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Gammapy overview

https://gammapy.org/
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Gammapy overview

V1.0.1 released on March 14th
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Gammapy dependencies
coordinates, quantities
FITS, tables

visualization
tutorials

data structures
scientific 
computations

fitting & sampling
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Getting started: documentation

See docs.gammapy.org  

slide between 
versions

http://docs.gammapy.org/
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Getting started: documentation

See docs.gammapy.org  

slide between 
versions

http://docs.gammapy.org/
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Getting started: documentation

 TO BE READ  Some tips 

Collaborative
exchanges
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Getting started: documentation

Search bar

Powerful tool
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Getting started: documentation

● Learning with examples: the Tutorials

– Data exploration

– Analysis examples

– API description 

● More in depth: the API description

https://docs.gammapy.org/1.0.1/tutorials/index.html
https://docs.gammapy.org/1.0.1/tutorials/index.html#data-exploration
https://docs.gammapy.org/1.0.1/tutorials/index.html#data-analysis
https://docs.gammapy.org/1.0.1/tutorials/index.html#package-api
https://docs.gammapy.org/1.0.1/api-reference/index.html
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Getting help

• Where/How to interact with dev team and experienced 
users, provide feedback, get help:

• gammapy.slack 

• In particular: #help channel

• GitHub discussions

• help category

• GitHub issues to report bugs or feature requests

https://gammapy.slack.com/
https://github.com/gammapy/gammapy/discussions
https://github.com/gammapy/gammapy/issues
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Typical analysis use cases

1D spectral analysis Source detection

3D analysis Observation simulation Light-curve extraction

All analysis types follow the same workflow and the same API

https://docs.gammapy.org/1.0.1/tutorials/analysis-1d/spectral_analysis.html
https://docs.gammapy.org/1.0.1/tutorials/analysis-2d/detect.html
https://docs.gammapy.org/1.0.1/tutorials/analysis-3d/analysis_3d.html
https://docs.gammapy.org/1.0.1/tutorials/analysis-3d/simulate_3d.html
https://docs.gammapy.org/1.0.1/tutorials/analysis-time/light_curve_flare.html
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Data workflow and package 
structure
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2-step analysis procedure:
● data reduction (DL3 to DL4)
● data modeling / fitting (DL4 to DL5)

Data workflow and package 
structure



p. 13

Data workflow and package 
structure
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The basic analysis steps

DL3 to DL4
1. Select and retrive observations

● Datastore → list of Observation

DL4 to DL5

See the backup slides...
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The basic analysis steps

DL3 to DL4
1. Select and retrive observations
2. Define the reduced dataset 

geometry
● Is the analysis 1D or 3D?
● Define target binning and projection

DL4 to DL5

See the backup slides...
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The basic analysis steps

DL3 to DL4
1. Select and retrive observations
2. Define the reduced dataset 

geometry
3. Initialize the data reduction 

methods (makers)
● Data and IRF projection
● Safe Mask determination
● Background estimation

DL4 to DL5

https://docs.gammapy.org/1.0.1/tutorials/api/makers.html
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Data and IRF reprojection

3D Map

Counts

SpectrumDatasetMaker                     MapDatasetMaker 
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The basic analysis steps

DL3 to DL4
1. Select and retrive observations
2. Define the reduced dataset 

geometry 
3. Initialize the data reduction 

methods (makers)
● Data and IRF projection
● Safe Mask determination
● Background estimation

DL4 to DL5

https://docs.gammapy.org/1.0.1/tutorials/api/makers.html
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SafeMask concept

It allows to restrict the analysis bins because of any 
of these reasons:

● restriction the phase space (statistics, sources)
● validity range of the IRFs (systematics)
● scaling of the bkg model to the data

Safe Mask

SafeMaskMaker
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The basic analysis steps

DL3 to DL4
1. Select and retrive observations
2. Define the reduced dataset 

geometry 
3. Initialize the data reduction 

methods (makers)
● Data and IRF projection
● Safe Mask determination
● Background estimation

DL4 to DL5

https://docs.gammapy.org/1.0.1/tutorials/api/makers.html
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Correcting background from 
data

