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ABSTRACT. This study investigates the
gravitational influence of the major planets and the
Moon on the orbital dynamics and mechanical
energy of near-Earth asteroid 2024 PT5 during its
temporary capture by Earth. Discovered on 7 August
2024 by the ATLAS Sutherland survey, the asteroid
transitioned onto an elliptical geocentric orbit in late
September 2024 and returned to a heliocentric
trajectory in mid-November 2024.

The primary objective is to determine which
massive bodies of the Solar System specifically the
Moon and the nearest planets facilitated the capture
process, induced changes in the asteroid’s total
mechanical energy during the capture phase, and
provided the key perturbations leading to its escape
from Earth’s gravitational field. High-precision
geocentric  ephemerides and osculating orbital
elements were obtained from the JPL Horizons
service. Numerical analyses of the time series for
kinetic, potential, and total mechanical energy, as
well as eccentricity, were performed to characterize
both the capture and release phases.

Particular attention was given to the temporal
correlations between the asteroid’s close approaches to
the Moon and to the major planets, and the
corresponding variations in its orbital elements. This
approach isolates the intervals during which 2024 PT5
experienced the most pronounced dynamical changes,
thereby informing targeted numerical simulations. The
methodology includes a detailed statement of the
problem and computational procedure, including the
criteria used to define the start and end of the
temporary satellite phase and efforts to identify the
bodies exerting the strongest gravitational influence.
The results lay the groundwork for developing a
general algorithm to assess the probability of capture
for any near-Earth object, and to evaluate its potential
hazard or scientific value for future sample-return
missions. Application of these techniques promises to
enhance the precision of asteroid trajectory forecasts
and to support ongoing planetary defense initiatives.

Keywords: temporarily  captured  objects;
orbital dynamics; N-body integration; IAS15;
REBOUND.

AHOTAIIIA. Bukonano JOCTJIZKEeHHST

rpaBiTAIiTHOrO BIJIUBY BEJMKUX IIaHeT Ta Micsdisg Ha
opbiTajibHy JUHAMIKY Ta MEXaHIYHY €HEprilo acTepoi-
na 2024 PT5 min gac fioro THMYacOBOIO 3aXOILJICHHS
3emsiero. BusBienuit 7 cepuus 2024 poky 3a JIOIOMO-
roto orsiy ATLAS Sutherland, acrepoin nepeiinios
Ha eJINTUYHY TeOleHTPUYHY OpOITYy HAIPUKIHIN
BepecHd 2024 poKy Ta TOBEPHYBCS HA T'€TIONEHTPUIHY
TpaeKkToOpito B cepemamni Jucromaga 2024  poky.
OcHoBHA MeTa TOJISATa€ y BU3HAYEHHI TOTO, dKi Tia
Consunoi cucremu, 30kpema Micsp Ta Haiibamkai
IUTAHETH, CIPUSIIA IIPOIECY 3aXOIJICHHS, BUKJIMKAIN
3MiHM y TIOBHIII MeXaHIdHil eHepril acTepoina mi gac
da3n 3axXOIIEHHS Ta CTBOPUIN KJIIOY0Bi 30y peHHs, 10
MPU3BEJINA JI0O WOro BUXOJIY 3 TI'PaBITAIIHOTO IIOJIA
3emuti. Bucokorouni reornenTpudni  edemepumn  Ta
OCKYJTIOIOUi OpOiTa bHi ejeMeHTH Oyau OTpuMaHi 3
cepsicy JPL Horizons. Yucenpuuii amaiis 9acoBuUx
PAAiB  JUIA  KIHETHMYHOI, TIIOTEHIIHHOI Ta IOBHOI
MeXaHiqHOI eHeprii, a TakKoK EeKCIEHTPHUCHUTETY, OyB
[IPOBEJICHMI JIJISI XapaKTEPUCTUKN fK (a3 3axOIlIeH-
Hel, TaK 1 (a3 BUBIIbHEHHS.

OcobsiuBy  yBary Oy/O  IPUIIJIEHO  YaCOBUM
KOPEJISIisiM MizK O/TM3bKUMU 30/IMKEHHSIMU acTepoiia
3 Micamem Ta BeJMKUMH TIJIAHETAMH, & TaKOXK
BiAMOBITHUM 3MiHAM IOTO OpPOITATLHUX €JIeMEHTIB.
et minxim BuHOKpemJIioe iHTEpBaINM Yacy, MPOTATOM
aknx 2024 PT5 3a3maBaB HafOIbIl BHPaXKEHUX
JUHAMIYHAX 3MiH, TMM CAMHM HaJal04u iH(OpPMAIIIIO
TS TIECTPAMOBAHUX YUCJTOBUX MOJIETIOBAHbD.

