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Highlights
1. The principles of quantum field theory/quantum elec-
trodynamics (QFT/QED) and Gauge frameworks explain 
multi-level coherence in living organisms, in terms of 
balanced competition between Gauge and Nambu Gold-
stone (NG) bosons, as emerging from symmetry break-
ings (SB);

2. Biological Intelligence (BI) is an expression of connect-
edness, multi-level coherence and reactive adaptability in 
living organisms;

3. The presence of NG boson condensations, responsible 
for order and coherence in living matter, can be studied 
through Raman spectroscopy.

 
Abstract
Living organisms can be considered open systems, op-
erating far from thermodynamic equilibrium – and cre-
ating, storing and exchanging energy, matter, and in-
formation with the environment. Overall, through these 
capabilities, living organisms pursue continuous self-ad-
aptation to environmental changes, which is the expres-
sion of Biological Intelligence (BI). This paper argues that 
self-adaptation, and, in general, BI, is based on symmetry 
breaking (SB) phenomena that are well explained by an 
extension of the principles of quantum field theory/quan-
tum electrodynamics (QFT/QED) and Gauge frameworks. 
SBs would be responsible for the emergence of multi-
level coherence in living organisms, in terms of balanced 
competition between Gauge and Nambu Goldstone (NG)  

bosons. This balanced competition of bosonic fields, 
across all organisms, would allow the coupling with the 
environment up to the quantum level. Leveraging on the 
fact that more than 70% of the body is made up of water, 
the paper proposes a practical method, based on Raman 
spectra measures in water, for detecting NG boson con-
densations responsible for ordering information, coher-
ence and memory storage in living matter.

Introduction
Living organisms can be considered open systems ex-
changing energy, matter, and information with the en-
vironment – and operating far from thermodynamic 
equilibrium. This high-level model is compliant with the 
definition of dissipative structures proposed by Nobel 
Prize winner Ilya Prigogine. His seminal work has been 
expanded by several authors, over the last decades, to 
cover four main types of dissipative structures: multi-
stable states, temporal dissipative structures, spatial dis-
sipative structures, and spatiotemporal structures in the 
form of propagating waves (Goldbeter, 2018).

Overall, these exchanges of energy, matter, and informa-
tion are carried out through the non-linear interactions 
of billions of different components, up to the quantum 
scale. These exchanges are mediated by wave-like vibra-
tions including, for example, mechanical, electromag-
netic, nuclear and thermal oscillations. Even the vacuum, 
according to the Quantum Field Theory (QFT), is a ground 
level of energy, an arena of quantum fluctuations (e.g., 
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virtual particles). All these vibrations and oscillations cre-
ate, through complex interference patterns, a continuum 
of quantum fields capable of shaping matter’s structure, 
coherence levels and functionalities (Umezawa, 1993; 
Blasone et al. 2011). 

As a matter of fact, attempts to apply quantum physics 
to living organisms began soon after the emergence of 
Quantum Mechanics (QM). One of the first remarkable 
examples of this occurred in 1944 when E. Schrodinger 
wrote his book, “What is life?” Pioneering research by 
H. Fröhlich started to demonstrate that the concept of 
quantum coherence is an inherent property of living 
cells, used for long-range interactions such as synchro-
nization of cell division processes. This avenue (Ricciardi 
and Umezawa, 1967; Fröhlich, 1968; Del Giudice, 1983, 
1988) has been confirmed also by recent advances in 
quantum biology that demonstrate that coherence is one 
of the key quantum phenomena supporting life dynam-
ics (Ball, 2011; Salari et al. 2011). Coherent phenomena 
are well explained by QFT, a well-established theoretical 
framework within quantum physics. Moreover, quantum 
electrodynamics (QED), a declination of QFT dealing with 
the interactions between electromagnetic fields and mat-
ter, provides theoretical models and experimental frame-
works that demonstrate how electromagnetic fields and 
potentials play a fundamental role in the emergence and 
evolution of coherent structures (Preparata, 1995), even 
in living organisms (Del Giudice, 1983, 1986).

This paper argues that the overall state of a living organ-
ism is an expression of a multi-level coherence that is cre-
ated and regulated by quantum informational fields that, 
in turn, steer biochemical reactions. In a more general 
sense, it argues that the quantum nature of Biological In-
telligence (BI), which is defined as an organism’s capacity 
to pursue active adaptation, is to maintain inner coher-
ence while dynamically interacting with the environment.

In sum, the main contributions of the paper intend to:

1. Extend the principles of QFT/QED and Gauge frame-
works for modelling multi-level coherence in living organ-
isms, in terms of balanced competition between Gauge 
and NG bosons, as emerging from SBs;

2. Describe BI as an expression of the connectedness, 
multi-level coherence and reactive adaptability of an or-
ganism;

3. Propose a practical method, based on Raman spectra, 
for detecting NG boson condensations responsible for 

order and coherence in living matter.

Structure of the Paper 

Section 1 describes the basic principles of QFT/QED and 
Gauge theory. Section 2 highlights the importance of co-
herence in living organisms. Section 3 defines the concept 
of BI in terms of the informational quantum field. Section 
4 describes certain biological dynamics merging physi-
cians’ and physicists’ perspectives. Section 5 proposes a 
practical method, based on Raman spectra, for detecting 
said quantum informational fields in living organisms. 
Conclusions and perspectives on future research close 
the paper. 

Discussion
1. The Basic Elements of QFT and Gauge Theory

Presently, QFT is recognized as a fundamental theory in 
quantum physics, standing as the basis of the Standard 
Model. QFT provides an information-theoretical reinter-
pretation of physical reality confirmed by several experi-
mental validations (Peskin, 2018).

