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What is Gammapy? ( Cta

A Python package for
gamma ray astronomy

t ,,*AA
astro py ; Sherpa
A Community Python Library forA:stronomy

; \
SciPy library ~ e NumPy
Fundamental library for Base N-dimensional array
scientific computing " package

@ python



What is Gammapy?
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Gammapy is a Python package for gamma-ray astronomy, built on Numpy and Astropy,
and a prototype for the Cherenkov Telescope Array (CTA) sclence tools.
Hare we give an introduction to Gemmapy and show an application example how to create a sky

'DESY, "LPNHE, *CE
e

ez Uity

Cambridge, ‘*Georgic Tech, Y7Oxford.  See uninw.cta obsen

image using simulated CTA event data and instrument response functions.
For further Information, visit docs.gammapy.org and follow the links to “tutorials® and “CTA"

CTA science tools

The Cherenkov Telescope Array
(CTA) will observe the sky In very-
high-energy gamma-ray light
soon. All astronomers will have
access to CTA high-evel data, as
well as CTA science tools (ST)
software. The ST can be used for
example to generate sky images
and to measure source

~
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@ python

AA CSIC, *CPPM, “2LAPS,

Supported by:
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Behind the scenes ...

Figure 2 shows a Gammapy code
example that generates a counts
Image from an event list.

The key point here is that all data
are stored in Numpy arrays and
processed efficlently via calls inte
existing C extensions in Numpy and
Astropy. For instance, in the
example, the EventList and

such as morphology, spectra and
light curves, using event lists as

Fig. 2: Gammapy code example:

well as Instrument
function (IRF) and auxiliary
Information as input.

Gammapy

Gammapy is a prototype for the CTA
ST, built on the scientific Python
stack and Astropy, optionally using
Sherpa or other packages for
modeling and fitting (see Figure 1).
Our initial focus was to implement
the common TeV analysis methods,
Le. using 2-dimensional sky Images
for source detection and
morphology characterisation,
followed by spectral snalysis or
light curve computation for a given
source region. A 3.dimensional
analysks with a spatial

Fig. 1: is & Python
package, built on Numpy and

Astropy as core dependencies.

work with eveats and|
pixels from Python, by always
storing data in Numpy arrays

s

Fig. 3: Significance image
computed with Gammapy.

1.5 hours of simulated data
with CTA South.

Galactic centre reglon uning

and spectral models of the gamma-
ray emission, as well as background
is in development.
Further developments and
verification using data from existing
Cherenkov telescope arrays such
HES.S. and MAGIC, as well as
simulated CTA data is ongoing.

CTA applications

We show an example of a sky image
and spectrum computed with
Gammapy in Figures 3 and 4,

A)

objects store
and pixel data as Numpy arrays,
respectively. Data processing
routines such as Image.fill@vents)
are based on Numpy histograms
and calls into the CFITSIO and
'WCSLib C libraries.

Conclusions

In the past two years, we have
developed Gammapy as an open-
source analysis package 'ov omnnu

Pig. 4: Spectrum simulated and
analysed with Gammapy.
Example of & very short
exposure (100 seconds) with
CTA of a very bright source. )

Getting started

pip install gammapy

application anc use cases.

Visit dogs gammagy.org and browse the tutorial Jupyter notebooks
1o get an overview of what Gammapy can do.

To install Gammapy, use one of

conda install < astropy gammapy
try out some of the tutorials locally, and then adapt them to your

Note that Gammapy is under very active development. if you have
any questions, feature requests or find an Issue, please contact the
Gammapy malling list or kssue trackar. )

pro(otype bf the CTA sdenee |oolm

We find that the Gammapy
approach, to build on the powerful
and welltested Python packages
Numpy and Astropy, brings large
benefits: A small codebase that is
focused on gamma-ray astronomy in
a single high-level language Is easy
to understand and maintain. It Is
also easy to modify and extend as
new use cases arise, which is
important for CTA, since it can be
expected that the modeling of the
instrument, background and
astrophysical emission, as well as
the analysis method in general will
evolve and improve over the next
decade.

Last but not least, the Gammapy
approach is inherently collaborative,
sharing development effort as well
as know-how with the larger
that to a

For further CTA application examples using Gammapy, see the following poster here at ICRC 2017:
R. Zanin (Galactic plane), C. Trichard (PeVatrons), J. Lefaucheur (extra-galactic sources)

ACKNOWLEDGEMENTS:
izations listed here: www.

e gratefully ncknowledge finunciul support from the age

large degree already has adopted
Numpy and Astropy as the basis for
astronomical analysis codes In the
past5 years.




Gammapy philosophy ‘ Cta

“If I have seen further, it is by standing
on the shoulders of giants.”

— Issac Newton




Gammapy philosophy ‘ Cta

“If | have seen further, it is by importing
from the code of giants.”

