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To date, we have discovered 35 objects following Interior Earth Orbits 
(IEOs)—trajectories entirely contained within Earth's orbit. While these objects do 
not pose an immediate impact risk, gravitational perturbations—especially 
from close encounters with Mercury and Venus—can alter their orbits over 
time, potentially shifting them into Earth-crossing paths. Early identification 
and continuous monitoring of IEOs are critical for assessing long-term impact 
probabilities and enhancing planetary defense strategies.

However, major sky surveys are not optimized to detect these objects: IEOs are 
only visible at low solar elongations, meaning they appear close to the Sun 
and are best observed during twilight hours. This presents significant 
observational challenges, such as limited viewing windows, high sky brightness, 
and special telescope requirements, including the ability to point at low elevations.

To overcome these limitations, we have launched two coordinated twilight 
survey programs. The first uses the Telescope Fabra ROA Montsec (TFRM), 
located in Catalonia, Spain, covering the Northern Hemisphere. The second 
employs the Springbok telescope in Namibia, providing complementary coverage 
from the Southern Hemisphere. Operating in parallel, these surveys increase the 
likelihood of detecting IEOs. To optimize our observing strategy, we have 
developed dedicated software (see figure on the right) that selects suitable 
fields based on a set of constraints—such as solar elongation limits, minimum 
visibility duration—for a given date and location.

Our goal is to systematically expand the IEO catalog, study their orbital evolution, 
and physically characterize their members.

A different way of characterizing the interior of asteroids is 
based on interpretations of their surface properties. This 
fundamentally impacts how different small body reservoirs 
formed and evolved and how different surface geomorphologies 
form.

Consequently, we map, analyse, and compare different 
surface features (e.g., boulders, fractures, cracks, 
lineaments, pits chains, impact craters, etc.) to explore the 
geological evolution of each body continuously, and the 
possible correlation of such features with their physical 
properties.

For example, asteroids of tens of kilometers and larger 
show characteristic linear features, possibly formed by the 
drainage of regolith in subsurface extensional fractures. In 
contrast, the identification of linear structures on the surface of 
smaller asteroids (rubble-pile structures) has probably not 
been as straightforward due to their low internal strength. 
Even in this regime, the composition of each body can 
make some difference in the observed geological 
features, for example, between the S-class asteroids (e.g., 
Itokawa, Didymos/Dimorphos) and the B- and C-class asteroids 
(like Bennu or Ryugu).
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corresponding tracks
(Barnouin et al., 2024).

To characterize the physical parameters of Near-Earth 
Objects (NEOs), we utilize a comprehensive suite of 
observational data, including rotational lightcurves, 
radar measurements, sparse photometry from 
wide-field surveys, and astrometric data (e.g. from 
the Gaia sky survey). 

These diverse datasets provide complementary 
constraints on the shape, rotation state, and surface 
properties of NEOs. We employ the SAGE lightcurve 
inversion technique and the SHAPE modeling software to 
model these observations, enabling robust 
three-dimensional shape reconstructions and spin-state 
determinations. 

Furthermore, we apply corrections for the 
displacement between the photocenter and the 
center of mass, which are critical for accurate orbit 
determination. These corrections, in turn, enhance our 
ability to quantify non-gravitational forces such as 
the Yarkovsky effect and to estimate the bulk 
density of the objects. This integrated approach 
advances our understanding of the dynamical and physical 
evolution of potentially hazardous asteroids.
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=> Shape model.
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Bulk density 
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Mass gross 
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SFD of Components.
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Multiple models 
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bulk density

2. DCP X-DSL + ISL
ÞJ2 (0.1-10%).
ÞG-field to deg 
2-3 (~10%).

Gross mass 
distribution ~ρ(r).
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Detailed G-field.
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3. COP JuRa 

Backscatter coeff.
Dielectric 
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contrast

Int. distr. voids
and mass

(Res ~10 m)
on Dimorphos & 

partially on Didymos.

Detailed G-field
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Models with given 
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on components 

position in 
Didymos

4. EP GRASS
g accel. on 
Dimorphos 

surface.

G-field on a full period 
(Res < 0.05 mGal)

-
INSIDE

+
OUTSIDE

Definitive model 
for Didymos and 

Dimorphos.

In the frame of the Hera (ESA) and RAMSES (ESA) space missions, we combine our models of asteroid internal 
structure with realistic, irregular components (INSIDE) + efficient gravity field calculation (OUTSIDE) with information 
from spacecraft measurements at different mission phases. 
We improve the mission target internal structure determination by iterating over modelling and measurements. 
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