One remarkable aspect of QFT is that quantum entities, 
such as particles, are modelled as excited states of un-
derlying fields. The concept of field is rather intuitively 
well known: we recall that a field is defined as a property 
of the system under study that could be represented by 
a scalar, a vector, or a complex number, etc. Examples 
of force fields are the gravitational, the electromagnetic, 
and the strong and weak nuclear fields; examples of mat-
ter fields are the electron, neutrino, and up quark and 
down quark.

Therefore, QFT is overcoming the limitations of Quantum 
Mechanics (QM) by providing an intuitive explanation for 
the particle-wave dualism and other quantum phenom-
ena such as entanglement. Put simply, quantum particles 
could be pictured as ripples of a corresponding underly-
ing field.  

Nevertheless, sometimes the difference between QM and 
QFT is not fully understood. Another key difference that 
is important to this paper is that, in QFT, every quantum 
system is considered an “open” system, forever interact-
ing with background fluctuations. This has remarkable 
consequences – such as the fact that the Hamiltonian vi-
sion of every quantum system (even living organisms in-
cluded) always comprises both the quantum system and 
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its thermal bath of surrounding environment (Umezawa, 
1993; Vitiello, 1995). 

SB is another physical phenomenon that is well described 
by QFT (Umezawa, 1993). SB concerns the transition of a 
quantum system from a symmetric state to another at 
lower symmetry. Lower symmetry means higher order 
and, therefore, lower entropy. As described in the next 
sections, for example, a quantum system can reach cer-
tain levels of coherence (i.e., order) through SBs. 

We need to distinguish two types of SBs: explicit SB and 
spontaneous SB. Explicit SB implies that a perturbation is 
determining a change of the basic dynamics of the system. 
In spontaneous SB, the dynamics are not changed – and 
the perturbation, which is weak, acts only to trigger the 
SB. In this case, the strength or the intensity of the pertur-
bation isn’t important, but, rather, its phase (Blasone et 
al. 2011): in other words, in order for it to happen, the SB 
should be somehow in phase with the system. Therefore, 
a multitude of perturbing inputs will not affect a coher-
ent system unless one or more have the same phase of 
the system. In particular, the Nambu-Goldstone theorem 
proves that SB implies the presence of NG quanta: this 
has been validated by solid experimental evidence both 
in high-energy and condensed matter physics. Phonons 
in crystals, magnons in ferromagnets, etc, are NG quanta 
originated by SBs being responsible for the space-time 
ordering observed in such systems. 

NG bosons are massless and collective vibrational modes 
coding ordering information (Ricciardi, Umezawa, 1967; 
Vitiello, 1995). They do not mediate force interactions; 
rather, they represent the ordered modalities of such 
interactions. NG bosons disappear when the coherent 
state of matter vanishes (e.g., phonons in crystals). NG 
bosons are quasi-particles and should not be confused 
with Gauge bosons.

Let’s open a brief discussion on the Gauge theory. Within 
the context of the QFT and the Standard Model, the Gauge 
theory describes interactions and energy exchanges be-
tween quantum particles and their associated wave fields 
(O’Raifeartaigh, Straumann 2000). In the Gauge theory 
the Lagrangian (difference of the kinetic and the potential 
energy) of a system is kept invariant under continuous 
local symmetry transformations (called local gauge trans-
formation), thanks to the presence of the gauge fields. 

These fields are a sort of compensatory field capable of 
maintaining symmetry: examples of Gauge fields are the 

electromagnetic field, the weak gauge field in elementary 
particle physics, and the color gauge fields in quarks dy-
namics.

What happens with the SB, i.e., with emergent NG bosons 
prescribing a coherence state to the system’s compo-
nents? Global phase symmetry is broken, so a compensa-
tion is expected between the long-range ordering NG cor-
relation (as from the SB) and the long-range interactions 
mediated by the Gauge fields. 

In fact, propagation of the Gauge fields changes in the 
different ordered configurations due to the different 
ways in which NG and Gauge bosons interact. This is a 
sort of balanced competition between the long-range 
ordering correlations of NG and Gauge bosons. The bal-
ance is reached depending on the boundary conditions 
and on the relative strengths of the Gauge and NG fields. 
Both forces and ordering correlations are actively pres-
ent in all living beings, and their balance is manifest in the 
multi-level coherence of living organisms.

Even if further technical details are outside the scope 
of this paper, the above principles are fundamental as-
sumptions on which the thesis of this work has been de-
veloped: the interplay between Gauge and NG bosons 
(as emerging from SB) in living matter plays a key role in 
producing biological features and functions (Del Giudice, 
1986). Also, the characteristic behaviors (e.g., coherence 
at room temperature), shapes (e.g., fractals) and singular 
properties (e.g., chirality) present in living matter could 
be explained by invoking the principles of QFT.

Eventually, the more advanced steps of this work will find 
inspiration in the words of H. Pattee: “I am convinced that 
the problem of the origin of life cannot even be formulated 
without a better understanding of how molecules can func-
tion symbolically, that is, as records, codes, and signals” and 
“life is matter controlled by symbolic information” (Pattee, 
1969). Furthermore, we argue that said quantum phe-
nomena in living organisms correspond to symbolic ab-
stractions, images or even more archetypes as described 
by C.G. Jung. This is obviously more complicated to dem-
onstrate, but it could build a bridge between Mind and 
Matter (Seager, 2009), as dreamt by C.G. Jung and W. 
Pauli (Nobel Prize in Physics).

2. Coherence in Living Organisms

Coherence phenomena have quite general characteris-
tics that can be found in the physics of elementary par-
ticles, condensed matter, cosmology and biological sys-
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tems. 

Several studies in the last decades (Ricciardi, Umezawa, 
1967; Fröhlich, 1968; Del Giudice, 1983, 1988; Vitiello, 
1995, 2001) and recent advancements of quantum biol-
ogy demonstrate that coherence, as a state of order of 
matter coupled with electromagnetic fields, is one of the 
key quantum phenomena at the basis of life (Al-Kahalili, 
Mc Fadden, 2015).

