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Solar System structure
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Why do we care about near-Earth 
asteroids?

● Science, Planetary Defense, Exploration, and maybe Exploitation 



Discovery of Near Earth Asteroids



Discovery of Near Earth Asteroids



Discovery of Near Earth Asteroids



Near Earth Asteroids: 
how many of them are there?



Near Earth Asteroids: 
what we know about their physical properties

● Knowledge of the surface and internal properties of 
NEAs is required for assessing their hazard potential 
and the effectiveness of proposed mitigation 
strategies , as well as for the design of lander and 
sample return spacecraft missions                  

● Insights into the physical properties of asteroids are 
required for proper understanding of many 
processes, including the formation of planetesimals , 
bolides in planetary atmospheres, impact cratering, 
the evolution of the meteoroids parent bodies, and 
many others



Near Earth Asteroids: 
what we know about their physical properties

● Despite their great importance, knowledge of the physical 
properties of most NEAs lags far behind the current rate of their 
discoveries                  

● The asteroid surface and internal properties could often be inferred 
only from the space-borne observations or the space missions

● Asteroid surfaces and internal structures are very diverse, and 
knowledge derived from a limited number of asteroids typically 
could not be safely applied to a large number of objects



Near Earth Asteroids:
- from detection to orbital motion prediction



● Orbit determination from observations
● At least three position measurements
● Problems: small arc and position 

uncertainties
● Solutions: many observations + least 

square fitting

Near Earth Asteroids:
- from detection to orbital motion prediction



● Solution:  large number of observations + least square method
● Additional problem: numerical methods have their own uncertainties

Near Earth Asteroids:
orbital motion prediction
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Near Earth Asteroids:
orbital motion prediction



● More problems: trajectory is also a function of time!

Near Earth Asteroids:
orbital motion prediction



Perturbations of the motion:
gravitational + non-gravitational



Non-gravitation effects on the motion

Depends on many non-orbital parameters, such as:
● size, 

● density, 
● shape, 

● rotation state (obliquity and period of rotation),
● surface thermal characteristics 

Problem: in most cases we do not know values of these 
parameters, and in many cases we even do not know 
how to model their distribution



Near Earth Asteroids:
orbital motion prediction
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Demystifying near-Earth Asteroids project

● Demystifying near-Earth Asteroids (D-NEAs) 2022-2024: 
Planetary Society Step Grant

● Objective #1: Modeling surface thermal properties from the 
ground-based data

● Objective #2: Asteroid densities from the combined data
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Demystifying near-Earth Asteroids project



Yarkovsky effect in the orbital motion



Analytical Yarkovsky model from Vokrouhlicky (1998, 1999):

1. Spherical homogeneous body
2. Linearized BC in heat diffusion equation
3. Circular orbit

where k1 and k2 are analytic functions

Basic Yarkovsky model 



It is supposed that
➢ Small and fast rotating asteroids 

are monolithic blocks
➢ Monolithic rocky objects have high 

thermal inertia

High thermal inertia prevent a fast 
Yarkovsky drift to be achieved.

However
➢ Del Vigna et al. 2018 and 

Greenberg et al. 2020 found small 
objects with fast Yarkovsky drifts  

Special case: super-fast rotators



Asteroid Regolith



Thermal inertia and fast rotators



Thermal inertia and fast rotators



First results



Semi-analytical Yarko model and thermal inertia variation

Semi-analytical Yarkovsky model

Assuming 1. and 2. the 
instantaneous drift is (Vokrouhlicky 
et al. 2017)

TI variation (Rozitis et al 2018)

where Ⲅ0 is the TI at 1 au

Assuming constant ⍴ and C, K varies 
as

where  K0 is the conductivity at 1 auTotal drift:

Improved model 



Comparison between models: 1950 DA

Circular model Eccentric model

1950DA: km-sized NEO, e ~ 0.5, q ~ 0.83 au, Q ~ 2.56 au 



Comparison between models: 1950 DA



Recent observations from AS Vidojevica



Any questions?
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