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ABSTRACT

Questions about the nature of reality, whether Cionsness is the fundamental reality in the
universe, and what is Consciousness itself, havansaver in systems that assume an external
reality independent of Consciousness. Ultimatédig, dntological foundation of such systems is
the absolute division of subject and object. Weoadte instead what we consider to be an
approach that is in agreement with the foundatibrguwantum reality, which is based on
Ramanuja’s version of Vedanta philosophy and non-duastnirSaivism. Quantum mechanics
opened the door to consciousnebst it cannot account for consciousness. However, the
guantum measurement problem implies that we caremobve subjective experience from the
practice of science. It is then appropriate to se@khematical formalisms for the workings of
consciousness that don't rely on specific integtrehs of quantum mechanics. Temporal topos
provides such a framework. In the theory of tempaopos, which we outline here, the
difference between a subject and an object invallkesdirection of a morphism in a category.
We also note that in the dual category, the dioectif the morphism is in the opposite direction
compared with the original direction of the oridicategory. The resulting formalism provides
powerful ways to address consciousness and quakgond attempts to account for
consciousness through physical theories. We alscugs the implications of the mathematics
presented here for the convergence of science anedualist philosophies, as an emerging
science of Consciousness, that may bring out thdenlyng unity of physics, life and mind.
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1. Introduction
Science presupposes that sentient scientists eRigit of the sentience is an

understanding on the foundations of science. Angnsific system of thought relies on the
underlying ontological assumptions (or axioms) wétsa system of thought, what is the nature



of underlying existence or being (Kafatos and Nade&®00). Niels Bohr in the Copenhagen
Interpretation of quantum mechanics (QM) argued @isl is silent on a possible underlying
ontology and he instead opted for an epistemolbgipproach, or how quantum mechanics is
carried out in practice and what constitutes kndgéeof the quantum world. Heisenberg, on the
other hand, who along with Bohr was one of the fchrehitects of QM, held the view that
ontology mattered and, therefore, even in stan@didone does not have unified views. Several
interpretations of QM give identical results asd@ad QM (Wikipedia), however they differ in
ontological assumptions. In this sense, ontologgsdmatter as the different interpretations
cannot all be identical.

The present work is the crossroad among philosopinysics and pure mathematics, the
latter providing the glue linking philosophical wie of reality that include subjective and
contemplative practices and pure physical thedhashave little to do with the mind or its role
beyond acknowledging its existence.

As such, we hold the view that ontology cannot mexa comprehensive account of the
foundation of a system of thought, in this case @Ml the theory of measurement, without
accounting for the very awareness that is assumezeating that ontology. As Max Planck
explains, “I regard matter as derivative from caossness. We cannot get behind consciousness.
Everything that we talk about, everything that wgard as existing, postulates consciousness.”
(from The ObserveR5 January 1931).

This view of Planck and many of the founders of @Mhe first decades of the twentieth
century finds resonance with philosophical systéoth in the East and the West, often termed
idealism. In a recent published work, Theise andatts (2016) outlined the unification in
philosophy and science of what they term fundanténareness.

The mathematical formalism proposed here agreds tiwé unification approach, builds
on a philosophical framework that examines the logioal assumptions of science, offering
concrete steps that provide the foundation of sifierepistemological inquiry. In other words,
unification can most naturally be approached bkilog at mathematics to provide the bridge.
The philosophical underpinnings sketched here #ferent from current science as practiced:
They are in closer agreement with QM than whatsotas$ physics or Cartesian dualism (and we
emphasize that classical physics is still at thee cof the ontology assumed in science as
practiced today) implicitly assumes.

We start with a single fundamental axiom drastjcalifferent from the (implied)
metaphysical axioms of current so-called matetiadigence, which are accepted without a
formal inquiry: Specifically, the unstated ontologii assumptions or axioms of current science
are that Reality is external, physical and indepehdf observation, that dualism between mind
and matter is fundamental. In other words, the dyithg ontology of how science is practiced
today is that there is an external reality (mattetependent of observers (mind). However, QM
has shown that this external, physical reality,chilenies the role of conscious involvement,
particularly the vexing measurement problem, simplgesn't work. Therefore, QM is
fundamentally different than classical physics ahanodern science (excluding QM) built on it
as practiced today.

Rejectinga priori the implications of what quantum mechanics imphesild completely
stop the dialogue between science and philosophigphgsics. Doing this in order to remain
within an outdated dualistic, external reality @ar&n physical model of the universe is not
necessary, and in fact is not desirable. The valueontrolling unrestricted subjectivity to
conduct science and obtain objective scientifiailtess indisputable. Nevertheless, we have to



also understand the limits of the way science im@deracticed today and the theory of
knowledge itself or the epistemology of science.

Several works, in addition to t-topos theoretidimoes (see Butterfield and Isham, 1999);
and Mallios and Zafiris, 2016), have been proposedstudy the foundations of quantum
mechanics (and quantum gravity) in terms of caiegoand sheaves. Some of the motivating
forces to adopt the notion of topos come from digfies, e.g., at the center of a black hole and
the big bana singularity. Traditionally in physieg use the sets of real nums #a and complex
number: ¢ with the Dedekind-Cantor type completeness of tlistesns causing various
singularities as a consequence of mathematics lmm & and ¢, : and hence result in no meaning
in physics. For a general information for categom@d sheaves, we recommend Gelfand and
Manin (1996), and Kato (2006). Following the abamguments, we are proposing a new
science in terms of categories and sheaves wharetfre outset, the observer will be considered
integral to what is being observed, wherein theeole, the observed and the process of
observation, form an undivided whole. In some sgepistemology and ontology are intimately
connected.

We posit that mathematics can approach foundatiseaes better than specific physical
theories devised to study specific properties ofspial systems. In other words, our approach
can take us further than using physical theorieschviare generally developed to address
dynamics of objects (see several references, ob,Katd Kafatos works). In other words, we
view mathematics as more fundamental than physiesldress ontological issues.

