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“

You have to know the past
to understand the present.

— Carl Sagan
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PAST

Gamma-ray astronomy
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1961 - first mission

1991 - CGRO

SPACE TELESCOPES
➤

1961: First gamma-ray space
telescope

➤

1960s: First sources & science

➤

NASA & other agencies

➤

HEASARC & other archives

➤

Many telescopes & missions
in X-rays and gamma-rays
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SPACE TELESCOPES

1995ASPC...77..219C

➤

Many high-energy astro
telescopes & missions

➤

1990s: a real eﬀort to create a
common data format

➤

Successful: FITS data from
many missions available at
https://heasarc.gsfc.nasa.gov/

➤

Often open data

➤

Some collaboration and code
re-use on data reduction and
analysis codes
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1960s - no sources

GROUND TELESCOPES
➤

1960s - 1980s - several attempts
to detect gamma-rays from the
ground

➤

Initially methods, detectors,
compute not good enough

➤

1989 - first TeV source detected
by Whipple telescope

➤

Crab Nebula
A pulsar wind nebula

1989 - Whipple telescope

1989ApJ...342..379W

TeV gamma-ray observatory in the United States consisted of two 1.5m telescopes (made from World War
) above (left center); the telescopes were manually operated and were located at a dark site in southern
ter of 1967-8 [10]. The telescopes were directed (by eye) at a point ahead of the position of the putative
s rotation swept the source through the field of view. Power came from an electric generator on the back of
nd the pulse counting electronics were housed in a small trailer (center). The system was mercifully free of
ysis was done offline with a mechanical calculator. No sources were detected.

RITAS observatory, the newest of the third generation IACT observatories, saw first light in April, 2007.
n the exact same location as the telescopes shown in Figure 1. Each of the four telescopes has an aperture
of 106m2 ) and a camera with 499 pixels.
Existing ACT Facilities
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1.8
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2.2
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4
4
1
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236
31

5
3.5
3.5
3

2003
2007
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100
100
50
60

0.7
1
1.6
9
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HEGRA

GROUND TELESCOPES
➤

1990s and early 2000s:
handful of sources

➤

Each experiment has custom
private internal data & code
(often C++ and ROOT)

➤

Small collaborations, often
people from HEP
— no requirement (and no
strong need) for open data &
tools like the NASA missions

MILAGRO
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In additional, the good agreement of the two different energy
spectra at very high energies shows that the systematic effect of
the nonlinear response at high signal amplitudes is probably
smaller than estimated. The nonlinear response affects mainly
the small zenith angle observations, in which for a given energy of the shower the average image amplitude is much higher
( by a factor of 4–6) than for larger zenith angles. The effect of
the saturation /nonlinearity is expected to be negligible at larger
zenith angles. The good agreement shows that the correction
applied to the high signal amplitudes is accurate.
For the purpose of combining data taken at different zenith angles, the same approach as described in Aharonian
et al. (2000b) is followed. The combined energy spectrum
( Table 3) is well approximated by a pure power law of the
form d!=dE ¼ !0 ð E=TeVÞ" , with !0 ¼ ð2:83 & 0:04stat &
0:6sys Þ ; 10' 11 photons cm' 2 s' 1 TeV' 1 and " ¼ ' 2:62 &
0:02stat & 0:05sys . The !2red ðdof Þ ¼ 1:3ð13Þ indicates that deviations from a power law do not appear to be very significant.
The systematic errors quoted on the parameters are the result of
varying the data points within the systematic errors (the gray
shaded band in Fig. 3), and for the normalization !0 the uncertainty of the energy scale is included.
Even though a power-law fit to the data is a good approximation without statistically significant deviations, a system-
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Fermi

IACTs

PRESENT

HAWC

Gamma-ray astronomy
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SPACE TELESCOPES
➤

Fermi-LAT space telescope,
launched 2008, NASA

➤

About 3000 GeV sources!

➤

Data fully open (FITS)
https://fermi.gsfc.nasa.gov

➤

Science Tools: C++ & Python

➤

Event lists & instrument
response functions (eﬀective
area, PSF, energy dispersion)

➤

Data format and tools mostly
mission-specific
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HESS

GROUND TELESCOPES
➤

Several IACTs from the 2000s
still online and HAWC

➤

About 200 TeV sources

➤

Collaborations quite large
(~100 people), budgets much
smaller than Fermi-LAT

➤

Private internal data & code
(often C++ and ROOT)

MAGIC

VERITAS

HAWC

TeV sources
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“

Isn’t all gamma-ray data the same?
Why no common open data & tools
from ground-based telescopes?
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HIGH-LEVEL GAMMA-RAY DATA
➤

High-level gamma-ray data (after calib, reco, g/h-separation)
is pretty much always the same and given by:
➤
➤

➤

➤

Event list (TIME, RA, DEC, ENERGY)
Instrument response (AREA, PSF, EDISP, BKG)

Most important diﬀerence:
➤

Pointing (IACTs)

➤

Slewing (Fermi-LAT, HAWC)

Other diﬀerences exist, e.g. in stability of responses.
Fermi-LAT is a very stable detector, IACTs not so much
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WORK ON OPEN DATA & TOOLS HAS STARTED …

Astronomer

Gamma-ray
Telescopes
Fermi-LAT
HAWC
H.E.S.S.
MAGIC
VERITAS
CTA
…

Science tools

Data
data
release

(“Level 4 & 5” in CTA)

(“Level 3” in CTA)
Events
IRFs
Background
Livetime
Pointing
…

Data

simulate

Fermi ST
pointlike
Fermipy
Gammapy
ctools
Naima
3ML
…

Images
Spectra
Light-curves
Fit results
Catalogs
…

FIGURE 1. The purpose of the gamma-astro-data-formats e↵ort is to encourage collaboration between high-level gamma-ray
data producers, science tool developers, and data analysts. The goal is to develop common data formats to avoid duplication of
e↵orts and confusion by astronomers working with multi-mission gamma-ray data or multiple analysis tools.

