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Gammapy

Gammapy was born with the idea to develop an open-source software for the
very high energy (VHE) data analysis;

This was intended to overpass the proprietary software philosophy and provide
an observatory-independent data-analysis tool;

Since 2013 (with a 1st release - v0.1 - on Aug. 2014), a team is working on an

independent open library to analyse VHE data formatted following a community-
accepted format (GADF);
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gamma-ray astronomy

Gammapy

On 2021, Gammapy was selected as the official data-analysis tool of CTAQ

However, it is currently adopted by a wider community and several facilities
(HESS, MAGIC, HAWC, ASTRI...)

Optional dependencies

| - o SEEE m
Gammapy is a Python based package, which lives L grinuit
. . y
iIn a Python ecosystem comprising Numpy, — "” healpy
. matpl:tli
ASthpy, SCIpy. .. P; cguck_ ~ Jupyter
@astro NZ’ NumPy
.

https://gammapy.org/
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Gammapy organization

The gammapy organization is well structured (https://gammapy.org/team.html):

m T™O Coordination

W |

M\I|VIg" V' committee ,

‘& r o ¢ INAF (promote, coordinate and steer ContrIbUtors

npaey FYCEE ASTRoriscA o€ . Gammapy developments) Lead (>70 from ~10 countries)
% PHYSICS FOR ASTROPHYSICS

5 | developers

(Régis Terrier (APC), Axel

@) Qoseryatoire | pg|

MAX-PLANCK-INSTITUT vERSIDAD . Donath (CfA), Atreyee Sinha (IF)
CKINSTITUT B conpLUTENSE PrOJeCt ma nage rs PAN) and Quentin Remy (MPIK) Su b_package
. -technical ti . .
Supporting (non-tec I”e':fj)exec“ ve maintainers

institutions
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Gammapy organization s,

The gammapy organization is well structured (https://gammapy.org/team.html):

Feedbacks from the broad
user community are
fundamental!
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Gammapy offers several media to contact developers, ask questions, pose
doubts or request new features!

- Gammapy help channel, on slack .-;" SlaCk

- A dedicated git repository:
https://github.com/gammapy/gammapy/discussions/categories/help

- The developer calls, every Friday at 2pm
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Coding sprints

Coding sprints are meetings which aim at working together for a full week on the
development of Gammapy. They are usually organised about one or twice per years

La Laguna- 2025
Heidelberg -2024
Palermo - 2023
Madrid - 2023
Paris - 2022

Pyl

Matteo Cerruti
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Gammapy version release

The first Long Stable release (v1.0) was made public on November 2022;
Intermediate, stable versions are released about every six months;
The current Gammapy version is v1.3, released on November 26th, 2024;

A development version is always available!
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Gammapy installation

Installation can be done through Anaconda/Miniconda, Mamba, pip, sudo apt-get;

https://docs.gammapy.org/1.3/getting-started/index.html

A repository of data is also available: it can be used for tests, data-analysis and
Gammapy developments
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Gammapy validation

LST-1 and MAGIC with the Crab Nebula

Gammapy vs MARS (MAGIC) on the Crab Jlesll i
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Multi-instrument analysis

Pointing ~-ray Observatories

(cta &)

< _ J
WNJv
Gammapy is designed to HES.SN % Spectra

handle data from different GADF
observatories

Common
data format

/. ‘ Lightcurves
r’f ‘s, ermi @ SELY - ||' + 1Tev
N N

o e et e Space Telescope i matp’ t“b ¢ .'..'u i

Giamma-tay Omers atory [~ l‘.. " i..- U

PR T 1o G I
All-sky v-ray Observatories )astro
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Gammapy workflow
DL3 > DL4 > DL5/6

~-like events Binned data Science products
. . , S Catal
The main Gammapy workflow aims Data Modeling & S
Reduction Fitting

SNR | 1e-12 | 1 deg

at a data-reduction from a data level SLNECIELE]
(DL)3 to a binned DLA4. Y Y Y GRB [ 1610 0ce

