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Abstract

This work continues the program of operational reconstruction of

observable physics from a timeless Euclidean model with a single real

�eld. Building on the already reconstructed special-relativistic, grav-

itational, and minimal quantum layers of description, we show that,

within a physically relevant family of reconstruction classes, a mini-

mal Standard-Model realization of the operationally visible sector is

singled out. The visible sector is thereby interpreted not as the full

physical content of the class, but as an immediately observable gauge�

fermionic substructure selected by phenomenologically motivated class

parameters compatible with a stable observer, causal consistency, and

a local relativistic quantum-�eld-theoretic regime.

It is further shown that the selective extraction of the visible sector

entails the existence of an invisible complement to it. Hidden content

is introduced as an additional part of this complement, while its phys-

ically relevant part is treated as a hidden sector remaining compatible

with the same working regime. Its gravitationally relevant non-vacuum

part, insofar as it is essential for the purposes of the present work, is

interpreted as dark matter. Thus, dark matter arises not as an exter-

nal phenomenological appendage, but as a natural consequence of the

incompleteness of the visible sector.

In addition, it is shown that generational multiplicity is naturally

interpreted as a parameter of the reconstruction class, while the space

of Yukawa couplings arises as part of a �ner parametrization of the

visible sector. Finally, a structural formulation of the inverse prob-

lem for the parameters of the reconstruction class is given: observable

physics is treated not only as a consequence of the class structure, but

also as a basis for its partial phenomenological identi�cation. In this

way, the paper connects the extraction of a minimal Standard-Model

realization of the visible sector, hidden content, dark matter, and the

inverse problem within a uni�ed class-structural scheme.
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1 Introduction

The present work continues the program of operational reconstruction of ob-
servable physics from a timeless Euclidean model with a single real �eld. In
previous works within this program, the operational special-relativistic struc-
ture [1], the compensating gravitational sector [2], and the minimal quantum
core of the e�ective description [3] were identi�ed. A working framework has
thereby already been constructed, within which observable physics arises not
as a fundamentally given spacetime theory, but as the result of admissible
reconstruction relative to an observer. What is essential here is that both
the reconstructed gravitational structure and the minimal quantum core are
obtained within one and the same fundamental setting with a single real
�eld; the present work continues precisely this uni�ed scheme.

The subject of the present article is to show how, within a physically
relevant family of reconstruction classes, a minimal Standard-Model realiza-
tion of the directly observable, that is, visible, sector can be singled out,
and why this does not exhaust the full physical content of the correspond-
ing class. The analysis is therefore directed not only toward isolating the
gauge�fermionic organization of the visible world, but also toward substan-
tiating that additional content, compatible with the same working regime,
may remain beyond it. On this basis, hidden content is introduced below; its
physically relevant part is treated as a hidden sector, while its gravitationally
relevant non-vacuum part, insofar as it is essential for the purposes of the
present article, is interpreted as dark matter.

The main thesis of the article is formulated in class-conditional form. The
Standard Model is not introduced here as an initial postulate. It is argued
that, given the already constructed minimal quantum core and upon intro-
ducing phenomenologically motivated parameters of the reconstruction class
that identify a physically relevant subset of admissible classes, a minimal
Standard-Model realization of the visible sector is singled out. At the same
time, the visible sector speci�es the directly observable non-gravitational or-
ganization of the world, but need not exhaust the full physical content of the
reconstruction class. It is precisely this distinction between the visible sector
and the full content of the class that opens a natural place for hidden con-
tent, for its physically relevant part as a hidden sector, and, in the narrower
sense, for its gravitationally relevant non-vacuum part, which in the present
article is interpreted as dark matter.

It is essential that the additional assumptions used below are understood
not as arbitrary external insertions, but as parameters or structural restric-
tions identifying a physically relevant reconstruction class. In accordance
with the logic of the previous article on reconstruction classes and the �ne-
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tuning problem [4], such parameters should be understood as phenomenologi-
cally motivated conditions for the physical actualization of a world admitting
an observer of the type realized in our Universe. In the empirically accessible
case, this means an observer of the type realized in the world we observe;
at the same time, the framework does not require one to assert that other
types of observer are impossible in principle, but only to single out the re-
construction class corresponding to our world. It is in this sense that the
assumptions leading to a minimal Standard-Model realization of the visible
sector are treated as parameters of the reconstruction class rather than as
independent phenomenological corrections.

A �ner parametrization of the visible sector arises only after its structural
extraction. At this level, questions such as generational multiplicity and the
admissible space of Yukawa couplings arise naturally. In the present work, the
number of generations is treated as a parameter of the reconstruction class,
while the Yukawa matrices are treated as part of a �ner parametrization of
the visible sector. Their concrete �xation, however, does not belong to the
main result of the article: they are considered here as natural objects of
the next level of the structurally formulated inverse problem, rather than as
already fully derived quantities.

The hidden content considered in the present article need not in all cases
form an autonomous sector of locally observable particles. It may remain
outside standard local observational protocols and manifest itself predomi-
nantly through gravitational response or through more subtle indirect e�ects
on the visible sector. Accordingly, within the present work the hidden sector
is analyzed not in the full range of its possible realizations, but primarily to
the extent that its physically relevant part yields a gravitationally relevant
non-vacuum contribution. It is this part that is interpreted below as dark
matter. Other possible physically relevant hidden subsectors that do not
reduce to such a contribution are not speci�cally analyzed in the present ar-
ticle. Dark energy is not considered in the present article and is not included
in the notion of the hidden sector; the question of its origin belongs to a
separate line of analysis.

It should be noted that the present work does not develop in isolation
from the literature on the deeper origin of the Standard Model. Among the
closest neighboring directions are, in particular, noncommutative-geometric
approaches, in which the structure of the Standard Model and its relation
to gravity are encoded geometrically; the causal fermion systems approach,
where the Standard Model, gravity, and the quantum-�eld-theoretic regime
are treated as limiting manifestations of a more general structure; as well
as programs of emergent gauge symmetry and UV-consistency approaches,
including asymptotic safety, where the Standard-Model sector is constrained
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by a deeper theory [5, 6, 7, 8]. However, the scheme proposed here di�ers
from these directions both in its underlying fundamental setting�a time-
less Euclidean model with a single real �eld�and in the sequential opera-
tional reconstruction of the special-relativistic, gravitational, quantum, and
Standard-Model levels within a uni�ed class-structural program.

1.1 The Place of the Present Work in the Reconstruc-

tion Program

The present article takes as its initial working regime the already constructed
operational causality, the locally inertial special-relativistic structure, the
compensating e�ective geometry, and the minimal quantum core. Accord-
ingly, the derivations of special relativity, the gravitational sector, and the
quantum layer are not reproduced here. The further extraction of a minimal
Standard-Model realization of the visible sector and the analysis of hidden
content should be understood as a continuation of the same uni�ed scheme: it
is constructed in the regime of the already reconstructed gravitational struc-
ture and the minimal quantum core and does not require the introduction of
additional fundamental �elds.

The new task consists in moving from the already identi�ed special-
relativistic�gravitational�quantum regime to an analysis of the visible sector,
its possible incompleteness, and the additional content that may remain be-
yond the directly observable structure of the world. Thus, the article forms
a transition from the reconstruction of spacetime and the quantum core to
a more detailed analysis of the minimal Standard-Model realization of the
visible sector, hidden content, and the inverse problem for the parameters of
the physically relevant reconstruction class.

1.2 Aim, Status of the Result, and Structure of the

Work

The aim of the present article is, within the already constructed special-
relativistic�gravitational�quantum working regime, to single out a minimal
Standard-Model realization of the visible sector of a physically relevant re-
construction class, to show that this sector need not exhaust the full physical
content of the class, and thereby to introduce hidden content, identify its
physically relevant part as a hidden sector, and interpret its gravitationally
relevant non-vacuum part as dark matter.

The status of the obtained result is class-conditional. The article does
not claim that the structure of the Standard Model is derived as the uniquely
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possible structure in all admissible reconstructions. A more precise claim is
made: upon introducing phenomenologically motivated parameters identify-
ing a physically relevant family of reconstruction classes, a minimal Standard-
Model realization of the visible sector of such a class is singled out. The
realization parameters, including generational multiplicity and the space of
Yukawa couplings, are treated not as external phenomenological additions,
but as �ner parameters of the reconstruction class, subject to further analysis
within the inverse problem.

