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Abstract: The distribution of a small asteroid 2023 DW minor planet with different eccentricity to
the ecliptic plane and with respect to the Jupiter orbit is studied. The variation in orbital elements
must be analyzed to effectively study the changes in eccentricity, semi-major axis (SMA), and
inclination for the minor planet. The magnitude and direction of these changes depend on the
specific conditions, such as the proximity of other bodies and the physical properties of the minor
planet. Over time, these forces can significantly alter the orbit, sometimes in predictable ways and
sometimes in chaotic or unpredictable patterns.
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1. Introduction

As defined by the International Astronomical Union (IAU), a minor planet is defined
as an astronomical object orbiting the Sun directly and is not classed as a planet or comet.
Before 2006, the term "minor planets” was used in the IAU formal classification. During
the 2006 IAU General Assembly, however, this classification system was completely
scrapped, and new terms like "dwarf planets" were introduced for bodies in these
categories. Many asteroids had been identified as dwarf planets by then. One such object
was Make-make, which, until 2008, had been called 2005 FY9, but at about 1,200 km across
its diameter is five times smaller than Ceres [1]. All minor planets fail to tidy their orbital
region, unlike the eight legitimate planets in the Solar System [1], [2]. The object Ceres,
which orbits between Mars and Jupiter in the asteroid Belt, was the first to be designated
a minor planet. Currently, there are over 100,000 minor planets (asteroids) identified
through telescopic observations and measuring methods. Most minor planets have
average diameters ranging from 1.52 to 520 AU. These small bodies exhibit orbital
groupings under the gravitational influence of much larger planets. The first is
concentrated in the asteroid belt that lies between Mars and Jupiter, while a smaller
number are scattered throughout the rest of our solar system beyond that region. Beyond
Saturn’s orbit lies the Kuiper Belt, also known as the Edgeworth-Kuiper Belt in honor of
its discoverers Kenneth Edgeworth (1880-1972) and Gerard Peter Kuiper (1905-1973) [3].

Ahmed and Mayada analyzed variations in the orbital elements, including the semi-
major axis (SMA) (a), eccentricity (e), and inclination (i), to calculate the effects of tides on
LEO satellites where studying exoplanetary perturbations is important for understanding
the stability of small planets, the motion of transiting objects, and possibly predicting
collisions or orbital shifts [4], [5]. Satellites suffer from disturbances due to atmospheric
clouds or irregularities in the Earth’s gravity, while small planets suffer from disturbances
due to the gravitational pull of large planets like Jupiter and Saturn [6].

Theory

Two integration approaches, collocation and multistep, can be used. The program user
configures the planetary system, which can comprise all nine planets (or a selection of
them) plus one minor planet (an object with insignificant mass) [7], [8].

It is essential to develop robust numerical analysis methods of differential equation
systems (DFS) and quadrature mathematics for complex mathematical problems [3].
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In any numerical solution of a set of DFS, the error consists not only in the exact
solution but also a built-in function known as a numerical approximation. As a result, this
makes it difficult for effective integration algorithms to be free of computational errors
because they have to assess and control these registration campaigners. However, most
difficult of all is how to manage error accumulation and spread when there are so many
steps taken in time-based calculations [9], [10], [11].
the orbital elements of a heavenly body and the state vector relating to an arbitrarily picked
epoch t:

t:{r®), 7T}~ {a,eiQwTy}......(1)
The osculating orbital elements for the epoch t are defined as
t:{r@), 7))} < {a®),e®) i) Q@), w(t) To(®)} ... ... .. (2)
t is the osculation epoch, and the osculating elements appearing in relation (2) can be
computed by two-body problem relations characteristic for a celestial body under
consideration [12].
At epoch t, both the real and osculating Keplerian orbits are tangential.
To focus on the most interesting effects, define the intermediate orbital elements as follows:
1(t) € {a(t),e(t),i(t), Q(t), w(t), To(®)} ... ... ... 3
The average orbital element I(t; At(t)), averaged over a time period of A¢(t) (which can
be a function of time in this most general case), is defined as

t+At/2

_ 1 o

I(t; 4e(D)) : f I(thdt ........(4)
t—At/2

Given that the osculating elements are continuous functions of time t., equations (3) and
(4) define a continuous function of time t. Jupiter's osculating SMA (a) was averaged over
a five-revolution period.

At(t) & 5Py (t) e e - (5)
P,(t) = (osculating) revolution period of Jupiter at time t. [13]

Ten time-independent scalar functions of the N-body problem coordinates and velocities
have been identified.

