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evolution, and even the origin of life on Earth. Yet, despite their importance, detailed knowledge about their 
physical properties, shapes, spin states, and surface characteristics remains limited to a small fraction of the 
known population, largely due to observational constraints. This research aims to contribute to filling this gap 
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approach based on ground-based photometry, radar imaging, and polarimetric observations. Over the next 
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University of Liège to derive precise lightcurves. We will extract rotational periods and build 3D convex shape 
models using lightcurve inversion techniques. These models will then be refined using the radar data from the 
Arecibo Observatory archive, thanks to an active collaboration with the radar team of the University of Central 
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+ September 7 to 12, 2025 - EPSC-DPS joint meeting in Helsinki. I will participate to this large meeting to 
present my first results about asteroids 2002 KL6. The goal of the congress is to cover a broad range of 
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académique

Academic

Year

Intitulé de l’année d’études

Course Title for each year of study

Nombre de crédits

acquis1

Credits obtained1
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obtained, including
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Graduation
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 +country
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…

30/06/2019
Ex. Université de Bologne 

(Italie)

2018-2019
1 ère année Filière Sciences de la Matière

Physique
11.4/20 passable 01/07/2019

Universite Cadi Ayyad

(Maroc)

2019-2020
2 ème année Filière Sciences de la Matière

Physique
11.8/20 passable 01/07/2020

Universite Cadi Ayyad

(Maroc)

2020-2021
3 ème année Filière Sciences de la Matière

Physique/Parcours Physique Moderne
11.5/20 passable 29/07/2021

Universite Cadi Ayyad

(Maroc)

2021-2022

1 ère année Master Physique des Hautes

Energies, Astronomie et Physique

Computationnelle

14.6/20 Bien 20/07/2022
Universite Cadi Ayyad

(Maroc)

2022-2023

2 ème année Master Physique des Hautes

Energies, Astronomie et Physique

Computationnelle

14.4/20 Bien 26/07/2023
Universite Cadi Ayyad

(Maroc)

1 par rapport au nombre de crédits théoriques (si applicable) / based on the number of ECTS credits required (if applicable)
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1. Description of the research project 
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4. Potential interdisciplinary approach of the research project 
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instrument selected, number of pages allowed for the documents to 
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applicable page limit. 
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1. DESCRIPTION OF THE RESEARCH PROJECT 

 
The written project must be made up of 4 parts (max. 4 pages) according to the structure below, accompanied by a 
reference bibliography (max. 1 page besides the 4 pages dedicated to the project) listed by order of appearance 
within the text. 
 
Graphs and tables may be added (max. 2 pages). 

[Enter text here. Format: Arial 12, single space] 
 
1.1 Goals of the research 

 
Asteroids are the leftovers of the material that accreted to form the planets in the early stages of 
the solar system. The initial conditions in the solar nebula and its subsequent evolution have 
shaped the present state of the solar system. The asteroids that survived the formation of the 
planets have undergone dynamical, thermal and collisional events, making the study of asteroids 
populations as well as individual asteroids a unique opportunity to unravel the mysteries around 
the fundamental questions about the formation and the evolution of our solar system (Morbidelli 
et al, 2015). 

Asteroids are located in different regions in the solar system. The Main Belt of Asteroids (MBA) 
is the largest reservoir of asteroids, located in the region between Mars and Jupiter. The Jupiter 
Trojans are in the Lagrange points of Jupiter and the Near-earth asteroids (NEAs) are those 
coming close to the Earth. The study of these populations helps answer several important 
questions regarding solar system formation models (Bottke et al. 2002) and to assess the threat 
posed by the ones orbiting in the vicinity of the Earth. Due to the long evolutionary history of these 
objects, they exhibit a large variety of shapes, compositions and orbit distribution, thereby 
providing clues to fundamental questions about the solar system: how their compositions were 
altered? What were their birthplaces? What was the rate of collisions? What roles did they play 
to bring life on Earth in the astrobiology context? 