The observer-observed relationship is at the fotiowlaof any system of thought. Any
account of specific experiences of the physicalldyathe qualia that we examine below, are
ultimately based on the most fundamental experienaenely the experience of the “other”.
Relationships between observers and observed tak mn the area of logic and cognition than
in descriptions of physical dynamics. In the mathgoal formalism of temporal topos
(abbreviated as t-topos) as described below, obsand observed are naturally accounted for.

In the present work we use the equivalent termsin@mental Awareness”,
“Consciousness”, and “Reality”, realizing that terrauch as consciousness, and reality are
interpreted and defined differently in differerglis. This unfortunately causes a lot of confusion
and is a limitation of the ordinary language we w#é very few words related to consciousness,
meaning different things to different people. le timathematical framework proposed here this
is (partially) alleviated. The fundamental axiorkds all these terms, Fundamental Awareness,
Consciousness and Reality, as equivalent. Whatewveldp here is an axiomatic approach which
encompasses the fundamental principles or natawed hnd addresses some of the fundamental
characteristics of Consciousness. The combineddiiem suggested here assumes only one
fundamental axiom. Statements or derivatives of tme axiom which are implied or follow
directly from it are discussed awtes whereas further clarifications of the axiom arfdthee
notes that derive from it, are offeredrasnarks which serve more as a clarifying role, in order
to emphasize different aspects of the one Redlity. approach as suggested here starts from
Reality and the fundamental axiom and successiwglgs on them.

The present work can be seen as new foundationddematical approach to modern
science, showing how this implies forms of Idealifound in certain Hindu philosophies,
supporting Hindu thought. Of course it would adgaply to western Idealism and other eastern
idealist philosophies. The interpretation of modscience, developed through category theory (a
sheaf theoretical formulation), is closest to tthealist philosophy of Bnanuja (see for example
Mishra, 2012), one of the most influential philoseps associated with the Vedanta school of
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philosophy; as well as the vast non-dual systemdashmirSaivism (see for example Chatterji,
1986; Dyczkowski, 1992; Kafatos and Kafatou, 19Bandit, 1997; SenSharma, 2007;a8w
Muktananda, 1997; Sami Shantananda, 2003; Singh, 1980; Singh, 2006).

Ramanuja's philosophical system was founded on qudlifimnism. His idealism asserts
that there exists a plurality and distinction beswehe individual soul oAtman and Brahman
(the metaphysical, ultimate reality). He also afiidd that there is unity of all souls and that the
individual soul has the potential to realize idgntith the Brahman. Although in a sense all
souls are essentially the ultimate reality, thetyuimi diversity (which is ultimately non-duality)
needs to be realized. In this way, he differs fiadi Shankara's Advaita (absolute monism) (see,
e.g. Svami Prabhagnanda, Isherwood, 1975; smi Vimuktananda, 2005), which rejects
qualified monism.

Saivism is closer to Bmanuja’s idealism of qualified monism. It is Brika (triadic)
system, consisting dParamaiva or supremeSiva, the Absolute, undifferentiated Beinggkti
(universal Energy), also known as Citi (universan€ciousness, as the creative power of the
Absolute); and the individual soul. The triadicdeiamg holds that there i®0 differencebetween
Siva and Sakti/Citi, and in fact no difference between Copssness, which is the One
Paramaiva/Citi, and the individual. The monism could Hdscaviewed as a three-fold Reality,
consisting of Consciousness, the universe, andnttigidual; or, alternatively, the object, the
subject and the processes tying them togetherni@éika, the supreme Being is identical to
supreme Consciousness, the Self of everything enuthiverse. Pararfi@a is the Absolute,
undifferentiated universal Being, and as Brahmaveadanta, is the underlying substratum of all
existence. However, the world and multiplicity objects and souls are also real (as they
ultimately arise from Consciousness). As Citi udfothe universe from herself onto herself, She
(the Creatrix of everything) is the ultimate souofeall manifestations, all objective existence,
all experiences of the subjective selves and as, salso the source of the mind. Citi represents
the immanent part of existence, while Pargiweathe transcendent aspect of the same identical
existence (cf. Kafatos and Chopra, 2014).

Saivism as Rmanuja’s idealism, as well as Buddhist thought, Qtais Jewish and Sufi
mystical explorations, and other philosophical itiads including Taoism and several
philosophical systems of ancient Greece such agltih@sophy of Plato, Heraclitus, Parmenides,
the Neoplatonists, etc., as well as western Idealgnce the Renaissance, share similar
interpretations of reality. HoweveRaivism and Rmanuja’s idealism, without being more
privileged than other forms, are perhaps uniquéha great care and methodical manner of
description they provide, which finds resonancehwihodern implications of the quantum
universe. As such, without attempting a completere which would be beyond the aims of the
present work, we present some of the statemeritsesé two systems and find congruence not
just with the implications of quantum theory butshomportantly also with the formalism of the
fundamental mathematical framework presented h@ne: important point to note is that these
monistic systemassign reality to everythinthat exists. This is not the case with every idéal
system.Saivism as Rmanuja’s idealism do not deny the existence of thiwamse, but instead
they consider the universe as real as the inflBéi, because in fact the universe arises from the
Self. Countless or infinite numbers of universes aountless beings and objects are all
emanations of the creative power of CitiSasvism emphasizes.

We offer here an interesting interpretation of nrodscience, showing the potential of
our mathematical approach, and how the philosoppicblems of science, e.g. accounting for
qualia, could be overcome, from this perspectiver @pproach provides a mathematical (and



therefore, ultimately, scientific approach, as sdlence is based on mathematics) to defend
Idealism, providing the view that Idealism is nobirary. Our approach here is in agreement
with the focus of the special edition.

