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| The importance of studyingrasteroids

Asteroids carry. significant mformatlon about the history,
evolution and future of our Solar System

e They are carriers of primordial material ( “remnants” from the
process ofthe formation of our Solar System)

o Containing deficit elements . . Asteroid mining for rare metals is
economically important. |

e Theyhave mfluenced and continue to nfluence the surv1va1and
development of life on our planet

e Prevention of future collisions . Monitoring Near-Earth Asteroids
(NEAs) and determining the probabilities of potential collisions.

o . Extremely attractive for exploration-, serving as a rehearsal for long-

duration human missions to Mars
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. Asteroid famiiies

Most asteroids are fragments of larger palrent bodies disrupted by past collisions

-Fragmentsremainnearthe originélbody and graduallydrift due to dynamiCaI processes

Theserelated groups are called asteroid familles and they shared the same dynamical
properties ' -

‘The largest memberis usually the remnant of the originalparent body

Statistics

122 families identified by 2015 (Nesvorny et a]_).
150 new mam-belt families discovered n 2024

Totalnumbertoday over 300 families

Only 3 famllles older than 3 bl||l0n years | Image credit: NASA/JPL-Caltech




- Yarko_vsky effect — changes the orbit (motion around the Sun)
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- The Yarkovsky effect is a very weak but continuous force caused by how asteroids absorb and re-
emit sunlight as heat.

- The “afternoon” side emits more heat than the morning’ ' side — creates a small thrust

- Over m|II|ons of years, this effect can change an asteroid’s orbit

. Importance:
- Drives orbital evolution of near-Earth asteroids
- Moves small asteroids into resonance zones — can become Earth-crossing objects

Applications:
Impact prediction: e.g., Apophis drifts 170 m per year
Deflection strategies: modifying surface properties (e.g., “painting”) to change heat emission




. YORP effect —

changes the rotation
(spm around its own ax1s)

*A radiation-driven effect that changes.an asteroid’s rotation (not orbit)
«Caused by uneven reflection‘and thermal em|SS|on due to |rregular shape, .
albedo and thermal properties. -
*Produces a small torque that can:
- speed up or slow down rotation |
- change the spin axis orientation

Consequences:
Spin-up & fission: rotation increases — materlal can break apart
Surface changes: landslides, mass shedding, deformation (“top-shapes”)

Binary formation: can create asteroid binary systems




‘Basic representation

"The shape of the asteroid _ . . .

. (10) Hygiea (704) Interamnia
Shape of asteroids are described asriaxi_al elipsoids, rotatiing .
around their shortest axis where a>b>c ' 100 ki
Reality " I - A (52) Europa (511) Davida (87) Sylvia (15) Eunomia
- Most of known asteroids have irregulaishapes : . .

- Some of them are irbinary or even multiple systems (@) Euphrosyne (@) duno (324) Bamberga  (16) Psyche
Statistics . . | . ® @& o ¢

. ’ 1
Smaller ObJeCtS are mO_re elongated (88) Thisbe (48) Doris (19) Fortuna (24) Themis

* The shape depends on their composition and rotation L
period (Torppa J.,20038) ' . . . .

. Lack of data-for the smaller asteroids (D<30 km) Phoio credit P. Véshazza ot . (2021)
It . | zZZ .




Shape model and pole
solution

Determining the asteroid modelis an
important step for further mvestigation
mto the evolution, dynamics, and future
of our Solar System.

Only 0.8% of'the totalknown asteroid
population has known shape models.

Determining the model of the asteroid
means founding its:

- sidereal period

-shape;

- sense of rotation;

- asteroid’s pole coordmnates.

® For calculating the pole solution and

low-resolution shape model we used
the lightcurve inversion method
(Kaasalainen M. & Torppa J., 2001).

Finding a unique solution for 3D
asteroid requires several (usually, tens
of lightcurves) dense lightcurves at
different oppositions.