In order to answer all these questions, many observation campaigns, sky surveys, and space 
missions have been carried on in the last decade to study them in depth. However, our current 
knowledge is severely limited by observational constraints due particularly to their very small sizes 
and/or large distances. Because of that, statistical analysis of asteroids populations is often 
affected by observational biases (DeMeo and Carry 2014). For instance while being a 
fundamental property, the internal structures of asteroids are mostly unknown, with the exception 
of the few that have been visited by a space probe or in the case of binary asteroids. As a 
consequence, very little is known also about most of the NEAs as they are often observable only 
during a small period of time when they are close to the Earth and cross the sky very fast. Because 
of the wide variety and irregular shapes of these objects, only a few were modeled making the 
planetary defense program still behind compared to the numerous NEAs that are discovered 
every day. Given this unsatisfactory situation, efforts still need to be done in order to characterize 
as many of them as possible. By passing close to the Earth NEAs offers a unique way to get 
precise shapes and volume of asteroids via radar observations which are not possible for 
asteroids very far away in the Main Belt. 

The goal of the present research is to contribute to this effort, particularly in the planetary defense 
context, using a combination of ground-based photometric, radar and polarimetric observations 
linked to modeling capabilities. We propose first to use the two TRAPPIST robotic telescopes, 
from the Liège University (Jehin et al. 2011), to carry out in the next four years regular and dense 
photometric observations (in various filters) of a carefully selected sample of NEAs. Those 
observations, complemented by the extensive TRAPPIST database, will allow us to obtain precise 
light curves (0.01 mag) of our targets at various phase angles. This will allow us to derive the 
asteroids rotation periods and compute their 3D convex shape models using the light curve 
inversion technique (Kaasalainen and Torppa. 2001). These data will then be combined with radar 
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observations from the Arecibo observatory (AO) archive to which we have special access, thanks 
to a unique collaboration with the radar team of the Florida Space Institute (at UCF) in the US. In 
the framework of these collaborations we will during our thesis take care of the data reduction 
and analysis of the AO radar observation to get a precise shape, volume and YORP effect (Bottke 
Jr et al. 2006) using the SHAPE modeling software (Magri et al. 2007). These information will also 
be combine with polarimetric observations for several of them to precisely determine their surface 
properties. 
 
1.2 State of the art 

 
NEAs are a valuable resource for understanding the solar system's formation and evolution. They 
represent a diverse population of objects originating from various regions of the solar system 
(Granvik et al. 2018) and are more accessible to space missions than their parent bodies (Shoe-
maker &Helin. 1978). NEAs are also thought to have played a crucial role in delivering water and 
prebiotic molecules to early Earth (Lauretta et al. 2015). This hypothesis has gained further sup-
port from recent findings by the Japanese Hayabusa2 mission, which collected samples from the 
asteroid Ryugu (Oba et al. 2023). 

Asteroids pose also a significant threat to Earth. In particular, NEAs follow orbits that bring them 
close to our planet, and some have the potential to cause catastrophic impacts (Mathias et al. 
2017). Understanding their physical properties, trajectories, and especially their shapes and com-
position is therefore crucial. Detailed knowledge of an asteroid’s shape helps space missions to 
better plan landings and surface operations, improving mission safety and success. Additionally, 
this information is vital for planetary defense strategies, such as the use of kinetic impactors 
demonstrated in NASA’s DART mission (Rivkin et al. 2021). Moreover, an accurate determination 
of the albedo, density and surface roughness of NEAs are crucial not only for assessing potential 
damage in the event of an impact, but also for validating the ground impact models (Motiwala et 
al. 2015). Studying these characteristics is important not only for advancing scientific knowledge 
by performing population studies, but also for protecting Earth and ensuring long term human 
safety. 

Due to both their scientific importance and the potential hazard they represent, NEAs have be-
come the focus of recent space missions. A key motivation for these missions is planetary defense 
improving our ability to detect, characterize, and mitigate potentially hazardous asteroids. As 
Thomas H. Burbine emphasized: “It is certain that the Earth will be hit in the future by an asteroid. 
The only question is: when?” (Burbine, 2002). In the event of an imminent impact, there will not 
be sufficient time to deploy a space probe to study the asteroid's properties. Therefore, ground 
based observations and the accurate and fast interpretation of the data they provide, as proposed 
in our work, is critically important.     