— Gammapy developer




Gammapy philosophy ‘ Cta

Python first
« High-level nice language
Build on existing scientific Python and astronomy packages
« Concentrate on gamma-ray astronomy
Interoperable and flexible
« Event and pixel data in numpy arrays
Collaborate
« Development on Github
« An Astropy-affiliated package
« Contribute to related packages (healpix, regions, ...)
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Gammapy status ‘ Cta

« Gammapy development started in 2013, it is under heavy
development, not a complete and finished science tool
package

* Note that the same is true for the CTA data model and IRFs
that are the Gammapy input, event classes and types as well
as IRFs and background models are very preliminary

« With Gammapy, you can currently read event data and IRFs
from HESS, MAGIC, CTA, do a “classical” VHE data analysis (2-
dim images, 1-dim spectra, lightcurve)

« Afirst working Sherpa-based prototype for 3D analysis exists,
but probably should be re-written (see comments later)

« More info about available features later and tomorrow in the
tutorials

11
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O'rigins of Python, Numpy, Astropy . =



Python in astronomy (science tools) Cta

Over the past decade, Python has become the favourite language
for astronomers (but also for many other domains, not discussed here)
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Python in astronomy (pipelines)

Over the past decade, Python has also become the
favourite language for astronomy data pipelines
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But why Python?

« Python was created by Guido
van Rossum ~ 1990.

« “My initial goal for Python was
to serve as a second language
for people who were C or C++
programmers, but who had
work where writing a C
program was just not effective.

« "Bridge the gap between the
shell and C”

”

15



The genesis of scientific Python

Numpy and Scipy were created
by Travis Oliphant and others
in ~2006

(based on the earlier Numeric and
Numarray packages from the 90s)

“Prior to Python, | used Perl (for a year) and then Matlab and shell
scripts & Fortran & C/C++ libraries. When | discovered Python, | really
liked the language... But, it was very nascent and lacked a lot of
libraries. | felt like | could add value to the world by connecting low-
level libraries to high-level usage in Python. “

— Travis Oliphant

16



Python enters astronomy

* Python became the #1 language in astronomy in
the past few years, but it entered astronomy
over a decade ago.

« StScl / Hubble were an early adopter and
contributor, let by Perry Greenfield

 PyData 2015 talk: "How Python Found its way
Into Astronomy” (https://voutu.be/uz531V1V_Xo)

« Python in Astronomy 2015 talk: “The
Development and Future of Python at
STScl” (https://voutu.be/R_UcjjUC8bE )

« “Python is a language that is very powerful for
developers, but is also accessible to
Astronomers. Getting those two classes of people
using the same tools, | think, provides a huge
benefit that’s not always noticed or mentioned. “
— Perry Greenfield

17
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The genesis of Astropy Cta

June 9th 2011 on the Astropy mailing list ...

o [AstroPy] PyAstronomy Stefan Czesla

o [AstroPy] Proliferating py-astro-libs Marshall Perrin

On Jun 9, 2011, at 12:54 PM, Stefan Czesla wrote:
Dear all,

we would like to let you know about our recent release of a -- hopefully --
useful contribution to Python's astronomy community, namely, our PyAstronomy
package ’ ’ ’ ) S ) ’

On 10/06/11 8:25 AM, Marshall Perrin wrote:

Hopefully without sounding too critical of you in particular, I'm
going to ask: do we as a community really need /yet another/ separate
python library for astronomy

18



The situation before Astropy ‘ Cta

Astronomical coordinates, FITS, WCS, ...
—> too many packages, many ways to do the same thing
—> often quality not very high and long-term support uncertain

PyWCS PyAstro P COSMICS.py

astropysiE’i°§"y.‘3"“’eky Ephem

CosmoPy API—‘ﬁ‘SﬁZ“praRteymng)s'ttr?goup-montage

sunpycoords Ak pyanmpython-ds9-+ ASPyLID

tphenty ¥ ' aSCiitable
idlsavePyFIT Py RﬁyFM.m?\ylvgsg,:bdy%Stm"O[ny
yt C antlpyastllb

pytnhggn—saOSAMpy
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Astropy project C a

Basic idea: Astropy core package with functionality that many astronomers need (with only one
required dependency: Numpy), plus an ecosystem of affiliated packages that build on the core package.

@) @ @ Astropy X Christoph

< C  ® www.astropy.org/index.htm| % O

astro Aboutv GetHelp Contribute Documentation v Affiliated Packages Team

Qastropy
A Community Python Library for Astronomy

The Astropy Project is a community effort to develop a single core package for Astronomy in
Python and foster interoperability between Python astronomy packages.

Please remember to acknowledge the use of Astropy!

