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Sensitivity of gamma-ray observatories
as function of gamma-ray energy
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Gammalib

Starting points

About Getting GammalLib For Users For Developers Help

A versatile toolbox for scientific analysis of astronomical gamma-ray data

GammalLib

Gammalib is a versatile toolbox for the scienti
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Gammalib is free software distributed under tt

ctools

Gamma-ray Astronomy Science Analysis Software

About Getting ctools

ctools is a software package for the scientific analysis of astronomical gamma-ray data. The package comprises an exten-
sive set of tools for the analysis of data from existing and future Cherenkov telescopes, including H.E.S.S., VERITAS, MAGIC
and CTA. ctools supports also the analysis of data from CGRO/COMPTEL, Fermi/LAT and INTEGRAL/SPI, enabling the explo-
ration of the full gamma-ray energy band, spanning from hundreds of keV to hundreds of TeV.

The ctools philosophy is inherited from ftools and consists of providing building blocks that perform well-defined science
data analysis tasks, including observation and event selection, binning, sky map creation, source detection, model fitting,
spectra, phase curve and light curve generation, and observation simulations. The building blocks are then combined by
the user to create flexible analysis workflows that can fit the needs of any scientist.

ctools can be used as command-line executables alike ftools to carry out simple analyses even for users without any pro-
gramming skills. Furthermore, the tools are accessible through dedicated Python modules providing an alternative user
interface to the software, as well as the possibility to provide tutorials in the form of Jupyter notebooks. Shell or Python
scripts can be used by more advanced users to build analysis pipelines to any degrees of complexity.

ctools are based on Gammalib, a versatile toolbox for the scientific analysis of astronomical gamma-ray data.

ctools are developed by a community of enthousiastic gamma-ray astronomers with support from engineers. The lead ins-
titute is

@irap

As of today there have been contributions by the following institutions:
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ctools is free software distributed under the GNU GF £ Vers
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Computer equipment (81 tCO.e)
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External storage (26 tCO,e)
Data flow (1 tCO,e)
Observational data (space) (2,800 tCO.e)
I7] Observational data (ground) (1,300 tCO,e)
Il Hotel accommodation (75 tCO,e)
M Professional travels (1,169 tCO,e)

Martin et al. 2022, Nature Astronomy, 6, 1219; arXiv:2204.12362
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nature 2022, 6, 503 (arXiv:2201.08748) ARTICLES
aStr Ononly https://doi.org/10.1038/541550-022-01612-3

'.') Check for updates

Estimate of the carbon footprint of astronomical
research infrastructures

Jurgen Knédlseder © ¥4, Sylvie Brau-Nogué, Mickael Coriat, Philippe Garnier, Annie Hughes®©,
Pierrick Martin and Luigi Tibaldo

“We therefore believe that reducing the pace at which we build new astronomical
research infrastructures is the only measure that can make our field sustainable in the
short run. This does not mean that we must stop developing new observatories or space
missions, but we must do so at a (considerably) slower rate. [...] The good news is that
there is no imperative in science that fixes the rate by which new research
infrastructures need to be constructed. Today, the rate is determined by our imagination
and, ultimately, by money. Tomorrow, it must be determined by sustainability.”



Too many observatories (or too few astronomers)?

The Future of Astronomy and the ALMA Archive

Felix Stoehr,! Mark Lacy,2 Stéphane Leon,? Erik Muller,* and Akiko
Kawamura®

ADASS XXIV, 2015, ASP Conference Series, 495, 69

“Astronomy is transformed from being a data-starved science to one where data is
overabundant” (Tony Tyson, LSST Chief Scientist)

“Whereas data will scale exponentially, astronomers will not. Therefore the bytes per
astronomer do scale exponentially. Our prediction is that whereas now astronomers are
competing for observing time, in the future, observatories will be competing for
astronomers. [...] Astronomers, not data, will be the rare resource.”
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The Compton Gamma-Ray Observatory

April 1991 > May 2000
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The Imaging Compton Telescope (COMPTEL)

CGRO I COMPTEL 1.8 MeV, 5 Years Observing Time
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Click image for larger view

General Information

A good fraction of the data is preserved

e COMPTEL Instrument Description
e In Depth Technical Information on COMPTE|
o COMPTEL Scientific Objectives

o COMPTEL Specifications

Public Data Archive

/ Analysis software no longer available

e FTP Access to Public Data Archive
e FTP Access to COMPTEL Software and Documentation
e Summary of Reconfigured CGRO Archive 9




COMPASS

The COMPTEL Processing and Analysis Software System

ORACLE

HOST

Dependent

Software

Data Layer

Access

Application
Software

or try the System Manager:

COH-1/1

18 Oct 1994 1

Welcome C COMPTEL (Compton Telescope)
to =]
Comp m
P processin g and

nalys

oftwa

ystem
If you need help, the User Shell Manager is: John LaBon

Room 318 SEPB 862- 3511
Jlabonte@comptel ,unh

Tom Mill
Room 309 SER‘B 862 2867
tmillima@comptel. .edu

sssssss

Built around an ORACLE database
Only available on four host sites
Nightly database synchronisation
Application Software in Fortran
Decommissioned at end of mission
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Two persons

MarI; McConnell

University of New Hampshire

Preserved copies of
« Software

 Data

« Documentation

j'oject possible
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ToDo List

* Implement interface to read/write COMPTEL data
* Implement COMPTEL Instrument Response Computation

« Implement model for instrumental background
« Validate software w/r to literature / COMPASS results

Project started in 2012 ...