• To further reduce systematics or for the 1D analysis (spectrum), the 
background is sometimes measured directly in the data, e.g. in 
regions of the FoV where the background is assumed to be identical
• Common approach used for 1D spectral analysis

• e.g. reflected regions or wobble regions background 

ON region
containing signal and background

OFF regions
containing only background



p. 23

Correcting background from 
data

• To further reduce systematics or for the 1D analysis (spectrum), the 
background is sometimes measured directly in the data, e.g. in 
regions of the FoV where the background is assumed to be identical
• Common approach used for 1D spectral analysis

• e.g. reflected regions or wobble regions background 

ON region
containing signal and background

OFF regions
containing only background
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•  BKG(p, E) is usually corrected on the observed data themselves.
• Field of View (FoV) background estimation

● BKG(p, E) is normalized in regions devoid of signal

Correcting background from 
data
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•  BKG(p, E) is usually corrected on the observed data themselves.

•  Field of View (FoV) background estimation

• BKG(p, E) is normalized in regions devoid of signal
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The basic analysis steps

DL3 to DL4
1. Select and retrive observations
2. Define the reduced dataset 

geometry 
3. Initialize the data reduction 

methods (makers)
4. Loop over selected observations

● Apply makers to produce 
reduced datasets

● Combine them for stacked or 
joint analysis

DL4 to DL5

https://docs.gammapy.org/1.0.1/tutorials/api/makers.html
https://docs.gammapy.org/1.0.1/tutorials/api/datasets.html
https://docs.gammapy.org/1.0.1/user-guide/datasets/index.html#stacking-multiple-datasets
https://docs.gammapy.org/1.0.1/user-guide/datasets/index.html#joint-analysis
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Loop over observations

● Apply makers to produce reduced datasets
● Combine them for stacked or joint analysis

+ + =…     +

Obs 1 Obs 2 Obs n

Dataset 1 Dataset 2 Dataset n

, , =…     ,

Obs 1 Obs 2 Obs n

Dataset 1 Dataset 2 Dataset n

Datasets[ ]

Stacked Dataset

https://docs.gammapy.org/1.0.1/tutorials/api/datasets.html
https://docs.gammapy.org/1.0.1/user-guide/datasets/index.html#stacking-multiple-datasets
https://docs.gammapy.org/1.0.1/user-guide/datasets/index.html#joint-analysis
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The basic analysis steps:
overview of the Data Reduction

DL3 to DL4
1. Select and retrive observations

● Datastore → list of Observation
2. Define the reduced dataset geometry

● Is the analysis 1D or 3D?
● Define target binning and projection 

3. Initialize the data reduction methods (makers)
● Data and IRF projection
● Safe Mask determination
● Background estimation

4. Loop over selected observations
● Apply makers to produce reduced datasets
● Combine them for stacked or joint analysis

https://docs.gammapy.org/1.0.1/tutorials/api/makers.html
https://docs.gammapy.org/1.0.1/tutorials/api/datasets.html
https://docs.gammapy.org/1.0.1/user-guide/datasets/index.html#stacking-multiple-datasets
https://docs.gammapy.org/1.0.1/user-guide/datasets/index.html#joint-analysis
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DL4 structures: Datasets

E

E

Reduced data

Bkg model

Reduced IRFs

MapDataset

I/O

see: Dataset API tutorial

E

https://docs.gammapy.org/1.0.1/tutorials/api/datasets.html
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Reduced data

Bkg data or model

Reduced IRFs

SpectrumDataset

I/O

DL4 structures: Datasets

see: Dataset API tutorial

https://docs.gammapy.org/1.0.1/tutorials/api/datasets.html
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Data workflow and package 
structure
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DL4 to DL5: Modeling and 
fitting

• For modeling and fitting, Gammapy relies on forward-folding:

• Measured counts is compared to predicted counts 

 

• Model parameter estimation is performed through maximum likelihood 
technique:

• Cash statistics is used for counts data with a known background

 