The article does not undertake a complete phenomenological reconstruc-
tion of the observable world in all its details. No unique �xation is given
here of the full mass hierarchies, the speci�c textures of the Yukawa ma-
trices, the quark and lepton mixing structures, the full phenomenology of
hidden content, or the mechanism of dark energy. Nor is a full classi�cation
constructed of all possible forms of hidden content, including such physically
relevant hidden subsectors as do not reduce to a gravitationally relevant non-
vacuum contribution and may in�uence the visible sector only indirectly. In-
stead, a structural preliminary stage of such a reconstruction is formulated:
a structural formulation of the inverse problem for the parameters of the
reconstruction class.

The remainder of the article is organized as follows. Section 2 �xes the
initial structure and the inherited working regime, including operationally
reconstructed spacetime, e�ective �elds, admissible reconstruction classes,
and the class-identifying parameters relevant for the visible sector. Section 3
introduces the parameters that single out a minimal Standard-Model real-
ization of the visible sector, examines the corresponding gauge�fermionic
structure, and discusses the parameters of its concrete realization. Section 4
analyzes the incompleteness of the visible sector, introduces hidden content,
identi�es its physically relevant part, and discusses that gravitationally rel-
evant non-vacuum part of it which is interpreted as dark matter. Section 5
presents a structural formulation of the inverse problem for the parameters
of the reconstruction class and speci�es which elements of the class structure
can in principle be constrained, localized, or partially reconstructed from
data on the visible sector and the indirect manifestations of hidden content.
Section 6 discusses the status of the result, empirical constraints, conditions
of falsi�ability, and the di�erence between the present framework and ordi-
nary phenomenological quantum-�eld-theoretic practice. Finally, Section 7
summarizes the main conclusions of the work.
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2 Initial Structure and Working Regime

The present article relies on the layers of reconstruction already constructed
in previous works and does not reproduce their proofs. Accordingly, this
section �xes the initial working regime within which the minimal Standard-
Model realization of the visible sector, hidden content, and the parameters
of the reconstruction class are considered below.

For ease of reading, the principal elements of the inherited working regime
are �rst listed brie�y, after which those of its aspects that are directly used
in the subsequent analysis are speci�ed in greater detail.

2.1 Brief Summary of the Inherited Working Regime

The present article uses a number of results obtained in previous works [1,
2, 3, 4] and does not reproduce their proofs. For convenience, let us �x here
in compact form those elements of the working regime that are regarded as
inherited and are used directly below.

The fundamental setting of the entire program is given by a timeless Eu-
clidean model on E4 with a single real �eld Φ satisfying the Laplace equation.
At this level, neither a preassigned Lorentzian metric, nor a fundamental
causal structure, nor an external time parameter is assumed. Observable
spacetime and physical structures arise only as the result of admissible re-
construction relative to a localized observer.

By operational causality in the present program is meant not a funda-
mentally given ordering of events, but a reconstructed structure arising from
stable acts of local registration and their coordinated ordering within the
observer's working regime. It is in this sense that causal relations, events,
and the time parameter have not an initial but an operational-reconstructive
status [1].

By the locally inertial regime is meant such a regime of reconstruction
in which, on su�ciently small scales, a special-relativistic description with
an observable Lorentzian structure is admissible. In this regime, inertial
reference frames, local relativistic degrees of freedom, and the standard lan-
guage of local quantum-�eld-theoretic analysis become meaningful. In the
more general case, slowly varying foliations give rise to an e�ective geometry
of the working type; in the previous work, the corresponding gravitational
sector was interpreted as a compensating geometric structure necessary for
consistent causal reconstruction [2].

By the minimal quantum core below is meant the already isolated level of
e�ective description at which, in the locally inertial regime, local �elds, local
algebras of observables, and a minimal quantum-�eld-theoretic organization
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of the working type are admissible [3]. The present article does not derive this
core anew, but uses it as the initial working layer within which the question
of gauge and fermionic structures of the visible sector can already be posed.

Finally, by a reconstruction class K is meant a collection of mutually
consistent e�ective descriptions compatible with one and the same set of
structural constraints and reproducing a common type of observable world.
Such a class �xes not one individual foliation or one local mode decomposi-
tion, but an admissible type of reconstruction as a whole: which observers are
possible, which events and causal relations are stably reconstructed, which
e�ective �elds and algebras of observables are accessible, and which param-
eters are compatible with the given regime [4]. It is precisely this language
of reconstruction classes that is used below for the extraction of the visible
sector, hidden content, and the formulation of the inverse problem.

Thus, in the present work the following are taken as already given as
the initial working regime: operational causality, the locally inertial special-
relativistic structure, the compensating gravitational sector, the minimal
quantum core, and the language of admissible reconstruction classes. All
subsequent results pertain to this inherited working regime and are formu-
lated without introducing additional fundamental �elds.

2.2 Operationally Reconstructed Spacetime and E�ec-

tive Fields

For the purposes of the present article, after the brief summary given above it
is su�cient to �x additionally that minimal level of the construction which is
used directly below. Observable spacetime structures arise only as the result
of admissible reconstruction relative to an observer.

By an observer in the present program is meant not an external agent,
but a localized subsystem of the same fundamental con�guration, possessing
stable internal registers and the capacity for operationally consistent causal
reconstruction. It is precisely the presence of such an observer that makes
it possible to single out local acts of registration, specify a working foliation,
introduce an operational time parameter, and reconstruct the structure of
events.

In this scheme, events are not assumed to be given in advance as points of
a global spacetime. They arise as the result of local acts of registration and
subsequent causal reconstruction. Accordingly, causal structure is likewise
not fundamental, but is reconstructed from the ordering of operationally
signi�cant events, coordinated with the local dynamics and the observer's
working regime. In this sense, reconstructed spacetime has an operational

7



character.
In the special-relativistic regime, such a reconstruction leads to the selec-

tion of inertial reference frames and an observable Lorentzian structure. In
the more general case, under slowly varying foliations, an e�ective geometry
of the working type arises, providing a consistent generalization of the lo-
cally inertial description. For the present article, it is essential only that the
discussion below concerns precisely the locally inertial regime, in which free
relativistic sectors and their quantum description are already admissible.

In this setting, e�ective �elds are not new fundamental entities, but work-
ing degrees of freedom parametrizing stable modes of the reconstructed de-
scription on the chosen slices. It is at this level that local algebras of ob-
servables, gauge sectors, fermionic representations, intermode couplings, and
mixing parameters acquire meaning. Therefore, when the discussion below
concerns the structure of the Standard Model, the generational organization
of the visible sector, Yukawa matrices, or hidden content, it refers not to the
addition of new fundamental �elds to the initial model, but to the internal
structure of the already isolated working layer of description.

2.3 Admissible Reconstruction Classes

The key concept of the subsequent analysis is that of an admissible recon-
struction class. After the brief summary given above, it is important here
to clarify not only the general meaning of this concept, but also the role it
plays in the present article.

Decisive for the present article is the fact that the inherited working
regime in general admits not a unique mode of physical realization. Accord-
ingly, the subsequent analysis must be conducted not simply at the level of
admissible modes or admissible local structures in general, but at the level
of a physically relevant family of reconstruction classes compatible with the
observable world of our type. It is in this sense that the parameters lead-
ing below to a minimal Standard-Model realization of the visible sector are
treated not as external phenomenological additions, but as constraints iden-
tifying the corresponding subset of admissible classes.

In the present program, a physically relevant world is not speci�ed either
by a single con�guration of the fundamental �eld or by an arbitrary local
reconstruction of the observer. It must be understood as a class of such
reconstructions in which the conditions of observer stability, reproducible
operational event structure, causal consistency, the locally inertial regime,
and the minimal quantum layer are jointly satis�ed [4].

By a reconstruction class K below, in accordance with the brief summary
given above, is meant a collection of mutually consistent e�ective descriptions

8



possessing a common structure of the observable world and compatible with
one and the same set of structural constraints. Such a class is not reducible
to the choice of a single foliation or a single local mode decomposition; it
�xes which observers are admissible, which events and causal relations can
be stably reconstructed, which e�ective �elds and algebras of observables
are accessible, and which parameters are compatible with the given type of
reconstruction. In this sense, a reconstruction class forms an intermediate
level between the fundamental model and observable phenomenology.

However, for the present article this general de�nition is insu�cient. The
point is not merely admissible classes in general, but the selection of a phys-
ically relevant family of classes corresponding to the observable world of our
type. Thus, the transition to the language of reconstruction classes serves
not only as a means of general systematization, but also as a means of selec-
tion: the parameters considered below are precisely those class parameters
that are phenomenologically motivated by the conditions for the physical
actualization of a world of our type and can therefore serve as identifying
constraints for the family sought. When no ambiguity arises, K will denote
an arbitrary class from this family.

