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The Role of Noncommutative Quantum Gravity
in Galactic Dynamics and Dark Matter
Phenomena

Gang Lee

Abstract- This paper is based on the theory of noncommutative quantum gravity to
interpret the observed gravitational effects caused by dark matter, such as dark matter
halos and the flatness of the rotation curves of galaxies. In this work, we explore
whether noncommutative quantum gravity where spacetime coordinates follow a
noncommutative algebra can naturally reproduce dark matter-like gravitational effects.
Our findings suggest that the self-interaction effects in noncommutative quantum
gravity may provide an alternative explanation for dark matter-like gravitational
effects, potentially reducing the need for exotic matter.

[. INTRODUCTION

In the section 2, we briefly reviewed the theory of noncommutative quantum
gravity. In the paper [1] [2], we introduce the theory of noncommutative quan-
tum gravity. Papers [3-5] discuss the macroscopic effects of noncommutative
quantum gravity, including how gravity operates within a noncommutative
framework and its potential observational consequences. In the section 3, we
explained how quantum gravity can replace dark matter to explain the observed
cffects of dark matter, such as dark matter halos and the flatness of the rotation
curves of galaxies.

[I. NONCOMMUTATIVE QUANTUM GRAVITY

In the paper [1] and paper [2], we introduce the theory of noncommutative
quantum gravity. In this theory, we give the field function of gravity. It is a
semiclassical graviton, it can be be interpreted as a particle with zero point
vibration. Its form is a Dirac-¢ function as follows
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The Lagrangian density is
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In the general theory of relativity, the energy-momentum tensor of gravita-
tional field itself is:
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Up to a factor of a constant, it is equal to Eq.[2.3]. Tt is a strong evidence
to prove that the quantum field theory constructed in the paper [1] and paper
2] is classically equivalent to the general theory of relativity.

In the paper [3] and [4], we discussed the self-interaction of gravitational field-
s. In momentum space, the metric of the gravitational field with self-interaction
can be written as follows
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Denote
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Using the mean value theorem of definite integrals, we have
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where f(¢) is the mean value of f(k), f*(¢*) is the mean value of f*(k).
The general static isotropic metric is:

ds® = gppdr® + r2d0? + r*sin® Odo? — gy dt?

—1
T r
Denote
Ar = f(Cr) J;f(C:) , At = f(Ct) J;f(g() (2.15)

Then the metric g, of the general static isotropic gravitational field with
self-interaction can be written as

~ 2MG
r

1
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It can also be expressed in the equivalent isotropic form. By introducing a
new radius variable p

MG\
r=p(l+A,) (1 + 2—p> (2.17)
Then the isotropic form can be written as
MG\*
ds®> = (1+A,)?- <1 — 2—p) (dp® + p*d0* + p* sin® 0d¢?)
(2.18)
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We can find a scale transformation r — [(1 + A,) -r}. It means that the
gravity with self-interaction at a distance of [(1 +A,) -7“} from the gravitational

source is equal to the gravity of the inverse square law at a distance of r from
the gravitational source.
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Obviously, the strength of self-interaction depends on the function A,.. In
the paper [5], we calculate the function A, in coordinate space as follows:

A, = F,(r, M) - l1 _ QI\fGl v (2.19)
where
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Notice that the maximum value of the function A, is located at r = 2.
(2M G). Therefore, this function can explain the flatness of the rotation curves
of galaxies.

[1I. DARK MATTER AND MACROSCOPIC EFFECT OF NON-COMMUTATIVE
QUANTUM GRAVITY

Given the challenges in detecting dark matter directly, alternative theories such
as modifications to gravityparticularly those emerging from quantum gravi-
tyhave been explored as potential explanations for observed galactic rotation
curves. If dark matter is understood as the self-interaction of gravitational field,
then the observational phenomena related to dark matter can be explained by
the theory of noncommutative quantum gravity, such as dark matter halos and
the flatness of the rotation curves of galaxies. Let’s discuss as follows:

To explain the flatness of the rotation curves of galaxies, the galaxy serving
as the gravitational source for a star located at the edge of the galaxy can be
considered as an equivalent mass point M. The equivalent mass means that for
the star located at the edge of the galaxy, the gravity from A is equivalent to
the gravity from total mass of the galaxy. From the equivalent mass M we get
the Schwarzschild radius r, = 2MG. Note that the Schwarzschild radius r, of
the equivalent mass M does not imply the event horizon of a black hole, but
only represents a scale of length.