Jdrf .maps .modeling K

The Iatter are then ana Iysed to PSF WcsNDMap Fit, Models, SkyModel ik

. ner ispersion X a FoVBack ndModel
extract science products (DL5). e o S foh

| Yo (I s s
A number of classes and different .data .makers .datasets .estimators ___ Spectra
. . DataStore MapDatasetMaker Datasets FluxPointsEstimator
d ata' red u CtIO n/a Nna IyS IS a p p roa Ch es Observations SafeMaskMaker MapDataset TSMapEstimator
. Observation FoVBackgroundMaker MapDatasetOnOff etc.
are avail Ia b I e. GTI RingBackgroundMaker etc.
etc.
i ; Lightcurves
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Gammapy workflow

Gammapy adopts a binned
approach (energetic and spatial )

FVENT 10 ™ Lo DEC  ENERGY
doy

axes) for both data and IRFs; e

SATHGRG6 1FHN0RN BIB0S4ET  BAIEEL 20T 10562010
SATIIRIGMNE 1ZEHN0R6 ITAIIEE  BLSATET 21004066 4
SATIESISE 1MUONTINTIA  ESNEIE 104188 2
SATHDRIID 1FME0LT THGIME 9130147 2075667 O
SATHIRN0RT 1FH0RA M1IED S RIL 21063060 0666111
SA0TISEN0N 1NUICRS A1 BENNME NN AN
SATHDRNGIIE 1ZE0RN IONS5AID  BAANTI 1RTTIET )

Events can be selected from S i
coordinates, energies and time;

SHHLL
i
&
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Gammapy offers a wide range of different tools and kinds of data-analysis. Just a few examples:

- Data-handling from different facilities and multiple observations
- |IRF access and manipulation

- Multi-instrument joint analysis

- Imaging (sky, counts, flux, exposure, excess... maps)

- Spectral analysis (1D/3D) of point-like and extended sources

- Source detection

- Temporal analysis

- Model fitting

- Background estimation (reflected regions, ring, FoV background)
- High-level interface

- Catalogues
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A number of tutorials is available!

Data analysis

The following set of tutorials are devoted to data analysis, and grouped according to the specific covered use; 3D CU be

htt DS ://d 0 CS . Ha m m a DV. 0 I"E / 1 o 3/t UtO I"i a I S/l n d eX . ht m I cases in spectral analysis and flux fitting, image and cube analysis modelling and fitting, as well as time-

dependent analysis with light-curves.

3D detailed analysis Basic image Morphological energy Multi instrument joint

1D Spectral i
Data exploration .

These tutorials show how to perform data exploration with Gammapy, providing an in exploration and fitting dependence estimation 3D and 1D analysis
HAWC, H.E.S.S. and Fermi-LAT data and instrument response functions (IRFs). You F R )
filter event lists according to different criteria, as well as to get a quick look of the mulj| S e
Point source sensitivity Spectral analysis Spectral analysis with Spectral analysis wi
the HLI energy-dependent 1

directional cuts i

3D map simulation Event sampling Sample a source with Flux Profile Estimation
energy-dependent
temporal evolution

Introduction i

The following three tutorials b e
from data selection to data r

R TV

H.E.S.S. with CTAO with Gammapy Fermi-LAT with Spectral analysis of 1D spectrum Flux point fitting Account for spectral

The first tutorial is an overvie Gammapy Gammapy extended sources simulation absorption due to th Time

configuration-driven approac EBL

showing what is happening ¢

data structures like event lists; s y P
2D Image ’

i: - 8 Light curves Light curves for flares Estimation of time Time resolved
i i i . variability in a spectroscopy estimator
- = lightcurve

Data structures High level interface Low level API Source detection and Ring background map 2D map fitting
significance maps

4 Back to top

Simulating and fitting a Pulsar analysis
time varying source
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Gammapy model gallery (spectral, spatial and temporal)