It is precisely in this that the strictness of the formulation of the present
article consists. The point is not to phenomenologically �t a set of �elds and
symmetries resembling the Standard Model, but to show that in a physically
relevant reconstruction class, selected by the corresponding set of parameters,
a minimal Standard-Model realization naturally arises as the visible sector.
Likewise, hidden content is understood not as any conceivable additional
structure, but as that additional content which remains admissible within the
same class without entering the directly observable structure of the world.

Consequently, an admissible reconstruction class must satisfy two require-
ments. First, it must be internally consistent: parameters, �elds, symmetries,
and regimes of observability cannot be chosen arbitrarily and independently
of one another. Second, it must be phenomenologically identi�able: observ-
able physics must make it possible not only to derive the visible sector from
the class parameters, but also, conversely, to constrain, localize, or partially
reconstruct these parameters from the data of the observable world. It is in
this sense that a reconstruction class is an object not only of direct derivation,
but also of the inverse problem.
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2.4 Class-Identifying Parameters Relevant for the Vis-

ible Sector

If a minimal Standard-Model realization is to be treated as the visible sec-
tor of a physically relevant reconstruction class K, then it is necessary to
specify explicitly which parameters or structural constraints of this class are
essential for its selection. The point is not an arbitrary phenomenological set
of desired properties, but rather such characteristics of the class as are si-
multaneously admissible within the fundamental model, compatible with the
already constructed special-relativistic, gravitational, and quantum working
regime, and su�cient for singling out within the full physical content of the
class the visible sector of the Standard Model.

It is important to emphasize that the parameters considered here are not
external additions to an already �nished construction. In accordance with the
logic of the introduction and the preceding article on reconstruction classes,
they are to be understood as phenomenologically motivated conditions for the
physical actualization of a world admitting an observer of the type realized in
our Universe. It is for this reason that they appear not merely as conditions
for the extraction of the visible sector, but as parameters of the reconstruction
class identifying that class K in which a minimal Standard-Model realization
of the visible sector is singled out as part of the observable world.

First of all, this includes the constraints ensuring the very observability
of the visible sector. It must be compatible with the existence of stable
internal registers of the observer, with the operational resolvability of local
states, and with the reproducibility of those interaction channels that actually
participate in the reconstruction of the observable world. Consequently, the
corresponding parameters must specify not only the algebraic organization
of the modes, but also their operational status.

At the next level, the parameters determining the minimal gauge orga-
nization of the visible sector are essential. If, in the class K, a minimal
Standard-Model realization of the visible sector is indeed singled out, then
among all admissible e�ective modes there must exist a local organization
su�cient for the realization of the color channel, the chiral weak sector, and
the electromagnetic long-range component. Accordingly, the identifying pa-
rameters include not only the types of admissible modes themselves, but also
the conditions restricting their gauge representations, chiral organization,
admissible local couplings, and anomaly-freedom requirements.

A �ner parametrization of the visible sector arises only after this minimal
realization has been singled out. If more than one family-isomorphic chiral
block is admitted in a reconstruction class, then the generational multiplicity
Ngen(K) and the space of admissible intergenerational couplings naturally

10



take their place among the class parameters. In the same sense, the Yukawa
matrices may also be regarded as part of a �ner parametrization of the visible
sector. At the present stage, however, what is essential is primarily not their
speci�c values, but the very fact that such objects naturally arise within
the language of the reconstruction class after a minimal Standard-Model
realization of the visible sector has been singled out.

Thus, the identifying parameters of the class K specify a joint set of
constraints on the type of admissible e�ective modes, their gauge and chiral
representations, the conditions of observability, and the �ner parametrization
that emerges after the visible sector has been singled out. Such parameters
are not external ad hoc insertions, but express the internal conditions of
compatibility of a physically relevant reconstruction class. It is in this sense
that the further extraction of a minimal Standard-Model realization of the
visible sector will have a class-conditional character.

3 The Visible Sector and the Parameters of Its

Selection

After �xing the initial working regime and the language of admissible re-
construction classes, one can proceed to the central question of the present
article: how, from the multitude of admissible classes, there is singled out
such a physically relevant family in which a minimal Standard-Model realiza-
tion of the visible sector arises. The issue is not an external phenomenological
�tting of �elds and symmetries, but the identi�cation of such a subset of the
parameters of the reconstruction class as is compatible with the already con-
structed special-relativistic, gravitational, and quantum working regime and
admits the physical actualization of an observable world of our type.

It is essential that the structural derivation need not uniquely �x a single
reconstruction class. It is more natural to assume that it singles out some
physically relevant family of admissible classes in which the form of the visible
sector coincides, whereas the speci�c numerical values of constants and other
realization parameters may di�er. For de�niteness, let us denote this family
by

KSM ⊂ Kadm,

where Kadm is the set of admissible reconstruction classes, and KSM is the
subset of those classes in which a minimal Standard-Model realization of the
visible sector is singled out. Hereafter, unless otherwise stated, K ∈ KSM will
denote an arbitrary class from this family.

For the purposes of the subsequent analysis, it is convenient to single out
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not the entire set of parameters of the class K, but only that subset of it
which is essential for singling out a minimal Standard-Model realization of
the visible sector. Let us denote this subset by

PSM(K) ⊆ P(K),

where P(K) is the full set of parameters of the reconstruction class. Then

PSM(K) = Psel(K) ∪ Preal(K),

where Psel(K) denotes the structural-selection parameters determining the
very possibility of the visible sector, while Preal(K) denotes the parameters of
the concrete realization of the already singled-out Standard-Model structure.
Other parameters of the reconstruction class not belonging to PSM(K) are
not analyzed in the present section.

At the same time, the hidden sector is not posited here as an initial
and coequal goal of the construction. The principal task is to single out a
minimal Standard-Model realization of the visible sector. Hidden content
then arises as a consequence of the fact that the visible sector, selected by
the set of parameters PSM(K), need not exhaust the full physical content of
the reconstruction class. It is precisely this incompleteness that makes the
emergence of the hidden sector not an external insertion but an additional
structural result of the scheme under consideration.

3.1 Structural-Selection Parameters

If a minimal Standard-Model realization is to be regarded as the visible sec-
tor in classes K ∈ KSM, then it is necessary to specify which parameters or
structural constraints make this possible. In the present work, such parame-
ters are understood broadly: they need not be numerical quantities and may
specify both structural constraints and conditions of observability, admissible
types of couplings, and regimes of realization of e�ective modes.

For de�niteness, let us specify the structural-selection parameters as

Psel(K) = {P1, P2, P3, P4, P5, P6},

where

P1 : compatibility with the existence of stable internal registers of the observer,

P2 : the presence of at least one long-range channel,

P3 : the existence of stable color-neutral composites,

P4 : the presence of a chiral weak structure,

P5 : anomaly freedom of the admissible gauge�fermionic sector,

P6 : compatibility with a local relativistic quantum-�eld-theoretic regime.
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Parameter P1 means that the visible sector must be compatible with the
existence of stable material subsystems capable of playing the role of observer
bodies and their registers. Consequently, it cannot reduce to an arbitrary
algebraic set of modes that does not admit reproducible local registration
and long-term �xation of measurement results.

However, it is insu�cient to understand this only in an abstract opera-
tional sense. It is also necessary that the visible sector specify that set of
e�ective modes on the basis of which, in a given reconstruction class, the ob-
server's body, its internal registers, and the standard channels of registration
are realized. In other words, a sector is called visible not simply because it
formally admits observation, but because it is precisely its modes that par-
ticipate in the material organization of the observer itself and thereby specify
the standard scheme of local observability. In this sense, the visibility of the
sector is an internal property of the class K: the observer is not external to
the structure being singled out, but is realized through it. It is for this reason
that the subsequent singling out of a minimal Standard-Model realization of
the visible sector should be understood simultaneously as the singling out of
that sector which forms the standard material organization of the observer
in a world of our type.

Parameter P2 expresses the necessity of a channel ensuring macroscopic
information transfer and the coordination of observations. Without such
a component, the observable world would remain operationally fragmented
into local pieces.

Parameter P3 imposes the requirement of stable composite matter. It is
precisely this that forces one to consider such a sector in which elementary
modes admit organization into stable color-neutral bound states.

Parameter P4 �xes the necessity of a chiral weak structure, that is, a
nontrivial distinction between left- and right-handed fermionic degrees of
freedom.

Parameter P5 expresses the condition of internal quantum consistency:
the admissible set of gauge and fermionic degrees of freedom must not lead
to local anomalies.

Parameter P6 links the subsequent analysis to the already constructed
quantum core. It means that the visible sector must admit a description in
terms of local �elds, local algebras of observables, and a standard quantum-
�eld-theoretic organization in the locally inertial approximation.