As a matter of fact, coherence enables long-range cor-
relations between the components of a system. This, in 
principle, allows the highly efficient performances of liv-
ing processes. For instance, in a coherent system, every 
process of molecular recognition based on a simple “cha-
otic/diffusive lock-and-key” principle is replaced by long-
range electromagnetic resonance (Cosic, 1994). 

Fifty years ago, H. Fröhlich (1968) created the concept 
of quantum coherence as an inherent property of living 
cells in long-range interactions such as the synchroniza-
tion of cell division processes. 

Another example is reported by Lloyd (2011): he argues 
that the very high efficiency of photosynthesis is due to 
coherent excitons (electron–hole pairs) capable of har-
vesting light quanta of energy and of funnelling them at 
specific sites in the shortest possible time interval. More-
over, the dynamic emergence of coherent, spatially dis-
tributed oscillations is also recognized as a key charac-
teristic of human brain connectome (Vitiello, 1995, 2001; 
Freeman, Vitiello, 2006; Atasoy et al. 2016).

We recall that a coherent system is characterized by a 
single rhythmic oscillation, let’s say, a unique phase, φ. 
This phase is indeed the expression of the fact that all 
the components of the quantum system are correlated 
over long distances. This has important consequences: 
for example, the states of coherent systems can be char-
acterized, by looking at their phase, φ, as a single macro-
scopic observable, a so-called order parameter of a SB. 
Therefore, coherence allows moving the description of a 
system from the quantum-scale up to the macroscopic 
one (Umezawa, 1993; Blasone et al. 2011; Messori, 2019).

The Informational Role of NG Bosons in Coherence 

According to QFT, the dynamics that regulate the be-
havior of elementary components in a physical system 
can generate the formation of coherent structures with 
a large extension compared with the dimensions of the 
components. Mathematical analysis and experimental 

confirmations show that this coherence emerges from 
a break of symmetry: a correlation wave is generated 
whose effect is to put in phase (phase locking) the ele-
mentary components (Del Giudice, 1988). 

The quanta associated with it are NG bosons. As men-
tioned, NG bosons have zero mass (in absence of edge 
effects) and they do not contribute to the energy of the 
ground state: the accumulation, or condensation of NG 
bosons in the vacuum state generates a state of mini-
mum energy, called condensed state (Del Giudice et al. 
1983, 1988). Such a condensed state is therefore stable 
(minimum energy state). NG bosons can be observed 
with diffusion techniques (i.e., using them as targets of 
particles, e.g. neutrons); the energy spectrum is studied 
by exciting them, deforming the ordered structure (e.g. 
crystal lattice) by external tensions, thermal jumps, etc.

Condensation doesn’t take place in the presence of “edg-
es,” that is, when the volume of the system cannot be 
considered infinite. A non-zero “effective” mass then lim-
its the capacity of the NG quanta to propagate over the 
whole system and unrelated or disordered regions are 
generated (Del Giudice et al., 1985). 

Therefore, the system appears as a mix of two phases, 
one coherent (ordered) made up of coherence domains, 
the other non-coherent (disordered or symmetrical) in-
terposed between the domains (interstitial). Under such 
conditions, the electromagnetic field and the field de-
scribing the elementary components couple in a coher-
ent way (phase locking). Furthermore, the electromag-
netic field acquires a mass by remaining confined in the 
region of the domain (i.e., the Anderson-Higgs-Kibble 
mechanism; Del Giudice et al. 1986). This phenomenon 
has very interesting consequences in many contexts, in-
cluding phenomena observed in biology that are charac-
terized by high efficiency, selectivity and stability. 

Another important aspect that should be mentioned is 
that, in QFT, the uncertainty principle connects the phase 
of a system and the number of elementary components 
comprising it, according to this formula: 

ΔN Δφ ≥ ½		

where N is the number of components of the system.

As coherence means a well-established phase φ, the op-
timal requirement for a living organism should be a van-
ishing of Δφ, which in turns implies a ΔN as large as pos-
sible. This means that being a healthy organism compels 
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it to extend a dialogue with a large part of the external 
world, which becomes its own double (Vitiello, 2001).

In other words, quality of life depends on the capability of 
an organism to maintain a sharp definition of the phase. 
In this respect, the connectedness of the organism is es-
sential for constructing and maintaining a well-defined 
phase during the unpredictable events of life. 

These assumptions bring us to develop a mathematical 
model in which organelles, cells, tissues, organs, organs 
systems, up to a whole organism, are characterized by 
their own specific wave-functions, whose phases are per-
fectly orchestrated in a multi-level coherence oneness 
(Dal Lin et al. 2020). Should the organism, or some of 
its components, lose its rhythm or phase, then the one-
ness of the multi-level coherence is broken, and disease 
emerges. The healthy resilience of a living organism de-
pends on the ability to keep the natural oneness of this 
multi-level coherence across the body in its environment.

A very similar conclusion has been argued by H. R. Mat-
urana (1995) in the following terms: “Due to this systemic 
relation between living system and medium, the structural 
dynamics of a living system are always, while it lives, sponta-
neously in adequate structural coincidence with the medium 
for the realization of its living. When such coincidence disap-
pears, the living system dies.”

The Free-Energy Minimization Principle, Fractal  
Self-Similarity 

The free-energy minimization principle has been already 
proposed for modelling biological nervous systems (Viti-
ello, 1995, 2001; Sengupta et al. 2016) and the brain (Viti-
ello, 1995, 2001; Tozzi and Peters, 2016). In these cases, 
the minimization of the variational free energy describes 
how a biological system changes its internal states so 
that it becomes the most suitable under the influence of 
external states of the environment. In doing so, the sys-
tem is implicitly learning a generative model of the envi-
ronment: the better the model is in making predictions, 
the lower the variational free energy. 

In Friston’s papers (2008 and 2010), the free energy prin-
ciple has been proven valid for describing several aspects 
of functional brain architectures. Minimizing variational 
free energy ensures that the brain becomes a good mod-
el of its environment: this has again a striking correspon-
dence with the concept of “double” described in terms of 
QFT (Vitiello, 2001). 

