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ctools in a nutshell

• Open-source community-developed software package for the 
scientific analysis of data from imaging atmospheric Cherenkov 
telescopes (IACTs), developed in the framework of CTA

• Based on GammaLib, a toolbox for scientific analysis of 
astronomical gamma-ray data (support for IACTs/CTA, Fermi 
LAT, COMPTEL)

• Find all the information on the website
http://cta.irap.omp.eu/ctools/

• how to get them 
• how to use them (manual, tutorials, description of tools)
• how to contribute to development

• Latest release 1.6.1
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http://cta.irap.omp.eu/ctools/


Tools overview



Data

 4

• candidate photon lists, aka event 
lists (FITS), including
• metadata (pointing direction, 

livetime …)
• good time intervals (GTIs): 

continuous intervals of data 
taking with stable instrument 
response

• event lists from different 
observations combined in 
observation lists (XML)

https://gamma-astro-data-formats.readthedocs.io

https://gamma-astro-data-formats.readthedocs.io
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IRFs
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• flux arriving at the instrument 
(true photon energy and 
direction) → number of counts 
(measured photon energy and 
direction)

• factorised into effective area, 
point spread function, and 
energy dispersion (FITS) 

https://gamma-astro-data-formats.readthedocs.io

https://gamma-astro-data-formats.readthedocs.io


Models
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• gamma-ray sources + cosmic-
ray residual background

• each model component 
decomposed into: spatial + 
spectral + temporal

• serialised for writing to disk 
using XML



The likelihood method …

sky

model model-predicted 
counts

candidate photon 
counts

IRF

• compute likelihood of 
given model 

• determine best-fit 
values and uncertainties 
of model parameters 
(e.g., source fluxes) via 
maximum likelihood

MC sims



… and its different incarnations

3DOn/Off, aka classical

• similar to X-rays 
• 2D for imaging and 1D for spectral 

analysis 
• On (source) and Off (background) 

regions 
• fewer assumptions on background, 

but sacrifices information

• similar to Fermi LAT  
• model background and sources 

together in 3D sky direction + 
energy space 

• full data information exploited but 
requires adequate background 
model

binned unbinned

• bin events in 
sky direction 
and energy

• full information 
exploited for 
each event

ON

OFF

Multiple observations: for On/Off and binned analysis 
• joint analysis → each observation treated independently 
• stacked analysis



Using ctools

executables (command line, shell scripts …)

Python API (terminal, scripts, Jupyter notebooks)



Using ctools

hidden parameter, not inquired automatically
automatic parameter

default/latest used value

user-specified value

executables (command line, shell scripts …)

Python API (terminal, scripts, Jupyter notebooks)



Planning for the rest of the sessions

• Now: first step with ctools (demonstration) → simulation/
analysis of CTA observations of the Crab Nebula

• This afternoon/Wednesday: hands-on tutorials♀

1. revisit the Crab Nebula tutorial by playing with different 
analysis configuration/parameters

2. background modelling*
3. analysis of a variable source*
4. analysis of an extended source*
5. advanced model manipulation and fitting
6. explore your own Science case!

♀ provided as Jupyter notebooks, if you prefer scripts or running from the command line just use the notebooks 
as guide 
*   makes use of H.E.S.S. public data
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Practical info

You have two options to practise the tools
1. Use the virtual machine provided by the school
2. Install on your machine

• install ctools: http://cta.irap.omp.eu/ctools/admin/
index.html (recommended option: Installing via Anaconda)

• get Jupyter: https://jupyter.org/install
• get public H.E.S.S. data: http://cta.irap.omp.eu/ctools/users/

tutorials/hess_dr1/data.html
• get the latest CTA IRFs: http://cta.irap.omp.eu/ctools/users/

user_manual/irf_cta.html#getting-cta-irfs (you can get prod3b-
v2 IRFs from: https://www.cta-observatory.org/wp-content/
uploads/2019/04/CTA-Performance-prod3b-v2-FITS.tar.gz)

You can find these slide and all the notebooks on my webpage.
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