The idea of combining the dense
lightcurve with the sparse data was
firstly introduced by Kaasalainen
(2004), and proven in practical work by
Durech et al. (2007).



Light curve

Lightcurve - the change of the astéroid’s
brightness during its rotation

The shape of the LC might be influenced
by different factors such as: asteroid
.shape, albedo,viewing . geometryand

etc. | |

Constructing composite light curve
(from several nights) anddetermination
of the synodic rotationalperiod -

w
w
@
=
=

=
=)
=

_c.
@

=
=
[4+]
@
=

Period: 4,161 £ 0,001 h

Amp: 0.37

3 4
time (hours)

JDo(LTC): 2458756.309552




'NAORozhen
Bulgaria -
Collectmg data smce
| 2002 -

Telescopes e

- 2 m Ritchey-Chretien- Coude
| (RCC) telescope .
| - 50/70 em Schmidt telescope
.| - 60 cm Cassegrain telescope =
(in preparation new RC ASA800)

= 1.5m AZ 1500 telescope
https://www.astro.bas. bg/lndex php



https://www.astro.bas.bg/index.php

| Astr onomical Station Vidojevica , Serbia
(an observatlon site establlshed by the Astronomlcal Observatory of Belqrade)

'Collectmg data since 2017
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Fig. 1a New pavilion for 1.4m
telescope Milankovi¢ T | | mirror

Fig. 1b Telescope Milankovi¢ - 140 cm Fig. 1c Telescope Nedeljkovi¢ - 60 cm
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' The model of 901 Brunsia  spectral
classS

O —O O

‘Discovered Flora Period of rotation

in1918 family 3.1363h
O O —O—
‘Model of the | "~ Dense data from 10
asteroid and rotation Sparse data

from GAIA - observational nights

oglele 18 nights ~ inperiod of 10 years




The mOdeI Of Date (UT) Phase angle
. (0
901 Brunsia - o0 fo7 o
y ' 2013 March 10.96 8.58

te g . . ' 2013 March 13.0 9.41
Distribution of the PAB longitude 2014 Aug 26.85 20.02

and latitude and phase‘angle 2015 Dec 14.96 16.84

. 2017 March 21.06 17.87
from our dense observations 2018 Oct 03.0 a3
(orange and blue points) and §| 2018 Dec07.94 6.589

from Gaia DR3 (red points).. oy =i

901 Brunsia
Phase Angle Distribution: Minus: pre-opp Plus: post-opp
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PAB LongiLat Distribution *
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The mOdel Of 901 Bru nSia Testing for the model using only dense data

ChiSq versus Period: Object

Period: 3.13573750 hrs  Log10(ChiSq) Range: 0.0947 - 1.4147 ChiSq Multiplier: 10

3430 3431 3432 3433 3434 3435 3436 3437 3438 3439 3140

Period

Pole 1 Pole 2

AC) BC)  AC)  B()
330 30 150 30




The model of 901 Brunsia

(determined using a combination of dense observational data and data from GAIA DR3)

Pole 1
A(%)

901 Brunsia Sidereal Sense of

period (h) rotation

3.13574 P 329.8

901 Brunsia

Period: 3.13573749 hrs  ChiSq Range: 0.1462 - 0.8661 Period: 313573791 hrs  ChiSq Range: 0.1371-1.1214

Pole 2
B(°) A(°)

304 150.8

Morth Pals

-

B(°)

22.8

a/b b/c afc

1,25 1,57 1,97

Equatorial, # = «0°

ot ol

Equabtonial, £ = «30°
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Spin states of X-complex asteroids in the inner main belt

l. Investigating Athor and Zita collisional families
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Ancient Asteroids: An observing campaign
reveals the spin states of asteroids that
belong to the most ancient collisional
families of our Solar System

Presentation #321.06D in the session Asteroids: Origins (Oral Presentation)
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Shape model and dynamical state of the
asteroid (300) Geraldina: Implications for its
possible ancient origin

2014 March 30.94

2023 Oct 07.04

_M-:rm——-___

Photometric observations of asteroids from young asteroid families are also planned. They_
represent natural laboratories for how collisions affect the long-term rotational evolution of small

bodies in the Solar System.