The interactions between a system and its environment 
determine the doubling of the collective modes of the 
overall ensemble, i.e., the “system-environment,” as the 
energy flux balance is preserved. In this dissipative model 
of the brain (Vitiello, 1995, 2001, 2004), an external stim-
ulus is responsible for spontaneous SB thus generating 
NG bosons, which bring a new level of coherence to the 
organism. 

It is also known that fractal self-similarity can be ex-
pressed in terms of squeezed coherent state and vice 
versa: squeezed coherent state and fractal self-similarity 
are mathematically identical (Vitiello, 2012).

Therefore, we can also argue that, in a living organism, 
squeezed coherent state and fractal self-similarity are 
characteristics of organelles, cells, tissues, organs, organs 
systems, up to a whole organism, leading to a multi-level 
coherence oneness.

In the human body there is evidence of many structures 
that appear to be fractals: the networks of blood vessels, 
the networks of neurons, the ramifications of heart mus-
cles, and the bronchial tree. 

Should the organism, or some component, lose its natu-
ral coherence level, then the oneness of the multi-level 
coherence is broken, and a disease emerges, driving the 
system away from the minimal free energy principle (Dal 
Lin et al. 2020).

3. Biological Intelligence (BI)

Intelligence has been defined in many ways, but, in gen-
eral, it can be described as a living organism’s ability to 
sense, perceive the environment, extract and develop re-
lated information in order to create the knowledge that 
is necessary for actuating self-adaptive behavior. There-
fore, as argued by Plotkin (1994), intelligence can be de-
fined as the capability, often species-specific in manifes-
tation, which generates adaptive behavior. 

This definition of intelligence is perfectly in line with the 
so-called principle of minimal free energy (see next sec-
tion). 

In this paper, we named BI the capability of an organism 
to pursue an active adaptation, to maintain inner coher-
ence, while dynamically interacting with the environment.

The proposed definition of BI is analogous to the modern 
definition of health, as emerged from the “global conver-
sation” coordinated by Jadad and O’Grady: the ability to 
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adapt and self-manage in the face of social, physical, and 
emotional challenges (Jadad and O’Grady 2008; Godlee 
2011).

BI is an expression of the levels of connectedness and co-
herence of the organism. The former (connectedness) im-
pacts quality of life, as it is essential for constructing and 
maintaining the capability of resonating with the environ-
ment: in other words, being a healthy organism compels 
us to dialogue with a large part of the external world. The 
latter (coherence) is an expression of the healthy state of 
an organism. 

Bridging the concept of coherence from physics to 
physiology, coherence occurs when two or more of the 
body’s oscillatory systems, such as respiration and heart 
rhythms, oscillate at the same frequency (Dal Lin et al. 
2020). In systems that exhibit sine-wave-like oscillations, 
the more stable the frequency, amplitude and shape, the 
higher the degree of coherence. 

When coherence is increased in a system that is coupled 
to other systems, it can pull the other systems into in-
creased synchronization and more efficient functioning 
(McCraty et al. 2009). Frequency pulling and entrainment 
can easily be seen between the heart, respiratory and 
blood pressure rhythms, as well as between very-low-
frequency brain rhythms, craniosacral rhythms and elec-
trical potentials measured across the skin (Bigger et al. 
1992; McCraty, 2010).

How does BI operate while trying to achieve an active ad-
aptation? 

In principle, when following Artificial Intelligence modes, 
we would be prone to consider BI operating through logi-
cal mechanisms, like right/wrong, yes/no, on/off, accord-
ing to a binary code. This is how the rational mind oper-
ates: the choice is between two opposite possibilities; no 
third option is available. 

When we consider clinical practice, the person manifest-
ing a disease is stuck in a conflict between two possibili-
ties. In the following paragraphs, we’ll see that the mo-
dalities of individual expression of physical disease are 
related to a person’s particular emotional/psychological 
suffering. Therefore, psychological suffering is usually 
present, and is related to dichotomous unsolvable situa-
tions. An example can help clarify the concept. 

The patient’s conjugal relationship is facing a great cri-
sis; he/she doesn’t want to break up because of moral 

duties, yet is incapable of changing the relationship for 
the better. Staying or going away are both unacceptable 
solutions, but the person can’t see any other option. It 
is not the conjugal conflict or the conflict inside the pa-
tient; being blocked inside the conflict is the main source 
of suffering. 

It’s common, in daily life, to be confronted with difficulties 
that require an individual response, but the subtleties of 
the situation and the individual interpretative framework 
do not allow an easy, dichotomous, right-or-wrong so-
lution. Any daily situation is a stimulus to the individual 
system: it excites the senses that incorporate the incom-
ing signal; then the signal is interpreted by the system, 
acquiring a meaning for the system and, according to the 
meaning, a system’s response is manifest. In the inter-
pretation process, two different mechanisms are at work. 

The most obvious is the logical mechanism that answers 
the question, “why?”; a chronological and logical explana-
tion followed by a yes/no, right/wrong set. The second 
interpretation mechanism works through analogy and 
answers the question “how is it?” or “how does it feel?”

The analogy questions dig into the world of sensations 
and images of the patient; therefore, an almost innocu-
ous signal could be interpreted as if it were a tremendous 
life threat, because that specific stimulus finds memories 
and psychological images that make it feel so disruptive.

In the therapeutic setting, the internal conflict of the pa-
tient isn’t overcome by forcing choice of one of the two 
polarities, right/wrong or true/false, but by acquiring the 
ability to understand how the situation is interpreted 
through analogical thinking and introducing a solution 
that integrates the set of interpretations, thus bringing 
the system to a higher level of psychological coherence, 
overcoming the dichotomy right/wrong, true/false and 
producing, out of the two dichotomous options, a third 
coherently integrated solution. 