At the time of writing this proposal, only around 30 NEAs have had detailed shape models derived 
from radar observations. Given the importance of this technique for detailed characterization, we 
propose to model approximately 20 more targets (see Table 1). This effort would effectively dou-
ble the number of NEAs studied using radar derived shape modeling, significantly expanding the 
dataset available to better understand the diversity in NEA morphologies, rotational states, and 
dynamical evolution. Our results will also support broader scientific goals by contributing to polar-
imetric studies, in collaboration with the polarimetry team at UCF. This will enable improved esti-
mates of albedo of our targets and thus their surface roughness, thereby enhancing our under-
standing of small body populations and informing future planetary defense, exploration strategies 
and studies of solar system evolution. 

1.3 Research project 
 
TRAPPIST light curves: Photometric observations of NEAs provide valuable insights into their 
rotational properties and shapes. This technique involves measuring variations in brightness over 
time, primarily caused by the asteroid’s rotation around its spin axis combined with its irregular 
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shape. As a result, rotating NEAs exhibit characteristic light curves from which the rotation period 
and the global 3D shape can be determined (Kaasalainen and Torppa. 2001). 

Using the TRAPPIST robotic telescopes, we have already acquired and will schedule hundreds 
of photometric measurements of carefully selected NEAs (see Table 1). I will perform aperture 
photometry on the collected data and construct light curves using the Photometry Pipeline soft-
ware (Mommert, 2017), and python scripts which I developed during my master’s thesis and dur-
ing the seven months spent at ULiège thanks to an Erasmus+ grant. An example of a rotational 
phase light curve obtained for the NEA (154244) 2002 KL6 is shown in Fig.1 (Miftah et al., in 
prep). While spatially unresolved data lack the detail of disk-resolved imaging, they still yield crit-
ical information as they can be obtained at much longer time span and wider viewing geometries. 
The asteroid’s rotation period can be extracted through Fourier analysis, with scripts that I have 
already developed to perform this task. Moreover, using the BVRI filters we are able to compute 
the color indices and thus estimate the spectral classification of our targets (which gives indication 
of its surface composition). 

By combining light curves obtained at different viewing geometries and solar illumination, which 
is especially the case when the NEA is close to the Earth, it becomes possible to reconstruct the 
object's 3D shape and spin axis orientation. This is achieved through the light curve inversion 
method introduced by Kaasalainen and Torppa (2001) and further developed in Kaasalainen et 
al. (2001). I used that technique already for example in the test case I have carried on in Liège to 
derive the shape and spin state of 2002 KL6 as illustrated in Fig. 2 (Miftah et al., in prep). Although 
the light curve inversion technique produces a reliable convex model that generally aligns with 
the actual shape of asteroids, it remains a simplified global shape that cannot capture surface 
concavities, like large craters which are features commonly found on asteroids and, unfortunately, 
it provides no information about the true volume of the object. However, using the resulting spin 
parameters and 3D shape as initial input of a more detailed shape modeling, using radar is ex-
tremely useful as it makes the modeling process simpler, faster, and more robust. This is the 
reason why new light curves obtained with TRAPPIST and combined with the existing archival 
radar data from Arecibo have such great synergy. 

Modeling real shapes and YORP effect: Radar observations will serve as a crucial complement 
to photometric data in this project. Radar allows for the acquisition of high-resolution images of 
NEAs, which is particularly valuable for reconstructing their 3D shapes and resolving surface fea-
tures in much greater detail than photometry alone (Magri et al. 2007). When NEAs pass near the 
Earth, ground-based radar facilities, such as Goldstone and the Arecibo Observatory until re-
cently, can generate detailed surface maps of these objects. 

This technique involves transmitting radio waves towards the asteroid, whose surface returns 
them with time delays that depend on the shape and topography of the object (Ostro, 1993). 
Additionally, due to the asteroid’s rotation, the reflected signal experiences Doppler shifts. Re-
gions rotating toward the observer produce higher-frequency reflections, while those rotating 
away produce lower frequency signals. 