Thus, the set of parameters Psel(K) speci�es that level of selection at
which the singling out of a minimal Standard-Model realization of the visible
sector becomes possible. The distinction between visible and hidden con-
tent thereby acquires not only an operational, but also a bodily-realizational
expression: the visible sector forms the standard material structure of the
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observer and its registers, whereas hidden content, generally speaking, may
remain outside this structure and therefore need not be directly accessible to
standard channels of observation.

It is essential that the parameters Psel(K) be regarded below not as ar-
bitrary additional constraints, but only as such conditions as are compatible
with the already constructed minimal quantum core. Compatibility here
means that the corresponding structures can be realized within the same
locally inertial relativistic quantum-�eld-theoretic regime, without requiring
the abandonment of locality, causality, the operator organization of observ-
ables, and other elements of the previously isolated quantum layer. For this
reason, the parameters introduced below should be understood not as an
alternative to the quantum core, but as a further speci�cation of admissible
structures within the already constructed quantum regime.

3.2 A Minimal Standard-Model Realization of the Vis-

ible Sector

Given the already constructed quantum core and the ful�llment of the pa-
rameters Psel(K) for classes K ∈ KSM, the minimal compatible visible gauge�
fermionic organization admits a Standard-Model realization. At the gauge
level, this leads to the structure

Gvis ∼ SU(3)× SU(2)× U(1),

understood in the local sense, with the usual reservation concerning a possible
global identi�cation.

The necessity of the color sector is determined by parameter P3: if the
visible sector is to contain carriers of registers and macroscopically stable
matter, then it cannot dispense with a non-Abelian component admitting
the formation of color-neutral composites. For this reason, the minimal com-
patible strong structure takes the form of an SU(3)-type sector.

The necessity of the weak sector is determined by parameter P4: if the
visible sector is to reproduce the observed type of distinction between left-
and right-handed fermionic modes, then an additional non-Abelian structure
is required, specifying the minimal chiral organization of local interactions.
It is in this role that an SU(2)-type sector arises.

The necessity of the Abelian component is determined by parameter P2:
if all gauge degrees of freedom are con�ned or have a �nite range, then
no mechanism arises that ensures macroscopic information transfer and the
coordination of observations. Consequently, the visible sector must include
a U(1)-type Abelian component.
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It is important in content that the parameters Psel(K) specify not an arbi-
trary set of desired symmetries, but a minimal set of requirements on the vis-
ible sector. The requirement of stable color-neutral composite matter points
to the necessity of a con�ning non-Abelian strong sector; the requirement of a
chiral weak structure points to the presence of a separate non-Abelian compo-
nent distinguishing left- and right-handed fermionic degrees of freedom; the
requirement of a long-range channel points to an Abelian component that
remains non-con�ned in the observable regime. Together with the conditions
of local quantum-�eld-theoretic consistency and anomaly freedom, this sin-
gles out a Standard-Model realization as the natural minimal response to the
set of constraints under consideration.

At the same time, the present work does not claim that the set of pa-
rameters Psel(K) is exhaustive in an absolute sense. It is not excluded that
further development of the model will reveal additional structural constraints
that narrow the family of physically relevant reconstruction classes even more
strongly. However, for the principal result of the present article, a weaker
yet su�cient claim is essential: the already considered set of parameters is
su�cient for singling out a minimal Standard-Model realization of the visible
sector in the class-conditional sense. It is precisely in this that the logical
status of the obtained result consists: it requires neither the global complete-
ness of the present set of parameters nor a prior resolution of the question of
the extendability or non-extendability of the visible sector.

For this reason, at the present stage the issue is not a full uniqueness
theorem excluding all alternative gauge structures compatible with the un-
derlying model. The established result has a more precise and more limited
character: for parameters Psel(K) singling out a physically relevant family of
reconstruction classes, the Standard-Model structure appears as the minimal
compatible realization of the visible sector. The analysis of the extent to
which larger or other gauge structures may be excluded by additional condi-
tions of anomaly freedom, con�nement, minimality, and compatibility with
the observable working regime belongs to the next level of classi�cation of
admissible reconstruction classes.

After �xing these reconstructive conditions, the further identi�cation of
the corresponding minimal gauge�fermionic structure relies on standard re-
sults of Standard Model theory [9, 10]. The point is precisely a minimal
Standard-Model realization of the visible sector for classes K ∈ KSM, rather
than the full physical content of these classes.

At the fermionic level, the corresponding structure is �rst singled out as a
minimal anomaly-free chiral block containing the color and leptonic sectors in
a consistent local organization. In this sense, the Standard-Model realization
is initially speci�ed at the level of a single family. Here one uses the standard
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classi�cation of the anomaly-free chiral family of the Standard Model and the
associated conditions of consistency [9, 11, 12].

3.3 Realization Parameters

After the singling out of a minimal Standard-Model realization of the visible
sector, the next level of parametrization arises, pertaining already not to the
form of this structure itself, but to its concrete realization in a class K ∈ KSM.
The parameters Preal(K) should be understood not as external phenomeno-
logical data, but as �ner identifying parameters of the reconstruction class
itself. If the parameters Psel(K) single out a family of classes in which a min-
imal Standard-Model realization of the visible sector is admitted, then the
parameters Preal(K) distinguish concrete realizations of this structure within
the already singled-out family.

For de�niteness, let us denote the realization parameters as

Preal(K) = {R1, R2},

where

R1 : generational multiplicity Ngen(K),

R2 : the space of admissible Yukawa and associated intergenerational couplings.

Parameter R1 speci�es the number of family-isomorphic chiral sets of
modes in the visible sector. Thus, generations are treated not as externally
added �elds, but as one of the realization parameters of the already singled-
out minimal Standard-Model structure and, consequently, as one of the �ner
parameters of the reconstruction class itself.

By a generation in the present work is meant not an arbitrary set of
additional particles, but a family-isomorphic chiral block carrying the same
gauge quantum numbers and realizing the same structure of representations
as the original minimal family. Consequently, the distinction between gener-
ations does not a�ect the form of the gauge organization itself, but pertains
to the multiplicity of the admissible fermionic realization of this form. At
this level, one uses the standard structure of the anomaly-free chiral family of
the Standard Model and the associated conditions of consistency [9, 11, 12].

Parameter R2 speci�es a �ner level of parametrization. If several family-
isomorphic chiral sets of modes are admissible in the visible sector, then
operators may arise that couple these sets to each other and to the scalar
sector. In that case, the Yukawa matrices appear as a natural part of the
parameters of the class K, describing admissible intergenerational and scalar�
fermionic couplings. The very fact that such a space of couplings arises is
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here a standard consequence of the structure of the visible sector [10, 12]; the
novelty of the present work lies not in this fact as such, but in its inclusion
in the parametrization of the reconstruction class.

At the same time, the present article claims not a �nal derivation of the
values of the parameters Preal(K), but only that they naturally enter the
parametrization of the realization of the minimal Standard-Model structure
within the physically relevant family of classes KSM.

3.4 Status of the Result

The obtained result has a class-conditional character. What is asserted is
not the global uniqueness of the Standard Model as the whole of physics,
but the following: structural analysis singles out a physically relevant family
of reconstruction classes KSM ⊂ Kadm, in which a minimal Standard-Model
realization of the visible sector is admitted.

This means that what is �xed in the present section is not an arbitrary
phenomenological coincidence, but a structural result: for a given subset of
parameters

PSM(K) = Psel(K) ∪ Preal(K), K ∈ KSM,

there arises a Standard-Model-like gauge�fermionic organization compati-
ble with operational observability, internal consistency, and the already con-
structed quantum regime. Accordingly, the minimal Standard-Model realiza-
tion of the visible sector is singled out here not as a separate theory superim-
posed on a ready-made background, but as part of a uni�ed reconstruction
scheme from the same fundamental �eld from which the special-relativistic,
gravitational, and quantum layers were previously obtained.

At the same time, what remains open are primarily the parameters of the
concrete realization within the family KSM. They belong to a �ner level of
parametrization of physically relevant reconstruction classes and are subject
to further analysis within the inverse problem. It is not excluded that, as the
mathematical structure of the model develops, some of the parameters that
at the present stage are introduced separately and appear independent will
turn out to be interrelated at the level of the model itself, or derivable from
other parameters or from deeper conditions of compatibility. In that case,
the number of genuinely independent class parameters will decrease.

Finally, the minimal Standard-Model realization is singled out here pre-
cisely as the visible sector, and not as the full physical content of the classes
in KSM. If, for a �xed set of parameters PSM(K), it does not exhaust the full
content of the class K, then additional content remains beyond the visible
sector. It is precisely this content that will become the subject of the analysis
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of the hidden sector below.

