
Christopher Eckner (christopher.eckner@ung.si) 
University of Nova Gorica,  
Center for Astrophysics and Cosmology, Slovenia 
30th of April 2024 
 
 
European AI for Fundamental Physics Conference (EuCAIFCon) 
Amsterdam, Netherlands

Characterizing the Fermi-LAT  
high-latitude sky  
with simulation-based inference

p(Z |X) =
p(X |Z)p(Z)

p(X)

Co-funded by
The European Union

mailto:eckner@lapth.cnrs.fr


Fundamental physics with gamma rays is hard

[Fermi-LAT collaboration, ApJS 223 (2016) 2]
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Fig. 1.— Mollweide projection in Galactic coordinates of accumulated counts maps for SAS-2,

COS-B, EGRET (above 50 MeV) and Fermi-LAT (above 360 MeV, 4 years, Clean class events).

Regions with enhanced numbers of counts due to a non-uniform exposure time in observations with

pointed observations are apparent in panels corresponding to SAS-2, COS-B, and EGRET.
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The high-energy gamma-ray sky seen over the decades (space-borne telescopes).
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Figure 1. Visualization of possible solutions to the dark matter problem.
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[Bertone, Tait, Nature 562 (2018) 7725] 

Signatures of fundamental physics 
are potentially hiding there! 
→ How to deal with the complexity  
     of all the astrophysics?  
     There is a lot to model …

https://doi.org/10.3847/0067-0049/223/2/26
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Simulation-based inference brings back physics
Ratio estimation as a form of simulation-based inference (SBI):

p(Z |X)
p(Z)

=
p(X |Z)

p(X)
=

p(X, Z)
p(X)p(Z)parameters , data Z X

Likelihood-to-evidence ratio

prior

posteriorBayes’ Theorem

swyft 
[B. Miller et al., J. Open Source Softw. 7 (2022) 75]
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The great scheme of TMNRE: 
→ Inference on high-dimensional  
    models using a binary 
    classification network and an  
    overall reduction of computation  
    costs.
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First Application to Gamma Rays: High-Latitude Sky
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We tune our SBI approach to gamma-ray data with observations of the high latitudes  
→ Less backgrounds and more opportunities to cross-check with literature results! 

Fermi-LAT data

Model components

Scientific Objectives: 
(1) What is the distribution of 
     point-like gamma-ray 
     sources as a function of their 
     flux?
(2) Which of them can we  
     robustly detect?
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training data size: N = 100000
dN/dS target data
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preliminary
You may wonder: 
1. How does it work?
2. What does the astro model look like?
3. What are your plans?

Let’s have a chat, Wednesday 12 - 3 pm
in poster session A!
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