inclusion criteria for practitioners, DMP). The first dual EEG experiment (Exp.1a) will integrate
practitioners such as Hannes Jacob who already took part in an EEG experiment where evoked (practitioner) and transferred
(subject) potentials were seen in the raw EEG datasets (Jacob, 2015). The necessity of one soundproof magnetic shielded
faraday’s cage will be elementary (see Figure 2, 3, 4, p.8). The subject will be placed, eyes closed, in the faraday’s cage and
the practitioner in a simple room (or 2nd Faraday’s cage), in order to avoid electromagnetic interferences between subjects. The
main goal will be to generalize and isolate the entanglement phenomenon (EPR paradox) using a quantitative EEG mapping
procedure with a large time frame protocol to appropriately evaluate to what extend neural synchrony might occur between
the practitioners (5 to 10 individuals) and the subjects (around 50). The start and end of the trials will be time-locked (event
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codes) with a dedicated button in the simple room (obscured, not electromagnetic shielded) or Faraday’s cage where the
practitioner will be sitted (with the instruction to start to influence the patient brain state mentally when pressing the button).
The use of electrodes encompassing the whole scalp (such as 256-electrodes cap, EGI Geodesics) will be relevant for the
experiment. The general timing of the experiment will be fixed in order to compare with the control condition, presented
below. The high temporal resolution of EEG will allow to calculate with accuracy the inter-brain connectivity indices between
brain’s waves responses (2 separated subjects). Afterward, the offline analyses will serve to describe the inter-brain network
topology in term of phase synchronization or neural synchrony, coherence and inter-brain connectivity/density between
practitioner-subject pair couple with indices such as phase locking value (PLV) as a phase synchronization indice or partial
directed coherence (PDC), a spectral estimator based on the Granger Causality principle that shows directed influences
between pairs of signals (connectivity flows) (see DMP) (Granger, 1969; Santamaria et al., 2020). In effect, such indices
amongst others will allow us to assess the inter-brain directed or non-directed connectivity patterns (Toppi et al., 2012).
Finally, spectral analyses will be utilized to understand more clearly how the brain(s) might reveal a frequency dominance
(delta/theta powerspectral dominance found in Hannes Jacob (Jacob, 2015)) and to see how the brain of the practitioner might
differ from the patient’s brain in the frequency domain. The control condition will be defined by the recording of EEG of both
practitioner and patient but without any voluntary intervention from the practitioner. For Exp.1b, a loving-kindness
meditative protocol will be presented to the second population (close relatives/twins). Secondly, an ERP-based
experimental protocol involving the same faraday’s cage as well as a computer device in order to project flashes of light will
be used for the second dual EEG/event-related potential (ERP) experiment (Exp.1b). The population will comprehend
people that are very familiar to each other such as twins or long-term intimate relatives (20 peers of participants,
approximately). First, the two subjects will be invited to sit in front of each other with eye contact during the meditation of
approximately 20 minutes in a quiet room. Then, one subject will go inside the faraday’s cage and the other in the simple room
(or 2nd FC) where he will see the flashes in the screen. The instruction will be to feel each other mentally and physically and to
keep the feeling intact during the whole experiment. With regard to this particular experiment, no specific task with
anticipatory possibilities (because of possible contingent negative variation in the frontal cortex) but the presented meditative
protocol will be used. Event codes will be utilized as time-locking points around the stimuli (light flashes). We will mainly be
focusing on the occipital electrodes (O1 ; O2) to extract the ERP components (evoked potentials) and on the frontal lobe in
order to check for executive frontal activity [100ms] in the first participant and for the second participant, we will look
simultaneously at the “moment-to-moment” time-framed transferred potentials. This first part will correspond to the
experimental procedure. Then, a control condition with the same general procedure but without prior meditation protocol or
feeling of being mentally in contact with the close relative. The main hypothesis is that non-local correlations between brains
for the two different populations can be revealed by the two experiments and inter-brain correlational indices presented above.
This will prove a possible influence at distance from the practitioner’s brain to the patient’s brain.
Exp.2 / Aims : To understand the causal role of TPJ in self-bodily awareness and the associated modified neural
dynamics (desychronization hypothesis). A lambda population of volunteers (approximately 20 participants) will be
included. For the phenomenological inquiry, we will develop an adapted emdobiment/disembodiment scale by taking as an
example, the corporeal psychometrical approach to investigate the rubber-hand illusion (Longo et al., 2008) and adjust the
scale (items) for the whole body (own body phenomenology (Blanke et al., 2004)) with regard to self-location and inter- or
outer-bodily perspective. We will also use other scales such as the NDE-C and the OAV scales (Martial et al., 2020 ; Studerus
et al., 2010) to complete the phenomenological inquiry. The experimental protocol will be to submit the phenomenological
inquiry before and after the rTMS-induced inhibition of bilateral TPJ in order to understand the phenomenological within- and
between-subject effects with regard to experimental conditions (inhibition, sham). Such conditions are different in terms of
the rTMS parameters. During inhibition, the rTMS is set to deliver magnetic pulses at 1Hz and at 100% of the individual
cortical threshold. During sham, all the parameter will be the same (TMS location, noise, tactile sensation, etc) except that the
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intensity will be set to 50% of the indivudal threshold, therefore not inducing inhibition. The TPJ sites are defined between the
supramarginal, the angular and the superior temporal gyri (Blanke, 2005) (Blanke et al., 2002). In the present project, a
neuronavigation system (Nexstim, Finland) can be used to target the TPJ sites, using the structural MRI of each participant.
Alternatively, TPJ can be identified using the 10-20 reference system (Zeugin et al., 2020) (Figure 5). The combined EEG
analyses will allow to pinpoint the variations of EEG power and delimitate the possible correlations between TMS-induced
abnormal body perception and cortical deactivation (desynchronization) across the scalp. Exp.2 will complete the
understanding of modified states of consciousness by using a newly experimental protocol with the stimulation of bilateral
TPJs coupled with EEG recording in order to figure out the neurophysiological changes around autoscopy (AS) or out-ofbody experience (OBE).