What's new in Astropy 2.0?
Current Version: 2.0.2

20




Astropy project

« Overall very successful in it's first
six years

« Set up in a good way technically:
Github, code review, docs, tests,

« Setup inagood way from a project
management perspective:

coordination commitee, other roles,

meetings,

« Some institutional support,
especially from StScl, but getting
direct funding remains a challenge
(2016arXiv161003159M).

«  Funding for “infrastructure” or “base” projects that
aren’t project-specific has always been a problem.
E.g. Numpy only managed in 2017 to get it’s first
direct funding (700RS).

A&A 558, A33 (2013) Astronomy
DOI: 10.1051/0004-6361/201322068 et
©ESO 2013 Astrophysics
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ABSTRACT

We present the first puhlxc version (\1! 2) of the op and Python package, Astropy. This package
puowdu core lated ity to the inity, including support for domain-specific file formars such as fexible
image transport system (FITS) files, Virual Ohservarory (VO) tables, and common ASCII table formats, unit and physical guantity
conversions, physxcal constants specific to 1y celestial di and time e i world dil system (WCS)
suppert, for ing gridded as well as tobular data, end a framework for cosmological transformations and
conversions. Significant functionality is under active development, such as a medel ﬁmng framework, VO client and server tools, and

and poiat spreed functioa (BSF) tools. The P team is actively making additions and eohancements

1o e current code base, and we encoursge snyone interested o participate in the development ol' fuwture Astropy versiuns,
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Astropy core package

Documentation in Sphinx, some Jupyter tutorial notebooks

[ ] [ ] (@ Astropy Documentation — As' %

C @ docs.astropy.org/en/stable/

Astropy v3.0.dev20184 »

astropy

A Community Python Library for Astronomy

The astropy package contains key functionality and common tools neaded for performing astronomy and astro-
physics with Python. It is at the core of the Astropy Project, which aims to enable the community to develop a robust

Y of Affiliated Pack covering a broad range of needs for astronomical research, data processing, and data
analysis.

Getting Started v

Installation

What's New in Astropy 2.07
Importing astropy and subpackages
Getting started with subpackages
Example Gallery

Tutorials

Get Help

Contribute and Report Problems
About the Astropy Project

User Documentation

Data structures and transformations

Constants (astropy.constants)

Units and Quantities (astropy.units)

N-dimensional datasets (astropy.nddata)

Data Tables (astropy.table)

Time and Dates (astropy.time)

Astronomical Coordinate Systems (astropy.coordinates)
World Coordinate System (astropy.wes)

Models and Fitting (astropy.modeling)

.

Christoph

% O

next »

[ ] ® (@ Astropy Documentation — As' X

C @ docs.astropy.org/en/stable/

Files, I/0, and Communication

Unified file read/write interface

FITS File handling (astropy.io.fits)

ASCI| Tables (astropy.io.ascii)

VQTable XML handling (astropy.io.votable)

Miscellanecus: HDF5, YAML, pickle (astropy.io.misc)

SAMP (Simple Application Messaging Protocol (astropy. samp)

.

.

Computations and utilities

* Cosmological Calculations (astropy.cosmology)
« Convolution and filtering (astropy.convolution)
« Data Visualization (astropy.visualization)

« Astrostatistics Tools (astropy.stats)

Nuts and bolts

.

Configuration system (astropy.config)

/O Registry (astropy.io.registry)

Logging system

Python warnings system

Astropy Core Package Utilities (astropy.utils)
Astropy Testing Tools

Try the development version

Developer Documentation

The developer documentation contains instructions for how to contribute to Astropy or affiliated packages, as well as
coding, documentation, and testing guidelines. For the guiding vision of this process and the project as a whole, see
Vision for a Common Astronomy Python Package.

There are additional tools of use for developers in the astropy/astropy-tools repository.

How to make a code contribution
Coding Guidelines

Writing Documentation

Testing Guidelines

Writing Command-Line Scripts
Building Astropy and its Subpackages
C or Cython Extensions

Release Procedures

22
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Astropy development

GitHub

8006 / ) astropy/astropy ) T—
€« C' | & GitHub, Inc. [US] https://github.com/astropy/astropy Q
O This repository Search Pull requests Issues Gist AN
astropy / astropy @Unwatch~ 116 Unstar 688 % Fork 441

Repository for the Astropy core package http://www.astropy.org — Edit
<> Code
D) 13,977 commits ¥ 11 branches © 34 releases yﬁ 142 contributors
@© lssues 514