2. Reality

As background to previous works and definitiong.(éStruppa et al. 2002; Kafatos and
Narasimhan, 2016), the systems of Vedanta (spetiifiRamanuja’s) and KashmiSaivism are
relevant to the Idealism that the mathematics egreement with. Here we present the following
updated statements and formalisms:

“Category theory was developed as a general framefoo many fundamental concepts
like sheaves, presheaves etc. in algebraic geonagtty algebraic analysis”. Initially
sheaves, presheaves and functors were definecadepplogical space to the category of
sets or the category of abelian groups, but la¢@ernlized to the case where the target
category can be an arbitrary category. Note thedtemf is a special presheaf that satisfies
the sheaf axiom, whose definition is given in S&ttB. That is, a presheaf is a sheaf if
global information (a section of a sheaf) can beyuely determined when given local
information can be pasted together. This pointnpleasized in the discussion given in
the qualia section. “Now with the advancement dirgum cosmology it is believed that
these abstract mathematical objects may play afisiamt role in physics” (Struppa et al,
2002). For the sake of completeness let us reweme of the basic notions from
categories and sheaves as follows: Historicallyakipg, the concept of a sheaf was
defined over a topological space. A contravariamcfor is said to be a presheaf
especially when the functor is defined on a siteaf@gory with a Grothendieck topology)
or on a topological space. This is further discdsaavhat will follow in this paper. Note
that the concept of a Grothendieck topology wagimaily introduced in Algebraic
Geometry by Alexandre Grothendieck around 1960verapme the difficulty of proving
Andre Weil's conjectures on zeta functions detegdioy an algebraic variety over a
finite field of characteristic primg>0. The notion of a site is a generalization of a
topological space, e.g., Euclidean space, so Hestftheory can be developed over such
a site (a category with a Grothendieck topologyy. & general theory of a sheaf over a
site, see Kato (2006, 2013), Kashiwara and Schp@d@6) or Gelfand and Manin (1996).
Moreover we note:
“Various QM phenomena, which actually form subsdtthe three Laws of Nature, can
be discussed in the context of category theoryhiwitiniversal Consciousness, as they
apply to the physical world...If conscious entitie® alescribed agpresheaveon T
(whereT is a site or a (general) topological space), tltemplementaritynature is
embedded in the very way in which presheaves aeavels are constructed. Interestingly
enough, while both descriptions are adequate @regach given theorem, only one or
the other representation is used in practice, ino@ance with the principle of
complementarity...” (Struppa et al., 2002; Kafatos and Narasimhan, 2016). For a more
general and updated description of the above mdef a generdttopos theoretic sheaf
theory, see Kato (2017) or Kato (2013).



We are now ready to develop thtopos approach to reality. We present elements of
topos, referring to full treatments in numerous kgoof mathematicak-topos formalism
developed elsewhere (e.g. Kato, 2004, 2005, 200B7)2

The most general definition of a presheaf is arematriant functor from a catego6yto
another category. Traditionally, categoryC is the category induced by a topological space
where morphsims are only inclusion maps, and thgetacategor\D is the category of sets, or
the category of abelian groups. Since we need thiemof a presheaf over a site, we need a
more general notion of a presheaf than a prestefafed over a topological space. Recall also a
contravariant functolr from categoryC to categoryD is an assignment from objects and
morphisms inC to D as follows: for an objecX in C, FX is an object oD. For a morphisni
from Xto Y in C, we have the induced morphigthfrom FY to FX in D, satisfyingF(g- f)= F(f)
> F(g) as a morphism frorkZ to FX, whereg is a morphism fronY to Z. Lastly, for identity
morphisml on X, F1 is the identity morphism oRX.

Definition: A presheain is said to be &presheaf from a sit8 to a category whem is
defined for objects of a subsii, of S where a siteS is a categorys with a Grothendieck
topology. See e.g., Gelfand and Manin (1996), Keaha and Schapira (2006) or Kato (2006,
2013) for the notion of a site and a sheaf &er

See also Remark near the end of Section 2 foriedbgplution to the above notion of the
modified notion called &presheaf. In what will follow in this paper,tgresheaf is said to be
simply a presheaf defined ort-aite S

As discussed above, central to our approach, isretegionship between subject and
object: The only difference between the observet #ie observed is in the direction of a
morphism in a category (e.g., Kato, 2013). Sineegpacetime sheaf =(«,7) is a final object

of the t-topos$, for any objecim of S, there exists a unique morphism from the objedh&o
spacetime sheaf. Even for a physical objetbpos accounts for the relationship between the
observed object and the observer. For examplearfalectrontf)presheak associated with an
electron, when presheafassociated with an electron is in an ur-particges by definition,
there exists an objedt in the t-site so tha#(V) is defined. For this case, we say also that
reified atV. Whene is observed, presheais necessarily in an ur-particle state. One caa say
that in such an ur-particle state, a presleeabllapses of the wave states at theAs is often
used in a categorical notion, an ur-wave statereslpeafe can be written as(-). The effect of

an electron on spacetime (sheaf) in the microcazmes from the unique morphisail’t. «in
the following sense: Suppose that there eXistwheree and . are reifed. Whene (V) is

observed by an observe(V) by the morphismw(V) 0’03, P(V), then the compositiod, °o,

gives information on the ur-particle (see belovetetofe(V) through measuring its effedt, on
a(V).
We now present the foundationstd@bpos as pertaining to Reality. Specifically, in:

Temporal Topos,the categoryS‘ of presheaves on a temporal $Stexists independently of the
usual notion of time.

A more explicit definition of a temporal topos, the category of contravariant functors,
or rather contravariaritfunctors from &-site to a product category, will be given in whal
follow. Note also that, via the Yoneda Lemma arsdeinbedding, the target product category
(considered as a site with a canonical topologg)membedded to a topos.



Namely, for the (pre)sheaf associated with time, the classical notion of titmgr
infinitesimal time periodAt) is expressed as the reifigfl’) for an object of the temporal site
S See the comments on the usual notion of timed the generalized time peria¢l/) in the

section on Qualia in what will follow. In tempotalpos, the fundamental postulate states that we
disregard whether the time associated (pre)shdafreified or not. As such, in what follows we

assume the existence of the temporal tcﬁpos
The underlying basis of our formalism is expressethe following Axiom, which we
also state in t-topos formalism:

Axiom 1: Fundamental Awareness or Consciousness is theRetallty.

