Cherenkov Telescope Array Observatory
and its Off-site Data Centers
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Radio vs. gamma-ray
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Cherenkov Telescope Array Observatory

Northern site: La Palma Canary island
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Large Size telescopes: 23 m dishes, 1855 pixel cameras,
24 Gb/s single telescope rate
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Southern site: Paranal plateau in Chile




Cherenkov Telescope Array Observatory

Northern site: La Palma Canary island

LST-4, construction complete

LST-2,3, construction finishing
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Large Size telescopes: 23 m dishes, 1855 pixel cameras,

24 Gb/s single telescope rate

it

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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Southern site: Paranal plateau in Chile




CTAO data

CTAO cameras record time sequences showing “shooting star

like” particle showers moving with the speed of light through
atmosphere:

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

hoton or
/ Cﬁsm,c ray | 10*shower “events” per second X 10 telescopes per event

2 X 64 time slices = 6 million images per second

=10 km

200 m




CTAO data

Monte-Carlo data Sky images, source spectra and

(air shower simulations) . , . lightcurves, catalogues, ...
instrument response” functions
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CTAO data

“Confined” to CTAO data centers

Monte-Carlo data
(air shower simulations)

time

\
Telescope data ™ Y&
. . \" A l
(air shower image sequences)

DLO DLA1

Calibrated
Instrument
Raw Data Data

Archival

Large volume

photon or

cosmic ray

=10 km

DL2

Reconstructed
Air-Shower
Data

Distributed to astronomers, ultimately publicly available

Sky images, source spectra and

. . lightcurves, catalogues, ...
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CTAO data centers

Data will be initially processed at On-site Data Centers, before
being moved to 4 Off-site Data Centersin 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 isreduced 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:
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Swiss Off-site Data Centre for CTAO
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Swiss Off-site Data Centre organisation
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CTAO Large Size Telescope data management

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.
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CTAO data in multi-wavelength and multi-messenger context

LI I I I O O O O I O B

1800

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

https://mmoda.io
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Multi-Messenger Online Data Analysis
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Multi-Messenger Online Data Analysis
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Multi-Messenger Online Data Analysis
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Example: “crowd-sourcing” multi-messenger data analysis in MMODA
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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).
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IceCube Data for Neutrino Point-Source Searches Years 2008-2018

IceCube Collaboration: R. Abbasi, M. Ackermann, J. Adams, J. A. Aguilar, M. Ahlers, M. Ahrens, C. Alispach, N. M. Amin, K. Andeen, T. Anderson, |.
Ansseau, G. Anton, C. Argiielles, S. Axani, X. Bai, A. Balagopal V., A. Barbano, S. W. Barwick, B. Bastian, V. Basu, V. Baum, S. Baur, R. Bay, J. J. Beatty, K.—
H. Becker, ). Becker Tjus, C. Bellenghi, S. BenZvi, D. Berley, E. Bernardini, D. Z. Besson, G. Binder, D. Bindig, E. Blaufuss, S. Blot, C. Bohm, 5. B&ser, O.
Botner, J. Bottcher, E. Bourbeau, J. Bourbeau, F. Bradascio, J. Braun, S. Bron, J. Brostean-Kaiser, A. Burgman, J. Buscher, R. 5. Busse, M. A, Campana, T.
Carver, C. Chen, E. Cheung, D. Chirkin, 5. Choi, B. A. Clark, K. Clark, L. Classen, A. Coleman, G. H. Collin, ). M. Conrad, P. Coppin, P. Correa, D. F.
Cowen, R. Cross, P. Dave, C. De Clercq, J. J. DeLaunay, H. Dembinski, K. Deoskar, S. De Ridder, A. Desai, P. Desiati, K. D. de Vries, G. de Wasseige, M.
de With, T. DeYoung, 5. Dharani, A. Diaz, J. C. Diaz-Vélez, H. Dujmovic, M. Dunkman, M. A. DuVernois, E. Dvorak, T. Ehrhardt, P. Eller, R. Engel, P. A.
Evenson, S. Fahey, A. R. Fazely, ). Felde, A.T. Fienberg, K. Filimonov, C. Finley, L. Fischer, D. Fox, A. Franckowiak, E. Friedman, A. Fritz, T. K. Gaisser et
al. (274 additional authors not shown)

lceCube has performed several all-sky searches for point-like neutrino sources using track-like events, including a recent time-integrated analysis using 10 years of
IceCube data. This paper accompanies the public data release of these neutrino candidates detected by IceCube between April 6, 2008 and July 8, 2018. The selection
includes through-going tracks, primarily due to muon neutrino candidates, that reach the detector from all directions, as well as neutrino track events that start within
the instrumented volume. An updated selection and recanstruction for data taken after April 2012 slightly improves the sensitivity of the sample. While more than 80%
of the sample overlaps between the old and new versions, differing events can lead to changes relative to the previous 7 year event selection. An a posteriori estimate of
the significance of the 2014-2015 TXS flare is reported with an explanation of observed discrepancies with previous results. This public data release, which includes 10
years of data and binned detector response functions for muon neutrino signal events, shows improved sensitivity in generic time-integrated point source analyses and
should be preferred over previous releases.
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Example: “crowd-sourcing” multi-messenger data analysis in MMODA
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Example: “crowd-sourcing” multi-messenger data analysis in MMODA
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MMODA services, like the one for neutrino analysis, can be
developed and deployed starting from analysis descriptionin a

Python notebook deposited in a GitLab, e.g.
https://gitlab.renkulab.io/astronomy/mmoda
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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
processmg re-uses WLCG technology

//////

= SWltzerland prowdes one of the four Off-site Data ==
= | Centers of CTAO. '
A S, ’

operatlons

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