It’s worth underlining that the coherently integrated so-
lution, or adaptive solution that respects the free-ener-
gy minimization principle, doesn’t follow the fuzzy logic 
explanation, as it’s not only an adaptive answer placed 
in between two dichotomous polarities, but it’s a new 
solution that emerges integrating different mindsets of 
variables, including interpretational analogies produced 
by the individual (Penrose, 1994; Freeman, Vitiello, 2006). 
Adaptive mechanisms appear therefore as creative pro-
cesses that, accordingly to the free-energy minimization 
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principle, produce effective solutions, in an integrative 
process that resembles, in the mind, the collapse of su-
perposition states elsewhere observed, e.g., the highly 
efficient photosynthesis process, based on superposi-
tion states in the solar pigments compared to the on/off 
mechanism of artificial silica layers in photovoltaic panels 
(Thyrhaug et al., 2018).

This reasoning has striking similarities with the Path Inte-
gral model, which addresses the problem of determining 
the trajectory of a particle-like object from A to B. Rich-
ard Feynman’s suggestion was that, in moving from A to 
B, the particle-like object will take every possible trajec-
tory: forward and backward in time, zig-zagging, looping, 
whatever. To get the amplitude probabilities, Feynman 
argued that each trajectory contributes a complex factor, 
where S (time x energy) is the action describing that tra-
jectory. All contributions should be added up to get the 
overall amplitude (i.e., the sum over histories). Each path 
is weighted by a phase factor, and there’s some degree 
of cancellation between the contributions from different 
paths. Certain trajectories will possess essentially ran-
dom phases and will cancel each other, but other trajec-
tories that are sufficiently close to the stationary value 
(predicted by Lagrange in classical systems) would have 
similar actions and thus similar phases, giving a strong 
in-phase contribution. Therefore, the sum is dominated 
by the stationary result, apart from certain quantum fluc-
tuations. This is still valid and extremely interesting when 
applied to the transition of a living being from a state A 
(e.g., healthy) to a state B (e.g., illness) or vice versa.

The characteristics of BI, as conceived above, are well dis-
played in the reactive dynamics that clinical psychologists 
and physicians observe in their patients. Psychological 
defense mechanisms are a clear example of the attempt 
of BI to reduce free energy, notwithstanding the system’s 
unsuccessful attempt to react to the stimulus with fully 
adaptive behavior. The defense mechanism marginalizes 
the increment of free energy – avoiding, blocking or en-
capsulating the triggering stimulus, and thus partially op-
timizing the adaptive reaction and energy expenditure.

Also, as previously mentioned, at the physical level, the 
intrinsic adaptation of a living organism tries to minimize 
free energy and bring back the organism to its initial 
healthy condition, through some particular adaptive re-
actions. When an internal organ is affected, the system 
tries to bring the reactive process to the surface of the 
organism, thus reducing the impact on the organs more 
important for the economy of the system. Moreover, if 

adequately stimulated, the healing process proceeds 
chronologically backwards, firstly resolving the most re-
cent symptoms and then the older ones, until the initial 
healthy condition is restored. 

The healing process, when adequately triggered, is able 
to proceed backward eliciting older symptoms that aren’t 
manifest in the present disease picture, and to stimulate 
the BI reaction until the older symptom is completely 
recovered. Such a particular healing dynamic, observed 
through application of several psychological or physical 
therapeutic techniques, raises the question about the 
modality used by the organism to store past disease dy-
namics. 

When observing the precise chronological backward 
path, we are tempted to present a daring hypothesis: any 
disturbance of the system stimulates a SB, followed by 
condensations of an NG boson, subsequently stored in 
the system according to the chronological sequence of 
SB events. The healing process brings back to actuality 
the SB experience condensed in the NG bosons. At com-
pletion of the healing process, the system has recovered 
a higher level of symmetry, therefore capable of a wider 
set of adaptive responses to stimuli.

In QM, the focus is placed on the behavior of the single 
particles, while, in QFT, the field is fundamental. The field 
is the environment where the single particles appear as 
excited states; the dynamics of the field environment, 
and the intricacies of the quantum fields’ relationships, 
give rise to the observed reality.

Similarly, in biology, focus should change from the sin-
gle individual organism towards a systemic approach in 
which the single organism is considered part of its envi-
ronment (Vitiello, 1995, 2001, 2004). The behavioral and 
adaptive reactions of the organism are conditioned and 
can be understood by taking into account at least three 
different environments (fields) in which it is immersed 
and to which it is related: the genetic/familial environ-
ment; the physical external environment; and the inter-
nal psychological environment. Both the behavior and 
the adaptive patterns of reaction emerge from the inter-
dependent relationship between the above-mentioned 
environments. Those environments can facilitate or 
hinder the organism’s adaptive reactions according to 
their specific characteristics. The genetic environment 
includes chromosomal material, epigenetic information 
and transgenerational behavior patterns. The external 
environment includes material substances, beneficial 
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and noxious for the organism, and the several quantum 
fields to which the organism is related. The internal en-
vironment includes the psychological characteristics and 
memories that build up the structure of a human organ-
ism’s individuality. A detailed dissertation of the above 
characteristics is beyond the scope of this article, but it’s 
worth mentioning the analogies of a systemic approach 
from physicists’ and physicians’ point of view.

4. From Physicists to Physicians

At a fundamental level, life is quantum mechanical (Arndt 
et al. 2009; Huelga and Plenio, 2013; Marais et al. 2018; 
McFadden and Al-Khalili, 2018), although, through rough 
approximation, in biology, classical physics and biochem-
istry are used to describe the macroscopic phenomena 
observed in living systems.

Some of the greatest achievements in modern medicine, 
both in the diagnostic and the therapeutic fields, are ob-
tained through extensive use of quantum technologies; 
nevertheless, the interpretative framework of biological 
dynamics is still rooted in the classical physics and bio-
chemistry paradigm. Several observations in biological 
and clinical settings that cannot be fully explained by the 
current conceptual framework stimulate the need to wid-
en the paradigm. 