The Axiom is in total agreement with the firgtra of theSiva Sitras (Dyczkowski, 1992;
Singh, 2006). which states: “Consciousness is #l€.39n other words, Reality, which is the
universal Self, is identical to Consciousness.

Here we use the term “Fundamental” in the sensenidied (global) consciousness. th

topos formalism, the concept of Fundamental Awassris interpreted as thetopos $ itself
where all the presheaves are un-reified. Our ogicét temporal topos postulate states that a
(temporal) topos exists independently from the Lswaion of time. Mental and physical
realities are formulated in terms Bfopos, i.e., via categories and sheaves. Therefestating
the general statement of the above Axiom 1t-topos formalism, it takes the equivalent
mathematical form, providing a mathematical forsralifor the fundamental tenet of non-dual
Idealism:

Axiom 2: Category of all un-reified presheaves is total (eified) Reality.

Recall that atf)presheafm is reified when there exists an objattin the t-site S for
whichmis defied atv, and,mis said to be not reified or un-reifieddtwhenm is not defined at
U. Consequently, the total Reality consists of ladl tir-wave state presheaves({}. We can
also state that there many physical and mentaltiesabut all are contained in the One, Reality,
as we further explain below. The difference betwimentotal un-reified Reality in Axiom 2 and
the Reality that consists of reified presheaveshes following: The total reified Reality is
potentially observable. However, un-reified Reatign be observed only by the mind.

Note that general term for a category of sheaves asite is said to bet@pos We use a
restricted notion of a topos, which we call Tempdi@pos or simply a-topos. Recall also that a
site is a category with a Grothendieck topology. fore detail explanations and applications of
a topos over a site, consult Kashiwara and Schgpd@6) or Kato (2006, 2013). In what will
follow we develop concise description of the logistatements in terms ¢ftopos. As one can
observe in what will follow, the most significargstriction is that in out-topos theory, at{)
presheaf iri-topos need not always be defined at an objectstka

The following remarks apply as pertaining to thexabAxiom:

Nothing exists which is not within Fundamental Aefess. That is, if anything exists as
a reified presheatf, it is within reified Fundamemavareness. Or, equivalentifrhere does not
exist anything outside Fundamental Awareness.

Here “Nothing(ness)” can be identified withthe (un-reified) topos (or the “nothing” of
Vilenkin, 1982). If we adapt this definition of “tlung” of Vilenkin as un-reified presheaf
categorys, it follows that a universe emerges out of thisthing”. As was indicated in Kato
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(2017), when all the presheaves are not reifieduding space-time sheaf =(«,7), then in
such a state, spacetime cannot be observed.

We also remark that Awareness is all possibilities)uding qualia, the qualities of
experience (see below). All possibilities are pnése by reified presheaves. We regard qualia as
reified presheaves. This is the case when preshaaaéch the pairing partners from thsite.
We can call such a pair as a reified pair of alpratand &-site object.

We further remark that:

The observable Universe is the totality of obselwalbjects. Or, equivalently,

The observable Universe consists of reified pregtea

We can also say that the observable Universe is ithanent (i.e. different
manifestations) aspect of Awareness in the foll@wganse:

The observable universe is reified aspect-twipos, i.e., as stated earlier, reified objects
(presheaves) of thetopos.

An important point to make is that all potentialmfastations of consciousness form the
transcendent aspect of Awareness. Namely, all diedepresheaves form the transcendent
aspect of Awareness. Note that in tHepos theory developed in Kato (2005, 2006, 2atha8)
concept of “enough presheaves” assumption was olgeel Namely, there exists a presheaf for
every particle (microcosm or macrocosm). Thathere are more presheaves in cate@dopos
which need not correspond to any particles. Ingbisset-topos has “enough presheaves”.

Finally, Awareness is boundless in the sense that themmare presheaves than reified
presheaves, without beginning or end, not subgetiritations of space or time.

Remark: In order to avoid logical problem, a regetendly suggested the following,
which we have accepted with deep appreciation. \Wedefine a categoryVV containing the

temporal toposSas a full subcategory: The objects \of are pairs rf, a(m)) where m is a
presheaf from S to the product category afid) is a subcategory of S. Namely, we interpret a
reified presheaf as the restriction of an un-reipedsheaf to the subcategaagm) of S. The
morphisms from (m, a(m)) ta(, a(m’)) in W are pairsj( i) wherej is the inclusion functor
from a(m) to a(m’) andi is a natural tramsfomation fromto m’, i.e., a morphism of presheaves.
Then category W contains both reified and un-reiffgesheaves. Hence objects Srare t-
presheaves, which in this paper we abbreviate giagpbresheaves ovet-aite S

3. Nature of Fundamental Awareness

If fundamental Awareness is the total Reality, thdrat is its nature? What are its main
characteristics?

An important remark to make which ties the form@i here to Eastern systems of
thought is that Reality is Consciousness and Camepéss, or Being (Light) and Consciousness,
in Saivism (in Vedanta systems it is Being, Awarenesd @ompleteness) of different types
(Singh, 2006; Pandit, 1997; Kafatos and Kafatol®1)9This Reality is the Light that illumines
everything, and also consists of Awareness of ¢kieny that exists.

