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About me

• PhD student at APC, Université Paris-Cité, CNRS, Paris

• Working on the pulsars at High/Very-High Energy

• Member of the H.E.S.S. and CTA collaborations

• Contributing to Gammapy

• Presenting on behalf of the Gammapy team
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Introduction to Gammapy
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The idea behind Gammapy

�⇡ A Python package for
gamma-ray astronomy

Open source, flexible, community driven, Python package

+

Selected as CTA offical science analysis tool
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The idea behind Gammapy

Pointing γ-ray Observatories

All-sky γ-ray Observatories

Common
data format

γπGADF

Sky maps

Spectra

Lightcurves
1 TeV
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The Python ecosystem
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Data level
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Workflow

Data
Reduction

Modeling &
Fitting
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.data
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FoVBackgroundMaker
RingBackgroundMaker
etc.
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.maps

WcsNDMap
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etc.
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.datasets
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.modeling

Fit, Models, SkyModel
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YAML
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Energy

Flux Points
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Name
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Source Catalogs
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Tutorials

Downloable via
gammapy download notebooks
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Gammapy data

• Collection of data from different collaboration: H.E.S.S., MAGIC, CTA,
Fermi-LAT, ...

• Used to generate and run the tutorials

• Used to make and run tests

• Available on a Github repository

• Downlodable through gammapy download datasets
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https://github.com/gammapy/gammapy-data


Multi-wavelength Multi-instrument
analysis



Joint likelihood
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Crab joint fit
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• Figures are taken from the
joint-crab gitHub repository that
contains material for
Nigro et al. (2019)
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https://github.com/open-gamma-ray-astro/joint-crab/tree/master?tab=readme-ov-file


Crab joint fit
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• Figures are taken from the
joint-crab gitHub repository that
contains material for
Nigro et al. (2019)

• The benefits of a joint likelihood
fitting is clearly visible

10

https://github.com/open-gamma-ray-astro/joint-crab/tree/master?tab=readme-ov-file


Crab joint fit
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The Gammapy paper



Gammapy v1.0 paper
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Aneta Siemiginowska1, Brigitta M. Sipőcz31 , Tim Unbehaun24 , Christopher van Eldik24,

Thomas Vuillaume17 , and Roberta Zanin23

(Affiliations can be found after the references)

Received 23 March 2023 / Accepted 7 July 2023

ABSTRACT

Context. Traditionally, TeV-�-ray astronomy has been conducted by experiments employing proprietary data and analysis software.
However, the next generation of �-ray instruments, such as the Cherenkov Telescope Array Observatory (CTAO), will be operated
as open observatories. Alongside the data, they will also make the associated software tools available to a wider community. This
necessity prompted the development of open, high-level, astronomical software customized for high-energy astrophysics.
Aims. In this article, we present Gammapy, an open-source Python package for the analysis of astronomical �-ray data, and illus-
trate the functionalities of its first long-term-support release, version 1.0. Built on the modern Python scientific ecosystem, Gammapy
provides a uniform platform for reducing and modeling data from different �-ray instruments for many analysis scenarios. Gammapy
complies with several well-established data conventions in high-energy astrophysics, providing serialized data products that are inter-
operable with other software packages.
Methods. Starting from event lists and instrument response functions, Gammapy provides functionalities to reduce these data by bin-
ning them in energy and sky coordinates. Several techniques for background estimation are implemented in the package to handle the
residual hadronic background affecting �-ray instruments. After the data are binned, the flux and morphology of one or more �-ray
sources can be estimated using Poisson maximum likelihood fitting and assuming a variety of spectral, temporal, and spatial models.
Estimation of flux points, likelihood profiles, and light curves is also supported.
Results. After describing the structure of the package, we show, using publicly available gamma-ray data, the capabilities of Gammapy
in multiple traditional and novel �-ray analysis scenarios, such as spectral and spectro-morphological modeling and estimations of a
spectral energy distribution and a light curve. Its flexibility and its power are displayed in a final multi-instrument example, where
datasets from different instruments, at different stages of data reduction, are simultaneously fitted with an astrophysical flux model.

Key words. methods: statistical – astroparticle physics – methods: data analysis – gamma rays: general

1. Introduction

Modern astronomy offers the possibility to observe and study
astrophysical sources across all wavelengths. The �-ray range of
the electromagnetic spectrum provides us with insights into the
most energetic processes in the Universe such as those acceler-
ating particles in the surroundings of black holes or remnants of
supernova explosions.