From a physician’s perspective, the theoretical achieve-
ments of modern physics offer explanatory clues for cer-
tain fundamental aspects of biological systems and hu-
man health.

In particular, we are going to examine the following as-
pects:

• Personal memory and transmission of transgenera-
tional patterns and behaviors

• Physical signs and symptoms as metaphors. A meta-
phor is an imaginative way of describing something 
by referring to something else, which is the same in 
a particular way. In the next paragraphs we’ll explore 
this concept in more detail.

Personal Memory and Transmission of Transgenerational 
Patterns and Behavior

The seminal work of academic psychologist Anne Ance-
lin Schützenberger (1998) has elucidated the intriguing 
and unexpected consequences of personal experiences 
in the economy of transgenerational behavior of descen-
dants. Unresolved psychological issues and traumas can 

remain stored in transgenerational “crypts,” and recur-
sively manifest, over subsequent generations, through 
unconsciously reproduced behavior patterns that show 
productive characteristics around a central familial issue. 
When analyzed in the psychological framework, those re-
cursive behavior patterns are like fractals, dynamically ar-
ranging themselves around an attractor represented by 
the central familial issue stored in the transgenerational 
crypt. The unconscious characteristics of these recursive 
events or behaviors are worth mentioning. Descendants 
are usually unaware of the events that hurt their ances-
tors and of the repetitive pattern over generations; only 
accurate psychological work is able to elucidate the pat-
tern. Where is all that suffering and trauma, all those 
psychological wounds stored over generations? Can we 
identify genetic inheritance of those existential stigma-
ta or are they stored and passed through generations 
somehow else?

This inquiry leads us to explore the concept of Jung’s 
collective unconscious: is that just a psychological tool 
useful in psychotherapeutic settings or does it have any 
foundations in physical reality?

Persinger (1987) has ascertained that temporal and re-
gional variations in psychological processes have been 
associated with geological factors, thus showing the pos-
sibility of interconnectedness over long distances.

Jung’s hypothesis of a collective unconscious has been 
scrutinized in several ways over the last decades; the 
Global Coherence Initiative is probably the largest ongo-
ing project investigating whether human emotions and 
consciousness interact with and encode information in 
planetary energetic fields, including the geomagnetic 
field, communicating information between people at a 
subconscious level; though exposed to some criticism, 
their work is still in progress (McCraty, 2012). 

In our hypothesis, transgenerational memories could 
remain stored in massless NG boson condensations re-
sulting from spontaneous SBs triggered by significant life 
events.

Physical Signs and Symptoms as Metaphors

In medical semiotics,  signs and symptoms are indica-
tors of bodily disorders from an objective and subjective 
perspective, respectively. The explanatory framework 
for their manifestation is fully acknowledged within the 
range of several biochemical molecular biology mecha-
nisms, such as disruption of biochemical pathways; cas-
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cades of inflammatory cytokines; imbalance of the neu-
rovegetative system; altered gut microbiota; mutations 
and alterations in gene expression; and many others. 
Over the last decades, signs and symptoms have been 
recognized as the result of the disruption of a complex 
network of organs and systems within the body that in-
cludes the psycho-neurological, endocrine and immune 
systems (PNEI) (Ader et al. 1995; Dal Lin et al. 2020). 

Through interconnectedness, a therapeutic action on a 
side of the system is capable of modulating the whole net-
work. As demonstrated by several experimental studies, 
modulation of the psychological environment produces 
physical modifications in signs, symptoms and biological 
parameters (Bottaccioli et al. 2014; Dal Lin et al. 2020).

The PNEI approach has reduced the distance between 
internal medicine and psychology. Freud is the founder 
of a psychological movement that has deeply investigat-
ed the correlations between mind and body, signs and 
symptoms and their symbolic significance. Franz Alexan-
der (1950) described the role of the autonomous nervous 
system in the dynamics of impulse discharges aimed at 
maintaining the system’s balance, i.e., adaptive invariance 
under internal or external stimuli and the rising conflict. 

According to Helene Flanders Dunbar, different person-
ality traits develop different physical disease patterns, 
e.g., the hypertensive, the coronaropathic, the rheumatic 
personality. The Psychosomatic Paris School founded by 
Pierre Marty underlined patients’ difficulty to verbally 
express their suffering, alexithymia, thus transforming it 
into physical symptoms (Marty, 1980). According to Luis 
Chiozza (1998), the disease affecting a certain organ or 
apparatus can be understood considering the symbolic 
significance of that specific organ or apparatus in the 
context of a patient’s unconscious fantasies. Joyce Mc-
Dougall (1989) identified the body as the stage in which 
the patient narrates his story; symptoms are metaphors 
of unresolved suffering and, through their physical mani-
festation, are symbolically representing the underlying 
travail.

As mentioned above, abundant psychological literature 
and a wealth of clinical evidence show the relevance of 
the physical symptoms as the place where suffering is 
expressed in the form of analogies, symbols and meta-
phors. The careful physician or psychologist can discrimi-
nate, in the words of the patient, those that are appar-
ently insignificant, from a nosographic diagnosis point 
of view, but highly evocative of underlying psychologi-

cal suffering that is frozen in images of the mind. In the 
theater of the body, a frightful stomach ache can be the 
manifestation of a trauma caused by a frightful experi-
ence whose verbal expression and resolution is missing 
and frozen in the psychological experience. The frightful 
experience, and how the patient interpreted it, remains 
unresolved and is described in the mental images that 
populate his or her mind. The frightful experience pro-
duces a spontaneous SB and, if it remains unsolved, acts 
like an attractor; the person has lost his or her full capac-
ity of adapting to stimuli and is caught in recursive re-
action patterns. Unresolved trauma keeps the organism 
in reactive dynamics that are far removed from optimal 
adaptation, and requires higher energy expenditure than 
the free minimum energy. 