Or, equivalently, restating this general philosephstatement itrtopos, we note:

Reality consists of reifications of presheaves bgais oft-topos S defined ont-site
objects, called generalized time periods. And,

Consciousness is self-interacting as both the estibpnd object of awareness.
Consciousness is expressed-topos as follows: For a conscious entity we asdeawith it a
sheafP rather than a presheaf. This is because a corsseittity is capable of connecting local
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information data to obtain global information. grms of sheaf theory this simply means that the
pair P(V), P(g)) is an equalizer in the following sense;p'(fﬂi)(xi):p(ﬂj)(xj) for x; in P(Vi)
andx; in P(V;) then there exists a uniguen P(V) such thaP(g)(x)=x; for all I,:

mlfaR
AR
where 77 are projections fronV, xV. to V.and V., respectivelyk=1,2. Namely, a conscious

entity can “paste” local “matching” section datadfatain the unique global section in the above
sequence. For details, see Kato (2006). Selfantem can be expressed as an endomorphism
P(V) to P(V). That is, in terms of temporal topos, self-awarerissan endomorphism of the
sheaf associated with a conscious entity over argépred time period.

We make several further notes: The mind is of #maesnature as Consciousness. And,
(expressed in an equivalent form): The individumalessentially the same as Consciousness.
These statements are in agreement witilmdRuja’s version of Vedanta philosophy and non-dual
KashmirSaivism. As such, all observers, all experiencers, all iithigls are none other than the
Consciousness. All minds are ultimately the one dVi(Citi) (see for example St
Muktananda, 1997; and Swi Shantananda 2003).

All experiencers are immanent components of th@stiendent Reality, which is
universal, non-dual Awareness.

Focused attention of the observer can also tuck ba itself, which is what is termed
introspection (or meditation). This now has a matagcal equivalence in t-topos.

The individual is subjected to misunderstandinghig true nature of Reality and
experiences dualism in different states. And,

(equivalent form) Human consciousness, the subamnscdifferent sleep states, awake state,
are all aspects of Consciousness but are consideyeskparate from Consciousness. This is
related to the veiling aspect of Fundamental Awassn

The brain and the mind are similar types of compgletarities to the universe and
Consciousness.

PO [1PV) P(V,xV)

4. Powers of Fundamental Awareness

One can inquire about the powers of Awareness, fegtimg in the Universe. We note
the following statements:

Fundamental Awareness possesses infinite powei@ingeit has no limitations, it can
accomplish anything in the sense that there aragimaon-reified presheaves with the potential to
be reified.

In Saivismthree powers are primary (Dyczkowski, 1992; Paridi§7; SenSharma, 2007;
Singh, 2006)Will; Knowledge (based on awareness of other anitseff); and, Action (Kafatos
and Chopra, 2014; Kafatos and Kafatou, 1991). Tlesediscussed in the papers by Kafatos
(2015) where a Hilbert-like fundamental mathemascapplied to Will, Knowledge and Action.

The three powers also exist in the individual &ytéxist in Fundamental Awareness but
are experienced in reduced or limited form.

The primary power is the complementary relationshithe unity awareness “I Am That”
or “That Am I”. The denial of “I Am That” yields wing, wherein global reduces to the local.



And in the opposite sense, the denial of veilirgds Unity, which manifests in the "I Am That"
relationships.

A separate universe is an illusion as the universssentially Consciousnedsiis is in
agreement with Advaita (non-dualist) Vedanta batest more clearly, and without confusion as
to what “illusion” may imply, in KashmiSaivism. When objects, subjects and processes are
experienced as not separate, all that remainseidttity of Awarenessin this Unity, all is
process, “everything flows” is the dynamical nataf€onsciousness.

5. How the Universe Arises

If everything is Consciousness, the question nhyueaises, how does the objectified
universe with different objects and forms arise?

In t-topos, we note thaBelf-interactingConsciousness projects the universe onto its own
field of awareness.

In Kafatos and Chopra (2014) (see also Kafatoskaidtou, 1991), it is stated:

“How does the universe manifest? What is the soafdbe universe? The first sutra of
the Pratyabhijiiz-hrdayam, “The Secret of Self Recognition”, authored byelhagja
(Singh, 1980) states: “Citi, supremely independeriversal Consciousness, is the cause
of the manifestation, maintenance, and reabsorgtidghe Universe”. Alternatively, “The
universe is the means to attain the realizatiofred universal Consciousness” (8w
Shantananda, 2003). The first aphorism gives the undeglytause of the changing
universe, as universal Consciousness. Here thes thosmic actions which create,
maintain and re-absorb all existence are attribtdegiti. In contrast to the way scientists
view the universe as being caused and driven byathe of Nature, the Pratyabhijfi
hrdayam states that the cause is Consciousness Hesif does universal Consciousness
unfold the universe?t®a No. 2 of the Pratyabhijfhrdayam states: “By the power of
her own will, she (Citi) unfolds the universe upogr own screen (i.e. in herself, as the
basis of the universe)’. Heres&magja describes the universe as being nothing other
than the projection by Consciousness onto Conseesss What appear as differences in
the objectified world, are projected differenceghe universal screen of Consciousness.
But then the question would arise, what is theioraf the vast diversity of objectified
existence? @ra No. 3 of the Pratyabhifhrdayam, explains: “That becomes diverse
because of the division of reciprocally adaptedeotsi and subjects”. In other words,
division in what appear as objects and subjectssgiise to all diversity”.

As all is un-reified potentialConsciousness does not need anything externalojecpr
(form) the universe.

Moreover,Consciousness takes on limitations in order forifeatation of the objective
universe to proceed from the transcendent to thmeanent or from Fundamental Awareness to
the individual mind or from global Mind, as many d&lhist schools would state, to local mind.
Veiling is the root cause of the experience ofti@diexistence (see for example Kak, Chopra and
Kafatos, 2014). In quantum theory, veiling is raesgble for inherent non-localities that are
directly observed. The reader is directed to theksof Kafatos and Kak (2015) and references
therein on the veiling in general which assume<ifipedefinitions in general relativity and
guantum mechanics as explained in Kafatos and Kdédewise, for fundamental Awareness,
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veiling appears to reduce to a limited individuahovis nonetheless similar to fundamental
Awareness.

