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Timeline of the SKA project
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The SKA France coordination
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Y ,. . SKA: le plus grand défi “Big Daié”é stronomie
% Chiara Ferrari et Gabriel Marquette - Coordination SKA-France
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Séminaire LAB
Chiara Ferrari
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The French SKA White Book

French SKA White Book

The French community towards the Square Kilometre Array

Editor in Chief:
C. Ferrari

Editors:

G. Lagache, J.-M. Martin, B. Semelin — Cosmology and Extra-galactic astronomy
M. Alves, K. Ferriere, M.-A. Miville-Deschenes, L. Montier — Galactic Astronomy
E. Josselin, N. Vilmer, P. Zarka — Planets, Sun, Stars and Civilizations

S. Corbel, S. Vergani — Transient Universe

S. Lambert, G. Theureau — Fundamental Physics

S. Bosse, A. Ferrari, S. Gauffre — Technological Developments

G. Marquette — Industrial Perspectives and Solutions

SKA France Day 2017

176 authors from

* 40 French research institutes
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A wider and wider community and strong
interdisciplinary incentives

* All SKA Science Working Groups have French
participants (55 researchers today - F. Combes
co-chair of one SWG)

%k Sixteen French researchers (co-)authors of more
than 30 out of the 135 chapters of the SKA
Science Book (published in 2015)
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A wider and wider community and strong
interdisciplinary incentives

Euctid« — JWST % The richest synergy chapter ever
. ) v 4 published about SKA vs. other projects,
including:

. a »instruments covering the whole
— - . electromagnetic spectrum
DES Athena [t INEHE S

»gravitational wave detectors

%

\\ interoperability frameworks & design
n& oo LN

SVOM

= %’* % Strong French implication in

studies
3k A wide variety of technical challenges

P, ) W{ * A scientific project with a big expected
' impact on society
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Changing our understanding of the
Universe with the SKA
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Changing our understanding of the
Universe with the SKA

X
Parallel spins: higher-encrgy configuration

- - ‘ Photon,
. \ wavclength = 21 cm
‘ Time Since the Big Bang
0 ° (Billions of Years) | ‘
Opposite spins: lower-energy configuration

QI\H.




Changing our understanding of the
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Universe with the SKA

Cosmic dawn &
Epoch of Reionisation




Changing our understanding
of the Universe with the SKA
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Changing our understanding
of the Universe with the SKA

Cosmic magnetism
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Changing our understanding
of the Universe with the SKA

Cosmic magnetism
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Changing our understanding
of the Universe with the SKA

Fundamental physics
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Changing our understanding
of the Universe with the SKA

Kramer & Stappers
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Changing our understanding
of the Umverse wuth the SKA

Cosmic dawn &
Epoch of Reionisation

Cosmology

Galaxy evolution
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Cosmic magnetism

Fundamental physics
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Why with the SKA?

Today with JVLA Tomorrow with SKA1
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Building this fantastic machine:
technological developments in France

WIDE BAND SINGLE PIXEL FEEDS TELESCOPE MANAGER
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LOW-FREQUENCY APERTURE ARRAY ASSEMBLY, INTEGRATION & VERIFICATION INFRASTRUCTURE AUSTRALIA
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Building this fantastic machine:
technological developments in France
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Building this fantastic machine:
technological developments in France
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7.2 Tb/s

SKA1-LOW
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Building this fantastic machine:
technological developments in France
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Building this fantastic machine:
technological developments in France

SKA1-LOW

SKA France Day 2017

17



SR

French researchers push forward radio image quality in view of the SKA telescope

Goa, india, Thursday 10 November - Novel image processing techniques have been discussed today at the 2016
SKA Science Conference in Goa, Indka, as French researchers have updated the international astronomy community
on promising work being undertaken in France to develop new algorithms for radio astronomy, with potential
applications beyond.

French teams from Observatoire de Paris, Observatoire de la Cote d'Azur, AIM Laboratory, ENS Cachan and
Université Paris X are actively working on state-of-the-art algorithms for calibration and deconvolution — removal of
artefacts in the images - of radio astronomy cbservations.

“Adaptive optics™ for radio astronomy

A French team from Observatoire de Paris led by Dr Cyril Tasse Is working on developing the equivalent of "adaptive
optics® for radio astronomy. Adaptive optics systems — as used in worlg-class optical astronomy faciities such as

ESQO's VLT in Chile - measure how atmospheric turbulence affects known sources in the sky, to then deform active Py ; )
mirror surfaces and compensate for the turbulence, thus resulting in much sharper images. In effect, these systems |’ . Vat0| re (& ( bS%rvato l‘e
almost correct the effects of the atmosphere. de Pans X / 4 dele COTE dAUR

"In optical astronomy, you apply this correction to the mimor. In radio-astronomy you apply the correction in the
supercomputer doing the image processing”, explains Dr Chiara Ferrari, Coordinator of SKA-France (see note).