[ —
IN) | Branch: master - astropy / + = 1) Pul requests 103

. astrofrog Merge pull request #4280 from opoplawski/pytest23 - Latest commit £9148f@ 5 hours ago Wiki
8 _continuous-integration For consistency / clarity, rename the PIP variable to PIP_INSTALL [sk... a month ago
| astropy Use string in skipif() for pytest 2.3 compatiblity 3 days ago # Pulse
= astropy_helpers @ 01a97a2 Updated astropy-helpers again to the latest master, incorporating sev... a month ago \m Graphs
8 cextern Merge pull request #4045 from mdboom/wcs/precision 26 days ago
B8 dev Add tool to fix up parsing tables 3 months ago ¥ Settings
8 docs Merge pull request #4238 from bsipocz/docs_fixing_typos_VI_II 10 days ago
SSH clone URL
8 licenses Upgrade PLY to 3.6 3 months ago git@github.com:ast [
I static Fixed support on Python 3, and got rid of .astropy-root per astropy/a... 11 months ago You can clone with HTTPS,
SSH, or Subversion. ®
B .astropy-root Don't rely on .git to enable auto-build when importing from source tr... 4 months ago
s .
B .gitattributes Use union merge for changelog 11 months ago S Clons)inDeskiop)
B .gitignore ignore .swo files generated by vim 6 months ago &> Download ZIP
B .gitmodules Update the astropy_helpers URL to the real astropy-helpers. 2 years ago
B .mailmap update .mailmap for impending release 9 months ago
B .travis.yml Adding pytz to .travis.yml a month ago 23



Astropy development

® 06 g OPuII Requests - astropy/a: X -
€ C {3 GitHub, Inc. [US] https://github.com/astropy/astropy/pulls?page=2&q=is%3Apr+is%3Aopen Qi (O A =
o This repository Pull requests Issues Gist £ +- n - !
astropy / astropy A @Unwatch~ 116 dUnstar 688 Y Fork 441
Issues Pull requests Labels Milestones Filters ~ is:pr is:open
<
i 103 Open v 2,685 Closed Author ~ Labels ~ Milestones ~ Assignee v Sort ~ ®
11 Fix for issue [3739] x Enhancement io.fits B 3} I
#4065 opened on Aug 11 by anizami
o
I Editing modeling docs x [B888] modeling B 2
#4064 opened on Aug 11 by anizami
A
I Handle sorting NaNs and masked values in jsviewer ./ 7] table (14
#4052 opened on Aug 7 by sargas ik
I7 Some polynomial model refactoring (WIP?) x modeling o o
#4049 opened on Aug 7 by embray
1 Update "bounding_box" property and new “"Model.render()’ method in “astropy.modeling” .~ B s
[T modeling
#4040 opened on Aug 5 by patti vi10 @, 50f5
{1 Add sample plots to built-in models . [B8¢8] modeling Je
#4008 opened on Jul 25 by sYnfo
Il Retry --open-files check once after garbage collection ./ 7] testing (318
#4002 opened on Jul 24 by embray
{1 POC: tables within tables within tables! [[5 2] table I3 24

#2082 Ananad Aan Ll 1R ha taldaraft



Astropy development Cta

The code review discussion for a pull request (in an extreme, too large case,
where the pull request should probably have been split in multiple parts).

25



Astropy tests

Automated tests and continuous integration ensure that additions
work and changes don’t break anything.

def test constellations():

# the actual test for accuracy 1is in test _funcs - this 1is just meant to make
# sure we get sensible answers

sc = SkyCoord(135*u.deg, 65*u.deg)
assert sc.get constellation() == 'Ursa Major'
assert sc.get _constellation(short_name=True) == 'UMa’

(x 10,000)

Some checks were not successful Hide all checks
1 errored and 1 successful checks

X continuous-integration/travis-ci/pr — The Travis Cl build could not complete... Details

+ continuous-integration/appveyor — AppVeyor build succeeded Details

This branch is up-to-date with the base branch
Merging can be performed automatically.

%~ Merge pull request  You can also open this in GitHub Desktop or view command line instructions.

26



Astropy affiliated packages ( Cta

« Roughly two categories:

* In-development functionality for Astropy core package
Examples: wcsaxes, regions, healpix, reproject

« Specialised packages that aren’t needed by most
astronomers. Examples:

« PINT - pulsar timing
« Naima - non thermal SED modeling
« sncosmo - supernova light curve modeling
 astroplan - astronomical observation planning
e ...Many more ...
« Main idea: collaborate, avoid duplication, increase quality, ...

« More infos on the webpage and in a second Astropy paper that is
currently being written (first one was 2013 about Astropy v0.2).