... and was completed in 2022

Good example of #SlowScience ;-)

A&A 665, A84 (2022)
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COMPTEL data analysis using GammalLib and ctools
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operated at CDS, Strasbourg, France. This research is part of the #LowCarbon-
Science initiative that aims in reducing the carbon footprint of scientific research,
and has benefitted from discussions held in the context of the GDR Labos 1point5
and the Astro4Earth initiative.

iscussions held i e context of the GDR Labos 1pointS
and the AstrodEarth initiative.




Some validation results
Crab pulsar & nebula LS 5039 1.809 MeV line (%%Al)

15

4750 | ° .
0.75- 1 MeV INFC
-
y 4500 10 50
8 250 5 e 7.5 20
“ £ 2 s 40
4000 b b 3
3 3 . =3 5.0
£ £ o 0 ¢ o
c o g = 15 4
< 3 3 v 2.5 @
L 3 -5 20 ° b3
3 3 2 I
= 0.0 o
-10 10 o o
o 10 g
15 0 g 725 &
r v v - v v p 1 3 25 20 15 10 30 25 20 15 10 L
000 025 050 075 100 125 150 175 2.00 Galactic longitude (deg) Galactic longitude (deg) & -5.0
310 Mev 5
-7.5
-10.0
0
2 2 2 2
000 025 050 075 100 125 150 175 2.00 95 90, ’ 85 80
) Galactic longitude (deg)
10 - 30 Mev
- 4 L
»
Y [
3 ! .
000 025 050 075 100 125 150 175 2.00 v s ° J3
Phase 9 A b4 £
3 YA/ 7777 77/ 7747/ g g
b P [ i
w ¥ g '
=T Nebula 2 s £ 2, i i
T Z
4:‘-:!: S 107104 1 3 =] : HEH é '
—— 1 -1 - [ !
e x i £ 3 R
= = ~ 3 2 7!
" —— w = @ 1 HE ¢
. ) 1 & £ U
£ 107 ! S > A
s - ! 4 INFC (This work) 2 o L
. + # :i: | 4 SUPC (This work) t L
I Pulsar 1 —e— This work = ® This work
s * :t::#: : -8
z 1 4 INFC (Collmar & Zhang 2014) -6- Knodiseder et al. (1994) ® Knodiseder et al. (1994)
* ! 4 SUPC (Collmar & Zhang 2014) -14
W L. . 00 25 50 75 100 00 25 50 75 100
10° 10? Disk radius (deg) Disk radius (deg)
= This work
— Kuiper et al. (2001) Energy (MeV)

10° 10*
Energy (MeV) 14



g COze

-

hours

3

hours

-t

E

calls

ot

ctools carbon tracker

ctools carbon footprint report for user "knodlseder"
Dates: 2022-02-21T09:55:58 - 2023-05-12711:07:08
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Total carbon footprint:

due to power consumption:
due to infrastructure:

Total CPU time:

Average carbon intensity:
Average daily footprint:
Estimated annual footprint:

253.0 kg COze

91.9 kg CO,e (57.1 g COze / kWh)
161.0 kg COe

71564.5 hours

3.5 g COze / CPU hour

568.4 g CO,e / day

207.6 kg COze / year
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Model based on GRICAD
carbon footprint study
(Berthoud et al. 2020)

Contributions from
infrastructure and power
consumption (adapted to
carbon intensity of local
electricity production)
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Estimate of the carbon footprint

Software validation paper

Table H.1. Carbon footprint estimate by emission source of the research work behind this paper.

Source Emissions kgCO»e Comments
Electricity to power office building 525 +53
Heating of office building 422 + 118
Water usage in office building 8+2
Air conditioning in office building 80 + 23
Waste management 209 + 106
Computing infrastructure 400 + 200 Evaluated using csfootprint
Data flow 8+8 Includes videoconferencing
Lunch meals 171 + 103 10% classical, 10% flexitarian, 80% vegetarian
Home-to-office commuting 89 + 36 90% cycling, 5% public transport, 5% car
Total 1911 + 284
Notes. The footprint is based on a total work time estimate of one FTE or 220 working days.
For comparison:

Median per paper carbon footprint of a space mission: ~ 23000 kgCO.e
(Knodiseder et al. 2022, Nature Astronomy, 6, 503)
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Searching for MeV emission from GeV SNR

- i e s P « Supernova remnants were not known to emit
gamma rays at the COMPTEL epoch
@l ra p Today GeV (Fermi, Agile) and TeV (HESS,
MAGIC, VERITAS) is detected from many SNRs
« COMPTEL data can be crucial to discriminate

Unveiling cosmic-ray acceleration by supernova o .
between leptonic and hadronic models
4- o
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Searching for positron inflight annihilation

Unveiling the origin of Galactic positrons
using gamma rays

roneses M @lrap

Bright 511 keV positron annihilation emission of
unknown origin observed towards Galactic
centre (most precise results so far from

INTEGRAL/SPI)
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Continuum MeV
emission predicted
from positron inflight
annihilation
Embodies information
of positron kinetic
energies

Nobody ever looked
whether signal is in
COMPTEL data :-o



Conclusions

* A highly rewarding experience
 No competition
* No pressure (#SlowScience)
 One great discovery (so far...)
* No need for new infrastructure (#LowCarbonScience)
« Satisfaction of servicing the community (#OpenSource software)

« Along list of research ideas using COMPTEL data will keep me busy
for many years :-)



