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Conventional approaches to dark matter typically require introducing new fields, particles, or
interactions, or else modifying gravity. A recently proposed framework enlarges the Hilbert space
of quantum theory by allowing a single quantum state to admit two conjugate dynamical descrip-
tions—one on the familiar space—time manifold and one on a complementary momentum—energy
manifold—thereby restoring a missing dynamical symmetry between the two. Here we show that
dark matter arises naturally as a structural consequence of the coupling between these two dynam-
ical sectors. When the coupling is non-boundary, analytic continuation in the momentum—energy
manifold generates an evanescent projection onto the space-time manifold. The resulting configura-
tion possesses defining properties of dark matter: it carries finite energy density and sources gravity,
yet it remains non-propagating and produces no long-range electromagnetic radiation. These find-
ings not only provide further support for the dual-manifold framework as a consistent extension of
quantum theory, but also offer a new quantum-theoretic perspective on the origin of dark matter.

Dark matter remains one of the most profound and
unresolved problems in modern cosmology. Its exis-
tence is inferred from a wide range of astronomical
observations—such as galactic rotation curves, grav-
itational lensing, and cosmic microwave background
anisotropies—all of which indicate that the majority of
the universe’s mass—energy content is invisible and non-
luminous [1-3]. Despite decades of effort, the microscopic
nature of dark matter remains unknown.

The challenge is twofold. From an astrophysical stand-
point, dark matter is essential for explaining the for-
mation and stability of galaxies and large-scale struc-
tures [4-7]. From a fundamental physics perspective, it
represents a deep theoretical puzzle: it interacts gravi-
tationally yet appears to evade all known interactions in
the Standard Model [1-3]. Because of this unique sta-
tus, dark matter has become a crucial testbed for new
physics. Any fundamental theory aspiring to describe
nature at its most basic level should be capable of ex-
plaining, or at least accommodating, dark matter in a
natural and self-consistent way.

Recently, a new quantum framework—the dual-
manifold theory—has been proposed to restore a conju-
gate dynamical symmetry between space-time and mo-
mentum—energy [8]. The universe is described by a sin-
gle global quantum state with simultaneous projections
onto two Fourier-conjugate manifolds, space-time mani-
fold M, ; and momentum—energy manifold Myg. At the
kinematic level, these manifolds are related by a norm-
preserving Fourier isomorphism, but in the extended
framework each manifold carries its own intrinsic unitary
dynamics, making them distinct dynamical sectors of an
enlarged Hilbert space. The two sectors are not isolated:
consistency of the global state enforces boundary cou-
pling between them. Remarkably, this structure repro-
duces the dark matter like background and exponential
boundary mapping that underlies black-hole thermody-
namics—normally derived only within general relativity.

In this work, we show that dark matter arises naturally
from the dual-manifold framework. The key idea under-

lying the present analysis is that the two manifolds may
be connected in more than one way. A boundary coupling
corresponds to points where the singularity of one man-
ifold maps onto the infinity of the other. In contrast,
a non-boundary coupling allows the manifolds to con-
nect through a finite analytic continuation in a complex
neighborhood rather than at a single boundary point.
We argue that such non-boundary coupling can lead to
non-radiative, exponentially localized energy states that
permeate the universe—naturally reproducing the essen-
tial phenomenology of dark matter. This result not only
offers a new and powerful support for the dual-manifold
framework itself, but also opens a conceptually new path
toward understanding the origin of dark matter.

I. COUPLING OF THE DUAL MANIFOLDS

In the dual-manifold framework [8], the physical state
of the universe is described by a single global quantum
state living in an enlarged Hilbert space

Htotal = Ha:t S2) Hk}Ev

where H,; and Hpg are the dynamical sectors associ-
ated with the space—time manifold M,; and the momen-
tum—energy manifold Mg, respectively. At the kine-
matical level, the underlying L? function spaces are re-
lated by a norm-preserving Fourier isomorphism, but
once autonomous dynamics is assigned to both sectors
they are no longer unitarily equivalent as dynamical sys-
tems. Each sector carries its own intrinsic evolution,

ihdp = Hap, ihdpp = Ho.

with ¢(x,t) € Hye and ¢(k, E) € Hig.

