The SKA Observatory B o ,

-

(( OBSERVATOIRE
DE LA COTE D'AZUR

& UNIVERSITE LAGRANGE |

LT
-

b AR 3 -
o TR, B S

'



Outline of the talk

* The SKA Observatory
* Overview of the SKA science
* Some SKA technical challenges



SKAO at a glance

* Anew Intergovernmental Organisation for astronomy and
fundamental physics with 50+ year lifetime

e SKAOQ is now:

o February 3-4,2021: first SKA Observatory Council
o July 1%, 2021: construction activity began

N SKA Partners - includes Members of the SKA Organisation, precursor to the SKAO -, current SKAO Member States*,
and SKAO Observers (as of January 2022)

o December 5, 2022: SKAO Construction Commencement Ceremonies GEl1EmE ==l Il M= TR R

I African Partner Countries
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%‘%@%LE‘E\*\‘/“E"&%LAN | « A mega-science facility of the 21st century to
| provide capabilities to transform our

understanding of the Universe

o Avery wide variety of science cases and associated
science data products

o Diverse and complex workflows to run on Big Data



SKA Phase 1

SKA-LOW (50-350 MHz) : 131072 log
periodic antennas, spread across 512 stations
Maximum distance between stations: 74 km

SKA-MID (350 MHz - 15.4 GHz) : 197 fully
steerable dishes, including the existing 64
MeerKAT dishes

Maximum distance between dishes: 150 km

SKA-HQ : SKAQ headquarters located on the
UNESCO World Heritage Site of Jodrell Bank

SRC-Net (SKA Regional Center Network) : a
world wide network of data/computing centers

Image/Video courtesy:
SKAQ, H2020 AENEAS project



Construction strategy

4 dishes

e Target: build the SKA Baseline Design (AA4) AAO.5 6 stations 2025 Nov 2024 Jul
e Notall funding yet secured, therefore following Staged 8 dishes
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Delivery Plan (AA*) stations
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e Develop the earliest possible working demonstration of AA2 o 2027 Dec 2026 Nov
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e Then maintain a continuously working and expanding 307 stations ep *
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The magnetised Cosmos
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e Radio astronomy: uniquely suited to study
cosmic magnetism

o Synchrotron emission
Adapted from BICEP2/Keck and

@) Faraday rotation Planck Collaborations 2015
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o Faraday tomography
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o Zeeman splitting

e \Why we care about a proper knowledge of cosmic
magnetic fields?

o Astrophysics: huge impact on a variety of

102

10*

50 100 150 200 250
Observing frequency [GHz]

Bonafede etal. 2015

physical processes in galaxies and large-scale | Today

structures JF With SKA Phase 1
o Cosmology: relevant for modelling of Niww‘\ﬁ”

polarised Galactic foregrounds in the search a jf““,‘
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Courtesy: Mark Sargent

Ga Iaxy fo rm ati 0 n a n d eVOI uti O n (co-chair Extragalactic Continuum SWG)

lookback time (Gyr)

) 0246 8 10 12
observed HI simulated HI T 0 SFH - non-thermal processes
C ] & AGN/galaxy co-evolution
-0.8 - IR . .
) C ] band 2/1, $0.5” resolution
;’a- 1.2 _ _ duration: ~2 years
T L Uv
b C T ~1000 deg?
> _1.8 = =]
® -_h* . i . rms: 1 udy
E : tpoint ~ 5 hr
> -2
gn ?
' T o4 ld 4 ~10 deg?
Neuteol hycrogen Madau & Dickinson 2014 ] rms: 0.2 uy
g ! | 1 | T I B S N | tpoint ~ 100 hr
0 1 2 3 458678
- redshift
Salceg?; rms: 0.05 udy; teoint ~ 1700 hr
. : SFH - thermal processes
= .
3 - & AGN/galaxy co-evolution
= l ¥ N .
: ; ! ~ band 5 (~10 GHz), ~0.1” resolution
= | | z e duration: ~6 months
| 1 ERRS
I = 4
% i : 8 | /7 Withthe 3LAona | - ~1 deg?
! ! o 0.25 deg?field rms: 0.3 udy
| : sp——— - | Fernandez et al. 2013; Staveley-Smith & Oosterloo 2015; toom ~ 12 1 SERIEIN
. Band 4 o | fenin@ Oosterloo (HI Science Working Group) rms: 0.04 uly

2 0.4 0.6 0.8 1 1.2
Redshift, z

tpoint ~ 650 hr



The emergence of galaxies
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characteristic amplitude

Pulsar Timing Array (PTA)
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Area (deg®)

Searching for the unknown
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SKAO data processing stages

Telescope
boundary
Large-area Correlated /
response data Perth conditioned Prggtits
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SKA project milestones &
Dependencies for the SRC Net development