In the N-Body problem, there are ten scalar functions of the coordinates and velocities that
are known to be time-independent. The amounts are first integers, or simply integers.
Derivative formula for the time development of the system polar moment of inertia. The
result is known as the virial theorem [14].
A system of point masses has total angular momentum, which is defined as

n

The three scalar components of the constant vector h mean that there are three
independent first integrals in N-body equations of motion. On the third step, the right
represents what happens when you take mean on left and second expressions from course
material - step 2. Ultimately one is left with both sides of equation recognizing that they
are total time derivatives and hence Energy Conservation Law follows as a matter of

course:
1 n 1 n n
mym;
—Z m,2, ——kzz Z Y o (8)
2 ¢ 2 c . d | |xi - Xj|
i=0 =0 j=0,j#i

If a point mass is represented by its position vector as sum of the Sun's inertial positive
vector and the point mass m; heliocentric position vector, then minor planets prefer got
virgoeric aphelion near Jupiter, In fact, those which have been counted as near Jupilar's
farthest point are roughly three times more frequent than those which lie at its periheli
where gravity is least and predators lurk in their tentacles. Grouping near Jupiter's perigee
has the effect of minimizing the gravitational disturbances each minor planet undergoes
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when it swings closest to Jupiter. If the minor planets aphelion and Jupiter’s aphelion
coincide, the minimum distance A,,;;,, between the two bodies fluctuates within the
Apin=a, —a ¥ (ae, —ae) ........(9)
assuming the two orbits are elliptic and coplanar. The minimum distance between the
limits differs under the same assumption.
Apin=a, —a ¥ (age, +ae) ... ... (10)
if one body's perihelion and the other body's aphelion are the same [15].

2. Materials and Methods

We use a celestial mechanics based numerical and analytical approach to study
perturbative effects from the outer planets, especially Jupiter, upon the orbital elements
of the minor planet 2023 DW. The methodological framework involves long period
numerical integrations of the N-body problem, where the planetary system is modeled to
include the dominant planets and a massless minor planet that is gravitationally
perturbed. These initial conditions are defined based on osculating Keplerian orbital
elements, which in turn focus on changes in eccentricity with a constant semi-major axis.
Evolutions of the semi-major axis, eccentricity, inclination, orbital poles and Laplace
vector are calculated over simulation time-scales of up to 1 million years, long enough to
include both secular and resonant effects. The code works by solving large systems of
differential equations that describe orbital motion with numerical integration techniques
(embedded quadrature, modified Midpoint Difference (MD) methods solved within the
celestial mechanics computational program), while avoiding errors that also accumulate
and influence stability in the long-term integrations. We determine time-averaged orbital
elements in order to separate short-period oscillations from long-term dynamical
behaviours and thereby to obtain a clearer picture of the evolution driven by
perturbations. Dynamical systems results are complemented by consideration of vectorial
measures like inclination and Laplace vectors, which quantify changes in orbital
orientation and precessional behavior as a function of eccentricity. This methodical
comparison of results across a wide range of eccentricity cases allows a comprehensive
assessment of the impacts of gravitational interactions and resonances on orbital stability,
precession and chaos. This integrated numerical-theoretical framework also serves as a
foundation for exploring the dynamical development of small bodies under the attracting
influence of the outer planets.

3. Results

Figures (1-5) were given the orbital poles for one million years for DW 2023 minor
planets at different osculating eccentricities. The change in the orbital poles of a minor
planet, especially in relation to its eccentricity (e), is largely governed by gravitational
perturbations from other bodies (planets, moons, etc.), as well as by non-gravitational
effects. For orbits with low eccentricity (e), the orbital nearly circular, meaning the distance
between the object and the Sun does not very much. This leads to relatively stable
precession of the orbital pole. For high eccentricity orbits (e), the orbit becomes more
elongated, which leads to larger variations in the object’s distance from the Sun as it moves
along its orbit. This variation has a significant impact on the precision of the orbital pole.
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Figure 1. Presents the orbital pole distribution of minor planets having osculating SMA a
=2.497 AU and circular orbits (e = 0.0) throughout the million-year DW 2023 integration
timespan.
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Figure 2. Shows the orbital pole positions of minor planets with SMA a = 2.497 AU and
eccentricity e = 0.05 over the one-million-year DW 2023 simulation period.
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Figure 3. Depicts the poles of orbital in the minor planets characterized by an osculating
SMA of 2.497 AU and an osculating eccentricity of 0.07, observed over a one million year
period in the DW 2023 dataset.
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Figure 4. This figure shows the orbital pole positions of minor planets with a SMA of
2.497 AU and an eccentricity of 0.01 over the one-million-year DW 2023 simulation
period.
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Figure 5. Shows the poles of orbital in the minor planets with osculating SMA a = 2.497
AU and osculating eccentricity e=0.0, 0.05, 0.07 and 0.1 for the one million year DW 2023
period.