In the absence of coupling, the only connection be-
tween the two manifolds is the standard unitary Fourier
correspondence,
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This transformation merely expresses representational
equivalence: @ and ¢ are two norm-preserving projec-
tions of the same global quantum state onto M,; and
M. With no coupling, the dual-manifold framework
collapses to a purely mathematical correspondence and
introduces no new physical structure—no interaction, no
dynamical exchange, and no observable effects beyond
standard quantum mechanics.

However, the two manifolds can be physically con-
nected under certain conditions. Coupling becomes in-
evitable at the boundary where the singular limit of one
manifold corresponds to the asymptotic infinity of the
other. At such points the single global quantum state
must satisfy both dynamical laws simultaneously, enforc-
ing nontrivial boundary consistency. In general, this cou-
pling can be expressed by introducing a weighting factor
into the Fourier kernel:

K(z,t |k, E) = I/V(x,t;k’E)ei(/lcac—Et/h)7

b(z,t) = /K(x,t | k, B)p(k, E)dkdE.

When W = 1, the mapping reduces to the ordinary
Fourier correspondence, and the two manifolds remain
completely decoupled. When W = 1, it signifies a gen-
uine physical coupling or information flow between the
two manifolds.

The coupling kernel W (x,t; k, E') can naturally be de-
composed into an amplitude and a phase component,

Wz, t;k, E) = A(x, t; k-’E)ei@(m.,t;k,E).

The amplitude A governs the spectral weight of the cou-
pling, determining how strongly different regions of the
momentum—energy manifold contribute to the projec-
tion, and thereby setting the large-scale density profile
of the resulting state. The phase © encodes the geomet-
ric and topological structure of the connection: a non-
trivial winding of ©(k) generates residual coherence that
prevents destructive interference, providing topological
protection to the resulting evanescent states.

II. NON-BOUNDARY COUPLING AND THE
EMERGENCE OF EVANESCENT STATES

We now examine the nature of the coupling between
the two manifolds. In the dual-manifold framework, the
singular limit of the space—time manifold corresponds to
the asymptotic infinity of the momentum—energy mani-
fold, and vice versa. These two extreme limits coincide
under the dual correspondence, creating a single shared
boundary point. At this boundary, the global quantum
state must satisfy the dynamical constraints of both man-
ifolds simultaneously, leading to what we call boundary
coupling. In this case, information transfer occurs only
through this isolated extremal limit—the two manifolds

touch at precisely one point in their respective geome-
tries.

Such coupling is necessarily localized and exceptional.
It occurs only when one manifold is driven to its dynam-
ical singular limit while the conjugate manifold reaches
its asymptotic infinity. Black-hole horizons provide a
concrete realization of this situation: each point on the
event-horizon surface corresponds, under the dual map-
ping, to a direction of unbounded growth in momen-
tum—energy. Thus the coupling is confined not to a single
point, but to a codimension-one boundary surface defined
by these mutually singular limits. These extreme circum-
stances represent only special regions of the universe and
cannot describe generic inter-manifold behavior.

This raises a natural question: If the two manifolds
coexist everywhere in the universe, why should their in-
teraction be restricted to an isolated boundary point?
In other words, is it possible for the manifolds to com-
municate in a smoother, more extended fashion, without
requiring singular or asymptotic limits?

To describe such broader interaction, we introduce
non-boundary coupling. Here the correspondence be-
tween the two manifolds is extended from the singular
boundary surface into a small neighborhood around it.
This requires an analytic continuation of the boundary
mapping: instead of meeting only at the real singular
limits, the global state is continued into a thin complex-
ified region around the boundary. In this continuation,
the spectral variables acquire a small imaginary compo-
nent, allowing the state to pass smoothly through the
collar region and reemerge on the other manifold. This
construction replaces isolated boundary contact with a
controlled overlap region, enabling a more general and
physically distributed form of coupling.

Concretely, consider a momentum—energy—manifold
mode of the form e?** (we suppress ¢ for clarity). When
this mode traverses the complex collar to enter the z—t
manifold, its wavenumber continues to

k— k. + ik, k> 0.

The real part k, encodes ordinary oscillation, while the
imaginary part x encodes exponential decay in the direc-
tion normal to the boundary traversal. A minimal ana-
lytically controllable spectral profile is the Yukawa form
centered at a real carrier wavenumber k.,

1
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which is analytic on the real axis and extends smoothly
into the complex domain through simple poles at

k= /{/’Qii,‘io.