Exponential cutoff
power law spectral
model used for 3FGL

EBL absorption
spectral model

Spectral models

===

Smooth broken power
law spectral model

Constant spectral
model

Power law spectral
model

Log parabola spectral
model

Super Exponential
Cutoff Power Law
Model used for 4FGL-
DR3

Compound spectral
model

Super Exponential
Cutoff Power Law
Model used for 4FGL-
DR1 (and DR2)

A Python package for
gamma-ray astronomy

https://docs.scammapy.org/dev/tutorials/api/models.html

https://docs.gcammapy.org/dev/user-guide/model-gallery/index.html#model-gallery

7 Spatial models

Piecewise nori
spectral model|

Generalized gaussian
= spatial model

Super exponel
cutoff power la
used for 3FGL]

Template spatial model
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Shell spatial model

Shell2 spatial model Piecewise norm spatial

model

| u g'

Constant spatial model Gaussian spatial model

Point spatial model

Temporal models

Phase curve temporal Gaussian temporal
model model

Generalized Gaussian
temporal model

Sine temporal model

ExpDecay temporal
model

Light curve temporal PowerlLaw temporal
model model

Constant temporal
model

Linear temporal model
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The application programming interface (API) is well organised and detailed:

https://docs.gammapy.org/1.3/api-reference/index.html
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Scientific analysis with
Gammapy
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Background estimation

Background can be estimated following different methods:

- Reflected regions LA 2 @

- Ring background

Galactic Latitude (deg)
' o
L d T

Galqctic Latitude (deg)
o

H.E.S.S. FoV

22 21 20 19 18 17 H.E.S.S. FoV ~

= FOV baCkground Galactic Longitude (deg) - :

22 21 20 19 18 17
Galactic Longitude (deg)
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fyﬂ' garmarey asronorny
Fitting approaches are based on a forward folding with maximum likelihood estimation.
The predicted events are a convolution of source and background events.

< N
/\ I /ReducedIRFs
. N

- Cash statistics

The background model is known:

Reduced data
| Dataset I

.‘Z(le)

- Wstat statistics .

e
Bkg model

4

Model

The background is estimated from the data:

W =2 (#sig + (1 + 1/c) ppkg — Mon10g (Ksig + Hbkg) — Mot 10g (Kbke/ a))
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Fitting
Fitting can access different backends (sherpa, iminuit...) and optimisation algorithms
(Levenberg-Marquardt, Simplex, Monte Carlo...).

Possibility to choose optimisation parameters and fitting strategy;

P

M, S
7 r
o e Yoy bty
: : 1.00
amplitude 1.00 0.00 -0.24 0.75
le-11 le-11
4.50 - 4.50 - — 10
0.50 0.5 4 _ A it
T 425 T 425
reference -  0.00 0.00 0.00 0.00 L 0.25 0.4 1 o o
[} .00 - .00
8 . 0.3- E 4.00 E 4.00
Looo = N i n i
= 0.2 > 3.75 5 3.75
S £ 350 £ 350
alpha - 0.00 1.00 L —0.25 0.1 - - > 7]
=3 =
0.0 3.25 3.25 -
beta - —0.24 0.00

-0.50
175 2.00 225 2.50 2.75 175 2.00 2.25 250 2.75 0.0 0.2 0.4
1.00 -0.75 a a B
-1.00
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Gammapy.maps

Significance map
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Maps can be created over arbitrary energies or spatial geometries;

Possibility of reshape, downsample or upsample the geometries;
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Galactic Latitude
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Galactic Longitude

OURCE DETECTION
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How to:
simulate an observation
event list with Gammapy
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Gammapy event sampling

MapDatasetMaker

Sky Model
(SRC + BKG)

Observation MapDatasetMaker applies a binning of the spatial
properties (livetime, . .
bointing direction, IRF) and energy axes, and projects the IRF properties

in the sky-direction!

