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A Python package for Gamma-Ray Astronomy  
& prototype for the CTA science tools: 

- Based on common data formats  
- Transparent to users  

- Embedded in the large  
astronomical Python community  

DL3
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Activitity v0.1TeVPy … v0.12

Contributors

Lines of code

https://www.openhub.net/p/gammapy

https://www.openhub.net/p/gammapy
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Project manager

Bruno Khelifi
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Lead developers

Axel DonathRégis TerrierChristoph Deil

Project manager

Bruno Khelifi

https://gammapy.org/team.html
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Coordination committee

Axel DonathRégis TerrierChristoph Deil

Fabio Acero, Catherine Boisson,  José-Luis Contreras,  
Emma de Ońa-Wilhelmi, project managers and lead developers

https://gammapy.org/team.html

Lead developers

Project manager

Bruno Khelifi

https://gammapy.org/team.html
https://gammapy.org/team.html
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Contributors
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“Anyone is welcome to contribute  
 to Gammapy”

Contributors

https://github.com/gammapy/gammapy-meetings

Core developers
“Regular contributors”

Developer calls
Open, every Friday @10am! 

https://github.com/gammapy/gammapy-meetings
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“Anyone is welcome to contribute  
 to Gammapy”

Contributors

 

Core developers
“Regular contributors”

Coding sprints

Paris in February 2019 Madrid in October 2018

Developer calls
Open, every Friday @10am! 

https://github.com/gammapy/gammapy-meetings

https://github.com/gammapy/gammapy/graphs/contributors
https://github.com/gammapy/gammapy-meetings
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“Anyone is welcome to contribute  
 to Gammapy”

Contributors

Core developers
“Regular contributors”

Erlangen July 15th - 19th, 2019

Next coding sprint

https://github.com/gammapy/gammapy-meetings

Developer calls
Open, every Friday @10am! 

https://github.com/gammapy/gammapy-meetings
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https://github.com/gammapy/gamma-sky

gamma-cat
“An open data collection 
and source catalog for VHE 
gamma-ray astronomy”

gammasky.net
“A portal to the gamma-ray sky”

PyGamma 15 / 19
“Python and open data for  
Gamma-Ray Astronomy 
Workshop”, March 18th - 22nd

 

Gamma-astro-data-formats
“A place to propose and share data format 
descriptions for gamma-ray astronomy.”

FITS

https://github.com/open-gamma-ray-astro

https://indico.cern.ch/event/783425/https://github.com/gammapy/gamma-cat

https://github.com/gammapy/gamma-sky
https://github.com/open-gamma-ray-astro
https://indico.cern.ch/event/783425/
https://github.com/gammapy/gamma-cat
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Coordinates, Quantities, Tables,  
FITS I/O, etc.

Interpolation, minimisation,  
FFT convolution, etc.

ND-data structures  
and computations

Required dependencies



DEPENDENCIES

�22

Coordinates, Quantities, Tables,  
FITS I/O, etc.

Interpolation, minimisation,  
FFT convolution, etc.

ND-data structures  
and computations

Command line tools

pyyaml
YAML I/O

click

Required dependencies



DEPENDENCIES
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Coordinates, Quantities, Tables,  
FITS I/O, etc.

Interpolation, minimisation,  
FFT convolution, etc.

ND-data structures  
and computations

Plotting, visualisation

Iminuit

Tutorial notebooks
Command line tools

healpy
Healpix maps

reproject
Image reprojection

pyyaml
YAML I/O

click

Optimisation, sampling

Optional dependencies Required dependencies



Coveralls used for monitoring  
of code test coverage

DEVELOPMENT AND CI SETUP
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Hosted and openly developed on Github: 
https://github.com/gammapy/gammapy 

Travis-CI and Azure Pipelines used 
for continuous integration 

Docs are build and deployed 
manually: https://docs.gammapy.org/ 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DEVELOPMENT AND CI SETUP
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Hosted and openly developed on Github: 
https://github.com/gammapy/gammapy 

Travis-CI and Azure Pipelines used 
for continuous integration 

Black code formatting used 
for a consistent code format. 

Sphinx used to build the 
documentation 

Pytest used for testing 

Docs are build and deployed 
manually: https://docs.gammapy.org/ 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https://docs.gammapy.org/0.12/getting-started.html#install

$ curl -O https://gammapy.org/download/install/gammapy-0.12-environment.yml 

$ conda env create -f gammapy-0.12-environment.yml 

$ conda activate gammapy-0.12 

1.
2.
3.

Install Gammapy:

https://docs.gammapy.org/0.12/getting-started.html#install
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https://docs.gammapy.org/0.12/getting-started.html#install

$ curl -O https://gammapy.org/download/install/gammapy-0.12-environment.yml 

$ conda env create -f gammapy-0.12-environment.yml 

$ conda activate gammapy-0.12 

1.
2.
3.