Meromosorist BrJtoUae nerajbHe (HOPMYJTIOBAHHS
npobsleMr Ta OOYUCIIIOBAJIBLHOI IIPOIENYPH, 30KpPEMa

KpUTePil, MO0 BUKOPUCTOBYIOTbCHA /JIJI BU3HAYEHHS
MOYATKy Ta  KIHIEg  TUMYACOBOTO  3aXOIJICHHS
CYIlyTHUKA, Ta 3yCHLIs IIOA0 iJgeHTudIKamii Tij,

MO 4YWHSTH HAWCUJIBHIMMN TpaBiTAlliitHUl BILIUB.
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PesynmpraTtn  3akmagaioTb  OCHOBY  JjIsi  pO3POOKHU
3araJibHOTO AJITOPUTMY OITIHKH MMOBipHOCTI
3aXOIJIEHHSA OY/Ib-fIKOTO0 HABKOJO3€MHOIO 00’€KTa, a
TaKOK JJIsl OIIHKKM HOro MOTEHIHHOI Hebe3meku abo
HAyKOBOI I[IHHOCTI JJIsi Ma#OyTHIX MICiil 3 TOBEpHEHHSI
3pasKiB.  3aCTOCYBaHHA  IUX  MeTOMIB  0birsie
IMiIBUAIIATY TOYHICTDH IPOTHO3IB TPAEKTOPIl acTepoiin
Ta TMiJATPUMATH TOTOYHI IHIMIATUBH TIJIAHETAPHOL

00OpOHM.

KurouoBi cioBa: tumuacoBo 3axomnsieHi 00’ekTH,
opbiTanbHa JjguHaMmika, iHTerpamis N-tim, TAS15,
REBOUND.

1. Introduction

Small bodies temporarily captured by Earth (so-
called temporary satellites, TCOs — temporarily
captured objects) are of scientific interest both in
planetary dynamics and in applied problems — rang-
ing from developing detection methods to assessing
potential risks and mission planning. The analysis of
temporary capture phases provides unique data on the
interaction of a low-mass body with the multi-body
Earth—-Moon—planet system and allows for evaluating
the contribution of individual bodies to changes
in orbit and energy. In this work, we reconstruct
the geocentric trajectory of asteroid 2024 PT5 and
analyze its energetic characteristics during the period
when the object behaved as a temporary satellite of
Earth. The main objectives of the study are: (I) to
determine the onset and termination of the capture
phase, (II) to investigate changes in orbital elements
and specific mechanical energy, and (III) to evaluate
the contribution of the Moon and other bodies to the
dynamics and energetics of the object.

2. Methodology

2.1. Data sources

Initial state vectors and orbital elements were obtained
from the JPL Horizons service (JPL/NASA).

2.2.Construction of the dynamical model

For numerical integration we used the open-source
N-body code REBOUND with the adaptive, high-
accuracy integrator IAS15 (the integrator tolerance in
this work was set to 107%). The model includes the
Sun, the major planets, the Moon, and the asteroid
itself.  All initial vectors (positions and velocities)
were brought to a common epoch (the start of the
integration interval) and used as heliocentric input
conditions.

2.3.Integration period and output grid

Integration was performed over the interval 25
September 2024 — 30 November 2024 with an output
cadence of 1 day; all data were obtained at 00:00 UTC
for each date (resolution can be increased for local
events if required).

2.4.Energy calculations and capture criteria

Specific kinetic energy: T (km?/s?);

Specific potential energy relative to Earth: U (km? /s?);
Specific total mechanical energy (geocentric): E=T-U;
Criteria for temporary capture:

Geocentric eccentricity e < 1.

Specific energy E < 0.

Both criteria were used in parallel to check for consis-
tency.

2.5.8ensitivity — assessment of the Moon’s contribu-
tion

To evaluate the contribution of individual bodies, a
series of control integrations was performed: in each
experiment the mass of one body was set to zero
while the initial positions and velocities of all bodies
were preserved. Comparison of time series of orbital
elements and E(t) between the base model and the
variations allows isolating the influence of a specific
body. For further statistical analysis we computed the
difference series dE(t) and the correlation coefficients
between distances r(t) and E(t).

