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ABSTRACT. The main belt asteroids, situated between
two planets (Jupiter and Mars), are subject to a significant
influence from these planets (Mars-crossers by Mars), as
well as from other planets. This is particularly concerning
in the case of asteroids with small asteroid-Earth minimum
orbit intersection distances (MOIDs), as these have the
potential to pose a significant hazard to Earth. In this study,
we present light curves for 15 main belt and Mars-crossing
asteroids with small asteroid-Earth MOIDs, which are
smaller than 1.1 AU. These asteroids are particularly likely
to become Earth-crossing or near-Earth asteroids. In order
to obtain brightness measurements, photometry was
performed using CCD images captured by the Baldones
Schmit telescope (1.2-metre mirror, equipped with two
STX-16803 CCDs). The light curves were obtained by
comparing the brightness of the asteroids with the Sun-like
colour index of five to six stars, processed with MaxIm DL.
The remaining brightness measurements are derived from
the Minor Planet Center (MPC) database, based on data
from 18 observatories and the Transiting Exoplanet Survey
Satellite (TESS). The brightness measurements are only
complementary to the asteroid position measurements.
Therefore, these brightness measurements are typically not
very precise and are separated by different time intervals
that may be quite extensive. In order to find the asteroid
rotation period, it is sometimes necessary to employ data
correction as well as programs that are able to identify the
period in unevenly scattered data. Our analysis employed
the Lomb—Scargle method, which identified period values
for 14 of the asteroids. The method can be used to obtain
results for the simple rotations of asteroids, provided that
the asteroids are observed in phases within the range of 7
and 40 degrees, that their shape is nearly an elongated
ellipsoid, and that their rotation axes are almost
perpendicular to their heliocentric orbital planes.

Keywords: photometry, asteroids, Lomb-Scargle method,
rotation period.

AHOTAIIS. Acrepoiny roJIOBHOTO MOSICYy, pO3TaIIOBaH1
Mk aBoMa miaHetamu (FOmitepom i Mapcom), cXuibHI 10
3HaYHOTO BIUIMBY 3 OOKy IMX IUIaHET (Mapc-Kpocepu Mo
Mapcy), a takox 3 Ooky iHmmX rmiaHer. lle ocoGmmBo
BUKJIMKAa€ 3aHETIOKOEHHS y BHIIAJKY acTepoiliB 3 MalMMHU
MOID (miHiManbHMMH — BIICTaHSMH —TEPETHHY  OpOIT