Then Eq.(2.20) can be written as
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For example, in the casc of ry = 100, the curve of the function 4, is

A A

0.25K
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Figure 1. function A,

The maximum of the function A, is located at » = 2r,. In the interval r €
(rs,2rs], the effect of self-interaction of gravitational field continues to increase
and reaches its maximum at r = 2rg. Therefore, in the interval r € (rs, 2r;],
the rotation curves can remain flat with increasing distance. The flatness of the
rotation curves is not due to the modified Newtonian dynamics in weak-field,
nor is it due to the gravitational effect of dark matter, but rather due to the
continuous enhancement of self-interaction in the gravitational field. If » > 2r,
the self-interaction effect start to weaken. and due to the inverse square law,
the velocity of stars located at the edge of the galaxy start to rapidly decrease
with increasing distance. By superimposing the calculated rotation curve of the
galaxy in the absence of dark matter with the curve of the function A, in Figurc
1, we can obtain the flatness of the rotation curves of galaxies without the need
for dark matter halo, consistent with the observed rotation curve of the galaxy.
This offers a reasonable explanation for the flatness of the rotation curves of
galaxies without dark matter. In this way we can conclude that the dark matter
we observe is distributed near r = 2r,. The self-interaction gradually strengthen
before r = ry, then decrease with r > 2r,, formed the dark matter halo.

In the case of galaxy cluster CL0024+17, the map of dark matter in the
galaxy cluster is actually the macroscopic effect of self-interaction of the gravi-
tational field of the galaxy cluster. Due to the disk like shape of galaxy clusters,
dark matter is distributed in a circular ring pattern. According to the discus-
sion in this paper, this distribution pattern of dark matter is universal. Another
similar situation is the Milky Way. The rotation curve of the central part of
the Milky Way follows the inverse square law, so there is no dark matter in
the central region. Dark matter appears from the base of the spiral arms in
the Milky Way galaxy, this is consistent with the self-interaction curve shown
in Figure 1. Therefore, on the plane of galactic disk, the dark matter is also
distributed in a circular ring pattern. In 3D space, the dark matter in the Milky
Way is distributed ellipsoidal surface around the entire galaxy. The dark matter
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located in the central part of the galaxy cluster CL0024+17 is also due to the
same reason. The gravitational fields of each galaxy in the central region of the
galaxy cluster CL0024417 have their own self-interactions, which superimpose
to form a dark matter halo in the central region of the galaxy cluster.

Due to the gravitational effect of dark matter being the self-interaction effect
of the gravitational field of baryonic matter, this indicates that the density
distribution of dark matter in galaxy clusters is consistent with that of baryonic
matter.

In the case of bullet cluster 1E0657-56, the dark matter images of galaxy
cluster obtained from gravitational lensing effect and X-ray observations can be
interpreted as the gravitational fields between two separating galaxy clusters
canccl cach other out, the cffects of self-interaction also cancel cach other out.
Therefore, no dark matter was observed between galaxy clusters. Dark matter
is distributed on the outer side of two separating galaxy clusters.

The self-interaction of the gravitational field can also explain the univer-
sal enhancement of the gravitational lensing effect observed of galaxy clusters,
which is consistent with dark matter theory. According to the calculations in the
paper [5], the gravitational effect of self-interaction has almost no gravitational
redshift, which is a difference from dark matter theory.

From Figure 1, it can be seen that the attenuation of self-interaction of
the gravitational field begins after r > 2r,, but the attenuation rate is very
small, therefore the effect of self-interaction can be understood as long-range
interaction, although the effect of self-interaction becomes extremely weak at
great distances. Maybe it also can be explain the Pioneer anomaly in the solar
system.

[V. CONCLUSION

Our findings suggest that the self-interaction effects in noncommutative quan-
tum gravity may provide an alternative cxplanation for dark matter-like gravi-
tational phenomena, potentially offering a simpler theoretical framework. From
the above analysis, we can see that the self-interaction effect of gravitational
field may explain the gravitational effects caused by dark matter, such as dark
matter halos and the flatness of the rotation curves of galaxies. The approach in
this paper does not require modification of the inverse square law and can pre-
dict the location of dark matter. However, further work is required to compare
this approach with observational data. Due to the difficulty in accurately de-
termining the mass distribution of galaxies, the equivalent mass is also difficult
to accurately determine, and thus the Schwarzschild radius r, of the equivalent
mass M is also difficult to accurately determine. At present, the Schwarzschild
radius rg of the equivalent mass M can only be roughly determined through
observation data of dark matterThe location where dark matter is most concen-
trated is r = 2r,the location where the rotation curve of the galaxy begins to
descend is r = 2r;. More detailed galaxy observation data will be available to
verify the approach in this paper.
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