(J. Hanu$ and J. Durech, EPSC-DPS Joint Meet/ng 2025, held 7-12 September 2025 in Helsinki,

Finland)




| Sources of Seismic Waves on Asteroids

Seismic waves on asteroids are mainly produced by external
impacts, but also by thermal stress, tidal interactions, and internal

movement, with the exact meehanlsm depending on whether the

asteroidis a monolithic body or a rubble-pile structure.

- Impacts: Meteorite collisions (main source) |

. Thermal stress: Day—mght temperature changes causing
cracking _ . |

. *Internal movement : Materlalshlftmg in rubble-pile aster01ds

- Tidal forces: Gravitational effects during close planetary
encounters | |

. - Artificial impacts : Space mis‘sions (e.g., irrip'act experiments)

500 km

Vesta
Dawn/NASA

Coherent Body
(Zuber et al. 2011)




Rubble Pile Aster0|ds

Structure & Properties

- Aggregates of dust, rocks, and boulders heId together by
‘gravity

Formed after coIIisiods — fragments reaccumulate

High porosity, low density (~1000-2000 kg/m?) -

‘Very weak internalstrength (not solid bodies)

Spin limit = 2.2 hours | | _

Seismic waves move sldw.ly_ (300-1000 m/s) loose structure -
Planetary Defense, . "
Internal structure affects deflection strategies

Rubble piles may absorb impact energy instead ofmoving as _ : :
one body | I - i'
Examples are Iltokawa, - Bennu Ryugu and Dlmorphos _ - ol




Hera Mission (ESA)

o Key facts: i
i Launch: 7 October 2024
s Rendezvous: November 2026

The Hera mission is the ﬁrst detailed study ofthe rubble- pﬂe asteroid Dimorphos
after the DART mission. .

" It willanalyze tts physicalpropertiés, mass, and internal structure
Hera is a part of the first realtest ofasteroid deflection

Will help us understand how momentum transfer depends on the asteroid’s
density and porosity.

It willalso test new technologies, such as autonomous nav1gat10n

First mission to rendezvous with a blna_ry asteroid system (Didymos—Dimorphos)
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Apophis 2029 — Future Seismic Exploration

About 350 m asteroid Apophis on Friday, April 13, 2020 |EE—G—_—_—_—_=
will pass Earthat a distance of 32,000 km e

(closerthan geosynchronous satellltes)

The close approach provides a unique opportunlty for the flrst in- S|tu selsmlc
mvestlgatlon of an asteroid . |

“The mission would place a compact seismometer on the surface of Apophis
prior to its closest approach to Earth.

It"could record seismic S|gnals generated by tidal forces as well as natural
sources such as micrometeoroid impacts and thermal cracking.

These measurements will help us study the aster0|d s subsurface structure
and physical properties.

Murdoch. N. at al. 2023 /n-Situ GeophysicalExplorationof Asteroid Apophis




“Conclusions

By analyzing asteroid shapes, scientists can learn more about how they formed and
changed over time, what is an important step for investigation into the evolution,
dynamics, and future of our SolarSystem.

Using the sparse satellite data (as GAIADRS3) can help in reducing the observations
time from the ground base telescopes.

Future missions (Apophis concept) aim to achieve direct seismic: measurements of
asteroid interiors . These efforts progressively improve our understanding of asteroid
“response to external forces, with important 1mphcat10ns for planetary defense and
space exploration.

Asteroid research represents a link- between fundamental science and practical
applications , enhancing our understanding of the Solar System’s evolution while
supporting ongoing and future technologicaland exploratory efforts.
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