27



What is Gammapy? ( Cta

 Gammapy started ~ 2013 by
people in H.E.S.S., now used for A p
Fermi-LAT, H.E.S.S., MAGIC, CTA 7"- ython package for
gamma ray astronomy
« Gammapy is an Astropy-affiliated

package for gamma-ray o
astronomy @astrop py N Sherpa
« Gammapy is a prototype for the J \ l
CTA science tools Scipy library NumPy
@ Ccemifc computrg ﬁ

@ python’
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Gammapy development Cta

Gammapy is set up exactly the same way as Astropy
(using the standard open source and Python tools)

- Version control, issue tracker,
l u contributions via pull requests & code review

Tests automatically run on Linux & Mac %E;;S T . CI
on each pull request and master branch ‘,J‘-‘.’ ravis

W p yt e S Python testing framework

(makes it easy to write and run tests)

Python documentation generator § SPHINX

APl and narrative docs pages
cross-linked, full-text search

Binary cross-platform package manager.
Anaconda Install Gammapy and all dependencies on any
: Linux & Mac box in $HOME in 10 min.
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Other related packages

SHERPA

> Awesome general modeling and

fitting package (similar, but

different from astropy.modeling)

E w0l meeenceeceram T T™ad- 0000 ] eeeccecctccecicccttctcictcttcctcctcttccnccncnns
y » Astropy-affiliated package for
non-thermal SED modeling.
. :,_-‘_++t;{.‘+g;m;_+‘.+‘.‘+_‘+_;++_*‘¢'f‘_4_‘g;e_ _____ Fitting using emcee or Sherpa
> +
data:
eviile | TLUst  from fermipy inport GTAnalysts  CTTTTTTIITTIITeIIeesiesiiesiiiii,

scfile : ft2.fits

gta = GTAnalysis('config.yanl') > Fermi-LAT data analysis for humans

binning: gta.setup() (using Fermi ScienceTools SWIG
roiwidth : 10.0 gta.fit() X .
binsz 0.1 gra.print_roi() Python interface in the background)

binsperdec : 8
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Data in Gammapy - Numpy arrays Cta

One key point | would like to make is
that event and pixel data in Gammapy
is stored in Numpy arrays

Algorithms are implemented by calling
into existing Numpy, Scipy & Astropy
functions that operate on Numpy
arrays

Eventually the computation is
executed by existing C / C++ [ Fortran
code. Uses a simple Python interface,
just passing basic types (numbers,
strings and array buffers) between
Python and C / C++ / Fortran, not
Python or C++ objects.

If needed, Cython is a nice simple
option should there be algorithms that
can’t be written efficiently in Python

"""Make a counts image with Gammapy."""
from gammapy.data import EventList
from gammapy.image import SkyImage
events = EventList.read(’events.fits’)
image = SkyImage.empty(
nxpix=400, nypix=400, binsz=0.02,
xref=83.6, yref=22.0,
coordsys=’"CEL’, proj=’TAN’,
)
image.fill_events(events)
image.write(’counts.fits’)

© ® N o o s W N e

-
=]

-
=

Note that this is different how the
Fermi ST / Fermipy and Gammalib /
ctools Python interfaces work.

They don’t expose event and pixel data
as Numpy arrays, and thus it is not easily
possible to write custom models (for sky
or background) or even IRF models or
likelihood functions in Python.
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Interoperability with scientific Python stack ‘ Cta

Python and Numpy are glue!

Basic philosophy in the scientific Python stack: store data in Numpy arrays,
so that they can be easily processed by any package (without a copy) and passed to C / C++ / Fortran codes

N
' @PY P o
. v (8- many,

SunPy many

more)

Network.X.
| StatsModlels o 2 O arAL.
‘» _‘S_.____‘M Statistics in Python %.-;? %ag L!‘ile!:smgl ‘mgg S

IPIyl:

IPython
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Gammapy features

* gammapy.data & gammapy.irf
IACT DL3 data handling

* gammapy.image
2-dim image analysis

* gammapy.spectrum
1-dim region spectral analysis

* gammapy.background
Background modeling methods

* gammapy.cube
3-dim cube analysis (work in progress)

* gammapy.detect
Source detection (image-based for
now)

EVENTS
18°

EVENT_ID TIME ENERGY RA DEC

20°

EVENTS AEFF

88° 86° 84° 82° 80°

250000 -

200000 -

50000 -

N
T

-
T

o
T

—
T
—
T

! Galalctic Latitude (deg)

N
T

. Galactic Latitude (deg)
o

N
T

Region

H.E.S.S. FoV HESS. Fov ~_

! " ! ! ! ! ! ! ! . | !
22 21 20 19 18 17 22 21 20 19 18 17
Galactic Longitude (deg) Galactic Longitude (deg)

Fermi-LAT Galactic plane survey TS image (tutorial )


http://nbviewer.jupyter.org/github/gammapy/gammapy-extra/blob/master/notebooks/detect_ts.ipynb

Gammapy features Cta

20 :
° gammapy.stats § L coooasasct __________________________________
Statistics methods 3 N VAN S S
° gammapy.time E _.\.\ & /*\\‘ .......................
Time analysis (not much available yet) 2N
* gammapy.catalog S E % B0\ N
« Fermi-LAT spectra, lightcurves e R A
x [kpc] Galactocentric Distance [kpc]
« Next: TeV data (gamma-cat)
* gammapy.astro
Some simple models for Galactic sources =7 o
and source populations
* gammapy.scripts
Command line interface (CLI) tools for
common operations
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https://github.com/gammapy/gamma-cat/

gammapy.maps

« New sub-package gammapy.maps,
developed by Matthew Wood (Fermi
ST, fermipy)

* Not used for analysis in Gammapy
for analysis yet, but probably this is
the basis of analysis in the future.