Ko > 0,

Extending k£ from the real to the complex domain al-
ready leads to a significant effect. To see this, let us first
take W =1 and use the Fourier map without additional
weighting,

+oo
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With the Yukawa choice above, residue evaluation in the
upper or lower half-plane yields
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an exponentially localized envelope with an in-envelope
carrier oscillation.
This corresponds to an evanescent state on M;: its
amplitude is exponentially localized and the probability
current,
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decays exponentially with |z|. Its divergence,
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is nonzero, indicating that the mode cannot sustain a
steady flux or a well-defined group velocity: it is con-
fined to a finite region and cannot propagate as a freely
traveling wave.

III. NON-BOUNDARY COUPLING KERNEL
AND EMERGENT RADIAL SCALING

Having examined the effect of complex continuation
with a single fixed decay rate, we now treat the non-
boundary coupling properly by introducing a nontrivial
coupling kernel,

W(r,k) = A(k)e'®®),

Instead of a single decay rate xg, we now allow a contin-
uous range of decay parameters k > 0, so that an entire
band of evanescent modes can contribute coherently. The
amplitude A(k) defines the spectral weight assigned to
each decaying component. We adopt a smooth, normal-
izable form that produces a continuous decay spectrum,

A(k) = Cy/re /"o,

where kg sets the characteristic low-x (large-scale) cutoff,
and C' is an overall normalization or cosmological scaling
constant.

The coupling kernel acquires a topological phase as a
direct consequence of analytic continuation. To define a
non-boundary coupling, the momentum variable is pro-
moted to the complex plane, & € C, and the integra-
tion contour is deformed away from the real axis so as
to bypass the singular points of the boundary map. The
coupling kernel W (k) remains analytic and nonvanishing
along the deformed contour, but the contour now en-
closes the isolated poles or branch points inherited from
the boundary Green’s function.

By the argument principle, the phase of W (k) must
undergo an integer multiple of 27 as the contour loops
around such singularities:

1 1
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k>0,

Locally, this forces the phase to take the universal vortex-
like form
O(k) ~ marg(k — ko), m € Z,

up to a smooth analytic contribution. This winding is
therefore not an arbitrary choice but a topological im-
print of the analytic continuation path around the bound-
ary singularity. The factor e’©(¥) breaks perfect angular
isotropy in the momentum distribution, in direct analogy
with optical vortices or vortex phases in superconductiv-
ity.

A. Radial projection and averaged density

To project the coupled state from Mg onto My, we
start from

/ kW (k

During the angular integration, the winding number
associated with the the phase factor e?©(¥) enforces a se-
lection rule on the angular Fourier components of ¢(k):
the e'™% factor shifts each mode e to e (ntmfr 5o
that only the n = —m component survives the angular
average. This produces a nonvanishing residual coher-
ence factor Cy,, which prevents the extended modes from
cancelling completely. The coherence factor is absorbed
into the overall normalization, leaving the radial profile
governed solely by the amplitude spectrum A(x). Thus,
the radial wavefunction can be expressed as a superposi-
tion of elementary components, each characterized by a
single decay constant s:

x [ A

For each fixed k, we use evanescent kernel

fu(r) =e™",

which corresponds to the physical, non-divergent solution
that defines an evanescent mode. Substituting this kernel
gives

) zkr W(k) :A(ﬁ)ei@(k).

r=|r|.

oc/ A(n)e_’"dnw/ N
0 0

The observable (or gravitationally effective) energy
density is obtained by taking the squared modulus and
averaging over fast phase fluctuations:

p(r) = [v(r)|? o</ e 2K/FoeT 2T gy
0

Combining the exponents and defining

2
a(r) =2r + —,

>0,
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the remaining Laplace-type integral is elementary:

/ ke g = ! .
0 a(r)?

Hence we obtain a closed analytic form for the radial
energy-density profile (absorbing constants into pg):

Lo

r) = (r + 1//10)2.

B. Correspondence with dark matter

Thus the state obtained from the non-boundary dual-
manifold coupling naturally satisfies the physical require-
ments expected of dark matter [1].