From a psychological point of view - and from the PNEI 
perspective - the transduction of mental images, trauma 
or inner conflicts into physical manifestation is taken for 
granted. Nevertheless, a gap exists between mental im-
ages and their transduction to physical symptoms, in-
cluding alterations of biochemical pathways; genetic ex-
pression; imbalance of the neurovegetative or immune 
systems; and endocrine disturbances. In our hypothesis, 
the effects of spontaneous SBs, triggered by significant 
events and generating NG bosons, could act as mediators 
of the transduction of images from mind to symptoms 
(Freeman and Vitiello, 2006, 2016).

5. Experimental Validation Activities

This section describes the key research questions and the 
main assumptions adopted in the experimental activities 
aimed at validating the theory described in the paper.

A first key research question has been: how to detect the 
presence of NG bosons or, better, how to detect the ef-
fects of the interplay between Gauge and NG bosons in 
living matter?

In crystals, for example, phonons (which are a class of NG 
bosons) can be detected with neutron scattering tech-
niques. Multi-spectral analysis can be used as well. As a 
matter of fact, every piece of matter in nature is pervad-
ed by vibrations and oscillations: mechanical vibrations, 
electromagnetic oscillations, thermal, chemical-bonds 
vibrations, and quantum noise, etc. are some examples 
of this. Even the vacuum, according to QFT, is a ground 
level of energy, an arena of quantum fluctuations, e.g., in 
terms of fluctuating virtual particles (Ventura et al. 2017; 
Havelka et al. 2011; Pelling et al. 2004). The vibrations and 
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oscillations of a system, in principle, contain certain levels 
of information, which are characteristic of the system.

Therefore, a first assumption has been that all these vi-
brations can be considered, in a way, expressions of the 
balanced competition between the long-range ordering 
correlations of NG and Gauge bosons. As already said, 
the balance is reached depending on the boundary con-
ditions and on the relative strengths of the Gauge and 
NG fields.

A second assumption concerns focusing the attention on 
the vibrations of the hydrogen bonds, given their impor-
tance and pervasive presence in living matter. We assume 
that NG bosons, due to SBs, influence the vibrations of 
the hydrogen bonds. Hydrogen bonds are not only pres-
ent in water, perhaps the most essential substance for 
life, but are also in deoxyribonucleic acid (DNA), between 
complementary base pairs to provide the structure with 
greater stability. There are three main types of atomic 
and molecular interactions: Coulomb, van der Waals, and 

Figure 1: Raman scattering

Figure 2: Raman spectra of water in the 
temperature range around the phase transi-
tion (between 3 and −3ºC) (Picture credits: 
Đuričković, 2016)

Figure 3: Information contained in Raman 
spectrum. (Picture credits: Đuričković, 2016)
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chemical. Chemical interactions include several types of 
bonds involving atomic or molecular orbitals: covalent, 
ionic, donor-acceptor, hydrogen etc. The hydrogen bond 
energy is about an order of magnitude higher than the 
van der Waals energy, but it is the weakest among all 
types of bonds. 

On the other hand, the length of the same hydrogen 
bond can vary over a broad area, and as well its spectro-
scopic parameters in vibrational spectra. The fractal be-
haviors of water in aqueous and biological systems and, 
in turn, of certain living structures, might be attributed to 
the vibrational characteristics of hydrogen bonds (Yagi-
hara, 2019).

Over the last 50–70 years, numerous attempts have been 
made to model and measure the hydrogen bonds, in 
terms of their structural parameters and manifestation 
in vibrational (IR and Raman) spectra. There is a rich prior 
art on that: for instance, Kolesov (2021) provides an in-
teresting overview about Raman spectroscopy (a detailed 
analysis of this prior art is outside the scope of this pa-
per).

In Raman scattering, the wavelengths of the scattered 
light may decrease or increase; this is called Stokes Raman 
scattering or Anti-Stokes Raman scattering (which occurs 
in ground-state molecules), respectively. Anti-Stokes Ra-
man scattering shows lesser intensity than Stokes Raman 
scattering; therefore, most Raman spectrometers use the 
Stokes Raman scattering. In Stokes Raman scattering, the 
wavelength of the incident light shifts due to the differ-
ence in the intrinsic vibrational energy of the molecule. 
Each molecule is characterized by specific vibrational en-
ergy, such that this frequency difference has its own val-
ue. Therefore, the composition or structure of a chemical 
can be identified through Raman scattered light.

Therefore, we consider the use of Raman spectroscopy 
as a means for detecting NG bosons influencing the vi-
brations of hydrogen bonds in water. 

For instance, Figure 2 shows the transition from water to 
ice; it can be considered as a SB generating NG boson: 
as a matter of fact, Raman spectroscopy of ice and water 
reveal different spectra (Đuričković, 2016). 

In other words, it is argued that there is a direct link be-
tween the NG condensations and the Raman spectra of 
specific substances. In fact, a Raman spectrum can give 
us numerous qualitative and quantitative information 
about the sample: the position of the peak defined by its 

maximum corresponds to the vibration frequency of the 
chemical bond of the species; peak intensity is related to 
the corresponding chemical species concentration; the 
full width half maximum (FWHM) reflects the sample’s 
level of structural order: the lower the FWHM, the high-
er the local order. The peak shift towards the left and a 
smaller FWHM indicate the presence of NG boson con-
densations bringing more order to the substance (see 
Figure 3).

A mathematical model describing Raman spectrum rela-
tions with NG boson condensations and the Raman spec-
tra is outside the scope of this paper, and will be pre-
sented later on by a companion paper.