actepoinmiB i 3emii), OCKUIBKM BOHH TOTEHIIHHO MOXYTh
CTAHOBHTH 3Ha4YHY HeOe3rmeKy mid 3emuni. Y miit podoti Mu
TIPECTABIIIEMO KpHBI ONMMCKyY /st 15 acTepoiniB roloBHOTO
Mosicy Ta acTepoiniB, IO IEpeTHHaITh Mape, 3 ManuMu
MOID acrepoin-3emiis, mermmmu 3a 1,1 a.o. Li actepoinu 3
BCJIMKOKO ~ WMOBIPHICTIO  CTaHyTh  acTepoimamu, IO
MePETHHAIOTL 3eMITF0 a00 HaBKoJio3eMHI. [ oTpuMaHHS
BUMIPIOBaHb SICKPAaBOCTI OyJi0 TpPOBENECHO (OTOMETpI0 3
BukopucrantsiMm CCD-300pakeHb, OTpUMaHUX TEJIECKOIIOM
Baldones Schmit telescope (1,2 M m3epkaino, ocHaiieHe
meoma [133-marpuravu STX-16803). Kpusi Omucky Oy
OTpUMaHI NUITXOM TIOPIiBHSAHHS SICKPABOCTI acTepoimiB i3
COHIIENOTIOHNM KOJTip-iHIEKCOM IT'SITU-ILIECTA 3ip,
o0pobnenmM 3a  momomororo  MaxIm DL. Pemra
BUMIPIOBaHb SICKPAaBOCTI OTpHMaHi 3 0asu naHux LleHTpy
masux ruianet (MPC) Ha ocHoBi naHux 18 obcepsaropiit Ta
cynyrauka Transiting Exoplanet Survey Satellite (TESS).
BumiproBanHs SICKPaBOCTI JMIe JIOTIOBHIOIOTh
BUMIPIOBaHHsI TIOJIOXKEHHS acTepoina. Tomy i BUMIprOBaHHSI
SICKPABOCTI, SIK TPAaBWIIO, HE JyXe TOYHI Ta PO3ALIEHI
PI3HAMH 9acOBHMH iHTEPBAIAMH, SIKi MOXKYTh OyTH JOCHTP
BeMMKIMH. J[s TOoro, mIo0 3HaWTH Tepion oOepTaHHS
acrepoima, iHOII HEOOXiTHO BHKOPHCTOBYBATH KOPEKIIIO
MaHUX, a TAaKOX NPOrpaMu, sKi 37aTHI imeHTH(DIKyBaTH
mepion y HEpiBHOMIPHO PO3KHIAHUX HaHUX. Y HAIIOMY
aHam3i BUKOpUCTOBYBaBcs Meron JlomOa—Ckapria, sKuit
BU3HAYMB 3HaueHHs nepiony /st 14 acrepoinis. Lleit meton
MO)ke OyTH BUKOPHCTaHUI A OTPUMAaHHS pe3yNIbTaTiB Ui
OpOCTUX O0EpTaHb AacTEpPOiliB 3a YMOBH, IO acTEpPOifu
criocrepiratotees 3 ¢Gazamu B jianazoni Bim 7 go 40
rpamayciB, 1o ixHs (opMa — Maike BUTSTHYTHI €JIICoin, i
o ixHi oci obepraHHs Maibke MepreHANKYISIpHI 0 TXHIX
TeIONEHTPUYHHUX OPOITATFHIX TUIOMINH.

Kuiouosi ciioBa: ¢orometpis, acrepoinu, meton Jlomba—
Ckaprira, nepiog o6epTaHHS.

1. Introduction

The influence of planets on asteroids can result in
significant alterations to their orbits. These influences
include gravitational perturbations (Nesvorny et al., 2002;
Morbidelli et al., 2002) and orbital resonances (Nesvorny
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et al., 2002). The Yarkovsky (and YORP) effect (Bottke,
2006) can assist in this process, exerting a particularly
strong influence on asteroids with a diameter of less than
40 km. It is of great importance to study those asteroids
with small asteroid-Earth MOIDs, since they are
particularly unstable and the most likely to evolve into
Earth crossers and near-Earth asteroids (NEAS) over time.

We present a method for analysing asteroids using
brightness measurements, that are available alongside
positional measurements. The principal objective of these
observations is to obtain position measurements. These
observations are typically conducted on several occasions
throughout the night, over the course of several nights,
with an inter-measurement interval of approximately 5-30
minutes. It should be noted that observations are
frequently separated by a considerable interval of time,
even spanning years and may be lacking sufficient
precision due to external factors such as weather
conditions or overexposure.

Subsequently, the data are corrected so that the resulting
light curves are dependent solely on the rotation period
(Zeigler & Hanshaw, 2016). Moreover, when constructing
phase-magnitude diagrams, any brightness values that
deviate by more than three standard deviations per night are
removed, as they are likely to be the result of an error.

A period search was conducted using the Lomb Scargle
program from the astropy package in Python (Astropy
Collaboration, 2024), which was incorporated into the
Python script written at the Institute of Astronomy. The
Lomb Scragle method was selected due to its capacity to
analyse unevenly sampled data and to perform an
analytical analysis of white noise, thereby highlighting
only those spikes that are significant. It is possible that
erroneous strikes may be observed as a result of factors
such as observation periodicity, alliance frequencies, or
other effects (VanderPlas, 2018). In order to ascertain the
correct period, a Gaussian shape spike exceeding a
significant power of 0.2 was sought.

The final period was calculated using the results from
all observatories, weighted according to the number of
observations, peak power, and deviation from the linear
phase-magnitude diagram relationship.