First, the projection onto M, yields a stationary en-
ergy density p(r) = [1(r)|?, which sources gravity in the
usual way. No additional assumptions about the interac-
tion are required: any nonzero real energy density con-
tributes to the stress—energy tensor.

Second, the state is intrinsically non-propagating.
Each elementary component e™"" is evanescent and car-
ries no outgoing flux or radiation. After spectral su-
perposition, the full configuration remains non-radiative
and produces no far-field electromagnetic signal. Im-
portantly, the dual-manifold framework does not impose
any assumption about whether the underlying degrees
of freedom carry electric charge. If the underlying con-
stituents do possess a charge degree of freedom, the non-
propagating nature of the evanescent state implies that
only localized electromagnetic interactions could occur,
confined to regions where the mode has support. Such
interactions would not produce propagating electromag-
netic waves and therefore would not conflict with obser-
vational bounds on long-range electromagnetic emission.
Therefore, the absence of outward radiation is guaran-
teed by the evanescent structure of the state rather than
by any ad-hoc restriction on its charge content.

Taken together, these properties—gravitational mass
and radiative darkness—are precisely the generic criteria
required for a viable dark-matter distribution. The de-
tailed radial profile depends on the chosen spectral ampli-
tude A(k) and momentum-space wavefunction ¢(k), but
the dark-matter—like behavior itself is universal to the
non-boundary coupling mechanism in the dual-manifold
framework.

C. Three-regime radial scaling

Although the detailed radial profile depends on the
chosen spectral amplitude A(k) and wavefunction ¢(k),
it is instructive to compare the profile obtained from our
minimal spectral model with observational dark-matter
halos.

In the mathematical construction, r denotes the spa-
tial coordinate on M, and carries no fixed physical scale.

When the wavefunction amplitude |(r)|? is interpreted
as an effective energy density, r can be rescaled to repre-
sent the physical radial distance in galactic or cosmolog-

ical units:

o

_ Po
p(r) = (r+ 1,2’

T
where r. = \,./kg defines the characteristic core radius of
the galactic dark-matter halo. This rescaling is not arbi-
trary: it corresponds to expressing the evanescent decay
length 1/k( in macroscopic units. The rescaled profile
provides a natural basis for analyzing three distinct ra-
dial regimes—core, transition, and outer tail—that cor-
respond closely to the dark-matter density distributions
observed in galaxies.

1. Core region (r < 71.): The density approaches
a finite constant, forming a smooth, nonsingular cen-
tral core. Unlike empirical halo models such as the
Navarro—Frenk-White profile [9, 10], which diverge as
p ~ 1/r near the galactic center and produce an unphys-
ical cusp, the present result remains finite and naturally
yields a cored structure.

2. Intermediate region (r. < r < rout): The den-
sity follows a power law, p(r) o 1/72, leading to two
key astrophysical consequences. First, the enclosed mass
scales linearly with radius, M(r) ~ [ p(r')r'?dr’ o« r,
so the circular velocity v, = \/GM(r)/r remains nearly
constant—reproducing the flat rotation curves that origi-
nally motivated the dark-matter hypothesis [11]. Second,
the 1/r? scaling extends the gravitational potential well
beyond the visible disk, providing sufficient mass to bind
the outer stellar orbits. Thus, this regime embodies the
essential astrophysical role of dark matter: a large-scale,
non-radiative mass distribution that maintains galactic
coherence without luminous emission.

3. Outer region (r 2 7out): At sufficiently large radii,
the behavior of the density profile is controlled by the
high-x portion of the spectrum A(x). In the minimal
model used above, A(k) o /ke~ /%0 the integral pro-
duces a long-range 1/r? tail with no intrinsic cutoff.
In more realistic settings, however, the spectral ampli-
tude need not extend indefinitely. If the dark-sector
microphysics imposes a high-x suppression (for example
through a natural UV cutoff or a finite analytic continu-
ation domain), the profile acquires an exponential outer
decay,

p(r) ~ e 2 rou,

which regularizes the total mass and yields a finite halo
extent.

IV. TEMPORAL STRUCTURE FROM
ENERGY-TIME ANALYTIC CONTINUATION

In the analysis above we focused on the spatial struc-
ture of the coupled state, effectively working in a sta-



tionary limit where the explicit dependence on the en-
ergy—time pair (F,t) was suppressed. This is appropri-
ate for describing present—day dark-matter halos, where
observations probe the spatial mass distribution at a
given cosmological epoch. It is natural to ask how the
non-boundary coupling manifests itself in time once the
energy degree of freedom is restored.