We remark the following equivalent forms given hek&iling is characterized by
limiting the field of Awareness to specific propest which characterize objects and qualia. L
imitations give rise to space, time, limited degsilienited knowledge, limited action, and,
therefore, limited existence. Veiling is non-logeli, but once reified, limitation is induced.
Limitations give rise to boundaries in the infinifeeld of Awareness. Projections onto
Consciousness are experienced or reified as boesdafr Reality. Boundaries give rise to the
objectified experience of existence of forms. Thpsgections appear to bind Reality but don’t
change its essential transcendent, formless nature.

Finally, at the objectified levels of ordinary eteisce, veiling becomes veiled non-
locality and cosmic censorship. In termstabpos, when a presheaf is not reified, it is even
meaningless to ask where and when an entity, agsdcwith the presheaf, exists. Such a
presheaf exists in the category calleédpos without specified location and time.

6. Operational Principles and Quantum-like Processe

Consciousness operates through aperational Principlesor Laws of Naturg namely
Complementarity (or Integrated Polarity); Recursi@r Correspondence; i.e. expressed as
similar patterns and laws across different rangasl Flow (or Creative Interactivity) (Kafatos
and Nadeau, 2000; Theise and Kafatos, 2013a, b).

We note thain thet-topos formulation complementarity can be undeidtas thedual,
reified versus un-reified. Creative interactivisyunderstood amorphismNamely, in terms of t-
topos, when an entityn is observed (or measured) by another erfitye.g., a human or a
machine), there exists an observation morphism fr§¥) to P(V) over an object (a generalized
time period) of the t-site. If one prefers to exgzrehis morphism in a more precise way, i.e.,
relevant to relativity theory, we replateby V' where a morphism fronV to V' is a t-linear
morphism (that is the particle ur-state®/) andP(V’) are in a t-light cone. For details, see Kato
2005 or 2013.)

There are no parts of the universe, no scientigicl$, no processes that are not subject to

the three Laws of Nature, Complementarity, i.ee, tinderlying presheaveg} ., Recursion,

i.e., the discrete nature téite, and Flow, i.e., the proce{sm(V) (H[EN m'(V')}m'm,D@.
VV'as

As such, the Laws of Nature are the means of Avem®projecting “out” the Universe.
They form what experiencers experience as “exteewity”. The so-called Universe and all its
so-called objects arise from the split between abjand subjects, interacting with each other,
according to the Operational Principles.

Studying the microcosm reveals the macrocosm and versa (Theise and Kafatos,
2013a, b). This can be formulated in terms of seea¥rom macrocosm to microcosm the
process proceeds in a restriction, which is funaligrinduced by the presheaf for a morphism in
the t-site, and from microcosm to macrocosm is rilesd by the sheaf axiom as explained above.
As discussed in previous works (see also ChopraKaidtos, 2017the Laws of Nature are
most easily discernible in the scientific fields g@iantum mechanics, relativity theory and
guantum biology, including neurosciencéhe extension of QM to other scientific fields,
following the Operational Principles outlined hecan be formalized at mesoscalegjaantum-
like processes. Quantum-like are generalized procesmkphenomena that apply beyond the
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strictly microscale levels for which the originaMQwas developed. As such, QM reveals the
underlying Operational Principles applying beyohd ticroscales of quanta as quantum-like
processes.

7. Qualia

The so-called “hard problem” (Chalmers, 1995) ofismousness is a statement of what
constitutes experience. Experiences in the wordt@medjualia (Chopra and Kafatos, 2017).
Qualia are the glue that holds the five sensesofvisaudition, somatic sensation, gustation,
olfaction) as well many other modalities importémt our experiences, together and gives the
appearance of an external reality. All experienedsgether of the body or the outside world,
consists of qualia. Our world only exists becauseperceive it and act as conscious agents.
Thus, all interactions with the universe are exgrgral and subjective. What we call “objective”
in science is that which we can measure withingpast of qualia dictated by mathematical laws.
Quantum mechanics is a mathematical model for fiizmg and measuring what are nothing
other than experiences (compare with Bohr’s, 1984 958, view of reality). It's the map, not
the territory (Chopra, Tanzi and Kafatos, 2014).

The field of pure awareness exists prior to qualidile subjective experiences in
Consciousness are qualia, which are sensationgesnéeelings, thoughts (Siegel, 2016). Qualia
are the experiential attributes of Consciousnesgldrify:

There is no possibility of proving anything exigtioutside of qualia. Qualia are distinct
and are tied to the experiencing individuals. Sp#ioee, particles, all objects are nothing other
than qualia when they are reified, i.e. possiblgiexttive experiences. Mathematics itself is the
most refined form of qualia. Even our neuronal eystis a product of a possibility in
consciousness, which has evolved as a mode fapieteng consciousness from a perspective
that makes humans unique, at least as currentlgratabd or as it appears to be the case (see the
work of Kato and Nishimura, 2013, and 2015). Thelartying world is pure Consciousness,
which has no qualities, being the pre-created s&itee this is also the ground state of existence,
human awareness can explore it through an experiehdhe mind’s silent source (Chopra,
Tanzi and Kafatos, 2014). Experiences of the esleworld are mediated by the qualia of
sensory awareness (including sight, sound, towsdtet and smell) as consciousness interacts
with itself (Chopra, Tanzi and Kafatos, 2014).

One may say that qualia are the reified Realityal@uappear on the boundary between
the perceived and the actual (pure Consciousn€g)pfa, Tanzi and Kafatos, 2014; Chopra
and Kafatos, 2017From the un-reified to the reified@he process of consciousness interacting
with itself is most obvious in humans as self-awass imparting the sense of choice, purpose,
and meaning (Chopra and Kafatos, 2017). Self-orgdioin, which can occur with discrete
systems as well, is based on continuous feedbags|frheise and Kafatos, 2013a).

“Veiling” makes qualia appear as unreal or irrelé\aard space, time and objects as real.
However, it is the other way aroun@ihe so-called “measurement problem” of QM revehks t
underlying conscious Awareness.

To proceed, we need the following definitions:

Ur-State: A presheam is said to be in an ur-particle state if theresesxan objecY of thet-site
at whichm is reified. Andm is said to be in an ur-wave state wirans not reified with any
object of thet-site.

