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See: https:/ / gammapy.org

I'he gammapy concept

Flexible, open source, community
driven python library

+ Embedded in the python ecosystem

: healpy . e%ﬁmﬁ?
+ Based on common data formats (defined R g >
: dantic
1N the G ADF) See: https:/ / gamma-astro-data-formats.readthedocs.io/en/v0.2/ E’y”ﬁg““a“ - Io',!!,!nily,lot,, sampling
pyyaml —— J [k .. N matpltllb
. . T 7 upyt
+ Library for the CTA science tools (and / * \ - Jupyter
used by many other experiments like Sy .. N2s NumPy

FITS I/O etc. FFT

and computations

MAGIC, H.E.S.S., etc)
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Development history ... .. . e e w

Number of Languages: 3 Total Comment Lines : 20,155 Percent Comment Lines: 21.7%
Total Blank Lines : 18,488 Percent Blank Lines : 19.9%
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For detailed list, see:
https:/ /docs.gammapy.org/0.20.1/release-notes / v0.20.1.html

What’s new 1n the latest version?

04
- Offset 0.40 deg

0.4 -

03

<+ FHeatures:

0.2 -
02 -

+ A new documentation theme

0.2 1

Rad max. [deqg]

e

01

+ Updated dependencies

107! 10° 10? 10¢
Energy [TeV]

+ Support for energy dependent on-region spectral extraction:

B 1.00e+00 TeV - 1.00e+01 TeV

081 |
+ Best fit model

+ Used by the MAGIC and the LST-1 for point-like o N
analysis = \
+ Support for fitting temporal models to light curves - ~
. 00{ MRS
o Bug fixes... -QQ,.QQ .'QQ,_QQ .'QQ,.QQ 'QQ,,QQ :QQ'QQ .'QQ,.QQ .DQ.QQ -.QQQQ ..0000
el Ll S s gl e by
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lowards a long term stable release

+ Present development: Regular feature releases with = gammapy / gammapy  pusic
added funCtionalitieS and bug ﬁXeS <> Code () Issues (128 {1 Pull requests ' 30 () Discussions (») Actions [ Projects 16 J wiki @ Security |~ Insights

PIG 23 - Gammapy Release Cycle and Version Numbering #3950
o!o NOt baCkwardS Compatible $'10pen) registerrier wants to merge 3 commits into gammapy:master from registerrier:pig_version_plan (&J

(3 Conversation 8 -0- Commits (3 [F) Checks (11 Files changed (1

+ Urgent cases: Bug fix releases within ~2 week @ -ooconmencanive

Description

This pull request introduces a PIG on the release scheme and development workflow after v1.0

.z. Future plans For now it is a first draft.

Dear reviewer

+ A stable API with relevant bug fix releases

+ Peature releases at regular intervals

PIGs: Proposals for ‘

+ Requires planning and dedicated maintenance Improvement of Gammapy

+ LTS version 1.0 scheduled for release later this year
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Getling started with gammapy

!ﬂ Installation instructiongs ‘1 s

Search box = Gammapy analysis workflow and v
.. package structure
How To g
Model gallery v

Gammapy recipes & .
Analysis workflow and

Glossary and references package structure

An overview of the main concepts in
Gammapy package.

Explanations on how the t‘ e -

Package works :

To the package overview

i
|
i
|

!

£

Model gallery

See: https:/ /docs.gammapy.org/

Gammapy provides a large choice
of spatial, spectral and temporal
models.

To the model gallery

oo User guide | using gammapy,

7-[- Getting started User guide Tutorials APl reference Developer guide Release notes 0.20.1 - v

|
!
]
i

)

- How To

A short “frequently asked question”
entries for Gammapy.

To the How To

Gammapy recipes

A collection of user contributed
notebooks covering aspects not
present in the official tutorials.

| Switch between versions !

(

i
!
1
f
A

1
S ]
R
W
il

Links to get

User contributed notebooks |

!}
|

1

I
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How To

This page contains short “how to” or “frequently asked question” entries for Gammapy. Each
entry is for a very specific task, with a short answer, and links to examples and documentation.

If you're new to Gammapy, please check the Getting started section and the User guide and
have a look at the list of Tutorials. The information below is in addition to those pages, it's not a
complete list of how to do everything in Gammapy.

Please give feedback and suggest additions to this page!