Introduction

2016arXiv161001884D

The Flexible Image Transport System (FITS) format was created around 1980 [1] by optical astronomers. In the
1990s, the HEASARC FITS Working Group, also known as the OGIP (Office of Guest Investigator Programs) FITS
13
Working Group, produced documents and recommendations concerning the storage of X-ray (and partly gamma-ray

COMMON FORMATS
➤

Started eﬀort to create common
data format for gamma astronomy

➤

Chose to mostly extend existing
formats (FITS & OGIP)

➤

Have formats for events, IRFs,
maps, spectra, lightcurves

➤

Issues: incomplete, adoption,
decision process, manpower

➤

Could continue as a working
group (similar to OFWG).
Or CTA as main stakeholder takes
the lead, and some smaller
projects adopt CTA solution.
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IACT FITS DATA
➤

2018: first test data release in
the open FITS format

➤

To test open data and tools.
Not for science studies!

➤

30 hours: point, extended and
variable source observations

➤

Data available for download:
https://www.mpi-hd.mpg.de/
hfm/HESS/pages/dl3-dr1/

➤

Analysis tutorial:
https://docs.gammapy.org/
0.10/notebooks/hess.html
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VERITAS
FACT
H.E.S.S.

0.61 h
10.13 h
1.75 h

0.16
0.45
0.87

30
30
30

289
691
459

13.7
272.8
27.5

0.10
0.17
0.11

JOINT CRAB PAPER
➤

“Demo paper” for open data &
open tools approach

➤

Crab Nebula data in common
format from each IACT

➤

Spectrum joint likelihood fit

➤

Reproducible using Python,
Jupyter, conda, Docker

➤

Submitted to A&A
Data & code open:
https://github.com/opengamma-ray-astro/joint-crab

script no. output
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24
25
26
27
28
29
30
31
32
33
34

Fig. 1. Histograms of the estimated mean number of signal events
from the Crab Nebula (excesses) vs estimated energy for each
dataset.

Crab Nebula by Fermi-LAT, MAGIC, VERITAS, FACT, and
H.E.S.S. following the format specifications available in the
Data formats for gamma-ray astronomy forum (Deil et al.
2017a). The IACT DL3 datasets were produced with proprietary codes that extracted the event lists, and IRFs, and
saved them in the requested format5 . They are released in
chunks, typically of 20-30 minutes, of data acquisition, named
runs. IACTs are ground-based, pointing instruments and their
response varies with the observing conditions (atmospheric
transmission, zenith angle, night sky background level) therefore their data come with per-run IRFs. The Fermi-LAT telescope, orbiting around the Earth at ⇠ 600 km, is generally operating in survey mode and has a stable set of IRFs shipped
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CTA
➤

CTA IRFs in FITS format:
www.cta-observatory.org/
science/cta-performance/

➤

Used in CTA-internal first data
challenge in 2017/2018

➤

Could extend and refine
formats for CTA. Or develop
something new and better,
based on lessons learnt.
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CODES

Gamma-ray astronomy
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CODES
➤

Traditionally in gamma-ray
astronomy: C++ & ROOT

➤

Other astronomers:
FORTRAN, C, IRAF, IDL

➤

Now Python & Numpy &
Astropy very popular

➤

Several open-source codes in
gamma-ray astronomy under
development …
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BUILDING A FRAMEWORK
Bottom-Up approach

Python

C/C++

start
here

APPROACHES

Top-Down approach

Python

start
here

Numba,
Cython

➤

How to create high-level
gamma-ray science tools?

➤

Gammalib/ctools:
“no dependencies”
C++ package, SWIG Python

➤

Gammapy: build on Python,
Numpy and Astropy

➤

3ML: interface to existing
codes (HAWC, VERITAS)

➤

No agreement!
(except ROOT seems to have fallen
out of fashion in this crowd)

C/C++

Most current frameworks did
it this way (if they use
python at all)

Our approach: start early
with python and high-level
API
13
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Fermi

CTA

IACTs

FUTURE

Several telescopes running
CTA coming very soon
Other telescopes plans

HAWC
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“

What will existing and future gamma-ray
telescopes and astronomers do?
- Data:
- Code:

FITS? HDF5? ASDF? …
A common standard?
C++? Python? Tensorflow?
Numba? Dask? Julia? …
Gammapy? ctools? 3ML? …
22

“
Diﬃcult to see.
Always in motion is the future.
— Yoda
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PYGAMMA19 @ MPIK HEIDELBERG, MARCH 18-22
➤

ASTERICS-OBELICS PyGamma19
Python and open data for gamma-ray astronomy

➤

Telescopes: CTA, Fermi, HESS, MAGIC, KM3Net, …
Codes: ctapipe, Gammapy, ctools, 3ML, Fermi, …

➤

Still missing: VERITAS, HAWC, cosmic rays, Python, …

➤

Goals: meet, talk, learn, collaborate

➤

Registration and abstract submission is still open!

➤

https://indico.cern.ch/event/783425/

24

SUMMARY
➤

Gamma-ray astronomy still a
very young field.

➤

Space telescopes often public
high-level data and tools

➤

Ground-based telescopes so
far private data and codes

➤

Eﬀorts started to collaborate
more on open data and codes

➤

How will things continue?
Interesting times ahead …
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“

Thank you!
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