2026-2027 SV campaigns produce up to 2027-2028 SV campaigns produce up to
3.5 PBytes* of data each SV week 14 PBytes* of data each SV week

2024 2025 2026 2027 2028 2029

SRC Net 2.0
fully public
full functionality

SRC Net 0.1 SRC Net 0.2 SRC Net 1.0
(internal) (internal) fully public




SRCNet essential functions

® 1o give SKA users access to SKA data, in compliance with the SKA data access policy - = !
| | . sia [
® To provide the computational and data management resources for the archiving of SKA data |
' ' ingi ientifi ' SKA OBSERVATORY
® To provide SKA users with processing infrastructure to enable the scientific analysis of SKA data ST ARLISHVENT
* To form a federated environment which allows transparent data access across the SRC network, AND DELIVERY PLAN

giving access to data products across the global science archive to all member of the SKA
community

® To provide users with local user support

e Some regions may wish to provide additional, non-essential functions through their
local SRC (e.g., regional point of contact; outreach and publicity; development
activities). Such additional functions are optional and at the discretion of the regions



Towards the I ‘ SIRC

Canada UVic 1-4
PB

I China Shary
Observatory, 1. PB
Italy, INAF IRA,
0.3PB disk, 1.2PB
tape, 10 gbps
Japan, Tokyo
NAOJ, 0.14PB

L Netherlands,
SURF, 0.1PB

W Spain, IAA
Granada, 0.5PB

Il Sweden,
Gothenburg,
0.3PB

B Switzerland,
CSCS Lugano,
0.4PB

W UK, STFC RAL,
4.0PB
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MINISTERE Direction générale
DE L'ENSEIGNEMENT de la recherche et de I'innovation
SUPERIEUR

ET DE LA RECHERCHE

Fraternité

Service de la Stratégie .
de la Recherche et de lnnovation Paris, le 25 0€T. 2023

SSRI A7/ SSRI A1
Affaire suivie par :

Laurent Crouzet Le Chef de Service
Mél : laurent.crouzet@recherche.qouv.i

Guy Perrin a
Ml : quy.perrin@recherche. qouv.fr

1 rue Descartes Chiara FERRARI

75231 Paris SP 05 Directrice SKA-France
Objet : constitution du nceud frangais du SKA Regional Center péen du Square Kil Array
Observatory

Madame la Directrice,

La France a décidé le 15 décembre 2020 de devenir membre du Square Kilometer Array Observatory. Cette
infrastructure de recherche est en cours de construction. Sa modularité en permet le déploiement progressif d'ici
42027. Ainsi, de premiers jeux de données sont attendus pour 2024 avec un embryon d'observatoire opérationnel
doté d'un petit nombre d'antennes sur les sites sud-africain et australien. SKA requiert de fagon paralléle un
déploiement progressif des SKA Regional Centers dont la constitution ne figure pas au budget de SKAO. Il reléve
de la responsabilité des pays membres d'apporter les moyens nécessaires, en coordination avec SKAO et, au
minimum, a proportion de leur part dans le budget de SKAO.

Les partenaires de SKA-France disposent de ressources, humaines et matérielles, susceptibles de répondre
partiellement ou intégralement a la contribution attendue de la France en stockage, calcul et mise & disposition
des données de SKA. Le SSRI, pour le MESR, confie @ SKA-France et ses membres le soin de mener une étude
dont I'objectif est d’exprimer les besoins nécessaires a cette contribution frangaise. Vous pourrez commencer par
faire un état des lieux des contributions possibles dés 2024, puis préciserez les ressources manquantes, en
prenant en compte les infrastructures numériques disponibles ou auxquelles vous pourriez avoir accés d'ici a
2028. Cette étude précisera quelle coordination est envisagée avec les autres pays européens participant 8 SKAO
et a ce projet de SRC européen.

Dans lattente des résultats de cette étude, je vous prie de croire, Madame la Directrice, @ mes meilleurs
sentiments.

Che?% eda stratégie

de lafecherche et de linnovation



Objectives of the FR-SRC

e Contribute to the SRC Net atan
appropriate level within the SKAQ

1GO
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French SKA White Book : .