Qualia: They can be defined irtopos as: Qualia={reified presheavesp#V): mL_ S, VL S}
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We note again that objects of theite § are said to be generalized time periods. The
notion of a generalized time period, i.e., an ob@d-site S is more fundamental than the usual
time concept in the following sense. The usual ephof time is a reification of a time-
associated presheafdefined on the-siteS. Namely, a generalized time periddis used as a
parameter for the usual time concept. That isuthal timet is controlled by generalized tinve
Let t to be precedingj in the usual sense. Namely, fo£t', we writet —» t' LetV andV’ be
the correspondingd-site objects (generalized time periods)ttandt'. The correspondence
between them can be phrasectasr(V) andt'~ 7(V'). Note also that in the theory tfopos,
time, presheafrf is assumed to be a sheaf so that the smoothnegspate-) time is a
consequence of a sheaf property of exactness afetipgence mentioned above. Notice also that
our approach toward time is not the Dedekind-Catyjoe in the sense tintas an element of set
R of real numbers. We consider the true naturenoé tis not a point on the real lifg rather a
period given byr (V). We will useaw =(«,7) as a pair of-entangled sheaves of space-time. For
more information ort-entanglement, see Kato (2013, 2017). By the defmiof qualia, i.e.,
Qualia={reified presheaves}#fi(V): m_ S, VL S}, it is the totality of all the (ur-) particle s
of presheaves associated with particles.

For the sake of completeness let us recall theviilg: We letS be the category of
presheaves over a sif A presheaf is a contravariant functor from a Site any category. In
our t-topos approach, with a restricted notion of a, sithich is calledt-site S a presheaf is
nothing but a contravariant functor fro® to a product category of categories of all the
measurable physical entities. We can express spobsheaf as:

m:S 5 |_|Ca
alA

sopp
Or some prefer to write this categoryEaﬂ Caj . Consequently, for an obje¥t(generalized
alA
time period), a presheah takesV to a reified staten(V) in the product categorﬂ C,.The
alA

projection 7z : |_|Ca OG- C, takesm(V) in [']C, tom,(V)in C,.
alA alA

We remark here thdhet-topos theoretic uncertainty principle comes frdma hotion of
a micromorphism. Recall that our notion of-gite is a restricted notion of a general site ,(ee
category with Grothendieck topology) where a peesmeed not be defined for all the objects of
the t-site. Let us assume that a particle is measurécetat timet and times, and let the
corresponding generalized time periods\vbandU. Then the corresponding morphism frdMm
to U is said to be &linearly ordered morphism (afinear morphism). Suppose that a presheaf
m is reified at an objecV of a t-site. A morphismg:V & V' is said to be a-linear

micromorphism wheng is t-linear and ¢ cannot be properly factored. Namely, for a
factorization of@ asV 0'G. w 0. V', eitherg or @, is an isomorphism in thesite. If a

particle associated preshenfis reified atV for a micromorphismg:V O3 V', then presheah
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cannot be in a ur-particle state aftétill V'. That is,m has to be in a ur-wave state during the
generalized time periods betwe&hand V'. Our formulation from the microcosm to the
macrocosm can be expressed in terms of morphisarsel, the difference between microcosm
and macrocosm is the number of micromorphisms frsite. To be explicit, for a morphism

VOt U in the tsite, suppose thap can be factored ap=@ op  o———o¢ , where
V., 0. Vis a micromorphism. Whethéf 0%3, U is a macrocosm morphism or a microcosm

morphism depends upon the positive integir the number of factorization &f 01, U.
A quantum jump is interpreted as the discontinoityhe morphisms it-site. Namely,
the corresponding states of a preseaf associatddanparticle is controlled by finite series of

morphisms in thé-site. In particular, for a micromorphispthJd, V', there does not exist an ur-
particle state (i.emis never reified) between the two (ur-)particlesg above) stategi(1/) and
m(V").

The presheaf theoretic aspect of the wave fundhotine Schrédinger equation can be
interpreted as follows: The difference of the urtighe statesm(U) andm(V) of a presheam

corresponding to a micromorphisth(1¢2. U depend upon the initial ur-particle stat¢V) and

Vot u.
Recall that Self-observation consists of the fwifa: LetP be a sheaf associated with a
conscious entity. Self-observation is an endomamphiromP(V) to P(V), whereV is an object

of thet-site. Namely, self-observation is a morphiﬁ(rV)D‘”@ P(V). As noted earlier, notice
that we assume a presheaf associated with a cosseity is a sheaf.

An identity morphismid _  is a special case of endomorphisnEimd(P(V)).

P(V)

We recall the following:

(1): T-topos as un-reified stage of presheaves exist®(’pas a preparation (foundation)
leading to reified presheaves (i.e. qualia); subjecexperience is a morphism from a reified
presheaf to an observer (SIFT, Siegel, 2016). Weatso account for self-observation

(2): Qualia appear on the boundary between theeped and the actual.

Formal definitions of “veiling” and “measuremenbplem” are given here:

Veiling is the boundary process from un-reified to reifidéthmely, veiling is “the
concept ” of a contravariant functor.