In general, �-ray astronomy relies on the detection of individ-
ual photon events and reconstruction of their incident direction
as well as energy. As in other branches of astronomy, this can be
achieved by satellite as well as ground-based �-ray instruments.
Space-borne instruments such as the Fermi Large Area Tele-
scope (LAT) rely on the pair-conversion effect to detect �-rays
and track the positron-electron pairs created in the detector to
reconstruct the incident direction of the incoming �-ray. The
energy of the photon is estimated using a calorimeter at the

bottom of the instrument. The energy range of instruments such
as Fermi-LAT (Atwood et al. 2009), referred to as “high energy”
(HE), goes approximately from tens of Megaelectronvolts to
hundreds of Gigaelectronvolts.

Ground-based instruments, instead, use Earth’s atmosphere
as a particle detector, relying on the effect that cosmic �-rays
interacting in the atmosphere create large cascades of secondary
particles, so called “air showers”, that can be observed from the
ground. Ground-based �-ray astronomy relies on the observation
of these extensive air showers to estimate the primary �-ray pho-
tons’ incident direction and energy. These instruments operate
in the so-called “very high energy” (VHE) regime, covering the
energy range from a few tens of Gigaelectronvolts up to Peta-
electronvolts. There are two main categories of ground-based
instruments.

First there are imaging atmospheric Cherenkov telescopes
(IACTs), which obtain images of the atmospheric showers by

A157, page 1 of 23
Open Access article, published by EDP Sciences, under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0),

which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
This article is published in open access under the Subscribe to Open model. Subscribe to A&A to support open access publication.

• Donath et al. (2023)
• Paper written by the Gammapy
developers

• Published in
Astronomy & Astrophysics the 23
October 2023

• Written collaboratively and openly
on a Github repository

• Official reference for Gammapy
• Acknoledge code contributors
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https://www.aanda.org/articles/aa/full_html/2023/10/aa46488-23/aa46488-23.html
https://github.com/gammapy/gammapy-v1.0-paper/tree/main


What’s new Gammapy ?



Version 1.2 is close !
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New features

• Improved multi-processing support

• Introducing Metadata

• Priors parameters

• Improved performance on Observation

• Observation clustering method based on IRFs quality

• Utility function to test nested models hypotheses

• Estimator for morphological studies

• Tools for variablilty analysis for light curves
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Multiprocessing

• Data reduction loop can be performed with the DatasetsMaker class
• Currently support ray as a prototype
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Metadata

• PIG 25: ”Metadata handling is
crucial to correctly store
information that are not directly
data but are still required for
processing, post-processing and
serialization. They are
fundamental for reproducibility.”

• Archived using Pydantic
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https://arc.net/l/quote/ifdaepnx


Priors parameters

• Priors on parameters that are
evaluated during the fitting

• Currently only uniform and
gaussian priors are supported

• Example: spectral model with
index of 2.3 with a prior at 2.1
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The Gammapy project



Some code statistics
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CI environment
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Community

• Slack: Use for quick questions, help

• GitHub issues: Feature requests and bug reports

• GitHub discussions: Users and developpers discussions
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https://gammapy.slack.com/
https://github.com/gammapy/gammapy/issues
https://github.com/gammapy/gammapy/discussions


Coding sprints and Dev meetings

Figure 1: Last coding sprint in Palermo,
October 2023

• Coding sptrint ∼ 2-3 times a year

• Focus on specific subject
• Work before realease
• Proven to be effective

• Dev meeting every friday at 2 pm
(Paris time)

• Every day work
• Discuss PRs and review code
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Outlook and Summary



What’s next ?

• On the roadmap of v2.0 (draft)

• Internal data model separation
• Event type handling
• Handling of systematic effect
• Split out gammapy.maps ?

• Is Gammapy a good tool for
KM3Net ?
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https://www.km3net.org/


Summary

• Gammapy is an open source Python library for gamma-ray astronomy

• Importance of joint analysis and how Gammapy is a great tool for that

• Version 1.2 will be release in a few days, with a lot of exciting new features !

• However, we need man power ! Everybody is more than welcome to
contributes

23



Material

• The Gammapy paper: Donath et al. (2023)

• A. Donath presentation at the SciPy conference:

• gammapy-presentations: GitHub repository where the gammapy community
put presentations
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https://www.scipy2023.scipy.org/
https://github.com/gammapy/gammapy-presentations
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