2. Results
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Figure 1: The light curve of asteroid 1205, observed at
observatory W68 in the O-band.
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Figure 2: The light curve of asteroid 1779, observed at
observatory T05 in the O-band. Pyw=22.071 £0.072 h
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Figure 3: The light curve of asteroid 1818, observed at
observatory T08 in the O-band. Py=6.031 + 0.001 h
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Figure 4: The light curve of asteroid 1951, observed at
observatory 141 in the R-band. Py=5.306 + 0.007 h
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Figure 5: The light curve of asteroid 1963, observed at
observatory M22 in the O-band. Py=18.181 £ 0.012 h
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Figure 6: The light curve of asteroid 2128, observed at
observatory TO5 without the use of a filter. Py=19.777 £ 0.097 h
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Figure 7: The light curve of asteroid 2134, observed at
observatory 141 in the R-band. Py=4.113 £ 0.003 h
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Figure 8: The light curve of asteroid 2150, observed at
observatory TO5 in the O-band. Pw=6.125 = 0.005 h
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Figure 9: The light curve of asteroid 2174, observed at
observatory G96 in the G-band. Py=4.785 £+ 0.006 h
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Figure 10: The light curve of asteroid 2318, observed at
observatory W68 in the O-band. Py=5.458 + 0.002 h
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Figure 11: The light curve of asteroid 2497, observed at
observatory TESS in the G-band. Py=77.760 + 0.065 h
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Figure 12: The light curve of asteroid 2503, observed at
observatory T05 in the O-band. Py=102.984 £ 0.101 h
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Figure 13: The light curve of asteroid 2538, observed at
observatory TESS in the G-band. P,= 53.401 +0.033 h
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Figure 14: The light curve of asteroid 2539, observed at
observatory T08 in the O-band. Pw= 9.789 + 0.008 h
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Figure 15: The light curve of asteroid 2583, observed at
observatory 703 in the G-band. Py= 7.790 + 0.001 h

3. Conclusion

We employed a combination of CCD photometry and
MPC brightness data to obtain brightness measurements,
which were subsequently corrected and used to derive
light curves for 15 asteroids. Subsequently, the Lomb-—
Scargle method was employed, resulting in the
determination of a period for fourteen asteroids. However,
insufficient data was available for asteroid 1205 to yield a
reliable result. Our findings were compared with those of
other authors. The periods were known for five of the
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asteroids, four of which were in agreement, but the period
of one 2174 asteroid was inconsistent with our value. This
may be due to limitations in our methodology. The
rotational periods of asteroids can be determined using
this approach, provided they exhibit simple rotation, are
observed during phases within 7 to 40 degrees, are
elongated ellipsoids, and have nearly perpendicular
rotation axes to their heliocentric plane.

References

Astropy Collaboration: 2024, Lomb-Scargle
Periodograms, [online] Available at:  (https://
docs.astropy.org/en/stable/timeseries/lombscargle.html)
[Accessed 14 Oct. 2024].

Bottke W.F., Vokrouhlicky D., Rubincam D.P., Broz M.:
2006, AREPS, 34, 157.

Minor Planet Center: MPC Archive Database, [online]
Available at: (https://minorplanetcenter.net/iau/ECS/
MPCArchive/MPCArchive_TBL.html) [Accessed 14
Oct. 2024].

Morbidelli A., Bottke W.F., Froeschlé C., Michel P.:
2002, in Asteroids 1l /eds. Bottke W.F. et al., (Univ.
Avrizona Press, Tucson), 409.

Nesvorny D., Bottke W.F., Dones L., Levison H.F.: 2002,
in Asteroids Il /eds. Bottke W.F. et al., (Univ. Arizona
Press, Tucson), 379.

VanderPlas J.T.: 2018, ApJS, 236, 1, art, id 16.

Zeigler K., Hanshaw B.: 2016, MPBu, 43, 199.


https://docs.astropy.org/en/stable/timeseries/lombscargle.html
https://docs.astropy.org/en/stable/timeseries/lombscargle.html
https://minorplanetcenter.net/iau/ECS/MPCArchive/MPCArchive_TBL.html
https://minorplanetcenter.net/iau/ECS/MPCArchive/MPCArchive_TBL.html

