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Starting points	
Sensitivity of  gamma-ray observatories 

as function of  gamma-ray energy 

Crab spectrum 
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Starting points	
Software  
development  
driven by CTA  
needs  
 
(over 15 years of  
development 
efforts) 
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Starting points	

Martin et al. 2022, Nature Astronomy, 6, 1219; arXiv:2204.12362 

Space 
telescopes 

and  
probes 

Ground-based 
observatories 

A carbon 
footprint 
dominated by 
the use of  data 
from 
astronomical 
research 
infrastructures 
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Starting points	
2022, 6, 503 (arXiv:2201.08748) 

“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.”  
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Too many observatories (or too few astronomers)?	

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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Starting points	

Scientific question Innovative tools Planetary boundaries 

#LowCarbonScience 
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The Compton Gamma-Ray Observatory	
April 1991 May 2000 
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HEASARC Data Archive	

A good fraction of  the data is preserved 

Analysis software no longer available 
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COMPASS	
The COMPTEL Processing and Analysis Software System 

•  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 who made the project possible	

Mark McConnell 
University of  New Hampshire 

Werner Collmar 
Max-Planck-Institut  

für  
extraterrestrische  

Physik Preserved copies of  
•  Software 
•  Data 
•  Documentation 
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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 ... 
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... and was completed in 2022	
Good example of  #SlowScience ;-) 
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Some validation results	
Crab pulsar & nebula LS 5039 1.809 MeV line (26Al) 
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ctools carbon tracker	
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 

For comparison: 
Median per paper carbon footprint of  a space mission: ~ 23000 kgCO2e 
(Knödlseder et al. 2022, Nature Astronomy, 6, 503) 
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Searching for MeV emission from GeV SNR 	
•  Supernova remnants were not known to emit 

gamma rays at the COMPTEL epoch 
•  Today GeV (Fermi, Agile) and TeV (HESS, 

MAGIC, VERITAS) is detected from many SNRs 
•  COMPTEL data can be crucial to discriminate 

between leptonic and hadronic models 

leptonic hadronic 
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Searching for positron inflight annihilation	
•  Bright 511 keV positron annihilation emission of  

unknown origin observed towards Galactic 
centre (most precise results so far from 
INTEGRAL/SPI) 

•  Continuum MeV 
emission predicted 
from positron inflight 
annihilation 

•  Embodies information 
of  positron kinetic 
energies 

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

•  A long list of  research ideas using COMPTEL data will keep me busy 
for many years :-) 