While self-calibration tools already exist in radio astronomy, the French team has developed next-generation “direction-
dependent” algorithms that cope with the changing nature of the ionosphere over the observed portion of the sky.
These algorithms measure how the signal from known sources in the sky in the area of observation s affected by the

trbulence from the ionosphere, and then apply a corection in post processing to cancel those effects. The team un iverSité
recently tested their algorithm on observations of the international LOFAR telescope (from the LOFAR Surveys project,
C A C H A

/{\I Paris Ouest

led by Prof Réttgering), producing very promising results.

" Nanterre La Défense
Resuls of classical (lefl) and next-genevation calitration (right) on a small portion of the so-called « Booles field »
observed for 8 hours with the LOFAR lelescope &l 150MMz (data courtesy: LOFAR Surveys, Ritigering et al.)
sSKa M)
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SKA1-LOW

SKA France Day 2017

Building this fantastic machine:
technological developments in France

7.2 Tb/s

~300 PBl/yr
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France within the organisation of the SKA
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* J.-P. Vilotte (CNRS):
member of the External Advisory Board
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France within the organisation of the SKA
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Advanced Instrumentation Programme

universiteé
;*é ~BORDEAUX
e

WIDE BAND SINGLE PIXEL FEEDS

B
1.6 GHz 24 GHz
125 :
350 MHz 15.3 GHz

I’@vggofre

MID-FREGNCY. el universite 1
' “BORDEAUX



A wide variety of technical challenges

* Management of large data flows and complex problems of interferometric signal
processing

> Interdisciplinarity through applications: identity SKA signal processing and
analysis issues that are in common with other application domains

(geophysics, meteorology, particles physics, medical imaging, ...)

> Interdisciplinarity within the SKA project: identify how to respond to the
challenges of the entire data processing and analysis chain by integrating
the technological and methodological components

* Distribution of uninterrupted electrical energy under strong constraints in a
desert environment

* Minimising the costs, whilst maximising the reliability and ease of maintenance
of all hardware components

* Accurate real-time control of a many elements large-scale infrastructure

LW A
—
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Industrial perspectives and solutions
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Industrial perspectives and solutions
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Industrial perspectives and solutions
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Industrial perspectives and solutions
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Industrial perspectives and solutions
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Industrial perspectives and solutions

)
ThalesAlenia
s Spaa Stem ng\neermg &)
Y

)
: . arlanecrour ThalesAlenia
Ca”IStO’, e /e ey SDACE

o o :
’ nitorind

S
st ¢ sance 10
oryogen\CS d i = | St cien /
— T mmun’\cat\OT\S e 3 |
THALES TeleC e \

D o
ThalesAlenia . cation ! e
sl (ware and 8PP

RecelVin9 = @ airLiquide

(] FABRICANT DE CARTES = o
e e _ d storagd
o s

Energz///

e —. _

sigh encie e, distripUtO T
tenna deSST : storage; 9\
An Data ™" 7=

/
ThaIesAIenla

e ey SDACE

SKA “
SKA France Day 2017 F CE -



Large systems — From engineering to integration and maintenance
(A. Julier — Thales Alenia Space )

SKA data processing, storage, distribution
(J.-M. Denis — Bull-ATOS)

SKA system engineering needs
(A. Ayoun — Ariane Group)

Hydrogen for Powering SKA: a Case for Storing Renewable Energy
(Y. Pennec — Air Liquide)

High-frequency receivers
(S. Gauffre— LAB)

NenuFAR : a French pathfinder of SKA1-LOW
(P. Zarka — Obs. Paris)

The French Pulsar timing experience
(G. Theureau — LPC2E)

Cross-correlating cosmic fields in the Epoch of Reionisation
(G. Lagache — LAM)

Atomic and molecular lines with the SKA
(E. Daddi—AIM)

The SKA : a unique instrument to study the interstellar medium
(M.A. Miville-Deschenes — IAS)

The « Maison commune » SKA-France
(G. Marquette — Coordination SKA-France/CNRS)-INSU

FRANCE
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Conclusions

% The French astronomical community has intensified its efforts in preparing a national
contribution to the SKA project

3k About 180 authors from 40 research institutes and 6 private companies involved in
the French SKA White Book

%k Multi-usage, transversal domain dimension of the SKA
» A conservative estimate of at least 400 future users of SKA1 in France

» Ongoing discussions with public research institutes & infrastructures

» More potential partners identified within private companies
> A scientific project with a big expected impact on society
3 Evolution towards a new structure : « Maison SKA France »
» Create an instrument in response to the necessity of an innovative financial approach

» Enable France to participate to major scientific breakthroughs over the next 50 years
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