Install Gammapy:

Download tutorials:
$ gammapy download tutorials 

$ cd gammapy-tutorials 

$ export GAMMAPY_DATA=$PWD/datasets

1.
2.
3.

https://docs.gammapy.org/0.12/getting-started.html#install
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.astro

.data

.cube

.spectrum

.maps

.irf

.catalog

…

https://docs.gammapy.org/0.12/index.html#gammapy-package
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Source population models

DM spectral models

.astro

.data

.cube

.spectrum

.maps

.irf

.catalog

DM profiles

…

https://docs.gammapy.org/0.12/astro/index.html


FEATURES OVERVIEW
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Handling of event lists / GTI tablesDL3 data access.astro

.data

.cube

.spectrum

.maps

.irf

.catalog

…

https://docs.gammapy.org/0.12/data/index.html
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.astro

.data

.cube

.spectrum

.maps

.irf

.catalog

Gamma-ray source catalogs access

HGPS

1FHL  
2FHL  
3FHL  
3FGL

2HWC

…

https://docs.gammapy.org/0.12/catalog/index.html


FEATURES OVERVIEW
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Sky models Map preparation

.astro

.data

.cube

.spectrum

.maps

.irf

.catalog

…

https://docs.gammapy.org/0.12/cube/index.html
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.astro

.data

.cube

.spectrum

.maps

.irf

.catalog

PSF handling 

Energy dispersion handling 

…

https://docs.gammapy.org/0.12/irf/index.html


FEATURES OVERVIEW
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N-dimensional WCS and HEALPix based sky maps
.astro

.data

.cube

.spectrum

.maps

.irf

.catalog

…

https://docs.gammapy.org/0.12/maps/index.html


FEATURES OVERVIEW
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.astro

.data

.cube

.spectrum

.maps

.irf
Spectral analysis

SED computation and handling

.catalog

Spectral models

…

https://docs.gammapy.org/0.12/spectrum/index.html


DEMO
https://docs.gammapy.org/0.12/tutorials.html

https://docs.gammapy.org/0.12/tutorials.html


RECENT DEVELOPMENTS



DATASETS
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MapDataset

Reduced data

Source model

.cube.models

.maps
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BKG model

Reduced IRFs

.irf

.maps

.cube.models

DATASETS

Reduced data

Source model
MapDataset
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I/OBKG model

.irf

.maps

.cube.models

DATASETS

Source model

Reduced data
Reduced IRFs

MapDataset



�43𝒞(x, θ) I/OBKG model

.irf

.maps

.stats

.cube.models

DATASETS

Source model

Reduced data
Reduced IRFs

MapDataset



�44

.spectrum.core

SpectrumDatasetOnOff

.spectrum.models

DATASETS

Spectral model

Reduced data
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BKG  data / model

.irf

.spectrum.core

SpectrumDatasetOnOff

.spectrum.models

DATASETS

Reduced data Reduced IRFs

Spectral model
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OGIP Format 

.irf

.spectrum.core

SpectrumDatasetOnOff

.spectrum.models

DATASETS

Reduced data Reduced IRFs

Spectral modelBKG  data / model



�47𝒲(x, θ)

OGIP Format 

.irf

.spectrum.core

.stats

SpectrumDatasetOnOff

.spectrum.models

DATASETS

Reduced data Reduced IRFs

Spectral modelBKG  data / model



�48χ2(x, θ)

.spectrum.flux_points

.stats

FluxPointsDataset

.spectrum.models

DATASETS

Reduced data

Spectral model
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…

ℒ(x1, θ)

*
ℒ(x2, θ)

ℒ(xn−1, θ)

ℒ(xn, θ)*

ℒ(xn−2, θ)

*

JOINT LIKELIHOOD FITTING
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Model

JOINT LIKELIHOOD FITTING

…

ℒ(x1, θ)

*
ℒ(x2, θ)

ℒ(xn−1, θ)

ℒ(xn, θ)*

ℒ(xn−2, θ)

*
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.utils.fitting Iminuit

.optimize

.optmethods

JOINT LIKELIHOOD FITTING

…

ℒ(x1, θ)

*
ℒ(x2, θ)

ℒ(xn−1, θ)

ℒ(xn, θ)*

ℒ(xn−2, θ)

*Model



JOINT LIKELIHOOD FITTING
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.utils.fitting Iminuit

.optimize

.optmethods

fit = Fit([dataset])  
fit = Fit([dataset_1, dataset_2, …])  
 
fit.optimize(backend=“sherpa”)  
fit.optimize(backend=“scipy”)

fit.covariance(backend=“minuit”)  
fit.confidence(parameter=“amplitude”)

fit.likelihood_profile(parameter=“amplitude”)

…

ℒ(x1, θ)

*
ℒ(x2, θ)

ℒ(xn−1, θ)

ℒ(xn, θ)*

ℒ(xn−2, θ)

*Model
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.utils.fitting Iminuit

.optimize

.optmethods

…

JOINT LIKELIHOOD FITTING

…

ℒ(x1, θ)

*
ℒ(x2, θ)

ℒ(xn−1, θ)

ℒ(xn, θ)*

ℒ(xn−2, θ)

*Model



MORE CHANGES IN GAMMAPY 0.11 AND 0.12 
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MapMakerRing()

https://docs.gammapy.org/0.12/changelog.html#may-30-2019
https://docs.gammapy.org/0.11/changelog.html#mar-29-2019