The Arecibo Observatory has observed about 1,000 NEAs since 1963, but only a small fraction 
of these have already been modeled in detail. The goal of this study is to expand the number of 
modeled NEAs, focusing on the targets listed in Table 1. This list was obtained from the following 
criteria: 1) objects were observed at Arecibo and resulting in disk-resolved delay-Doppler images; 
2) no published or on-going radar-based shape or spin model yet; 3) have already been observed 
with TRAPPIST or will be observable between 2026 and 2029 with an apparent magnitude V < 
17 mag. During the thesis, we will collaborate with the UCF radar team which will give us a privi-
leged access to the Arecibo archival data. The obtained models will then be used to study 1) the 
distribution of shapes among NEAs (top-spin, elongated, contact binary, etc.); 2) the distribution 
of spin parameters (rotation period and spin axis orientation); 3) the distribution of YORP effect. 
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The YORP effect (Yarkovsky O'Keefe–Radzievskii–Paddac) is a poorly understood phenomenon 
where solar radiation alters the spin rate of an asteroid, either accelerating or decelerating it over 
time (Bottke Jr et al. 2006). Interestingly, all the 12 confirmed cases of YORP so far have shown 
spin up behavior (Ďurech et al. 2024), with only one known exception (Rodríguez Rodríguez 
Javier, et al. 2024). This exceptional case is 2002 KL6 that I’m studying since a few months. I 
already determined the combined shape from photometric and Arecibo observations as a test 
case for my thesis and that I will present at the EPSC-DPS joint 2025 conference (Fig 2 and Fig 
3). I’m using the SHAPE software and dedicated scripts, and at the time of writing this proposal I 
am adding data from Goldstone radar observations to fine tune the shape and investigate the 
YORP effect. One goal of this research is to determine whether the observed spin up bias is due 
to limitations or selection effects in current observational data, or if it reveals a gap in our theoret-
ical understanding. Through a population study of our NEAs using both radar and photometric 
techniques, this project aims to assess the consistency of current YORP models, explore its role 
in the formation of binary or multi-component asteroids, and ultimately contribute to a broader 
understanding of the dynamical evolution of small bodies in the solar system. In addition to this 
work, our 3D shapes will be shared with the team working on polarimetry in UCF, as they need 
accurate volumes to calibrate the polarimetry albedo relationship that is important for planetary 
defense and assessing the impact models (Ferrais et al. 2023) 

Work plan 

Year 1 (2025 – 2026): Proceed with the preparation and refinement of the combined shape model 
for 2002 KL6, integrating both radar and photometric observations. Begin developing Python 
scripts to automate and streamline the shape modeling workflow. In parallel, continue TRAPPIST 
scheduling and observations and compile relevant archival photometric data to initiate convex 
modeling for additional targets in preparation for future radar modeling. Extend the analysis of 
2002 KL6 by incorporating polarimetric and thermal infrared data to investigate surface properties 
and assess the presence of the YORP effect, and submit the paper for publication. Two months 
visit to the Florida Space Institute to meet the Arecibo radar team.  

Year 2 (2026 – 2027): Continue TRAPPIST observations and data reduction, with the goal of 
determining convex and radar based shape models for approximately 12 NEA targets. In parallel, 
I will advance the development of automated scripts to streamline the modeling workflow and 
enhance the functionality of the SHAPE software. Visit to one of the TRAPPIST observatory sites 
to gain hands-on experience with the telescope system and its operations. Submit a paper with 
the best targets models.   

Year 3 (2027 – 2028): In this year, I will continue TRAPPIST observations to support and expand 
our ongoing shape modeling campaign. The focus will be on integrating radar data with existing 
convex shape models to refine and enhance the 3D models for approximately 8 more NEA 
targets. This phase builds on previous efforts and represents a continuation of our work to improve 
the accuracy of shape and spin state determinations. As the number of modeled asteroids 
increases, we will initiate a systematic statistical analysis of the sample to investigate trends in 
morphology, spin properties and YORP effects. Moreover, I plan to visit again the UCF radar 
group for a short stay to learn and discuss the preliminary results. 