Spell and pronounce Gammapy

How o for quick

Select observations

10 O k up S Make an on-axis equivalent livetime map Straight to tutorial...

Check IRFs

traight to tutorial...

fQLptS "°' are handled with a combination of matplotlib and astropy.units. The
Ethods ax.xaxis.set_units() and ax.yaxis.set_units() allow you to define the x and
y axis units using astropy.units. Here is a minimal example:

import matplotlib.pyplot as plt

+ How'Tos for specific use cases

+ Links directly to the code blockin _—"
the tUtOr ials filename = "SGAMMAPY_DATA/hawc_crab/HAWC19_flux_points.fits"

fp = FluxPoints. read(filename)

ax = plt.subplot()
ax.xaxis.set_units(u.eV)

+ We welcome your suggestions! o peie SRty o2 1)
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Detailed workflow 1 the tutorials

Tutorials

This page lists the Gammapy tutorials that are avallable as Jupyter
notebooks. You can read them here, or execute them using a temporary
cloud server in Binder.

To execute them locally, you have to first install Gammapy locally (see
Instaliation) and download the tutorial notebooks and example datasets
(see Getting started). Once Gammapy is installed, remember that you
can always use gammapy info to check your setup.

Gammapy is a Python package built on Numpy and Astropy, so to use it
effectively, you have to learn the basics. Many good free resources are
avallable, e.g. A Whirlwind tour of Python, the Python data science
handbook and the Astropy Hands-On Tutorial.

Introduction

The following three tutonals show different ways of how to use Gammapy
to perform a complete data analysis, from data selection to data
reduction and finally modeling and fitting.

The first tutorial is an overview on how to perform a standard analysis
workflow using the high level interface in a configuration-driven
approach, whilst the second deals with the same use-case using the low
level API and showing what is happening under-the-hood. The third
tutorial shows a glimpse of how to handle different basic data structures
like event ksts, source catalogs, sky maps, spectral models and flux
points tables.

High level interface Low level API Data structures

Data exploration

These three tutorials show how to perform data exploration with
Gammapy, providing an introduction to the CTA, H.E.S.S. and Fermi-LAT
data and instrument response functions (IRFs). You will be able to
explore and filter event kists according to different criteria, as well as to
get a quick look of the multidimensional IRFs fles.

g 7

H.E.S.S. with
Gammapy

Fermi-LAT with
Gammapy

CTA with Gammapy

Data analysis

The following set of tutorials are devoted to data analysis, and grouped
according to the specific covered use cases in spectral analysis and flux
fiting, image and cube analysis modeling and fitting, as well as time-
dependent analysis with kght-curves.

| o

|
|

{

|

Most common |
analysis recipes

Data analysis

1D Spectral

—.\.l

Spectral analysis

® Spectral fitting

e Source detections | #

¢ Temporal
Modelling

¢ 3D FoV analysis

Simulations

Spectral analysis of
extended sources

2D Image

Getting started

Ring background

¢ Instrument | map
specific data
handling

3D Cube

¢ Underlying |
data structures |

Basic image
axploration and
fitting

¢ A full analysis
workflow

Multi instrument
joint 3D and 1D
analysis

Spectral analysis
with energy-
dependent
directional cuts

1D spectrum
simulation

2D map fitting

3D detailed
analysis

Event sampling

ThegiMowing set of tutorials are devoted to data analysis, and grouped

ZForaing to the specific covered use cases in spectral analysis and flux

fting, Iimage and cube analysis modelling and fitting, as well as time-
dependent analysis with light-curves.

Flux point fitting

Point source
sensitivity

Source detection
and significance
maps

3D map simulation

.

Flux Profie
Estimation

N i ?LW
<« Learn how to use

| the general API

¢ Go beyond the
tutorials I

¢ Understand the |
underlying API |

¢ Exploit
Gammapy
flexibility!

o Test fit
diagnostics

¢ Add your own
models

Pulsar analysis

Package [ API

galltorials demonstrate afferent dimensions of the Gammapy
Jesow 10 perform more specific use cases.

Makers - Data Source catalogs Models

reduction
Modelling Fitting

' T
Mask maps Datasets - Reduced

data, |IRFs, models

Dark matter spatial
and spectra
models

Scripts

For interactive use, IPython and Jupyter are great, and most Gammapy
examples use those. However, for long-running, non-interactive tasks ke
data reduction or survey maps, you might prefer a Python script.

The following example shows how to run Gammapy within a Python
script.

e Survey map
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Models gallery

+ A variety of inbuilt models in the Models Gallery
+ Spatial, Temporal and Spectral Models

+ Hasy to add your own custom models

Model gallery

The model gallery provides a visual overview of the available models in
Gammapy. In general the models are grouped into the following
categories:

e SpectralModel: models to describe spectral shapes of sources

e SpatialModel: models to describe spatial shapes (morphologies)
of sources

e TemporalModel: models to describe temporal flux evolution of
sources, such as light and phase curves

The models follow a naming scheme which contains the category as a
suffix to the class name.