MORE CHANGES IN GAMMAPY 0.11 AND 0.12 
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MapMakerRing()

FluxPointsEstimator(datasets=[])

https://docs.gammapy.org/0.12/changelog.html#may-30-2019
https://docs.gammapy.org/0.11/changelog.html#mar-29-2019



MORE CHANGES IN GAMMAPY 0.11 AND 0.12 
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MapMakerRing()

FluxPointsEstimator(datasets=[])

NaimaModel(radiative_model,  
 distance, seed=“CMB”)

https://docs.gammapy.org/0.12/changelog.html#may-30-2019
https://docs.gammapy.org/0.11/changelog.html#mar-29-2019



MORE CHANGES IN GAMMAPY 0.11 AND 0.12 
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MapMakerRing()

FluxPointsEstimator(datasets=[])

NaimaModel(radiative_model,  
 distance, seed=“CMB”)

https://docs.gammapy.org/0.12/changelog.html#may-30-2019
https://docs.gammapy.org/0.11/changelog.html#mar-29-2019

SkyDisk(frame=“icrs”)  
& SkyEllipse()



MORE CHANGES IN GAMMAPY 0.11 AND 0.12 
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MapMakerRing()

FluxPointsEstimator(datasets=[])

NaimaModel(radiative_model,  
 distance, seed=“CMB”)

https://docs.gammapy.org/0.12/changelog.html#may-30-2019
https://docs.gammapy.org/0.11/changelog.html#mar-29-2019

SkyDisk(frame=“icrs”)  
& SkyEllipse()

MapFit  
SpectrumFit  
FluxPointFit

SpectrumObservation  
SpectrumObservationList



MORE CHANGES IN GAMMAPY 0.11 AND 0.12 
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MapMakerRing()

FluxPointsEstimator(datasets=[])

NaimaModel(radiative_model,  
 distance, seed=“CMB”)

https://docs.gammapy.org/0.12/changelog.html#may-30-2019
https://docs.gammapy.org/0.11/changelog.html#mar-29-2019

SkyDisk(frame=“icrs”)  
& SkyEllipse()

MapFit  
SpectrumFit  
FluxPointFit

SpectrumObservation  
SpectrumObservationList

Python 2



TOWARDS GAMMAPY V1.0



GAMMAPY ROADMAP 2019
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v1.0 (late 2019)



GAMMAPY ROADMAP 2019
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v1.0 (late 2019)

https://docs.gammapy.org/0.12/development/pigs/pig-005.html

https://docs.gammapy.org/0.12/development/pigs/pig-005.html


GAMMAPY ROADMAP 2019
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v0.11 (March)

v0.12 (May)

v1.0 (late 2019)
v0.13 (July)

https://docs.gammapy.org/0.12/development/pigs/pig-005.html

Short release cycle, every ~2 months

https://docs.gammapy.org/0.12/development/pigs/pig-005.html


GAMMAPY ROADMAP 2019
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v0.11 (March)

v0.12 (May)

v1.0 (late 2019)
v0.13 (July)

https://github.com/gammapy/gammapy/pull/1971

95% implemented!

https://github.com/gammapy/gammapy/pull/1971


GAMMAPY ROADMAP 2019
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v0.11 (March)

v0.12 (May)

v1.0 (late 2019)
v0.13 (July)

https://github.com/gammapy/gammapy/pull/2136

Prototype exists, implementation  
for v0.13 / v0.14  

Getting ready for DC2…  

https://github.com/gammapy/gammapy/pull/2136


GAMMAPY ROADMAP 2019
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v0.11 (March)

v0.12 (May)

v1.0 (late 2019)
v0.13 (July)

https://github.com/gammapy/gammapy/pull/2129

Harmonise API for v1.0…

https://github.com/gammapy/gammapy/pull/2129


GAMMAPY ROADMAP 2019
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v0.11 (March)

v0.12 (May)

v1.0 (late 2019)
v0.13 (July)

 

Further topics on the roadmap: 
➤ Develop command-line interface 

➤ Harmonise and stabilise API 

➤ Add support for IRFs per model component 

➤ Improve GTI handling 

➤ Add support for event types/classes 

➤ Improve documentation 

➤ Set up science verification CI system 

➤ Support for distributed computing

https://github.com/gammapy/gammapy/pull/1971


SUMMARY



SUMMARY 
➤ Gammapy is a Python package for gamma-ray astronomy, built on Numpy, Scipy and 

Astropy as core dependencies and uses open, FITS based data formats. 

➤ It has grown in both features and contributors significantly over the past ~5 years. 

➤ Development and CI setup are in a very good shape. 

➤ Recently a lot of effort put into improving code quality and harmonising the concepts / 
API. 

➤ Next releases: v0.13 in July and v0.14 in September with focus on API, data reduction 
and event sampling 

➤ Science verification on H.E.S.S. DL3 data is in progress, paper expected soon. 

➤ Gammapy v1.0 release and paper are planned for late 2019.
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THANKS FOR LISTENING!
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from gammapy import song; song(karaoke=True) 
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