- Data formats specified, based on
experience from Fermi ST, Fermipy Ry —
a n d p Oi ntli I(e < C @ Secure mp //gammapy.reacthedocs.io/en/latest/maps/index.html

gammapy v0.7.dev5068 » Data Structures for Images and Cubes ( ganmapy .maps ) « previous | next «

° W hy? S u p p 0 rt H EA L P I X’ S pa rse m a pS Page Contents Data Structures for Images and Cubes (gammapy .maps)

Data Structures for Images and

a n d a r b it ra ry eXt ra axe S ( n - d i m ) :30‘1’7:1;:-0;:91.-9-! The code in gammapy .maps is currently in an experimental/development state. Method and class names may

« Getting Startec change in the future.

« Constructing with Factory

« Discussions and some work ongoing 2 ceras | inroducton
with Thomas Robitaille about what B v
belongs in astropy.healpix and el S tos e g et et ot S (4,

o an FT1 Fle - HEALPix : Hierarchical Equal Area Iso Latitude pixelation of the sphare. Pixels are equal area but have irregular
t + Generating a Cutout of & shapes.

astropy.reproject vs gammapy.maps R |
« Using gammapy . maps gummapy .maps is organized around two data structures: geomelry classes inhariting from Mapaeom and map classes
> Reforanca/APt inheriting from MapBase. A geometry defines the map boundaries, pixelization scheme, and provides mathods for con-

O P R verting to/from map and pixel coordinates. A map owns a MapGeom instance as well as a data structure contalning

S map velues Where possible It Is recommendead to use the abstract KapBase Interface for accessing or updating the
contents of a map as this allows algorithms 1o ba used Intarchangeably with different map representations. The follow-
Ing reviews methods of the abstract map interfaca. Documantation spectfic to WCS- and HEALFix-based maps Is pro-

viced in HEALPix-based Maps and WCS-based Maps.

Getting Started F
NS /gammapy.reacthecocs.iokenlates thap: gammapy. maps, MapGeom. htmiy gammapy. maps. MapGeom wough the methods of the MapBase. These methodiCat be used
e —




Sensitivity computation
B.Khelifi (& J. Lefaucheur) — 11/05/17

107 |-

10—10 |

Sensitivity [erg/cm?2/s]

101 L

. !4 < Gamm!aPy [NW>=O!, =0.2]
30m|n » » GammaPy [N,>=10, a=10"*] ) . o
: « » GammaPy [N.>=0,a=10~] || * Reminder of its definition (approved for the

""""""""""" ®—® FITS file ] TDR publication and thus for the KSPS):

%% GammaPy [N,>=10, a=0.2]

-~ 256, Ny> 10, Ny>5%XN,,,, ot = 0.2

« Use of the GammaPy package (v0.5)

- Based on the function
spectrum.utils.CountsPredictor

102

1 ; ; ;
1071 10° 10! 102 103

102
Reco Energy [TeV]
1) Comparison with the standard 2) When changing its definition
definition By relaxing alternatively the constrains on Ny

minimum and o — expected improvements

In the IRFs, storage of the sensitivity (black)
GammaPy: red star 3) Next steps
—~ Good agreement (<10%), except the Computation at different offsets, for extended

lowest energy bin.
Deeper investigation needed (with Gernot)

A
V&
PYVC

sources
Computation for the 3D analysis

The GammaPy package reproduces well the standard sensitivities "'@@Egi{e ~LUTH

Laboratoire Univers et Théories



Another recent addition: Lomb-Scargle ‘ Cta

» Jake VanderPlas added
astropy.stats.L.ombScargle

« Matthias Wegen (DESY Zeuthen)
started to add Lomb-Scargle
peak significance estimation
methods to gammapy.time

. Last week saw that Jake is addlng iy i f; + ww ﬁ &

s00 s\ %010 53500

similar things to Astropy - : : T

« ->|t's important to stay in » } |
contact and collaborate with the ““M“WM M e
larger astronomy community! =

le-12

M NV\/N\AN\/\,

Example using LS 5039 HESS llght curve (data from gamma -cat):
http://docs.gammapy.org/en/latest/time/period.html
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http://docs.gammapy.org/en/latest/time/period.html

Python in Astronomy yearly conferences

Python in Astronomy 2018 was just announced.