Spatial models

, 1 "

Constant spatial Disk spatial model Gaussian spatial
model model
B B This is a spatial model .
parametrising a .
generalized Gaussian
function. )
Generalized Point spatial model Shell spatial model
gaussian spatial
model
Shell2 spatial Template spatial
model model

Spectral models

\~
EBL absorbption Broken power law Compound spectral
spectral model spectral model model
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8

o
EVENT_ID TIME RA DEC  ENERGY 23°00°
s deg deg Tev
int64 float64 float32 float32 float32
5407 482 84.97964 23.89347 10.352011 22°30°
5407363825695 123890826.69749284 4751 21004005 4
540736 23890827.236739 !
54 0827.7961 ! )
54 082826131 85.9

21°30°

ERRBERRBRER
2 8 2 2228388 g
Y 8 a2 n38 8 3988

88 B &I 32

54( 0828.41393518  86.9
54( 0828.52555823  83.40(
54073 23890828.6829524  82.25036
54073638 123890829.53362775 83.18322 22.008213 0. 0148
5407363826414 123890829.61423635 70039 20.08733 2.1429496
5407363826446 123890829.75004911  82.30209 20.510132  0.702869 i
5407363826528 123890830.12077785 82.992775 21.780273  27.3509(
5407363826567 123890830.25761104 82.28364 21.345219  1.1545221 10°

10° 2x10°

E

v-like events Binned data Science products

Data reduction Likelihood fitting ~ Source Catalogs
Name| Flux | Size

fy’n‘ fY’]‘(‘ SNR [1le-12]|1 deg

irf ‘maps PWN |1e-11p.2 deg

PSF WcsNDMap ) ” GRB [1e-10]0 deg

EnergyDispersion HpxNDMap .modeling

EffectiveArea RegionNDMap Fit, Models, SkyModel Flux & TS Maps
etc. FoVBackgroundModel

I~ I~ N
, ) [ s
<+ Data reducthn (DL3 « DL4) .data .makers .datasets ,7/7_‘_

DataStore MapDatasetMaker Datasets
Observations SafeMaskMaker MapDataset .estimators
Observation FoVBackgroundMaker MapDatasetOnOff FluxPointsEstimator

oo Modelling and ﬁtting (DL5 - DLS) GTI RingBackgroundMaker etc. FluxMapEstimator

etc. i

3x10%x10° 6x10° 10t
nergy [TeV]

+ 2 step worktlow

SEDs & Lightcurves

VT

.analysis

AML| =y
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D ata Fe du Cti OH | CO <bs>

Bl ——DlA-———>DlD

N o e Lon

H.E.s.sN 9 Q}@ Skymap / “Cube”
A g < I _ Q/Q

3D analysis

EVENT_ID TIME RA DEC ENERGY '

'B . d IRF . d . k s deg deg TeV A

+ Bin events (an s) into n-dim sky maps o rmerey e vy e | \ 3
5407363825684 123890826.66805482 84.97964 23.89347 10.352011 A ‘ 3- : s
5407363825695 123890826.69749284 84.54751 21.004095 4.0246882 @
5407363825831 123890827.23673964 85.39696 19.41868 2.2048872

¥ X 5407363825970 123890827.79615426 81.93147 20.79867 0.69548655 e
‘x‘ Apply event SeleCtlonS (tlme, Offset, etC) 5407363826067 123890828.26131463 85.98302 21.053099 0.86911184 ”’4 Image ana1y51s W Lat
5407363826095 123890828.41393518 86.97305 21.837437 4.1240892
5407363826128 123890828.52555823 83.40073 19.771587 1.6680022 @
W\

Lat

5407363826168 123890828.6829524 82.25036 19.22003 4.7649446 ) LOﬂ

< Spatlal and energy blnnlng 54073638263&? 123890829.5336277f 83.1832f 22.00821?' 0.79201f :

Lon Skymap

+ Generalised case: 3D maps Spectral analysis analysis

a Counts (Nobs)

A

Counts

+ Image analysis: cube with one energy bin % Q

icrs;circle(0, 0, 0.1)

i

Energy

+ Spectral analysis: Cube with one spatial bin )

(-
>

Lon
Spectrum
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Data reduction

B . Di4—-DIb

=
T

+ Choose the background estimation algorithm

=
Ty T

Galal\ctic Latitude (deq)
o

1
N

Galelactic Latitude (deg)
o

Exclusion

Exdus}én _J

+ Reftlected background | HESS. Fov i S e
L L T iy R
L X 4

; Rlng e groun Abdalla et al, 2018

* FoV background to be modelled simultaneously

. Bkg Template
with the source

= Need full enclosure IRFs, with available background
models!