4 From the Incompleteness of the Visible Sec-

tor to Hidden Content and Dark Matter

The singling out of a minimal Standard-Model realization of the visible sec-
tor does not yet complete the analysis of a physically relevant reconstruction
class. On the contrary, it is precisely after the visible gauge�fermionic organi-
zation has been established that the following question arises: does this sector
exhaust the entire physical content of the class K, or does it constitute only
the directly observable part of a broader structure? In the present section,
the second alternative is substantiated. It is shown that the very manner in
which the visible sector is singled out directly implies the existence of con-
tent not included in the minimal Standard-Model realization. A distinction
is then introduced between the invisible complement to the visible sector, its
physically relevant part, and that gravitationally relevant non-vacuum part
of hidden content which, in the present article, is interpreted as dark matter.

4.1 The Incompleteness of the Visible Sector as a Con-

sequence of Its Selective Extraction

In the present work, a minimal Standard-Model realization is singled out as
the structure of the directly observable sector. However, the very manner
of its extraction already shows that what is at issue is not a complete de-
scription of the reconstruction class, but that part of it which is selected by
the conditions of observability, the stability of registers, the existence of a
long-range channel, color-neutral composite matter, chiral weak structure,
and local quantum-�eld-theoretic consistency.

These conditions are, by their very meaning, conditions for singling out
the visible sector, not conditions for exhausting the entire modal or physical
content of the class. Consequently, unless an additional principle of com-
pleteness is introduced, according to which every physically admissible mode
must belong to the observable structure of the visible sector, it follows di-
rectly from the selection procedure itself that part of the content of the class
does not enter this structure.

Thus, the minimal Standard-Model realization �xes the directly observ-
able non-gravitational organization of the world, but does not automatically
exhaust the entire content of the reconstruction class. Beyond it there re-
mains an invisible complement arising as a structural residue after the selec-
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tive extraction of the visible sector. It is in this sense that the incompleteness
of the visible sector is not an external hypothesis, but a direct consequence
of the manner of its construction.

This circumstance remains in force even after generational multiplicity
has been introduced. The parameter Ngen(K) complicates the internal orga-
nization of the visible sector, but does not eliminate the distinction between
the conditions of its extraction and the full content of the class. Conse-
quently, even in the presence of generations, the minimal Standard-Model
realization remains precisely the visible sector, and not automatically the
whole physics of the class K.

4.2 Hidden Content as the Physically Relevant Part of

the Invisible Complement

From the extraction of a minimal Standard-Model realization of the visible
sector it directly follows that there exists content not included in this visible
structure. However, the question whether all of this invisible complement
should be assigned to the hidden sector in the physical sense cannot be
resolved at a purely classi�catory level. For this reason, a more precise
distinction is required in the present work.

By the invisible complement below is meant the whole part of the con-
tent of the reconstruction class that does not enter the visible sector. By
the hidden sector in the present article is meant not all of this complement
automatically, but its physically relevant part in the working regime under
consideration. In other words, the hidden sector is introduced not as an
external hypothesis about new �elds, but as the physically signi�cant part
of that content which did not enter the minimal Standard-Model realization
when it was selectively extracted.

At the same time, the physical relevance of hidden content is not ex-
hausted by a single possibility. In principle, di�erent types of hidden sub-
sectors are not excluded: some of them may acquire signi�cance primarily
through gravitational contribution, others through more subtle indirect ef-
fects on the visible sector, for example through additional correlations, mix-
ing, or other e�ective couplings. The present article does not aim at a full
classi�cation of all such possibilities and is restricted to that level of analysis
required for posing the question of dark matter.

Such a de�nition leaves open an important question. It is not excluded
that a more complete mathematical analysis will show the coincidence of the
entire invisible complement with the hidden sector. It is also not excluded,
however, that a further distinction will be required between physically rele-
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vant hidden content and other modes that acquire no operational, gravita-
tional, or other physically signi�cant realization within the present regime.
In the present article, this question is not closed de�nitively and must be
regarded as part of a more complete inverse problem.

Thus, in the present work the hidden sector has a reconstructive rather
than an external phenomenological status. It arises not as an arbitrarily
added superstructure over the visible world, but as the physically relevant
part of the invisible complement generated by the very procedure of extract-
ing the visible sector.

4.3 Operational Darkness and Gravitational Relevance

After the hidden sector has been introduced, it is necessary to clarify in what
sense it is �dark.� In the present work, darkness is understood operationally.
Hidden content is called dark insofar as it does not enter the standard local
protocols of observation realized by the visible sector, or enters them only
indirectly and in a substantially weakened form.

This means that hidden content should not manifest itself stably as part
of the ordinary local picture of the world speci�ed by the structure of the
visible sector. It does not form a standard channel of registration, does not
directly determine the structure of observational registers, and does not enter
the usual scheme of reproducible local measurements. It is in this sense, and
not in any metaphysical sense, that it is dark.

However, operational darkness is not identical with physical irrelevance.
Since the reconstructed gravitational dynamics in this program has a univer-
sal character with respect to e�ective �elds, hidden content may remain phys-
ically signi�cant even when it does not enter the standard non-gravitational
protocols of observation. In other words, the absence of direct local observ-
ability does not yet imply the absence of a contribution to the reconstructed
dynamics of the world.

For the purposes of the present article, hidden content is considered pri-
marily to the extent that it may be gravitationally relevant. If some hidden
component is compatible with the reconstruction class K and contributes to
the e�ective energy�momentum tensor, then it has physical status even in
the absence of direct standard observability. It is precisely this that creates
the conceptual bridge from hidden content to the question of dark matter.
At the same time, the present article does not claim that every physically
relevant hidden structure must be exhausted by a gravitational contribution
alone; the claim is only that the gravitationally relevant part of hidden con-
tent is already su�cient for posing the question of dark matter within the
working regime under consideration.
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4.4 Dark Matter as the Gravitationally Relevant Non-

Vacuum Part of the Hidden Sector

From the foregoing it follows that the hidden sector and dark matter must
not be identi�ed automatically. The hidden sector is the physically relevant
part of the invisible content of the reconstruction class lying beyond the
visible sector. Dark matter, by contrast, represents only that part of it
which possesses a certain physical pro�le.

In the present work, dark matter is understood as that part of the hidden
sector which remains operationally dark with respect to the visible sector,
is gravitationally relevant, and yields a non-vacuum contribution in the re-
constructed dynamics. At the same time, what is meant is not a necessary
reduction of hidden content to an autonomous sector of ordinary particles,
but only that part of it which acquires an operationally dark, gravitationally
relevant, and non-vacuum status in the reconstructed dynamics. It is in this
working sense that the corresponding part of hidden content is interpreted
here as dark matter.

This distinction is essential for two reasons. First, it prevents the whole
of hidden content from being con�ated with one particular realization of
it. Second, it �xes the precise working meaning of dark matter within the
present article: what is meant is not an arbitrary invisible component, but
precisely that part of hidden content which manifests itself as an additional
non-vacuum gravitationally active contribution in the reconstructed dynam-
ics.

At the same time, the present article does not claim that every physically
relevant hidden structure must have precisely this character. In principle,
other hidden subsectors are not excluded, including such as may in�uence
the visible sector indirectly but are not reducible to a gravitationally relevant
non-vacuum contribution. However, for the purposes of the present work,
what is essential is precisely that part of hidden content which is connected
with posing the question of dark matter. For this reason, the hidden sector is
analyzed here primarily to the extent that it yields a gravitationally relevant
non-vacuum contribution. It is in this working sense that hidden content is
associated below with dark matter.

4.5 What Is Deliberately Left Outside the Scope of the

Article

For a correct interpretation of the obtained result, it is necessary to state
explicitly the limits of the present analysis.

First of all, the mechanism of dark energy is not considered in the article.
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This restriction is of a principled character. Dark energy is not included here
in the notion of the hidden sector and is not treated as yet another of its
components. The question of its origin belongs to a separate line of analysis
and must be considered independently.

Moreover, the present work does not construct a complete phenomenol-
ogy of all possible forms of hidden content. No exhaustive classi�cation is
given here of hidden modes, nor are their possible intrinsic dynamics, self-
interactions, spectral organization, and cosmological evolution analyzed in
full. Likewise, those hidden subsectors that may possess physical relevance
but are not reducible to a gravitationally relevant non-vacuum contribution,
including their possible indirect couplings to the visible sector, are not consid-
ered in full. Nor is the question of whether the hidden sector coincides with
the entire invisible complement to the visible sector de�nitively closed. All
these questions belong to the next stage in the development of the program.