It’s a great meeting series, also for beginners, not just for experts!

O]

e

[ Python in Astronomy 2018 | I x

C' @ openastronomy.org/pyastro/2018/

Python in Astronomy 2018 Previous Conferences - Code of Conduct

Python in Astronomy 2018
30 April - 4 May 2018

Center for Computational Astrophysics, Flatiron Institute, New
York

The fourth Python in Astronomy Conference will be held at the Center for Computational Astrophysics at the Flatiron
Institute in New York from 30th April - 4th May 2018.

This conference aims to bring a wide variety of people who use, develop or teach people about Python packages in the
context of all forms of Astronomy. The conference will include presentations, tutorials, unconference sessions, and
sprints. As well as enhancing the community around astronomical uses of Python, the conference aims to improve
collaboration and interoperability between Python packages, and share knowledge on Python packages and techniques.
It will also provide training and educational materials for users and developers of Python astronomy packages.

Applying/Nominating

Applications will open soon (target date is Oct 16, 2017). In the meantime, if you are interested in attending and/or have
Contents © 2017 Python in Astronomy - CC-BY-SA Logo Attribution Powered by Nikolaz

aQ %

Christoph

A+
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HESS GPS - real TeV sky ‘
This is the official HGPS map, not one re-computed with Gammapy.




CTA 1DC GPS - simulated TeV sky

First quick-look survey map, already outdated, some Gammapy issues fixed last week ...
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~ Gammapy next steps

Some thoughts for Gammapy in 2018 . =



Gammapy next steps ‘ Cta

« | dont know what Gammapy will be 5 years from now

« But I think the foundation and philosophy is sound and it's a
project worth investing in:

« a flexible, high-level analysis package for gamma-ray
astronomy built on Python, Numpy and Astropy

 using an open development model (Github)

« For the near future, some key things for Gammapy to focus
on:

« Improve quality & clean up (code, tests, docs)

* Rewrite modeling / fitting
« Grow the core team and project
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Rewrite modeling and fitting Cta

« Currently we mainly use Sherpa for modeling and fitting.

- Sherpa is very nice for what it natively supports: classical 2-dim image and
1-dim spectrum analysis

« Sherpa is very flexible and powerful: Python modelling language, linked
parameters, user-defined models in Python, battle-tested optimisers and
parameter error estimators

« So far we have mostly tried to wrap or extend Sherpa to our use-cases.
This works to a certain extent, we have working examples for 3D analysis
or custom likelihood for MWL data (e.g. for radio, X-ray, Fermi-LAT, IACT).

« We could probably go all-in on Sherpa and make it work for all use cases
for CTA. But I'm not sure we should, mainly because extending it for our
use cases (e.g. energy-dependent PSF, 3D analysis) results in a complex
codebase that isn’t easy to fully understand and extend for people new to
Python / Sherpa. Also, it's not clear if Sherpa will be developed and
supported 10 or 20 years from now.
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Rewrite modeling and fitting Cta

« So my suggestion for Gammapy is that we continue to implement a
simple modeling / likelihood / fitting code, either from scratch
(started in gammapy.utils.modeling) or using astropy.modeling (if we
need a flexible Python modeling language and linked parameters).

« The basis is binned analysis using the recently developed
gammapy.maps by Matthew Wood, which supports efficient analysis of
low-count data via multi-resolution and sparse maps (it’s clear that
this works -> Toby Burnett’s pointlike package for Fermi-LAT)

To a certain degree it’s still not clear what CTA needs (e.g. event types, IRF dependencies), but probably
a flexible framework developed now based on our experience from exiting IACTs and Fermi-LAT is
sufficient for most use cases, and flexible enough to be extended to all CTA use cases over the next 10 -
20 years.

«  One nice experiment would be to use Tensorflow (supports all we need, and execution on many CPU /
GPU), or at least one of the Numpy array based automatic differentiation packages, to try efficient
gradient-based optimisers. Suggest to do this prototyping outside of Gammapy for now, or in a
separate sub-package -> too new / hasn’t been proven appropriate for Gammapy (i.e that it works well
and is easy to install and use for all).
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Install, docs, tutorials



Gammapy installation ‘ Cta

« Gammapy works with Python 2.7 and 3.4+ on Linux and Mac
Windows: partly (Sherpa not supported on Windows)

- Stable version: |
*  pip install gammapy A pUthOﬂ

« Binary packages via conda:
* conda install -c conda-forge gammapy @ Anaconda

« Development version:

* git clone https://github.com/gammapy/gammapy.git
cd gammapy
pip install .