• Wstat statistics is used for counts data with a measured background

https://docs.gammapy.org/1.0.1/user-guide/stats/fit_statistics.html#cash-poisson-data-with-background-model
https://docs.gammapy.org/1.0.1/user-guide/stats/fit_statistics.html#wstat-poisson-data-with-background-measurement
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The basic analysis steps

DL3 to DL4
1. Select and retrive observations
2. Define the reduced dataset 

geometry 
3. Initialize the data reduction 

methods (makers)
4. Loop over selected observations

DL4 to DL5
1. Modeling

● Define your model(s)
● For the 3D analysis, add a final 
FoVBackgroundModel

● Associate them/it to the correct 
dataset (or several)

https://docs.gammapy.org/1.0.1/tutorials/api/makers.html
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Datasets modeling and fitting

A library of models and a 
Fitting interface

Parameter value

Best fit value

https://docs.gammapy.org/1.0.1/tutorials/api/fitting.html
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Datasets modeling and fitting

E

E

Reduced data

Bkg model

Reduced IRFs

Dataset

E

Model
N pred

I/O

see:Dataset simulation tutorial 

E
E

https://github.com/AtreyeeS/VHE-KU-workshop/blob/main/simulate_blazar.ipynb
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Datasets modeling and fitting

E

E

Reduced data

Bkg model

Reduced IRFs

Dataset

E

Model
N pred

I/O

see:Dataset simulation tutorial 

E
E

https://github.com/AtreyeeS/VHE-KU-workshop/blob/main/simulate_blazar.ipynb
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E

E

Reduced data

Bkg model

Reduced IRFs

Dataset

E

Model

I/O

L (x | θ)

see: Dataset fitting tutorial

Datasets modeling and fitting

E
E

https://github.com/AtreyeeS/VHE-KU-workshop/blob/main/fit_blazar.ipynb
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The basic analysis steps

DL3 to DL4
1. Select and retrive observations
2. Define the reduced dataset 

geometry 
3. Initialize the data reduction 

methods (makers)
4. Loop over selected observations

DL4 to DL5
1. Modeling
2. Do the fit

● Choose your minimization 
parameters (optional)

● Make the control plots, compute 
significance

https://docs.gammapy.org/1.0.1/tutorials/api/makers.html
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DL4 to DL5 : Joint fitting

Gammapy Dataset structure allows heterogeneous data 
modeling and fitting:
● See joint fit tutorial

Fit

*

*
*

*

L (x1 | θ)

L (x2 | θ)

L (xn-1 | θ)

L (xn | θ)

https://docs.gammapy.org/1.0.1/tutorials/analysis-3d/analysis_mwl.html
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The basic analysis steps

DL3 to DL4
1. Select and retrive observations
2. Define the reduced dataset 

geometry 
3. Initialize the data reduction 

methods (makers)
4. Loop over selected observations

DL4 to DL5
1. Modeling
2. Do the fit
3. Run the DL5 estimators

   (estimators)
● Initialisation of the geometry
● Creation of the estimator(s)
● Run them of the dataset(s)

https://docs.gammapy.org/1.0.1/tutorials/api/makers.html
https://docs.gammapy.org/1.0.1/user-guide/estimators.html#using-gammapy-estimators
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DL4 to DL5: estimating fluxes

• Gammapy provides a set of estimator objects which create DL5 data 
products based on a model assigned to one or more datasets.

Energy 
(TeV)

Co
un

ts
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DL4 to DL5: estimating fluxes

• Gammapy provides a set of estimator objects which create DL5 data 
products based on a model assigned to one or more datasets.

Energy 
(TeV)

Co
un

ts

FluxPointsEstimator
LightCurveEstimator

TSMapEstimator
ExcessMapEstimator
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The basic analysis steps:
Overview of the modeling and 
fitting

DL4 to DL5
1. Modeling

● Define your model(s)
● For the 3D analysis, add a final 
FoVBackgroundModel

● Associate them/it to the correct dataset (or several)
2. Do the fit

● Choose your minimization parameters (optional)
● Make the control plots, compute significance

3. Run the DL5 estimators
   (estimators)
● Initialization of the geometry
● Creation of the estimator(s)
● Run it/them on dataset(s)

https://docs.gammapy.org/1.0.1/user-guide/estimators.html#using-gammapy-estimators
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Data workflow and package 
structure

support for two analysis 
workflows:
● config-driven high-level 

interface
● advanced user library
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Tutorials

We have prepared two specific analysis tutorials:

Spectral analysis of PKS 2155-304     – together
A full 1D (spectral) analysis from A to Z for a point-like extra-Galactic source.