Consequently, the principal result of the present section consists not in the
construction of a complete theory of the hidden world, but in a narrower and
at the same time fundamentally important claim: the minimal Standard-
Model realization of the visible sector does not automatically exhaust the
full content of the reconstruction class; its selective extraction entails the
existence of an invisible complement; the physically relevant part of this
complement forms the hidden sector; and, within the present article, its
gravitationally relevant non-vacuum part is interpreted as dark matter.

5 Structural Formulation of the Inverse Prob-

lem for the Parameters of the Reconstruction

Class

Up to this point, the analysis has proceeded predominantly in the direct
direction: from the parameters of a physically relevant family of reconstruc-
tion classes to the singling out of a minimal Standard-Model realization of
the visible sector, to the establishment of its possible incompleteness, and to
the introduction of hidden content to the extent that it acquires physical rel-
evance in the working regime under consideration. However, the logic of the
program itself also requires movement in the reverse direction. If observable
physics is not a fundamentally given datum, but the result of the realization
of a certain reconstruction class, then observable structures must be regarded
not only as consequences of its parameters, but also as sources of information
about them. It is precisely this that de�nes the inverse problem.

In the present section, the inverse problem is not solved in the constructive
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sense of the term. Its aim is a more limited, yet fundamentally important,
step: to �x its structural formulation, to indicate to which parameters of the
reconstruction class it pertains, and to determine which observable data may
in principle enter into its solution. The issue is not the direct problem of
fully reconstructing the fundamental �eld con�guration on E4, but primar-
ily the reconstruction or restriction of parameters at the level at which the
class K speci�es an observable world of the working type. If, however, within
this problem one succeeds in at least partially constraining or reconstructing
properties of the fundamental con�guration itself, then such a result also has
independent signi�cance. Whenever no ambiguity arises, K will hereafter de-
note an arbitrary physically relevant class from the family previously singled
out.

Thus, the inverse problem does not reduce to the usual �tting of numeri-
cal constants of low-energy phenomenology. Its subject matter is broader: it
concerns the structure of the reconstruction class itself, including the form
of the visible sector, its generational organization, admissible intermode cou-
plings, and physically relevant hidden content. It is precisely for this reason
that observable physics must play a double role: it appears both as a result of
the realization of class parameters and as a means of their phenomenological
identi�cation.

5.1 Structural Parameters, Visible-Sector Parameters,

and Parameters of Hidden Content

For a correct formulation of the inverse problem, it is convenient to divide the
parameters of the reconstruction class K according to their physical status.
In the present work, it is su�cient to distinguish three types of parame-
ters: structural parameters of the class, parameters of the visible sector, and
parameters of hidden content.

By structural parameters of the class are meant such characteristics of
K as determine the very possibility of the existence of the working regime.
These include the conditions for the existence of a stable observer, operational
event structure, causal consistency, the locally inertial special-relativistic
regime, the minimal quantum core, and the overall internal compatibility
of the e�ective description. These parameters specify not a separate sector
of physics, but rather the level of conditions at which the singling out of
visible and hidden content becomes meaningful at all.

Parameters of the visible sector pertain to the minimal observable sub-
structure of the class K. They �x the form of the SM-type gauge sector, the
structure of admissible chiral fermionic representations, the set of charges,
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admissible intermode couplings, and the �ner internal organization of the
visible world. It is at this level that it is natural to introduce such quantities
as generational multiplicity

Ngen(K),

and, once it has been introduced, the admissible space of Yukawa couplings.
At the same time, Ngen(K) should be understood not as an external empir-
ical appendage, but as an internal parameter of the class, determining the
multiplicity of family-isomorphic chiral blocks in the visible sector.

Finally, parameters of hidden content pertain to that part of the content
of the class K which does not belong to the minimal visible sector, but ac-
quires physical relevance in the working regime under consideration. These
include parameters determining the presence or absence of additional hid-
den degrees of freedom, the degree of their operational darkness, the form
of their coupling to the visible sector, and the conditions under which their
contribution becomes physically relevant, in particular gravitationally rele-
vant. At this level there also arises the question of which part of hidden
content yields a gravitationally relevant non-vacuum contribution and may
therefore be interpreted as dark matter in the sense of the present work. At
the same time, the question whether the hidden sector coincides with the
entire invisible complement to the visible sector is not closed de�nitively in
the present article and must be regarded as part of a more complete mathe-
matical reconstruction.

This threefold division does not imply the independence of the three
groups of parameters. On the contrary, they should be regarded as mu-
tually consistent components of a single structure K. The structural param-
eters constrain admissible visible and hidden content; the parameters of the
visible sector determine the form of the observable substructure; and the pa-
rameters of hidden content, in turn, cannot be chosen independently of the
conditions for the existence of an observable world of the working type. It
is precisely for this reason that the inverse problem should be understood
not as the �tting of disconnected numbers, but as the reconstruction of the
consistent parametric structure of one and the same reconstruction class.

5.2 Phenomenological Identi�cation of a Physically Rel-

evant Class

If the reconstruction class K indeed speci�es the observable world, then ob-
servable physics must serve not only as the result of its realization, but also
as a means of its partial identi�cation. In other words, the reconstruction
class should be understood not merely as a theoretical container of admissi-
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ble structures, but as an object whose parameters are, at least in principle,
connected with observable data.

At the present stage, the most natural phenomenological identi�ers are
the features of the minimal visible sector: the Standard-Model-like form of
the gauge structure, the chiral organization of fermionic content, the presence
of color-neutral composite matter, the existence of a long-range Abelian chan-
nel, and anomaly-free local quantum-�eld-theoretic organization. Within the
present program, these features are not accidental empirical facts attached to
the model from outside; they express those features of the observable world
that must be compatible with a physically relevant reconstruction class.

A special role is played by the phenomenologically observed multiplicity
of generations. If the number of generations is treated as a class parameter
Ngen(K), then the empirically �xed generational structure must be under-
stood as one of the central identifying features of K. Once generational mul-
tiplicity has been introduced, the �ner characteristics of the visible sector,
including the admissible space of Yukawa couplings, acquire an analogous
status. At the present stage of the work, this means not a complete recovery
of such structures, but the recognition that they belong to the phenomeno-
logical pro�le of the class and, accordingly, fall within the scope of the inverse
problem.

On the other hand, the identi�ers of a class may consist not only in
directly observable properties of the visible sector, but also in indirect mani-
festations of hidden content. If the physically relevant part of hidden content
in the class K, and in particular its gravitationally relevant non-vacuum part,
yields a gravitationally signi�cant contribution, then such e�ects likewise en-
ter the phenomenological pro�le of the class. In this sense, the presence or
absence of hidden content yielding an additional non-vacuum gravitational
contribution, the character of its indirect manifestation, and the general form
of the relation between visible and hidden content may also play the role of
identifying features.

At the same time, phenomenological identi�cation does not imply a fully
unique reconstruction of the class in all details. One and the same set of
coarse observable features may, in general, be compatible with more than
one admissible reconstruction class. Accordingly, what is at issue is not
necessarily a bijective correspondence between phenomenology and the class
K, but a substantial narrowing of the space of admissible realizations on the
basis of observable physics.
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5.3 Which Parameters Can in Principle Be Constrained

from Data on the Visible Sector

One may now pose a more precise question: which parameters of the class
K can in principle be constrained, localized, or partially reconstructed from
data on the visible sector? It is important to emphasize here that the issue
is not a complete inversion of the entire fundamental model, nor the recon-
struction of the �eld con�guration itself on E4. The subject matter of the
inverse problem is substantially narrower: one must establish what informa-
tion about the structure of the reconstruction class is contained in observable
correlators, spectra, e�ective coupling constants, geometric response, and in-
direct gravitational manifestations of hidden content.

At the �rst level, the very form of the minimal gauge organization may be
constrained from data on the visible sector: if observable physics reproduces
the color, chiral weak, and Abelian long-range channels, then this already
substantially narrows the space of admissible reconstruction classes. At the
second level, the structure of fermionic content may be constrained, includ-
ing the number of generations Ngen(K), since the observed multiplicity of
family-isomorphic modes pertains directly to the parameters of the visible
sector. At the third level, the admissible types of intermode couplings may
be investigated; although they need not be uniquely determined, they may
be substantially constrained by observable e�ective coupling constants and
by the spectral organization of the visible world.