The French community towards the Square Kilometre Array .
! .
4 « — Western Ausralia '
X . p = @ 4

SKA-MId Site,
Karoo, South Africa

I SKAO Partnership - includes SKAO Member States* and SKAO Observers (as of June 2024) B African Partner Countries
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MESNET

FR-SRC in the national landscape e

- Unique services provided to the international community by
CDS

- National infrastructures & GENCI

‘\ RESEARCH
FRANCE PROGRAM




* Aladin'Lite ’n?.thé prototype

SRC|Net
SKA Regional Centre Network
()
s Filter u
Project
One

RESOLVED BY SIMBAD: NGC 1436, OBJECT ’

Home Search catalogue Visualise data Login e

English &=
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Project

W TYPE: GIG

Project
Three

55.904540182 ‘ ’ -35.85305683 ‘
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’ All
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) Actions  angular_separation obs_publisher_did

O g 0.00004349700459594977 ivo://test.skao/~?sp3531_soda:2024-01-22-17-04-15_MKT-FORNAX-SURV_t06_1kms_NGC1436_image_t

d g 11.075020411603468 ivo://test.skao/~?sp3531_soda:2024-01-22-17-06-15_ASK-WALLABY_Eridanus_cutout-574594-imagecube-

Slide provided b

CENTRE DE DONNEES
ASTRONOMIQUES DE STRASBOURG N
« Showing results 1 to 2 of 2




SKAO Science Data Challenge

MAP OF WORLDWIDE PARTICIPATION

.
#-.‘.' ¥ * UKSRC,
72T Te IRIS-CAM
Cambridge,
UK

GENCI/ IDRIS
Orsay,
France

Coimbra,
Portugal

Galicia

Santiago de

THE CHALLENGE
IN NUMBERS

Teams analysing
75TB 234 12
supercomputing

of simulated telescope registered
data and a corresponding participants in centres providing
resources globally

60 GB 16

of image cubes representing
different radio frequencies countries

Supercomputing
Center / CESGA

Compostela, Spain

UKSRC (JBO /
Manchester,
IRIS-STFC)
Manchester,

ul

ASTRON / SURF
Amsterdam,
Netherlands

Swiss National
Supercomputing
Center / CSCS
Lugano,
Switzerland

INAF o
Bologna - Trieste - cshr:::grisz,c
SPSRC / Catarial China
IAA-CSIC Y

Spain

Granada, I I
|

Teams are analysing data which simulates observations of the Epoch of
Reionisation signal (left; bright areas are neutral hydrogen, and dark
patches are ionised gas). It is obscured by foreground emission (right;
orange dots are galaxies, and the ribbon-like shape is diffuse gas in our
galaxy). While the features of each image appear equally bright here, in the
data cube the background is millions of times fainter than the foreground.




Vision, strategy and initiatives at European level

(A) S Consortium Overview

|| [ ook e [momier] |imstor| |mombor] | i . Coordinator

+ EGI Foundation
Entity + Research Infrastructure representatives Radio
c . Astronomy
|.. % | | = | | = Il T I | = | (B) - LHC: CERN, INFN
European
1 + LOFAR: NWO-I through ASTRON
|" - I | - I | : | | | | | + e-Infrastructure representatives

Communities of Practice . "%y

+ FZJ (HPC Exascale and quantum computing)
+ CINECA (HPC & Quantum)
Global SRC
Entit (c) + SURF (HTC, HPC, Cloud)

I | | I I I I | + (also EGI Foundation, INFN)

European
SRC Entity
T

Computing
Continuum A

Cloud HTC Quantum

= e (| | (s
gé‘%

3 Key Data
Duration: 30 months
Start date: 1 Jan 2024 - End date: 30 June 2026
Partners: 9 partners + 1 affiliated
Budget: 2,449,542.50€
Funding Source: Horizon Europe - Call HORIZON-INFRA-2023-DEV-01-05

e Preparation of common strategies for future development of Rl technologies
and services within broad Rl communities
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Project Vision and Overall Objective

VISION

Data-intensive scientific collaborations have
access to a European exabyte-scale research
data federation and compute continuum

PROJECT OVERALL OBJECTIVE

Deliver a Strategic Research, Innovation and Deployment Agenda (SRIDA)
which defines the vision, overall goals, main technical and non-technical
priorities, investment areas and a research, innovation and deployment

roadmap for data-intensive science and infrastructures

14/12/2023 | SPECTRUM PreKOM (online) spectrumproject.eu



Spectrum management & low-earth orbit mega-constellations

2022 June 14

Pinnacl

Satellites Behind Pinnacles
Image Credit & Copyright: Joshua Rozells

https://cps.iau.org
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Conclusions of the talk \

* The SKA Observatory ; m :

o Anew Inter-Governmental Organisation for ground-based astronomy
o Construction started in July 2027 and proceeding at pace
o Atthe end of 2026, SKAQ will become the most powerful radio observatory on Earth

« Qverview of the SKA science

o Aftera 30-year journey since first conceptual ideas were floated, SKAO science is now clearly on the horizon
o Important preparatory activities of pathfinder and precursor telescopes
o SKAO will produce unique science

* Some SKA technical challenges
o A mega-science facility of the 215t century with diverse and complex workflows (HDA, HPC, Al)
o Need of an end-to-end partnership for SRCs
o Spectrum management issues related to constellations of satellites

chiara ferrari@oca.cu



