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Cherenkov Telescope Array Observatory

Northern site: La Palma Canary island

Southern site: Paranal plateau in Chile

Large Size telescopes: 23 m dishes, 1855 pixel cameras, 
       24 Gb/s single telescope rate

Medium Size telescopes: 11.5 m dishes, 1764 pixels, 12 Gb/s)

Small Size telescopes (4.3 m dishes, 2048 pixels, 2.5 Gb/s)
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Cherenkov Telescope Array Observatory

Northern site: La Palma Canary island

Southern site: Paranal plateau in Chile

LST-1, operational

LST-4, construction completeLST-2,3, construction finishing

Large Size telescopes: 23 m dishes, 1855 pixel cameras, 
       24 Gb/s single telescope rate

Medium Size telescopes: 11.5 m dishes, 1764 pixels, 12 Gb/s)

Small Size telescopes (4.3 m dishes, 2048 pixels, 2.5 Gb/s)



Atmosphere of the Earth serves as 
huge tracker + calorimeter
for detection of high-energy particles

Cherenkov light beam

CTAO data

time

CTAO cameras record time sequences showing “shooting star 
like” particle showers moving with the speed of light through 
atmosphere:

104 shower “events” per second × 10 telescopes per event
× 64 time slices ≃ 6 million images per second



6

CTAO data

𝛾-ray-like “event” lists
(RA, DEC, 𝛾-ray energy,…)

Sky images, source spectra and 
lightcurves, catalogues, …

”instrument response” functions
(collection area as a function of 
energy, precision of energy estimate, 
point spread function,…)

time

Telescope data 
(air shower image sequences)

Monte-Carlo data 
(air shower simulations)
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time

CTAO data

Telescope data 
(air shower image sequences)

Monte-Carlo data 
(air shower simulations)

𝛾-ray-like “event” lists
(RA, DEC, 𝛾-ray energy,…)

Sky images, source spectra and 
lightcurves, catalogues, …

”instrument response” functions
(collection area as a function of 
energy, precision of energy estimate, 
point spread function,…)

Large volume Smaller volume

Distributed to astronomers, ultimately publicly available“Confined” to CTAO data centers



Data will be initially processed at On-site Data Centers, before 
being moved to 4 Off-site Data Centers in Europe. One of the Off-
site DCs is CSCS in Switzerland.

After the initial on-site processing and volume reduction, the raw 
telescope data volume is reduced to ∼ 12 PB/yr, for the two sites, 
complemented with comparable amount of Monte-Carlo 
simulated data.

Two redundant copies of raw telescope data and multiple revisions 
of processed data will be stored, resulting in several hundred PB of 
data by the end of this decade.   

Data processing and preservation system relies on Grid computing 
technologies from particle physics: 

Paranal
On-site 
Data Centre

La Palma
On-site 
Data Centre

Frascati

Science Data Management
Center (SDMC) DESY Zeuthen

CSCS

PIC
DESY Zeuthen

CTAO data centers



Swiss Off-site Data Centre for CTAO

CSCS

WLCG technology for data 
management

ALPS infrustructure



Swiss Off-site Data Centre organisation

WLCG technology for data 
management

ALPS infrustructure

K8s platform

Workflow 
management

JupyterHub

DIRAC servers

Database

ESAP

telescope 
data

(CPU, GPU)

Astronomers
(CTAO, CTAO-CH)

data analysis
software



CTAO Large Size Telescope data management

K8s platform
JupyterHub

DIRAC servers

Database

ESAP

LST data

(CPU, GPU)

2 PB disk
2 PB tapes

LST data
analysis

First Large Size Telescope (LST) of CTAO is taking data since 2020. Three further LST 
telescopes are finishing construction in 2025 and will start taking data in 2026.

Swiss Off-site DC already serves as one of the LST Off-site Data Centers. 

Users can access LST “event” (DL2+) data and 
perform analysis (produce sky images, source 
spectra and lightcurves (DL4-DL6) using Jupyter Hub 
based online analysis environment:



CTAO data in multi-wavelength and multi-messenger context

radio
infrared

Visible/UV

X-ray

gamma-ray

Time / 33 milliseconds

Every individual telescope only provides partial 
information on complex phenomena occurring in high-
energy sources. To understand the nature of those 
phenomena, it is essential to combine all pieces of 
information from different telescopes. 

SKAO CTAO



Multi-Messenger Online Data Analysis
https://mmoda.io



Multi-Messenger Online Data Analysis
https://mmoda.io

Gamma-ray



Multi-Messenger Online Data Analysis
https://mmoda.io

radio



Multi-Messenger Online Data Analysis
https://mmoda.io

neutrino

cosmic ray

gravitational waves

X-ray

visible

infrared



https://mmoda.io

It becomes conventional practice to make data and data analysis 
software publicly available. This is the case e.g. for IceCube 
neutrino telescope.

(neutrinos can be produced together with gamma-rays [detectable 
by CTAO] and radio signals [detectable by SKAO] in astronomical 
sources).

Example: “crowd-sourcing” multi-messenger data analysis in MMODA

neutrino



https://mmoda.io

Example: “crowd-sourcing” multi-messenger data analysis in MMODA

MMODA has a service to extract neutrino flux upper limits (or flux 
measurements) for any source on the sky. 



https://mmoda.io

Example: “crowd-sourcing” multi-messenger data analysis in MMODA

MMODA services, like the one for neutrino analysis, can be 
developed and deployed starting from analysis description in a 
Python notebook deposited in a GitLab, e.g.
https://gitlab.renkulab.io/astronomy/mmoda 
MMODA bot stages data analysis services on MMODA based on 
such descriptions.  

https://gitlab.renkulab.io/astronomy/mmoda


Summary

New generation gamma-ray observatory in construction 
on two sites: in Northern and Southern hemispheres

Earth atmosphere is used as huge detector of high-
energy particles

Generates hundred(s) of Petabytes of data, data 
processing re-uses WLCG technology

Switzerland provides one of the four Off-site Data 
Centers of CTAO. 

Swiss Off-site DC already manages the data of Large Size 
Telescopes of CTAO that finish construction / start 
operations.

CTAO data should be considered in multi-wavelength 
(including radio: SKAO) and multi-messenger context. 
Multi-Messenger Online Data Analysis platform. 
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