« Ifyou’re not sure how to install Python software, use
Anaconda. It's the most-used distribution and usually just
worRs, on Linux, Mac and Windows.
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Gammapy docs

® ® © What is Gammapy? — gammz X Christoph

& C'  ©® docs.gammapy.org/en/latest/ a v/ =\ 0O

@ gamma :dOCS Index Modules Search

gammapy v0.7.dev5068 » next »

Page Contents
What is Gammapy?

Getting started A Python package for
General documentation gamma_ray astronomy

The Gammapy toolbox
News

What is Gammapy?

i Gammapy is a community-developed, open-source Python package for gamma-ray astronomy.

¢ Read the Gammapy documentation.

* Ask questions on the Gammapy mailing list.

» Request features, report bugs or contribute on the Gammapy GitHub page.

¢ Gammapy works with Python 2 and 3, on Linux, Mac OS X and (partly) Windows.

Getting started

Start learning about Gammapy using the Gammapy tutorial notebooks.

Other introductory pages:

e . . .
T T e install Gammapy, see the instructions on the Installation page.

| T T Y . T T T T T T Y T



Gammapy tutorial notebooks Cta

Notebooks

If you're new to Astro (haven't used Table, SkyCoord and Time much), start here:

e Astropy introduction for Gammapy users
e Astropy Hands On (1st ASTERICS-OBELICS International School)

For a quick introduction to Gammapy, go here:

e First steps with Gammapy

Interested to do a first analysis of simulated CTA data?

o CTA first data challenge (1DC) with Gammapy
e CTA data analysis with Gammapy

To learn how to work with gamma-ray data with Gammapy:

e |ACT DL3 data with Gammapy (H.E.S.S. data example)
e Fermi-LAT data with Gammapy (Fermi-LAT data example)
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Gammapy tutorial for CTA 1DC Cta

First notebook: cta_ldc_introduction.ipynb
Second notebook: cta_data_analysis.ipynb

® ] Jupyter Notebook Viewer

C' @ Secure https://nbviewer.jupyter.org/github/gam

CTA first data challenge (1DC) with Gammapy

Introduction

The CITA observatory has started a first data challenge ("CTA 1DC"), focusing on high-level data
analysis. Gammapy is a prototype for the CTA science tools (see Gammapy proceeding from
ICRC 2017), and while many things are work in progress (most importantly: source and
background modeling and cube analysis), you can use it already to analyse the simulated CTA

data. 5 0
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https://nbviewer.jupyter.org/github/gammapy/gammapy-extra/blob/master/notebooks/cta_1dc_introduction.ipynb
https://nbviewer.jupyter.org/github/gammapy/gammapy-extra/blob/master/notebooks/cta_data_analysis.ipynb

Gammapy references ( Cta
A Python package for
gamma-ray astronomy

e« Code: https://github.com/gamma amma

* Docs: http://docs.gammapy.org

« Tutorials: https://nbviewer.jupyter.org/github/gammapy/
gammapy-extra/blob/master/index.ipynb

Questions, comments, requests?

« Mailing list: http://groups.google.com/group/gamma

 CTA1DC: https://forge.in2p3.fr/projects/data-challenge-1-
dc-1/wiki#tSharing-of-analysis-results
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https://github.com/gammapy/gammapy
http://docs.gammapy.org
https://nbviewer.jupyter.org/github/gammapy/gammapy-extra/blob/master/index.ipynb
https://nbviewer.jupyter.org/github/gammapy/gammapy-extra/blob/master/index.ipynb
https://nbviewer.jupyter.org/github/gammapy/gammapy-extra/blob/master/index.ipynb
http://groups.google.com/group/gammapy
https://forge.in2p3.fr/projects/data-challenge-1-dc-1/wiki#Sharing-of-analysis-results
https://forge.in2p3.fr/projects/data-challenge-1-dc-1/wiki#Sharing-of-analysis-results
https://forge.in2p3.fr/projects/data-challenge-1-dc-1/wiki#Sharing-of-analysis-results

Gammapy tutorial tomorrow ‘ Cta

« To prepare for the Gammapy tutorial tomorrow:
« Install the latest development version of Gammapy
« Clone the tutorial repository for tomorrow

« If you have any questions or issues, let us know.
(e.g. Bruno, Julien, Régis, me)
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Concluding remarks ‘ Cta

« Python / Numpy / Astropy has become very popular and
widely used for astronomical pipelines and science tools

« Gammapy is an Astropy-affiliated package for gamma-ray
astronomy. The development philosophy is Python first, build
on existing packages, collaborate

« With Gammapy, you can currently do “classical” VHE data
analysis (2-dim images & 1-dim spectra), a first working
Sherpa-based prototype for 3D analysis exists

* | hope Gammapy will mature from a prototype to become a
nice science tool for CTA.

Strengths: simplicity, flexibility, interoperability
« Conclusion: exiting times ahead for CTA and Gammapy!
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