Year 4 (2028 – 2029): Finalize TRAPPIST observations and complete shape modeling for the 
remaining targets, focusing on the last NEA requiring combined convex and radar based models. 
Conclude the statistical analysis of the full sample of shape models to extract key trends in 
morphology, spin properties, and YORP. Prepare and submit a summary publication presenting 
the results, methodology, and scientific implications of the project. Write the manuscript, submit 
and defend my thesis. 
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Figures and Tables: 
 
 
Number 
 

Name / Des-
ignation 

Arecibo TRAPPIST 2026 2027 2028 2029 

3752 Camillo 2013-2018   Jul 28 - 
Sep 26 

Feb 06 - 
Mar 29 

 

1685 Toro 1980-1988-
2012 

Y Apr 03 - 
Jun 07 

 May 07 - 
Dec 31 

Jan 01 - 
May 10 

7341 1991 VK 2007-2012-
2017 

 Sep 30 - 
Dec 29 

Feb 03 - 
Apr 16 

  

152664 1998 FW4 2009-2013     Sep 14 - 
Oct 01 

52760 1998 ML14 1998-2013    Jun 25 - 
Jul 30 

 

33342 1998 WT24 2001-2015  Dec 04 - 
Dec 22 

  Nov 04 - 
Nov 27 

159402 1999 AP10 2009 Y     

137924 2000 BD19 2007     Jan 27 - 
Feb 16 

68267 2001 EA16 2014   Oct 07 - 
Oct 25 

  

285944 2001 RZ11 2014   Jul 25 - 
Sep 02 

 Dec 04 - 
Dec 31 

337866 2001 WL15 2016     Dec 04 - 
Dec 31 

68950 2002 QF15 2006-2016-
2019 

   Sep 23 - 
Oct 29 

 

163696 2003 EB50 2015 Y  May 05 - 
Jun 13 

 May 11 - 
Jun 02 

215588 2003 HF2 2017   Jul 06 - Jul 
16 

  

413260 2003 TL4 2016     Oct 08 - 
Oct 30 

144411 2004 EW9 2020    Apr 07 - 
Jun 03 

 

164400 2005 GN59 2008  Jan 02 - 
Mar 04 

   

308242 2005 GO21 2012-2014   May 14 - 
Jul 19 

 May 05 - 
Jun 12 

242708 2005 UK1 2014  Jan 01 - 
Jan 11 

  Dec 09 - 
Dec 25 

 2006 NL 2020 Y     

 2017 VR12 2018 Y     

 

Table1: Table of 21 NEAs observed with the Arecibo Observatory and already observed with TRAPPIST, 
or observable between 2026 and 2029. The visibility windows are defined as visible from either TRAPPIST 
telescope, at apparent magnitude V < 17 mag, and for more than 2 hours per night. 
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Figure1: Phased light curve of 2002 KL6 obtained with TRAPPIST-North (TN) and -South (TS) during the 
2023 apparition at ten different epochs. This figure demonstrates the capability of TRAPPIST to produce 
precise and densely sampled light curves thanks to the large amount of time available, the large sky 
coverage in both hemispheres and the high quality of the sites (Miftah et al., in prep). 

 

 
 

Figure2 : Shape model of NEA (154244) 2002 KL6. Left: Convex shape model derived from the optical 
light curve inversion method, scaled to a diameter of 0.7 km. Right: Refined shape model generated by 
combining photometric and radar observations using a vertex modeling approach, with the previously 
derived convex model used as the initial input (Miftah et al., in prep). 

 

 

 
 

Figure3 : Upper left.Delay-Doppler radar images 
from the Arecibo Observatory, overlaid with the 
synthetic delay-Doppler projection of the best-fit 
shape model (computed via SHAPE 
software).Upper right.Example optical light curve 
compared against the synthetic light curve 
generated from the combined radar-photometric 
shape, showing excellent agreement.Lower 
panel.Continuous wave (CW) radar spectra from 
AO plotted alongside spectra predicted by the 
vertex-based model from SHAPE, again 
highlighting a close match (Miftah et al., in prep). 
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2. COMMENTS ON CHANGES MADE IN THE RESEARCH PROJECT IN CASE OF 

RESUBMISSION (OPTIONAL) 

In case of former application submitted to the F.R.S.-FNRS via the same funding instrument, please specify the main 
changes made in your funding application following previous submission, identifying comments from experts that you 
may have taken into account (max. 1 page). 

[Enter text here. Format: Arial 12, single space] 
 

3. ACTIVITIES REPORTON THE FIRST YEAR OF DOCTORATE 

ONLY FOR “1ST GRANT - 2ND YEAR” 

Please write a brief report (max. 2 pages) underlining the progress of your research during the first year of your 
doctorate. 