The construction is completely parallel to the spa-
tial case. In the momentum-energy manifold Mg,
non-boundary coupling requires analytic continuation of
the energy variable across the interface between the two
manifolds,

E — E, —ie, e >0,
so that each spectral component acquires a decaying tem-
poral envelope. When this continued mode is projected
onto the space-time manifold M, the temporal factor
takes the form

e—zEt/h — e—zETt/he—st/h’

where F, governs phase rotation and e controls expo-
nential decay in time. After averaging over the fast os-
cillatory phase, the slowly varying temporal envelope of
the coupled state can be written as a superposition over
decay rates:

bien (1) o / " Ble)et/hge,

with B(e) the effective spectral weight generated by the
dynamics on Mg and by the coupling kernel W.

This expression is the direct temporal analogue of the
spatial superposition

U(r) « /000 A(k)e "dk.

Each individual component e~¢t/" represents a transient

evanescent mode in time, but the full temporal behavior
of the dark configuration is determined by the choice of
the spectral distribution B(e). Depending on the form
of B(e), the resulting energy density p(r,t) ~ |(r,t)|?
can describe configurations that are nearly stationary on
cosmological timescales, slowly evolving halos, or more
transient structures. In particular, if B(e) is strongly
peaked near ¢ = 0, the temporal envelope varies only
weakly over a Hubble time, consistent with the empiri-
cal success of quasi—static halo models, while still allow-
ing for a controlled long—time evolution within the same
framework.

A detailed confrontation between the temporal evolu-
tion implied by a specific choice of B(e) and cosmological
data lies beyond the scope of the present work. The key

point here is structural: once energy is allowed to evolve
dynamically and analytic continuation is applied to the
(t, F) sector, the dual-manifold framework naturally gen-
erates a time—-dependent generalization of the evanescent
dark state, with its precise time dependence controlled
by the underlying spectral function rather than fixed ad
hoc.
V. CONCLUDING REMARKS

Existing dark-matter models typically fall into two
broad categories: (1) particle-based scenarios—such as
WIMPs [2, 12], axions [13], sterile neutrinos [14], or dark
photons [15]—which introduce new fields and interac-
tions, and (2) modifications of gravity designed to ac-
count for galactic rotation curves without invoking non-
luminous matter [16, 17]. The framework developed here
differs fundamentally from both. Dark matter in the
dual-manifold theory is not a new particle species, nor
does it require altering gravitational laws; instead, it
arises as an evanescent projection of a single quantum
state across two dynamically conjugate manifolds.

The deeper insight is structural. In standard quan-
tum mechanics, dynamical evolution is restricted to the
time variable, while the energy coordinate is kinemati-
cal and admits no autonomous dynamics, analytic con-
tinuation, or boundary structure. As a result, the con-
ventional framework contains no intrinsic mechanism for
generating non-luminous gravitational matter; construct-
ing dark matter requires adding new degrees of freedom
or modifying gravity by hand. This foundational limita-
tion explains why dark-matter model building within the
standard paradigm is inherently difficult.

By contrast, once the missing dynamical symmetry be-
tween time and energy is restored, the quantum descrip-
tion acquires a second autonomous evolution sector in the
momentum—energy manifold [8]. A single global state
evolves simultaneously under two independent genera-
tors, and consistency across the interface between man-
ifolds forces the wave to traverse a complexified collar
when the coupling is non-boundary. Analytic continua-
tion is then unavoidable, introducing imaginary momen-
tum components that yield evanescent, non-propagating
projections on the space—time manifold. These projec-
tions possess finite gravitational energy density yet pro-
duce no far-field electromagnetic radiation. Importantly,
these properties are not imposed phenomenologically;
they arise directly and inevitably from the enlarged dy-
namical structure of the dual-manifold theory.

In this way, the emergence of dark-matter—like states
is a structural consequence of completing a foundational
symmetry of quantum dynamics, rather than extending
the Standard Model. The results presented here therefore
strengthen the dual-manifold framework as a coherent
quantum—theoretic foundation and offer a new physical
perspective on the origin of dark matter.
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