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Globular Clusters (GCs) are common and old stellar systems whose nature and origin re-
mains unknown. Thanks to the rapid advancements of space programs, including the Euclid 
mission and the JWST telescope, an unprecedented amount of GCs observations is pro-
gressively becoming available. However, the state-of-the-art modeling techniques rely on 
GPU-expensive N-body simulations [1], making a detailed comparison between the large 
number of observations and models overall unfeasible.  

To extract GCs properties and unveil their formation mechanism, a leap forward from the 
modeling side is required. This thesis aims to capitalize on recent progress in deep-learning 
techniques to develop an algorithm applicable to a variety of new datasets, based on the-
proof-of-concept algorithm π-DOC [2]. The key aspects of the project include: (i) implement-
ing a forward modeling approach to translate the existing N-body simulations into mock ob-
servations, automatically accounting for observational biases; (ii) developing and training the 
algorithm on these simulations to allow the extraction of GC properties (e.g., age, distance, 
dynamical mass, stellar mass function); (iii) applying the algorithm to the new data sets.  

This project will deliver important milestones for the understanding of GCs in the universe, 
while significantly contributing to the establishment of innovative methodological advance-
ments for theoretical modeling.   
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Goal 1. Extension of the architecture of π-DOC to allow for multiple inputs, in particular several luminosity 
maps in different photometric filters (e.g. visible and near-infrared bands) and information about background 
contamination. The multi-band photometric information is key to break the degeneracies between mass, dis-
tance and age of which the algorithm is now suffering (as shown by the M2 project of my student V. Duret). 
Goal 2. Train π-DOC on new realistic simulations already run by the PI (105-106 stars) which cover the mass 
and density range of real GCs. This new training set will be 10 times larger than the current one and will make 
the algorithm directly applicable to a large number of observed GCs in the Milky Way. 
Goal 3. Implement a generative architecture (e.g. generative adversarial networks) to transform N-body sim-
ulations into mock images spanning a wide range of different observational set-ups (e.g. field-of-views, photo-
metric bands, pixel scales). As a priority, I will focus on reproducing the images of the new space mission Eu-
clid, which is capable of detecting GCs in galaxies beyond the Milky Way. For these GCs, the measurements of 
mass, distance and age do not exist; therefore an application of π-DOC will result in a major milestone 
Goal 4. Explore the applicability of π-DOC to other stellar systems beyond GCs. This longer term goal 
requires modifying the architecture to include as an input the kinematic information of a stellar system, for ex-
ample the velocity map in a given field-of-view. This will drastically improve the mass measurements since the 
velocities of stars directly trace the total mass content. This will allow the application of π-DOC to dark-matter 
dominated systems, e.g. dwarf galaxies, and to systems containing a significant amount of massive black holes. 

3. Positioning of the project 
This innovative approach for stellar dynamics offers several advantages: 1) it avoids the shortcomings of clas-
sical dynamical models, while naturally taking into account the complex physics contained in direct N-body 
simulations; 2) by treating the problem with an image transformation approach, we can extract GCs proper-
ties directly from observations, automatically accounting for the typical observational basis; 3) it maximizes 
the extraction of physical information contained in existing and GPU-expensive N-body simulations. 

Through this call “IdEx Attractivité”, I ask for financial support to buy a GPU server made of four H100 graph-
ic cards (see details in budget). This computing sever will be mutualized with the Center de Calcul Unis-
tra and will allow me to reach the goals described above, and in particular: 
- The direct access to these resources will be fundamental for prototyping the architectures of the algorithm. 
- The large memory provided by such a computing node will be essential for training the algorithm on the 

new large simulations and for dealing with large images and neural networks.  
- The high performance of these GPUs will also allow us to expand the set of simulations and explore com-

plementary initial conditions, e.g. the impact of the metallicity of the stellar populations. 
Since October 2023, I am chargé de recherche at the ObAS, selected through the interdisciplinary section 
CID 55 (“sciences et données”). This state-of-the-art computing equipment is the crucial asset to carry my 
research in the interdisciplinary context of astronomy and data science. On one side, it will help me establish 
my own research subject, while also being beneficial to the ongoing transverse collaborations in the field of 
machine learning within the ObAS (e.g. R. Ibata, D. Aubert) and with colleagues at the ITI IRMIA++ (e.g. 
submitted ANR, PI: Emmanuel Franck, IRMA). This equipment will also be essential for the research training 
of master and PhD students at the Unistra, as I plan to propose research projects in the upcoming months.  2

Finally, with this project I will generate a number of publications, a variety of data and softwares (including 
the new version of the algorithm π-DOC) that I plan to release to the community in open access, following 
the FAIR principles. All data produced will be stored and managed through a server at the ObAS. 

 Note that I plan to submit the “dossier de candidature” for the HDR on January 15th, 2024.2
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Figure 1. Real GC (NGC 6205, credit: NASA) vs. a simulated GC with 250,000 stars made on the supercomputer Jean Zay 
(GENCI), with ~8,000 GPU hours. Right plot: example of predicted dynamical mass map from the algorithm π-DOC, tak-
ing as an input an observed luminosity map as the ones shown on the left side.
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Figure 1: Real GC (NGC 6205, credit: NASA) vs. a simulated GC with 250,000 stars evolved for 13 
Gyr using the supercomputer Jean Zay (GENCI), for a total of ~8,000 GPU hours. Thousands of artifi-
cial images can be extracted from one such simulation. Right plot: example of properties predicted by 
the algorithm π-DOC 