4. POTENTIAL INTERDISCIPLINARY APPROACH OF THE RESEARCH PROJECT 

(OPTIONAL) 

If applicable, please identify the interdisciplinary approach of your research project (max. 1 page). 

[Enter text here. Format: Arial 12, single space] 
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5. DESCRIPTION OF THE WORK ENVIRONMENT 

Please provide the information accounting for the adequacy of the environment (available intellectual and/or material 
means) to carry out the research as detailed in the submitted project. Please specify the assets of the research 
environment related to the project and the main publications of the laboratory/promoter (max. 1 page). 

My PhD thesis is carried out within the “COmetsMETeors& Asteroids (COMETA)” research group 
of the Space Sciences, Technologies & Astrophysics Research (STAR) Institute of the University 
of Liège (ULiege). The team is led by prof. Emmanuel Jehin (FNRS Research Director), and 
includes 4 PhD and 1 post-doc. The group is very active in the field of the small bodies of the 
solar system and it is internationally recognized for the quality of its work with a large asset of 
collaborators. The STAR Institute of ULiège hosts more than one hundred researchers who con-
duct cutting edge research focused on planetology, stellar physics, extragalactic and particle as-
trophysics, and instrumentation and many resources are available. In the COMETA group we also 
have an IT support that helps us for matters related to computers and installation of software as 
well as providing help for programming. I have already been able to enjoy all these possibilities 
and help during my master thesis. 
 
The data for this project will come mostly from two facilities. First our two TRAPPIST robotic 
telescopes, located in both hemispheres and to which we have unlimited access to collect the 
photometric measurements of the 21 new targets during the next 4 years. TRAPPIST-South is a 
60-cm robotic telescope that was installed at the ESO La Silla Observatory. It is funded mostly by 
the Belgian F.R.S.-FNRS and the STAR Institute of ULiège. The telescope is exclusively devoted 
to the detection and characterization by the transit technique of exoplanets (50%) and to the study 
of comets and other small bodies in the Solar system (50%). In 2015 a twin telescope was funded 
by ULiège to have access to the northern hemisphere. It was installed at the Oukaimeden Obser-
vatory of the University of Cadi Ayyad in the Atlas Mountains of Morocco and fostered since then 
a very successful program between the two universities with already three PhD projects com-
pleted as well as several master thesis from both countries. This is why we propose this thesis as 
a co-tutelle with prof. Jabiri on the Moroccan side. With about 300 clear nights per year on both 
sides it allows to collect a lot of long photometric series.These telescope are operated by the 
COMETA group I belong.  
The other data are coming from the unique Arecibo Observatory archive which has accumulated 
hundreds of radar images of NEAs. Unfortunately Arecibo is not operational anymore but we have 
access to this large dataset thanks to a collaboration with the radar team of the Florida Space 
Institute at UCF (see letter of support from its director). Several visits are planned there during 
my thesis. 
 
TRAPPIST project: https://www.trappist.uliege.be/ 
COMETA group webpage: https://www.cometa.uliege.be/ 
Florida Space Institute: https://fsi.ucf.edu/ 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://www.trappist.uliege.be/
https://www.cometa.uliege.be/
https://fsi.ucf.edu/
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6. SUMMARY OF THE MASTER’S THESIS OR EQUIVALENT 

Please provide a summary of your master’s thesis or any equivalent, even if you have not graduated yet (max. 
1 page). 