2.4

Relevance and impact of the project

Consciousness has been a huge intrigue for centuries amongst philosophers and all the scientific world including many sectors
such as neuroscience, clinicians or mathematicians. Nowadays, with the numerous advances in brain imaging and
electrophysiological techniques, the mind or mental processes can be related to different correlates occuring at a functional or
anatomical level. In the present project, the functional and psychophysical underlying principles with regard to brain processes
will be investigated in order to deepen into the possible cross-disciplinary occurences between quantum physics (quantum
coherence and entanglement) and the brain dynamics at a more anatomical/functional level (inter-brain connectivity patterns).
Indeed, broadening the scientific undertaking to other atypical states of consciousness than classical absorptive states
(shamanic trance states) seems to be the logical step forward because of apparent similarities between shamans and psychics
(practitioners). Furthermore, the scientific evidence is crucial to grasp the extend to which the practitioners are legitimate to
exert their profession and also to create scientific tools to evaluate which practitioners can ensure reliable care services. The
groups and sectors which will generally benefit from this scientific research will be the health care system and the scientific
community. Indeed, the results could possibly root change towards a scientific paradigm shift around consciousness by taking
into consideration the reality of the modified states of consciousness. Finally, the proposed interdisciplinary approach and the
possible combination of many different fields (philosophy, psychophysics, cognitive neurosciences and holographic principles)
will be crucial to advance the current state of the art around consciousness.

2.5

Schedule

Host Institutions
- Switzerland: Fondation Asile des Aveugles-University of Lausanne (Exp.2)
- Abroad: University of Liège (Belgium) (Exp.1)
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2.6

Importance of workplaces

Promoter : Prof. Ionta Silvio, PhD, PD, SNSF Professor, Director of the Sensory-Motor Lab (SeMoLa), Department of
Ophthalmology, University of Lausanne (UNIL), Jules Gonin Eye Hospital (silvio.ionta@unil.ch). His work focuses on the
neuropsychology of body perception and ownership using brain stimulation and brain mapping techniques.
Co-promoter : Dr. Gosseries Olivia, PhD, neuropsychologist, newly appointed Research Associate at the FRS-FNRS and codirector of the Coma Science Group (CSG), GIGA-Consciousness, Uliege (ogosseries@uliege.be; scopus h-index = 38,
citations = 5,052). Her work focuses on pathological, physiological and pharmalogical modifications of consciousness using
behavioural assessments, imaging technologies and electrophysiology.
Institutions : The Sensory-Motor Laboratory (SeMoLa; www.iontalab.org) at the Fondation Asile des Aveugle / University of
Lausanne pursues the conceptualization of theoretical models to explain the causal link between (dysfunctional) neural activity and
(distorted) behavioral phenotypes. With regard to material means and techniques, functional magnetic resonance imaging
(fMRI), transcranial magnetic stimulation (TMS), transcranial direct current stimulation (tDCS) and eye-tracking are the main
experimental techniques and expertise embedded in the SeMoLa. A combination of highly qualified experts work in the SeMoLa.
The GIGA-Consciousness at the University of Liege is a world-class centre that has all the necessary techniques and methods
required for the project, including high-density electroencephalography, transcranial magnetic stimulation, auditory
stimulation toolboxes and data analysis software. In terms of intellectual means, this particular center is leading in the field of
consciousness and its disorders. Studies range from physiological (e.g., hypnosis, sleep), pharmacological (e.g., anaesthesia) to
pathological (e.g., coma, minimally responsive patients) modifications of consciousness in healthy subjects and patients. The
laboratory is multidisciplinary (including neuropsychologists, neuroscientists, bioengineers, physicists, medical doctors and
physiotherapists) and the main scientific focus is on the origins of human’s consciousness including several labs separated by
complementary topics such as coma science group and sensation and perception research group. In terms of material means, the
labs employ a wide variety of methods (including high-density EEG, fMRI, PET and TMS, all in-house). The centre provides all
the necessary materials, procedures and logistics for efficiently conducting experimental research. Thus, they are able to
obtain high quality first-hand data, and to freely design new clinical experiments about consciousness. The possibility to use the
Faraday’s cage from the Cyclotron Research Center will be organized accordingly in time.
The co-tutelle will allows expertises from the two labs to be adequate with regard to the theoretical backgrouds of both
(co)promoters. In effect, the study 1a and 1b will be ran and analyses in the coma science group, with a huge scientific expertise in
cognitive trance states and study 2 will be carried out in the SeMoLa as Dr Silvio Ionta is renowned for his studies on embodiment
and autoscopy/OBE.
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2.7

Figures and graphs

Figure 1 - Conceptual
Framework.

Figure 2, 3 & 4 – The Dual EEG/ERP experimental set-up.

Figure 5 – The repetitive transcranial stimulation (rTMS) experiment combined with EEG over both temporoparietal junctions (TPJs) set-up.
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