Figures 6 through 10 depict DW 2023's Laplace vectors with various eccentricities. At
lower eccentricities these will be almost circular in their topside orbit around the origin
(x0, y0) = (0, 0) In contrast, a little more distant and prograde orbits lavish instead more
markedly elongated projections

The Laplace vector of each minor planet changes dramatically with increasing
eccentricity. Low-y (circular) orbit Laplace vectors are stable lines precessed by just a little
bit every year or so. For higher eccentricities, gravitational perturbations induced by a
slight initial displacement around one point on the equator produce distinct oscillations in
time and much greater reforms as an answer: even worse, they grow so strong that cause
greater and still faster precession of the vectors.
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Figure 6. Shows the Laplace vectors of minor planets with osculating SMA a = 2.497 AU
and osculating eccentricity e = 0.0 for the one million year DW 2023 period.
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Figure 7. Shows the Laplace vectors of minor planets with osculating SMA a=2.497 AU
and osculating eccentricity e = 0.05 for the one million year DW 2023 period.
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Figure 8. This figure illustrates the Laplace vectors of minor planets with a SMA of 2.497
AU and eccentricity e = 0.07 over the one-million-year DW 2023 simulation period.
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Figure 10. Figure (7) shows the Laplace vectors of minor planets with osculating SMA a
=2.497 AU and osculating eccentricity e = 0.1 for the one million year DW 2023 period.
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Figure 10. shows the Laplace vectors of minor planets with osculating SMA a =2.497 AU
and osculating eccentricity e = 0.0,0.05, 0.07 and 0.1 for the one million year DW 2023
period

From figure (11) shows the inclination was change as the eccentricity changing as e =
0.0, 0.05, 0.07 and 0.1. The change in inclination computed from the inclination vector,
considering the instantaneous rate of change of the inclination over time.

While figure (12) shows the changes in the SMA and eccentricity of a minor planet’s
orbit are influenced by gravitational perturbations. The magnitude and direction of these
changes depend on the specific conditions, such as the proximity of other bodies and the
physical properties of the minor planet. Over time, these forces can significantly alter the
orbit, sometimes in predictable ways and sometimes in chaotic or unpredictable patterns.
Figure (12) shows the changes in the SMA and eccentricity of a minor planet’s orbit, these
changes can be analyzed under different influences, primarily gravitational interactions,
non-gravitational forces, and perturbations. Below is a breakdown of how the SMA and
eccentricity of a minor planet can change.
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Figure 11. Shows the mean inclination of minor planets over one million years, DW
2023, with an osculating SMA of 2.497 AU and osculating eccentricities of 0.0, 0.05, 0.07,
and 0.1, respectively.
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Figure 12. Shows the mean SMA of minor planets over one million years, DW 2023, with
an osculating SMA of 2.497 AU and osculating eccentricities of 0.0, 0.05, 0.07, and 0.1,
respectively.

The program "celestial mechanics" was employed to find orbits for the minor planet
orbit in the planetary system and orbits for satellites or objects orbiting in space. The
satellites' study assessed the orbital elements affected by a "perturbing function."

4. Conclusion

The result shows that the orbital evolution of the minor planet 2023 DW is largely
controlled by gravitational perturbations which are caused by outer planets but
particularly by Jupiter, and the amount and direction of the effects of gravitational
perturbations are dramatically changed by small variation of osculating orbital eccentricity
value. Orbital poles for minor planets in the low eccentricity region are found to be
relatively stable, and Laplace vectors for these minor planets precess slowly and trace
elliptical paths, suggesting a significant degree of long term dynamical stability, while
trajectories become increasingly chaotic with eccentricity, displaying strong oscillations,
accelerated precession and increasing sensitivity to chaotic behavior. We found large
differences (up to approximately 10+ degrees) in inclination, semi-major axis, and
eccentricity, which indicates the importance of the cumulative effect of both secular and
resonant perturbations over the one-million-year integration time. Our results reinforce
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the reliability of eccentricity as crucial in the amplification of perturbative forces, and
consequently, its influence on orbital stability and the long-term dynamical evolution of
the asteroid belt. Consequences of this study improve the knowledge of asteroid belt
structure, resonance-induced orbital diffusion, and long-term stability analyses of minor
planets important for planetary defense and celestial mechanics simulations. In addition,
this approach provides additional guidance for perturbation studies in the future: namely,
the long numerical integrations and vector-based orbital diagnostics that have been
adopted in past work are well-justified as essential methodical framework. More broadly,
the analysis could be extended to other minor planets and non-gravitational forces (e.g.,
Yarkovsky effects), further considering multi-planet resonance interactions and shorter
and longer temporal scales to better elucidate the transition from regular to chaotic orbital
regimes.
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