Of particular importance is the fact that, in the general case, data on
the visible sector carry information not only about it itself, but also about
hidden content. If the hidden sector is gravitationally relevant, this may
manifest itself in an indirect geometric response not reducible to the visible
sector alone. Consequently, from data on observable physics one may in
principle not only constrain the parameters of the minimal visible world, but
also obtain constraints on the admissible structure of hidden content, at least
to the extent that it a�ects the e�ective T eff

µν .
In a stronger version of the formulation, the same logic extends to the

�ner parametrization of the visible sector. If, once Ngen(K) has been intro-
duced, a space of admissible Yukawa couplings arises, then data on spectra,
generational structure, and e�ective coupling constants may, at least in prin-
ciple, be used to constrain admissible structures of the Yukawa matrices.
The present work does not claim a complete solution of this problem, but
it is already signi�cant that such structures enter the natural domain of the
inverse problem rather than lying outside it.

Accordingly, from data on the visible sector the following may in princi-
ple be constrained: the form of the minimal gauge structure, the structure
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of admissible fermionic content, the generational multiplicity Ngen(K), part
of the parameters of intermode and intergenerational couplings, and also,
indirectly, those characteristics of hidden content that manifest themselves
through geometric response and through an additional contribution to T eff

µν .
As was shown in the previous work on reconstruction classes and the �ne-
tuning problem [4], such parameters should be considered not separately,
but as elements of a single consistent set realized in one physically relevant
reconstruction class. It is precisely in this sense that the data of the visi-
ble world appear not only as an empirical �xation of an already constructed
structure, but also as a source of information about the parameters of the
reconstruction class in which this structure is realized.

At the same time, the present article does not yet o�er either an explicit
inversion procedure, or a reconstruction algorithm, or an analysis of unique-
ness, or an analysis of the stability of the solution to the inverse problem. Its
result at the present stage has a programmatic-structural character: the for-
mulation of the inverse problem is �xed, the domain of parameters to which
it pertains is determined, and those observable data are indicated that may
in principle be used to constrain them in further work.

6 Discussion

The result obtained in the present work should be interpreted as the next
step in the program of operational reconstruction of physics from a time-
less Euclidean model. If the previous works isolated the special-relativistic,
gravitational, and minimal quantum layers of description, here the internal
organization of the visible world and its relation to the broader physical con-
tent of the reconstruction class are considered. Accordingly, the present arti-
cle does not repeat the already constructed special-relativistic�gravitational�
quantum framework, but uses it as the inherited working regime for the
following question: which gauge�fermionic structure must be operationally
visible, and does it exhaust the entire physically relevant content of the cor-
responding reconstruction class?

The principal result may be formulated as follows. Structural analysis
singles out a physically relevant family of reconstruction classes KSM ⊂ Kadm,
in which a minimal Standard-Model realization of the visible sector is ad-
mitted. Its gauge structure takes a Standard-Model-like form, while the
fermionic content is naturally organized as a family chiral block of the work-
ing type. Thus, the Standard Model appears here not as an initial postulate,
but as an operationally singled-out minimal realization of the visible sector
within an admissible family of reconstruction classes.
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Although in the present work a minimal Standard-Model realization of
the visible sector is singled out within a physically relevant reconstruction
class, this conclusion should be understood as class-conditional. A number
of parameters and assumptions used both in singling out the visible gauge�
fermionic structure itself and, at the preceding stage, in constructing the
minimal quantum core, have not yet taken the form of fully closed math-
ematical theorems. However, this does not mean that the corresponding
elements are principally heuristic in character or externally arbitrary. On
the contrary, the structure of the model itself admits their subsequent rig-
orous resolution: either through direct structural derivation, or through the
solution of the inverse problem, or through establishing a mathematical de-
pendence between parameters that at the present stage appear independent.
Thus, the conditional character of the conclusion obtained re�ects not a limit
of the mathematical rigor of the scheme as such, but the current stage of its
formalization.

It is of fundamental importance that this visible sector is not identi�ed
with the full physical content of the reconstruction class. On the contrary,
the article shows that the very manner of its selection implies the presence
of an invisible complement to the visible sector. Since the visible sector is
determined by the operational criteria of observability, register stability, the
presence of a long-range channel, color-neutral composite matter, chiral weak
structure, and local quantum-�eld-theoretic consistency, it speci�es the di-
rectly observable non-gravitational substructure, but does not automatically
exhaust the entire content of the class. It is precisely the distinction between
the criterion of visibility and the criterion of admissibility that constitutes
one of the central new ideas of the present work.

On this basis, the article introduces a natural place for hidden content.
It is understood not as an externally added hypothesis about new �elds,
but as that additional content which remains beyond the visible sector. Its
physically relevant part forms the hidden sector in the working regime under
consideration. It is shown that such content may be operationally dark, that
is, it may fail to enter the standard local protocols of observation of the
visible sector, and at the same time remain physically relevant. Its physical
relevance, however, need not in all cases reduce to one and the same form:
in principle, various hidden subsectors are not excluded, including those that
may manifest themselves predominantly through gravitational response or
through more subtle indirect couplings to the visible sector. Thus, hidden
content acquires not an arbitrary phenomenological, but a reconstructive
status.

A further clari�cation is that not all hidden content is identi�ed with
dark matter. Dark matter is singled out here as the gravitationally relevant
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non-vacuum part of hidden content, that is, as such a component of it as
simultaneously remains operationally dark, is gravitationally relevant, and
makes a non-vacuum contribution in the reconstructed dynamics. What is
meant here is not a necessary reduction of hidden content to an autonomous
sector of ordinary particles, but only that part of it which acquires an op-
erationally dark, gravitationally relevant, and non-vacuum status in the re-
constructed dynamics. Such a distinction between hidden content and dark
matter is essential, since it prevents di�erent types of hidden content from
being con�ated. In particular, dark energy is deliberately left outside the
scope of the present article and is not included in the discussion without a
separate mechanism of origin.

It is also important in substantive terms that dark matter arises here not
as an external phenomenological appendage to the already obtained minimal
Standard-Model realization of the visible sector, but as a natural consequence
of its selective extraction within a broader reconstruction class. In this sense,
the natural emergence, in the analysis of the visible sector, of hidden content
that yields an additional non-vacuum gravitationally active contribution may
be regarded as an indirect argument in favor of the internal meaningfulness
of the model: one and the same reconstructive scheme yields not only a
minimal Standard-Model-like visible structure, but also a natural place for
dark matter. Of course, this does not constitute an independent proof of
the correctness of the construction, but it does strengthen its explanatory
coherence. At the same time, the present article does not claim that every
physically relevant hidden content must have precisely this character: other
hidden subsectors, not reducible to an additional non-vacuum gravitationally
active contribution, are not excluded, but remain outside the scope of the
present analysis.

From a methodological point of view, an important result is also the
new interpretation of the number of generations. The article shows that
generational multiplicity is naturally interpreted as a parameter of the re-
construction class

Ngen(K),

rather than as an external empirical appendage. This transfers the problem of
generations into the natural language of the parameters of the reconstruction
class and makes it part of the internal logic of the program. Similarly, once
generational multiplicity is introduced, a space of intergenerational scalar�
fermionic couplings arises, so that the Yukawa matrices acquire a natural
place as part of a �ner parametrization of the class. At the same time, the
present work does not claim a complete �xation of their speci�c textures,
ranks, hierarchies, and mixing structure. Thus, the problem of masses and
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mixing is posed here as the next, �ner inverse problem, rather than as an
external independent phenomenological block.

A further substantial outcome is that the article provides a new structural
formulation of the inverse problem in the language of reconstruction classes.
Observable physics is treated not only as a consequence of the parameters
of the class K, but also as a phenomenological identi�er of such a class. At
the same time, what is at issue is not a constructive solution of the inverse
problem, but its structural formulation and the �xation of the domain of
parameters to which it pertains. The structure of the visible sector, gener-
ational multiplicity, the admissible space of Yukawa couplings, and indirect
gravitational manifestations of hidden content form a joint set of features
by which the reconstruction class may be constrained, localized, or partially
reconstructed. Thus, the parameters of the class cease to be merely formal
symbols and become the object of a structurally formulated inverse problem.

6.1 Empirical Status and Conditions of Falsi�ability

From a methodological point of view, it is essential that the scheme under
consideration is not unfalsi�able. Although at the present stage its quanti-
tative phenomenology is not yet fully closed and requires the solution of the
inverse problem, the model already imposes a number of substantive con-
straints which, given su�cient mathematical and empirical concretization,
may serve as conditions of falsi�cation.

First of all, within the preceding reconstruction of the gravitational sec-
tor, the strong-�eld regime does not belong to the class of operationally
accessible regions. If it were established that, in an operationally observable
region, there is realized precisely such a strong-�eld regime as contradicts
the structural constraints of the present reconstruction, this would mean the
incompatibility of the corresponding observable regime with the model in its
current form.