Conclusions and Future Work
This paper starts by considering that living organisms can 
be considered open systems, operating far from thermo-
dynamic equilibrium; developing, storing and exchanging 
energy, matter, and information with the environment. 
Overall, through these capabilities, living organisms pur-
sue continuous self-adaptation to environmental chang-
es, which is the expression of BI. The paper then argues 
that self-adaptation, and in general BI, is based on SB 
phenomena, well explained by an extension of the prin-
ciples of QFT/QED and Gauge frameworks. In fact, SBs 
are responsible for the emergence of multi-level coher-
ence in living organisms, in terms of balanced competi-
tion between Gauge and NG bosons, that allows coupling 
with the environment up to the quantum level. Leverag-
ing on the fact that more than 70% of the body is made 
up of water, eventually the paper proposes a practical 
method, based on Raman spectra measures in water, 
for detecting NG boson condensations responsible for 
ordering information, coherence and memory storage in 
living matter.

Further understanding and scientific foundations for BI 
could be achieved through the interaction of multiple 
disciplines such as quantum physics, quantum biology, 
medicine and psychology, and we strongly encourage 
such efforts.
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Discussion With Reviewers (DWR)
Reviewer: In the paper, a sentence by H. Pattee is quoted: 
“Life is matter controlled by symbolic information.” Could 
you better explain to what extent it is possible to further 
investigate this concept of symbolic information in the pro-
posed research framework?

Authors: An in-depth observation of clinical symptoms 
shows that every symptom possesses certain general 
characteristics, e.g. gastritis can include generic symp-
toms like burning, heaviness etc – but patients usually 
add more attributes to general symptoms, such as “scar-
ring” burning, “unbearable” heaviness, or go directly to 
the analogy, such as “I feel burning as if it was a fire, or a 
volcano;” “I feel heaviness as if a mountain was parked on 
my stomach.” In these brief examples we see emotions, 
sensations, and analogies in the form of images. Usually, 
those images are discarded as colorful but useless infor-
mation in the path towards a diagnosis. But if a physician 
further investigates these patients’ expressions, a portal 
can be opened beyond the rational, thus approaching an 
inner world inhabited by emotions, sensations, analo-
gies, and metaphors, where  images are the mediators 
of meaningful content. In the world of analogy, the “scar-
ring” expressed with the burning appears in its original 
meaning – when patients recollect that some unresolved 
experience of the past had a “scarring” effect on them. 
The “fire as if a volcano” can be recognized by a patient as 
similar to what was experienced during times of anger or 
great turmoil, and so on.

So, on the clinical side, we find meaningful images, ex-
pressing deeper unresolved experiences, behind the ap-
pearance of physical signs or symptoms.

Next, we ask where these images come from. What is the 
origin of these images kept stored in the psychological 
world of the patient? In our hypothesis, the SB that oc-
curs in the living system when confronted with external 
stimuli originates NG bosons that can remain stored in 
the system because of meaningful unresolved experienc-
es. These NG bosons include the description of the event 
and the impact and reaction of the living system.

Reviewer: Some claim that Raman spectroscopy could be a 
valid means for detecting condensations of NG bosons.  Why 
is it preferred to IR spectroscopy?

Authors: Raman spectroscopy allows detecting a change 
in the polarizability of molecules during the vibrations 
(phonons). Raman spectroscopy has several advantages 

over other vibrational spectroscopy techniques. These 
advantages occur because the Raman effect manifests 
itself in the light scattered off a sample, as opposed to 
the light absorbed by a sample. Therefore, Raman spec-
troscopy is insensitive to aqueous absorption bands, and 
requires little effort for sample preparation. Informa-
tion about vibrational transitions is obtained by shining 
monochromatic visible radiation (laser) on the sample: a 
momentary distortion of the electrons in a bond of a mol-
ecule creates an induced dipole that is temporarily polar-
ized; when the bond returns to its normal state, radiation 
is reemitted as Raman scatter. It should be mentioned 
that, often, IR and Raman spectra provide complementa-
ry information about many of the vibrations of molecular 
species. Eventually, Raman spectra are less complex than 
IR spectra.

Reviewer: Is it possible to use Raman spectroscopy to char-
acterize the state of coherence of biological water or cells, 
tissues, etc? If yes, for example, could it be used for cancer 
diagnosis and prognosis?

Authors: Raman spectroscopic research in biology has 
been attracting more and more attention. In fact, the 
physicochemical properties of biomolecules could ul-
timately be interpretable in terms of their vibrational 
behaviors, as a sort of fingerprint left by their chemical 
structures and biological phenomena. As such, Raman 
spectroscopy appears to be a valuable method to charac-
terize the state of coherence of biological water or cells, 
tissues, etc, and maybe also for supporting diagnosis and 
prognosis.

Reviewer: Would it be possible to get a better explanation 
of how your model could describe chirality in biological sys-
tems?

Authors: Chirality is the property of non-superimposable 
forms that are mirror images of one another (e.g., left, 
and right hands). For example, in the case of a chiral mol-
ecule, the two forms, called enantiomers, have identi-
cal physical and chemical properties, but the way each 
interacts with other chiral molecules may be different. 
Biological molecules show single chirality as they appear 
exclusively as left-handed amino acids and right-handed 
sugar. Moreover, the DNA double helix in its standard 
form always twists like a right-handed screw. The cause 
originating the imbalance between left and right enantio-
meric biological molecules is still under study. One of the 
candidate theories is based on the idea of parity viola-
tion in nuclear weak interactions, involved in nuclear de-
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cay. In fact, weak nuclear force is the only force having 
a handedness preference (i.e., parity violation): electrons 
created in the subatomic process known as β decay are 
always left-handed (spin is always opposite in direction to 
the electron’s motion). Left-handed electrons have been 
found to destroy certain organic molecules faster than 
their mirror versions, which could have led to a SB in the 
balance between left and right enantiomeric biological 
molecules (Gibney, 2014).

Reference for Discussion  
with Reviewers:
Gibney E (2014). Force of nature gave life its asymmetry. 
Nature (2014) DOI: 10.1038/nature.2014.15995.
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