3D analysis of MSH 15-52                           – alone with our help
 A full 3D analysis from A to Z for an extended Galactic source.

You can retrieve them with:
  git clone https://github.com/bkhelifi/CTAO-CTAC_Meeting_Granada_2023.git

You can try to execute the tutorials along or simply follow.

https://github.com/bkhelifi/CTAO-CTAC_Meeting_Granada_2023/blob/main/1D_analysis.ipynb
https://github.com/bkhelifi/CTAO-CTAC_Meeting_Granada_2023/blob/main/1D_analysis.ipynb
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Backup slides
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• Recommended gammapy installation

• Download tutorials & associated data

curl -O https://gammapy.org/download/install/gammapy-1.0.1-
environment.yml
conda env create -f gammapy-1.0.1-environment.yml
conda activate gammapy-1.0.1

gammapy download notebooks
gammapy download datasets
export GAMMAPY_DATA=$PWD/gammapy-datasets/1.0.1

See: https://docs.gammapy.org/1.0.1/getting-started/index.html#quickstart-setup 

Note: mamba might prove a better/faster package manager

Getting the software

https://docs.gammapy.org/1.0.1/getting-started/index.html#quickstart-setup
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DL3 to DL4: data reduction

DL3
γ-like events 1. Select and retrieve relevant observations

DataStore Observation / 
Observations



p. 49

DL3 to DL4: data reduction

DL3
γ-like events 1. Select and retrieve relevant observations

DataStore Observation / 
Observations
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DL3 to DL4: data reduction

DL3
γ-like events 1. Select and retrieve relevant observations

DataStore Observation / 
Observations
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DL3 to DL4: data reduction

1. Select and retrieve relevant observations

2. Define the reduced dataset geometry
• Is the analysis 1D (spectral only) or 3D?
• Define target binning and projection 

region & energy

WCS & energy
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Geometry : multidimensional 
maps

• Gammapy maps represent data on the sky with non-spatial 
dimensions (in particular energy)
• World Coord. System (WCS) for 3D analyses (lon, lat, E)
• Region geometry for 1D analysis

See : working with maps 

WcsGeom / WcsNDMapRegionGeom / RegionNDMap
Map

AxisTim
e

Tim
e

https://docs.gammapy.org/1.0.1/tutorials/api/maps.html
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Geometry : multidimensional 
maps

• Gammapy maps represent data on the sky with non-spatial 
dimensions (in particular energy)
• World Coord. System (WCS) for 3D analyses (lon, lat, E)
• Region geometry for 1D analysis

See : working with maps 

WcsGeom / WcsNDMapRegionGeom / RegionNDMap
Map

AxisTim
e

Tim
e

https://docs.gammapy.org/1.0.1/tutorials/api/maps.html
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E

E

Reduced data

Bkg model

Reduced IRFs

Dataset

E

Model

I/O

see: Dataset fitting tutorial

Datasets modeling and fitting

E
EL (x | θ)

https://github.com/AtreyeeS/VHE-KU-workshop/blob/main/fit_blazar.ipynb
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DL4 to DL5: estimating fluxes

• Gammapy provides a set of estimator objects which create DL5 data 
products based on a model assigned to one or more datasets.

• Once a proper model is determined

• In predefined energy intervals, estimators compute:

• fluxes errors and associated significance

• fit statistic scan etc.

• They can produce flux points, light curves, flux maps
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Config-file driven analysis

2-step analysis procedure:
● data aggregation and 

reduction
● modeling / fitting

Select observations

Define target Dataset geometry

Define data reduction methods

Define Fit configuration

Define high level estimators config.

The YAML configuration file

See High Level Interface tutorial

https://docs.gammapy.org/1.0.1/tutorials/starting/analysis_1.html
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