Similarly, within the reconstruction of the minimal quantum core, there
does not arise an independent local quantum sector of gravity in the form
of an autonomous spin-2 �eld of the working type. If precisely such an
independent local quantum sector were established, this too would contradict
the present form of the model. In this sense, the scheme contains not only
explanatory but also restrictive statements.

At the same time, it should be emphasized that few direct low-energy
deviations from already known e�ective theories are to be expected at the
present stage. This is natural, since within the model special relativity, the
gravitational sector, and the quantum-�eld-theoretic regime arise as highly
accurate e�ective structures of the observable world. Therefore, the princi-
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pal quantitatively distinguishing predictions are to be expected not at the
level of a crude negation of already con�rmed theories, but at the level of
small corrections and additional constraints that should emerge upon a more
complete solution of the inverse problem.

Thus, the empirical status of the model at the present stage is twofold.
On the one hand, it already speci�es substantive conditions of possible falsi�-
cation. On the other hand, its most precise new predictions will presumably
arise as the inverse problem is brought to mathematical closure and the pa-
rameters of the physically relevant reconstruction class are re�ned. It is in
this sense that the model combines already available structural prohibitions
with the prospect of further quantitative tests.

This also constitutes an important di�erence between the present program
and ordinary quantum-�eld-theoretic practice. In the standard e�ective-QFT
framework, a new extension�for example, an additional gauge symmetry or
another sector�is often �rst considered formally admissible, and only then
are its parameters chosen on the basis of general theoretical considerations
and phenomenological constraints. In the present scheme, such a level of
admissibility is insu�cient. Any extension must be compatible not only with
the quantum core, but also with the structure of the visible sector, its re-
alization parameters, hidden content, and the overall compatibility of the
physically relevant reconstruction class. In other words, the question of the
admissibility of a new symmetry or a new sector must be posed here as a
question of strict mathematical consistency within a uni�ed reconstructive
scheme even before one passes to experimental testing. It is in this sense that
the structure of the Standard Model and the quantum regime corresponding
to it proves more strongly constraining than in the ordinary phenomenolog-
ical quantum-�eld-theoretic framework.

It should be emphasized that the open questions remaining in the article
do not weaken its principal result, but clarify its actual status. In the present
work, the value of Ngen(K), the concrete structures of the Yukawa matrices,
the full phenomenology of hidden content, and the mechanism of dark energy
are not �xed de�nitively. However, precisely owing to such a restriction of the
subject matter, it becomes possible to isolate rigorously that level of analysis
at which the following have already been obtained: a minimal Standard-
Model realization of the visible sector, its incompleteness as a consequence
of selective extraction, a natural place for hidden content, the identi�cation
of its gravitationally relevant non-vacuum part as dark matter in the sense of
the present work, as well as the incorporation of the number of generations
and the Yukawa parameters into the language of reconstruction classes.

Taken as a whole, the present work establishes the following logical con-
�guration. A physically relevant reconstruction class contains a minimal
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Standard-Model realization of the visible sector as an operationally singled-
out substructure, but is not exhausted by it. The selective extraction of the
visible sector entails the existence of an invisible complement, which de�nes
a natural place for hidden content, while its physically relevant part forms
the hidden sector. Its gravitationally relevant non-vacuum part constitutes
dark matter within the scheme under consideration. At the same time, both
the internal organization of the visible sector and the �ner parameters of
hidden content must be regarded as elements of a uni�ed parametrization
of the reconstruction class, rather than as independent phenomenological
appendages. It is in this sense that the article links the program of recon-
structing spacetime and the quantum core with the subsequent analysis of
the Standard Model, dark matter, and the �ner inverse problem for the pa-
rameters of the physically realized class.

7 Conclusion

The present work constitutes the next step in the program of operational re-
construction of physics from a timeless Euclidean model. It has been shown
that, within a physically relevant family of reconstruction classes compatible
with the already constructed special-relativistic, gravitational, and minimal
quantum layers, a minimal Standard-Model realization of the operationally
visible sector is singled out. Thus, the Standard-Model-like structure is inter-
preted not as an initial postulate and not as the full physics of the observable
world, but as a gauge�fermionic substructure necessary for the stable opera-
tional organization of the visible world of the working type.

At the same time, it has been shown that the extraction of such a vis-
ible sector does not entail its completeness. The visible sector speci�es the
directly observable non-gravitational structure and, in general, does not ex-
haust the full physical content of the reconstruction class. It is precisely this
distinction that opens a natural place for an invisible complement to the
visible sector and thereby raises the question of its physically relevant part.

On this basis, the article introduces hidden content as that part of the
content of the reconstruction class which does not enter the visible sector.
Its physically relevant part is treated as a hidden sector that remains com-
patible with the same working regime. It is shown that such content may be
operationally dark, not participating in the standard local protocols of obser-
vation of the visible sector, and at the same time remain physically relevant,
including through a possible contribution to the e�ective energy�momentum
tensor. At the same time, the question whether the hidden sector coincides
with the entire invisible complement to the visible sector is not closed de�ni-
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tively in the present work and must be regarded as part of a more complete
mathematical reconstruction.

Further, the gravitationally relevant non-vacuum part of hidden content
is singled out and interpreted, within the framework of the present work, as
dark matter. In this scheme, dark matter is understood not as the whole
hidden sector, but only as such a part of it as simultaneously remains opera-
tionally dark, is gravitationally relevant, and has a non-vacuum character of
contribution in the reconstructed dynamics. At the same time, what is meant
is not the necessary reduction of hidden content to an autonomous sector of
ordinary particles, but only that part of it which acquires an operationally
dark, gravitationally relevant, and non-vacuum status in the reconstructed
dynamics. Thus, a clear distinction is drawn between hidden content as a
whole and that part of it which is interpreted as dark matter. Dark energy
is deliberately left outside the scope of the present article as the object of
a separate analysis. It is also important in substantive terms that the cor-
responding hidden content arises here not as an external phenomenological
appendage, but as a natural consequence of the selective extraction of the
visible sector. In this sense, the natural place for dark matter, arising within
the same reconstructive scheme as the minimal Standard-Model realization
of the visible sector, may be regarded as an indirect argument in favor of the
internal explanatory coherence of the model itself.

Another substantial result of the work is a new interpretation of the
number of generations. Generational multiplicity

Ngen(K)

is interpreted as a parameter of the reconstruction class rather than as an
external empirical appendage. This means that the problem of generations is
transferred into the language of the internal organization of the class: what
remains open is no longer the status of the number of generations itself, but
the question of which structural requirements on modes, their multiplicity,
compatibility, and mixing must �x its value.

Once generational multiplicity has been introduced, the Yukawa matrices
also acquire a natural place. They arise as part of a �ner parametrization of
the visible sector, associated with admissible scalar�fermionic and intergen-
erational couplings. At the same time, the present work does not attempt
their complete �xation: speci�c textures, ranks, mass hierarchies, and mix-
ing structure are left as the subject of the next level of analysis. Thus, the
space of Yukawa parameters has already been incorporated into the general
language of the reconstruction class, although its detailed realization has not
yet been derived.
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Finally, the article provides a structural formulation of the inverse prob-
lem for the parameters of the reconstruction class. Observable physics is
treated not only as a consequence of the structure of the class, but also as a
phenomenological identi�er of that class. The SM-type visible sector, gener-
ational multiplicity, admissible intermode couplings, and indirect manifesta-
tions of hidden content form a set of features by which a physically relevant
reconstruction class may be constrained, localized, or partially reconstructed.
This formulation is �xed at the programmatic-structural level, without an
explicit inversion procedure, a reconstruction algorithm, or an analysis of the
uniqueness or stability of the solution. It covers the visible sector, its �ner
parametrization, and physically relevant hidden content to the extent that
the latter acquires an operational, gravitational, or other physically signif-
icant role in the working regime under consideration. Thus, a framework
has been formed within which the principal part of observable physics of the
given type may be reconstructed. For the full phenomenological closure of
this scheme, a separate structural incorporation of the mechanism of dark
energy is still required.

Thus, the principal outcome of the present work is the following: a mini-
mal Standard-Model realization of the visible sector of a physically relevant
reconstruction class has been singled out; it has been shown that this sec-
tor need not exhaust the full physical content of the class; hidden content
associated with an invisible complement to the visible sector has been intro-
duced, and its physically relevant part has been identi�ed; its gravitationally
relevant non-vacuum part is interpreted as dark matter in the sense of the
present work; the number of generations and the Yukawa matrices are incor-
porated into the parametrization of the class; and a structural formulation
of the inverse problem for the class parameters is formulated as the next
necessary step of the program. Thus, the present article forms a transition
from the minimal quantum core to a more detailed analysis of the visible and
hidden contents of the observable world.
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