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γ-ray and multi-messenger astronomy
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Electromagnetic	signal

Neutrino	signal

X-rays	
103–5	eV

optical/IR 
10-2—0	eV

radio

HE	γ-rays	
107–11	eV

VHE	γ-rays	
1011–15	eV

VHE	neutrinos	
1011–	eV
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Ground based γ-ray astronomy today
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Veritas MAGIC

H.E.S.S.

LHAASO
HAWC

FACT



Ground based γ-ray astronomy: CTA
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Proprietary formats and tools 

• All instruments have their own proprietary formats and tools
• usually based on the open software ROOT from CERN

• Common joint analyses are impossible
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Raw	data

High	level  
	science	products

Interoperability	&	reusability		require		
common	open	data	formats	and	common	open	tools



The data flow
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DL	0-1 DL	2 DL	3 DL	4 DL	5

Reconstruction	pipeline	(internal) Science	Tools	(general	users)

raw	-		
calibrated reconstructed filtered  

γ-like	events
science high-level

maps, 
spectra,	
light	curves

camera	data

γ-like	event	lists	
IRFs

Separating	instrument	specific	data	treatment	from	common	use	cases	and	methods



The gammapy concept
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A python package for γ-ray astronomy based on 
common data formats  

A flexible, open-source, community driven,  
 python library 

+ 

A prototype for CTA science tools

https://gamma-astro-data-formats.readthedocs.io


Towards common data formats

• A community initiative to provide open data formats for γ-ray astronomy
• g.a.d.f. (gamma-ray astro data formats)
• members of Fermi-LAT and ground based instruments
• a prototype format already used for data productions based on 

FITS
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Gammapy overview

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

Interpolation, minimisation,  
FFT convolution, etc.

ND-data structures & 
computations

Required dependencies

healpy
Healpix maps

regions
Sky regions

pyyaml
YAML I/O

click
Command line tools

Plotting, visualisation

Iminuit

Tutorial notebooks

Optimisation, sampling

Optional dependencies
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Overview: gammapy code
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54	%
27	%

19	%

1500	unit	&	high	level	tests	
93%	coverage

40000	lines	
of	python	code

documentation	
&	tutorials

Hosted and openly developed on GitHub

Distribution with conda, pip

https://github.com/gammapy/gammapy


Documentation
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https://docs.gammapy.org/



Validation and benchmarks

• Regular monitoring of performances High level science validation tests 
comparing to established results
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https://github.com/gammapy/gammapy-benchmarks/tree/master



Activity & project growth
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#	
lin
es
	o
f	c
od

e
#	
co
m
m
its

#	
co
nt
rib

ut
or
/ 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th
open	contributions

roadmap	&	dev	supervision
code	clean-up

stable	base	of	
8-10	dev	over	
last	2.5	yrs

v0.1 v0.14



Gammapy project organisation
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Coordination committee

Project managers

Lead developers

Developers

APC	&	ECAP

MPI-K	&	APC

About	10	regular	contributors	
More	than	80	contributors	in	total	

More	formal	structure	of	the	project	introduced	end	2018	to	ensure	
development	planning	and	improve	interactions	with	experiments/observatories



Planning development : PIGs

• Proposals for Improvement of Gammapy (see PEP, 
APE etc)
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Gammapy 1.0 Roadmap
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joint-crab paper

• Fully reproducible multi-instrument gamma-ray analysis 
• Online material: https://github.com/open-gamma-ray-astro/joint-crab/
• All data, scripts and notebooks provided. Reproducibility:

• conda distribution for local execution or binder environment
• docker image provided for longer term reproducibility
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https://github.com/open-gamma-ray-astro/joint-crab/
https://hub.docker.com/u/gammapy/dashboard/
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Raw	data

High	level  
	science	products

joint-crab  paper

DL3	gadf



joint-crab paper

• joint point-like analysis

• log-parabola fit using ON-OFF 
likelihood 
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Explore	results:	
https://github.com/open-gamma-ray-astro/
joint-crab/blob/master/2_results.ipynb

https://github.com/open-gamma-ray-astro/joint-crab/blob/master/2_results.ipynb
https://github.com/open-gamma-ray-astro/joint-crab/blob/master/2_results.ipynb


joint-crab paper

• Can perform inter-calibration studies to evaluate systematics:
• e.g. uncertainties on energy scale

• Can perform spectral fits on the parent particle population 
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See	notebook:	 
https://github.com/open-gamma-ray-astro/joint-crab/blob/master/3_systematics.ipynb

See	notebook:	 
https://github.com/open-gamma-ray-astro/joint-crab/blob/master/4_naima.ipynb

https://github.com/open-gamma-ray-astro/joint-crab/blob/master/3_systematics.ipynb
https://github.com/open-gamma-ray-astro/joint-crab/blob/master/4_naima.ipynb


Summary

• Common & open data formats are prototyped within the VHE γ-ray 
community 

• Gammapy is a python package for γ-ray astronomy:
• open source & community driven. 
• developed on GitHub 
• relies on broadly used open source libraries 
• light-weight, easily adaptable 

• Gammapy already allows for reproducible, multi-instrument analysis, 
see e.g. joint-crab effort
• supports all data in g.a.d.f. DL3 format
• HAWC data analysis support is coming
• prototype tools for Km3Net neutrino data analysis currently 

developed
�23