Analysis of asteroid light curves using the TRAPPIST telescopes 

My Master’s thesis project, entitled “Analysis of Asteroid Light Curves Using the TRAPPIST 
Telescopes” supervised by Prof. Emmanuel Jehin, focused on the observation of seven 
asteroids, six of which were NEAs, with the goal of determining their light curves, rotation periods, 
amplitudes, and BVRI color indices. These parameters are essential for deriving their convex 
shape models and estimating their spectral classifications. The project was structured into three 
main parts. In the first part, I provided an overview of asteroids and the techniques I used to study 
them, with particular emphasis on those relevant to my project. This section established the 
scientific context and laid the groundwork for the observational work. The second part focused on 
the planning and execution of the observations. I scheduled observations based on the visibility 
windows and scientific priority of each target for both TRAPPIST-North in Morocco and 
TRAPPIST-South in Chile. After selecting the observation windows, I prepared detailed observing 
plans required by the telescopes for tracking the asteroids. The raw images collected were then 
processed through standard reduction procedures, including bias and dark subtraction and flat 
field division, using a Python script. Once reduced, I performed aperture photometry using the 
Mommert Photometry Pipeline to extract the instrumental magnitude of the asteroids, and 
calibrate the measurements by matching reference stars using the Pan-STARRS catalog. With 
the calibrated magnitudes, I used the Peranso software, applying both FALC and ANOVA 
methods to determine and refine the rotation periods, which were then used to phase the light 
curves. In the final part of the master thesis, I presented the results obtained for all seven 
asteroids. For five of them, I was able to determine both the rotation period and the amplitude, 
and the color indices for only (503871) 2000 SL which yielded an S-type asteroid. The remaining 
two, (3122) Florence and (5549) Bobstefanik could not be fully analyzed due to insufficient data 
from their 2023 apparition. Among the successfully analyzed targets, 2023DZ2 and 2023CM were 
newly discovered in 2023 during close approaches to Earth. I successfully determined their 
rotation periods and amplitudes, which matched published results. Additionally, (503871)2000SL 
and (242540) 2004QY2 were analyzed for the first time, as no prior results existed for them. The 
final object, (17188) 1999WC2, showed a rotation period consistent with previous studies. Thanks 
to the high quality of the measurements and the novelty of the findings, the results for the five 
NEAs, (17188) 1999 WC2, (242540) 2004 QY2, (503871) 2000 SL, 2023 DZ2, and 2023 CM, 
were published in the Minor Planet Bulletin (Miftah et al. 2024) and data made publicly available 
in the Asteroid Light curve Database (ALCDEF) for use in future research. 

7. ADDITIONAL COMMENTS (OPTIONAL) 

If you want to communicate elements that have not been mentioned elsewhere in the file, please provide this 
information below in max. 2 pages. 
 
Please note that in case the presented project provides for the involvement of patients and/or human or animal 
subjects, it is important that the project includes justifications on the planned sample size (number of subjects 
included in the study/studies) and how the size is relevant (based on statistical power calculations, for instance). It is 
also important to explain how the number of patients/subjects expected can be reached. In case the project provides 
for the involvement of patients and/or subjects, please provide those pieces of information under this section (if not 
already mentioned elsewhere in the project). Ultimately, this information (or the lack of information) may be taken 
into account by experts in the frame of the evaluation of your funding application. 

[Enter text here. Format: Arial 12, single space] 
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8. PH.D. WORK CALENDAR PER MONTH 

Please provide a calendar on a monthly basis for your Ph.D. works planned for the next 3 years (1st grant - 2nd year) 
or 4 years (1st grant - 1st year) (max. 2 pages). 

Monthly calendar: 

 WP1: 

a) (154244) 2002 KL6 work completion and publication 

b) TRAPPIST observations 

c) SHAPE automation, Python scripts for setup files, pole searches, smearing 

d) Visit the UCF radar group in USA for a short stay 

e) Participation in the 15th ACM 2025 conference in Poznan, Poland 

f) Participation in the EPSC 2026 conference in Netherlands 

 WP2: 

a) Continue TRAPPIST observations 

b) Convex and radar shape models (~ 12 targets) 

c) Publication of the results for the best models 

d) Visit one of TRAPPIST sites 

e) Participation in the EPSC 2027 conference in Toulouse, France 

 

 WP3 : 

a) Convex and radar shape models (~8 targets) 

b) Continue with the TRAPPIST observations 

c) Initiate a statistical analysis of the preliminary results 

d) Publication of the results for the 8 targets 

e) Participate in a mission to the Oukaimeden Observatory to support ULiège master's 
students in their work on asteroids, assisting with preparation, observations, and data 
analysis 

f) Participation in the EPSC conference 2028 

 

 WP4: 

a) Complete the TRAPPIST observations 

b) Completion of final convex and radar models 

c) Completion of the statistical analysis 

d) Publication of the summary paper 

e) Participate in a mission to the Oukaimeden Observatory to support ULiège master's 
students in their work on asteroids, assisting with preparation, observations, and data 
analysis 

f) Thesis writing and submission for defense 
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