Dataset
(energy range, spatial
maps, IRF properties)
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Gammapy event sampling

MapDatasetMaker

Sky Model
(SRC + BKG)

MapDatasetEventSampler

Observation
properties (livetime,
pointing direction, IRF)

(observation + dataset +

skymodel)

Dataset
(energy range, spatial
maps, IRF properties)
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A Python package for
gamma-ray astronomy

Gammapy event sampling

MapDatasetMaker

Sky Model
(SRC + BKG)

MapDatasetEventSampler

Observation
properties (livetime,
pointing direction, IRF)

(observation + dataset + > Event list
skymodel)

(time, energy, RA, Dec)

Dataset
(energy range, spatial
maps, IRF properties)

Progetto PNRR CTA+ Missione 4 Istruzione e Ricerca

Proposta IR0000012 Componente 2 Dalla ricerca all'impresa
CUP: C53C22000430006 Linea di investimento 3.1




Finanziato Ministero

dall'Unione europea % dell'Universita [taliadomani INAF

NextGenerationEU (=] deua Ricerca P RICRESA E RESILIENZA ISTITUTO NAZIONALE

DI ASTROFISICA

A Python package for
gamma-ray astronomy

How to:
source detection

Progetto PNRR CTA+ Missione 4 Istruzione e Ricerca

Proposta IR0000012 Componente 2 Dalla ricerca all'impresa
CUP: C53C22000430006 Linea di investimento 3.1




[taliadomani INAE

PIANO NAZIONALE .
DI RIPRESA E RESILIENZA ISTITUTO NAZIONALE
DI ASTROFISICA

*: :* dall'Unione europea dell’Universita

NextGenerationEU ® e della Ricerca

o Finanziato , . Ministero i

A Python package for
gamma-ray astronomy

Gammapy source detection

MapDatasetMaker

Dataset
(energy range, spatial
maps, IRF properties)

Load data
(DataStore class)

Create a Dataset for
each observation
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Gammapy source detection

MapDatasetMaker

Dataset
Load data Make an excess map

(energy range, spatial
(DataStore class) T (gammapy.maps)

Create a Dataset for We can stack all
each observation datasets to create
a single map

Progetto PNRR CTA+
Proposta IR0000012

INAF
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~

A Python package for
gamma-ray astronomy
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A Python package for
gamma-ray astronomy

Gammapy source detection

MapDatasetMaker

Dataset
Load data Make an excess map

(energy range, spatial
(DataStore class) T (gammapy.maps)

Find excess peaks!

Perform the
source detection
by finding the
peaks in the, e.g.,
excess maps

Create a Dataset for We can stack all
each observation datasets to create
a single map
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A Python package for
gamma-ray astronomy

How to:
1D stacked spectral
analysis
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Gammapy stacked spectral analysis: 1D

MapDatasetMaker

Dataset
(energy range, spatial Stack all datasets
maps, IRF properties)

Load data
(DataStore class)

Create a Dataset for We can stack all
each observation datasets into a
single one
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A Python package for
gamma-ray astronomy

Gammapy stacked spectral analysis: 1D

MapDatasetMaker

Dataset
(energy range, spatial Stack all datasets — Fit the model — Extract the spectrum
maps, IRF properties)

Load data
(DataStore class)

Create a Dataset for We can stack all Adopt the model
each observation datasets into a you like!
single one
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A Python package for
gamma-ray astronomy

How to:
extract a long-term lightcurve
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A Python package for
gamma-ray astronomy

Long-term lightcurve

MapDatasetMaker

Dataset
(energy range, spatial
maps, IRF properties)

Load data
(DataStore class)

Create a Dataset for
each observation
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A Python package for
gamma-ray astronomy

Long-term lightcurve

You need to pre-determine the
MapDatasetMaker time bins of the lightcurve

Dataset
(energy range, spatial
maps, IRF properties)

Fit the model to each
dataset

Load data
(DataStore class)

Extract the lightcurve

Create a Dataset for Adopt the model you

each observation I|k.e (usually the best-
fit model from the

spectral analysis)!
Only the model
normalization will be
fitted
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