2.6.Data processing and numerical details

All calculations were implemented in Python using
the numpy, pandas, matplotlib and scipy libraries.
Central-difference methods were applied for smoothing
and differentiating the energy time series.

3. Results

3.1.Main time boundaries and capture duration

Based on the analysis of E(t) and geocentric eccen-
tricity, it was determined that the transition into the
captured state occurred on 29 September 2024 (the mo-
ment when E crossed zero), and the end of the capture
phase took place on 25 November 2024. The duration
of the temporary satellite phase was approximately 57
days.

Table 1: E(t) e(t)

Date (UTC) | E, km?/s2(£2 x 1077) | e (£107°)
2024-09-28 0.01023 1.0361500465
2024-09-29 0.00456 1.0160313087
2024-09-30 -0.00092 0.9967642306
2024-10-01 -0.00619 0.9782629997
2024-11-24 -0.00903 0.9581747075
2024-11-25 -0.00365 0.9830847857
2024-11-26 0.00197 1.0091820203
2024-11-27 0.00782 1.0369552086

3.2.Orbital elements and trajectory

The time series of geocentric orbital elements shows
a decrease in eccentricity at the end of September,
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Figure 1: Complete geocentric orbit of asteroid 2024
PT5 for the interval 27 June 2024 — 31 January 2025.
(Left): projection of the orbit onto the XY plane with
the geocentric orbit of the Moon (dashed line) and
the position of the Earth (red dot) indicated. (Right):
three-dimensional view of the trajectory.
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Figure 2: The specific energy of the asteroid and the
specific energy of the asteroid without accounting for
the influence of the Moon during the period from 2024-
09-25 to 2024-11-30.

followed by a return to higher absolute values toward
the end of November. The period during which e <
1 correlated with the interval E < 0. The trajectory
in geocentric coordinates has a horseshoe-like shape
during the capture phase.

3.3.Role of the Moon and other bodies

The analysis of the “without Moon” integration
series showed local deviations of dE(t) = 4.729x1073
km?s? compared to the base model. Correlation
analysis revealed a strong correlation between the
asteroid-Moon distance and energy variations; the
absolute value of the correlation coefficient was approx-
imately 0.95, while for other bodies it was less than 0.1.

4. Discussion

The results indicate that short-term fluctuations in
the total mechanical energy of the asteroid relative to
Earth are mainly determined by local gravitational in-
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Figure 3: The difference in energy (model without the
Moon minus model with the Moon).
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Figure 4: Energy variation over time (with the Moon
and without the Moon).

fluences, among which the Moon plays the dominant

role.

The weak contribution of other planets within

the considered interval is explained by their large dis-
tances and less favorable configurations for momentum
transfer to the asteroid. The results of the “mass=0"
test series confirm that the local asymmetry of the E(t)
curve is caused by gravitational “impulses” from the
Moon during close approaches.

It is important to note the sources of error and lim-

itations:

Uncertainty in the asteroid’s initial mass and inter-

nal parameters (in this work it was treated as a test
particle).

Errors in initial vectors (influence of observational

and interpolation errors from Horizons).

Neglect of minor

effects

non-gravitational (e.g.,

Yarkovsky), which are insignificant for short-term
evolution but may affect long-term behavior.

Proposed improvements for future studies include

refining GM values based on SPICE/NAIF data,
performing ensemble integrations to assess sensitivity
to initial condition uncertainties, and, if necessary,
accounting for mnon-gravitational forces for longer
integrations.

5. Conclusion

It was established that asteroid 2024 PT5 entered

a temporary capture state on 29 September 2024 and
remained in it for about 57 days, until 25 November
2024.

Analysis of the orbital elements and energy confirms
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the phase transition: entry into the state with e < 1
and E < 0 at the end of September and exit from it at
the end of November.

The series of control integrations showed that the
Moon provides the most significant contribution to lo-
cal deviations of the energy curve; the correlation be-
tween the asteroid—Moon distance and E was approxi-
mately 0.95.

The applied methodology (JPL Horizons — RE-
BOUND (IAS15) — series of mass-zero runs) is
effective for assessing the influence of individual
bodies on the orbit of a low-mass object and can be
used for further studies of other temporary satellites.
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