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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
mailto:eckner@lapth.cnrs.fr


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
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! 

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?

You may wonder: 
1. How does it work?
2. What does the astro model look like?
3. What else will you do with it?

Let’s have a chat, Wednesday 12 - 3 pm
in poster session A!
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FIG. 8. Same as Fig. 7 derived via training on simulated high-latitude gamma-ray maps featuring GRF-modulated MW
foreground emission. The recovered 4FGL-DR4 point-like sources were derived based on the detection network trained on
simulations with GRFs and a detection threshold of log10 r(~x, Cth;d) > 0 (cf. Fig. 11 in App. C 1). We note that the di↵erence
between the non-parametric dN/dS profiles with and without GRFs is very small, hinting at the robustness of this inference
result.

• We were able to infer loosely constrained posterior
distributions for the GRF parameters realized in the
real data. The best-fit values of power spectrum slope
and normalization parameter hint at mis-modeling of
the Galactic di↵use emission component present at
scales smaller than the FBs or Loop I. We note that
on simulated data, the GRF parameters can be recon-
structed rather precisely. To emphasize this fact, we
point to Fig. 25 of App. F 1. There, we show the pos-
terior profile of the resulting GRF parameters for a
synthetically generated mis-modeling of the Galactic
di↵use emission by using an alternative background
template missing the FBs and Loop I. Even though
the created mis-modeling is not a GRF by construc-
tion, the posteriors are sharply defined.

VI. DISCUSSION

We want to highlight and elaborate on several points
regarding the inference results from the gamma-ray sky
as seen by the Fermi LAT.

Compatibility and cross-talk between point-
source detection and inference networks. We em-
ployed two distinct ways to derive the source-count dis-
tribution of the Fermi -LAT high-latitude sky: (i) via
an SBI point-source detection approach yielding a cat-
alog of resolved discrete gamma-ray sources tracing the
dN/dS until its intrinsic detection threshold and conse-
quent loss of detection e�ciency and, (ii), an SBI in-

ference approach reconstructing the dN/dS profile di-
rectly from the target dataset. We demonstrated in
Figs. 7 and 8 that both methods yield consistent char-
acterizations of the high-latitude source-count distribu-
tion. More quantitatively, our inferred median dN/dS
corresponds to 799 expected sources above a flux of
S > 3 ⇥ 10�10 cm�2 s�1 in our ROI (for the parametric
dN/dS), which excellently matches the 800 4FGL sources
in this flux range (>98% of which, recall, have been de-
tected by our detection network). At this point, we em-
phasize that the source-detection approach o↵ers the ad-
vantage of resolving concrete sources, or more precisely,
of inferring the probability that a certain pixel of the tar-
get dataset contains a point-like source. While we were
able to associate a fraction of these high-probability pix-
els with 4FGL-DR4 sources, others could not be matched.
Yet, among these additional firing pixels (red histograms
in Figs. 5 and 11) could be potential point-like sources
not yet listed in the Fermi -LAT collaboration’s catalog.
It would require dedicated gamma-ray analyses of each
possible source candidate to confirm them as genuine dis-
crete point-like gamma-ray emitters, which is beyond the
scope of this work.

We observe the mutual consistency of both methods,
which underlines the robustness and aptness of our SBI
framework to reconstruct the high-latitude source-count
distribution. We stress, there is no cross-talk between
the two methods. In particular, the inference networks
do not receive information from the output of the
point-source detection network, i.e., the resolved part of
the respective gamma-ray sky realization.

[C. Eckner et al., arXiv:2505.02906]
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