Measurement problemis veiling, i.e. for presheavesandP, we formulate thalP
measures in terms of morphisms as follows (for the relattic formulation, see Kato, 2005):
For the sake of simplicity, we formulate non-reladiic case. In this case, one may consider that
P is the observer amu is the observed. Firstis measured bl over an objecV of thet-site
and can be formulated

m(V) 0’3 P(V)

Where the measurement (observatisp)is a natural transformation from mRoevaluated over
V. (Note that the case of relativistic formulatiorodld become as follows. For a t-linear
morphismV 0, V' in thet-site, i.e., the ur-particle statesmofandP overV andV’ are mutually
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in the t-light-cone, the measurement morphism bm(V)Dsh P(V'), which is not
canonically induced as a natural transformatiomaone.) For a-linear morphismy 0f3, W/,

the presheafn inducesm(V) %0 m(W). (Notice that the direction of the arrow is rewats
due to the contravariantness of presheaf.) urgtarsitatem(l) overV in thet-site should be
regarded as the preceding particle state of acparaind the ur-particle state(W/) is the future
state. Notice that the diagram

m(V) <%0 m(w)
l SV
P(V)

indicates that the (non-relativistic)y measuremenfV/)J’(d P(V) can be composed as

m(W)—2 5 p(V) with the canonically inducedm(V)O"™— m(W) obtaining the
information of the future ur-particle state(l/). On the other hand, when(IW) is measured,

i.e. m(W) Tl P(W), the inducedn(¢) cannot be composed with the measurement morphism
(the natural transformation ovejs . The situation can be expressed as the followiagram

m(V) <%0 m(w)
L
pP(W)
indicating that measuring the ur-particle statenoby P over W gives no information of the
temporal past ur-particle state wf over V. Note that in terms of t-siteV is the past state

determing generalized time period with respedd/to

We note that the lack of information about a pesetperiod by measuring something in
a given time period corresponds to veiling.

It may be useful to make the following comments te deterministic-classical
formulation of measurements in termstabpos theory: For an obje®tdefining the ur-particle
state ofm, there exists ainiquely determined t-linear isomorphistm an objectW . In the
classical world interpretation, measuring either tin-particle state ah overV or W, makes no

difference to determine either state, since themsgphism has the (isomorphic) inverse
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providing the each state ov&t or W symmetrically. This is the so called Laplace’s Mor

formula.

8. Conclusions and Future Work

The present paper outlines how some aspects gfostavould link to the science of
Fundamental Awareness, based on qualia. We hawenshow the t-topos mathematics can be
used to provide a mathematical formalism for wreet heen mostly described in the West as the
philosophical system of Idealism or in the Eastphilosophies as Monism or Non-dualism.
Monistic systems are valid practical systems ofugit that address fundamental issues of
existence and they can provide guiding insightgtierdevelopment of the science of qualia, the
system of thought which takes experience as fundthaspect of our existence, the external
universe and all its objects being experienceam#Ruja’s version of Vedanta philosophy and
particularly KashmirSaivism, for example, state that Consciousness digadiyn emanates,
sustains, re-absorbs, conceals and reveals evegythat exists. These are known as the five
Actions of Consciousness. It will be important tgplkere how the five-fold Acts working with
the three Laws described here, give rise to the ¢ experiences, constituting all conscious
processes. Do the five-fold Acts working with theee Laws give rise to the evolution of
physical objects (such as planets, stars etc.) laotbgical structures (all species)? The
experiencing individuals view reality in speciegsific, planetary-specific and frame-specific
ways, which can be further explored in mathemaficahalism. What applies to our species as
veiling may actually have cosmic implications: \égilnon-locality and cosmic censorship may
yield understanding of the unification of generadlativity, quantum theory, through
consciousness (as pointed out by Kafatos and K&l§)2

The work presented here may provide a way for trevergence of science and non-
dualist philosophies, as an emerging science ok€lonsness. The exploration of the connection
of Western idealist philosophies in addition to idealist non-dualist Hindu philosophies is
beyond the scale of the present work but would farmatural extension. We propose that a new
science of Consciousness referred to in the pragerk and references given here would bring
out the underlying unity of physics, life and mirid. some sense, the relevant mathematics
presented here may be seen as a universal langbipggsics and metaphysics.

Another topic that should be explored in the futisreaow evolution fits in framework of
Fundamental Awareness. It may be the case thatitemolis the primal dynamical aspect of the
self-aware universe. Such evolution must yield avemse that is extremely finely-tuned, as
observed at many levelBine tuning exists at all levels of Reali#yt the physical levels, fine
tuning is often appears as randomness, which itedicthat fine tuning and randomness are
complementary constructs.

In building a better mathematical foundation of damental Awareness, it will be
important to explore mathematical patterns acrasreint scalesAll so-called objects follow
recursive mathematical vibrational relationshiper Example, it will be important to explore
mathematical vibrational relationships which geltgfallow Fibonacci and Golden ratio forms.

The mathematical approach outlined here will agsisteveloping the science of qualia,
also known as observer-based science (Chopra afmtoka2017). Qualia science aims at
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crossing the boundary between the perceived anddtual. The perceptual world is what our
nervous system (or the nervous systems of otheresg)eexperiences.

The future of qualia science will lead to the emaae of new, dynamic, and self-
organizing networks of qualia that will reshape tiléverse as we know it. In the future, we will
explore the evolution, in the sense that therepsssibility that as Consciousness interacts with
itself, the resulting qualia self-organize (i.evoke). Another future topic of exploration is
further developing the mathematical formalism ofacume-like processes, utilizing the
operational Laws.

The indirect evidence for the conscious universe is the unahtysof the three
operational Laws of Nature, Complementarity, Reomrsand Flow. The “hard problem”
(Chalmers, 1995) becomes the “impossible problemuraerstanding qualia within physical
theories. However, taking Awareness as the fundaah&eality, resolves the hard problem into
a non-existing issue. The extremely fine-tuned lafgphysics, and cosmological evolution,
must impact what is assumed as random biologicaluéen, and are the hallmarks of the
conscious universe. The alternative to what wepapposing is that, in terms of existence, we
live in a highly improbable universe. And theretis theory of the multiverse, proposing 180
universes or many more! We claim, if scientistsetakich theoretical ontologies seriously, then
science has become metaphysical, and unmooredhuonan reason and experience. What we
are proposing is more reasonable than the suggesiad out of an essentially infinite numbers
of universes in the multiverse, we just happenetdhie universe that won the lottery.

Our proposal of Consciousness or fundamental Avem®nput here in mathematical t-
topos formalism, is the main driver for developimgthematically the initial stages of a new
science of Consciousness. It will, therefore, folnen core of the new expanded science.
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