+ Choice of background exclusion regions

Lon

* Appropriate choice of statistics

N
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Data fitting
B — Do

+  Fitting on pre-computed datasets
+  eg: From HAWC, Fermi-LAT, OGIP files, etc
+ Forward folding with maximum likelihood estimation

Z
NPred(p’ E) — kag(p, E) e ZSI’CNSI’C(p’ E) Reduced data I

Cash: known background
IS =—2 logL =22 (N*logN, .0 — Nyreq )

/e

Bkg model

Wstat: counts with measured background

/th Heidelberg International Symposium on High Energy Gamma-Ray Astronomy, Barcelona, Spain, July, 2022
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/ Reduced IRFs
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-9 4 5.92e-01 TeV - 1.29e+00 TeV

See: https:/ /docs.gammapy.org/0.20.1/ tutorials /index.html I
| o

Eind products:

[
o

(erg / (cm2 s))

+ DLb5: Flux points, light curves and flux/ TS maps g .
éi‘é 05 - : : —+ -0.5
+ Possible to fit DL5 data o
+ Eg: published flux points, lightcurves L
Significance map o
. B e S :3'5
+ Chi2 statistics used '
30" e A
é 59200 é Energy [TeV]
+ DL6: catalogs i ¥
0
£0°00" -, 4
* Support provide for common catalogs: Fermi 4FGL, H.E.S.S.., e k&
. 15724™ 18™ 1. 06™ =
galactic plane survey, HAWC catalog, etc Right Ascension

W
o
=
—
o
[
sl Al
O
2
¥
L
[
(U]

+ Create your own catalogs...

Galactic Longitude



Jomt hkelihood

+ Simultaneous fitting of various datasets

+ Likelihood evaluated per dataset,
individual likelihoods combined to get

global likelihood 1070
. £
+* May come from the same or different P 10711 [ Meyer etal. (2010
— | ——— ermi-
instruments I e
h | ==~ FacT
W 10'12'5 ——- H.ES.S.
“+ Possible to combine D4 and DL5 data [
1072 1071 100

7th Heidelberg International Symposium on High Energy Gamma-Ray Astronomy, Barcelona, Spain, July, X



See: https:/ / github.com / gammapy / gammapy- @

benchmarks/tree / master /benchmarks Stacked 3D analysis

120 - L 1200

Gammapy benchmarks | P AV
AN MM AN
80 - - 800
; e - 600
+ Daily automatic monitoring of memory usage and .
computation time for most common use cases o \/ \/ v \/ L 0
§ RAAs
! : : : I
+ Computation time across different actions s 500
: : oint 3D analysis
* Loading observations ) Y i
120 - - . - . .
. . 0 10 20 30 40
“ Binning data and IRFs time (s)
+ Fitting 07 |f ﬂ “ I - 2500
* FluxPointEstimations 80 “ I 000 @
Y 2
+ Pinpoint PR significantly affecting the performance S 60 ?' .- :
. O = ° °
Total time (s) L ' ‘ § Joint 1D analysis
40 1 i i L1000 ©
400 - H & '
\ e | ~ — analys?s_3d \ 20 1 i - 500 L 175
300 - S— _analy5|s_3d _joint
\‘ — 0 - 150
—— lightcurve_1d 0 . . . . 1 T T 0 @
— lightcurve_3d 0 50 100 150 200 250 300 s =
200 - —— npred time (s) N
rnng_background_estimator 5 100 §
—— spectrum_1d -
spectrum_1d_joint 40 L 75 &
100 - —— tsmap_estimator
WM‘\/’/\ | »
A - 20
0 .
5 10 15 20 25 30 ' ' ' ‘ "o 5 10 15 20 25 30 e
itional Symposium on High Energy Gamma-Ray Astronomy, Barcelona, Spai P6

time (s)



@,

&

Crab 3D fit
o o ) +
Gammapy vahidation +
s 10 L)
% ] Reference: T:Eﬂ‘[ ,@
L PKS 2155-304 3D fit
+ Analysis of a list of science cases before
every gammapy release §
+ H.E.S.S. DL3 DR1 results .— R
+ CTA DC1 results
“ Joint Crab validation paper g
o3 : 3FHL comparison /
+ Ensure the stability of results ‘
+ Compare against results from the Fermi ST "« & 7w i*
“ Subset of the 3FHL paper — )
See: https:/ / github.com /gammapy / gammapy- i}

benchmarks/tree / master / validation
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Get in touch!!! e

+ Follow the discussions on GitHub: https:/ /
github.com/gammapy/gammapy/discussions

* Join us on slack: gammapy.slack.com

+ User calls on zoom ST S el &

+ Developer calls every Friday afternoon, and
regular coding sprints/co-working weeks ‘

I'hanks and stay tuned!!!
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