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Les étapes-clé de 2018 

17 Mai 2018 

Le MESRI publie la Feuille de Route nationale 
des Infrastructures de Recherche 
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Les étapes-clé de 2018 

12 Juillet 2018 

Le CNRS, chef de file de la 
Maison SKA-France, adhère 
à SKAO 
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-  Raie à 21 cm de l’hydrogène neutre (HI)

-  Émission radio cohérente

-  Émission radio incohérente

-  Rotation de Faraday 
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La Maison SKA France 

-  Un Partnership Publique Privé réel et équilibré entre les organismes de recherche 
et leurs partenaires industriels

-  Une feuille de route scientifique et technologique

-  Un forum pour développer la recherche fondamentale et les projets de R&D

-  Un précurseur d'un nouveau modèle d'affaires pour les grandes infrastructures 
de recherche
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directly impacts the digitizer performance, cost and maintainability. We have compared the four location alternatives 
collected in Table 2 in an internal SKA Dish Consortium trade-off study. 

Table 2 Digitizer location options 

Location Telescope example 
1) Complete Receiver system installed inside the pedestal with long RF co-ax lines connecting the
Feeds to the Receivers through cable wraps and guides.

Classic dishes, eg. 
Parkes 

2) Complete Receiver system installed on the Feed Indexer (< 10 m from Feeds). Only fibre optic
links (clocks & digital data) and power cables connecting to the pedestal.

MeerKAT UHF & L 
band 

3) Majority of Receiver system installed inside the pedestal, with RF over fibre links connecting to
the ADC modules which are installed inside the pedestal. Power cables are required to support the
RF over fibre and related modules.

Allen Telescope, 
CARMA 

4) All analogue signal path components including ADC’s are installed on the Feed Indexer (< 10 m
from Feeds), with digital fibre optical links connecting the ADC outputs to the digital processing
modules. Digital processing modules and support systems are installed inside the pedestal. Power
cables and clock lines (over fibre) are required for the active electronics.

MeerKAT S-band 
[MPIfR] 

The trade-off study recommended architecture 4 for implementation in the SKA1-Mid and Band 1+2+3 as well as Band 
4+5 digitizers are being built in prototypes following this recommendation as illustrated in Figure 26. 

Figure 26. SKA1-Mid digitizer components location. 
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Appendix A. Incoherent (phase-insensitive) combination
sums the detected signals (powers) from antennas pointing
in the same direction. Coherent combination of antennas
forms a phased or tied array beam – voltages measured at
each antenna are aligned in phase towards a specific
direction on the sky, in a manner similar to station beam-
forming. Smaller groups of antennas – subarrays – can be
incoherently combined and each subarray pointed in a
different direction. The extreme of this is the so-called fly’s
eye, where every antenna is pointed in a different direction.

Event localisation and the spatial discrimination of
astronomical signals from radio frequency interference
(RFI) is possible for coherent combination and, using
buffered voltages, for incoherent combination and sub-
arrays of three or more incoherently combined antennas.
Multiple beams (incoherently or coherently combined)
can be used to discriminate RFI, where a candidate event
in most or all beams indicates the presence of RFI.

Dedispersion processing The signals pass through a
cosmic medium of unknown dispersion measure (DM).
Thismeans that the detection needs to be trialled for many
DMs, each of which has a computational cost. The DM
range to be trialled depends on the location on the sky.
Clarke et al. (2011) discusses dedispersion for SKA1 in
detail.

Event detection An event-detection algorithm
needs to be applied to the signal from each trial DM,
where optimal detection is achieved with an appropriate
matched filter (Cordes & McLaughlin 2003).

Store in rolling buffer The digitised voltages from
the dishes or stations are stored in a circular memory
(rolling) buffer. In the case of a candidate event, the data
from the buffer can be saved to another location (dumped)
and processed off-line. The amount of memory required in
the buffer depends on the sampling rate, sample size and
the expected maximum (dispersed) pulse duration. The
maximum pulse duration is a function of the range of
frequencies to be captured and varies linearly with the
maximum DM to be trialled. For a maximum DM of

3000 pc cm!3 and a bandwidth of a few hundred MHz, a
buffer of order tens of seconds is required for dish frequen-
cies and possibly tens of minutes for lower frequencies.

Buffer dump and off-line processing On receipt of
a trigger, the buffer will dump the original voltage data to
storage for off-line processing, which could include RFI
filtering, analysis of the candidate detection and correla-
tion of the dish or station beams for source localisation
and imaging.

Commensal and targeted surveys A commensal
survey greatly increases observation time by conducting
the survey in parallel with normal telescope operations. It
is passive; it uses dish or station beam signals from the
primary user observation, placing little extra demand on
the telescope. Such a survey is suitable for extragalactic
searches, given the information about the population of
such fast transients is not known a priori; hence one
direction on the sky is as good as another. To observe
specific areas of the sky, such as the Galactic plane and
nearby galaxies, a targeted transients survey (which is
the primary user observation) may be required (e.g. van
Leeuwen & Stappers 2010).

Data spigot A data spigot to the dish and station
beam signals is useful for transients surveys, especially
those which are commensal. If the signal chain is consid-
ered to be the signal path from the antennas of a radio
telescope array to the correlator, a spigot defines a point in
the signal chain where users can tap off data via a well-
defined interface. The spigot for fast transient searches
may output either coherent (phase-preserved) data at high
rates or, alternatively, incoherent data where the dish or
station beam voltages are squared and integrated to a time
resolution of order milliseconds to reduce the data rate
and subsequent dedispersion processing load. The latter
approach is being taken by CRAFT to access beams from
the ASKAP beamformer (Macquart et al. 2010a). Simi-
larly, searching the integrated signals from the dish or
station beams which have been incoherently combined is
a low-cost option for commensal surveys with SKA1.

Figure 2 Signal combination modes, resultant beam patterns, and beam terminology for dishes and aperture array (AA) stations (beam sizes
not to scale).

302 T. M. Colegate and N. Clarke

SKA Observatory data products – data rates 

•  Image cubes (2 spatial dimensions, plus 
radio spectral frequency, polarization) 
–  Each can be huge, typically minutes-to-

hours integrated together 
–  High speed image plane searches 

•  Deep-cube: per 6 hours integration, O(50k x 50k) pixels, 50k channels, 
4 polarisations: 5 Petabytes. 1.85 Tbits/s (20 x 100gbit/s links) 

•  Image plane searching: per 1 second, O(5k x 5k) pixels, 10 channels, 1 
polarisation: each cube 25 Gbytes, 200 gbit/s 
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directly impacts the digitizer performance, cost and maintainability. We have compared the four location alternatives 
collected in Table 2 in an internal SKA Dish Consortium trade-off study. 

Table 2 Digitizer location options 

Location Telescope example 
1) Complete Receiver system installed inside the pedestal with long RF co-ax lines connecting the
Feeds to the Receivers through cable wraps and guides.

Classic dishes, eg. 
Parkes 

2) Complete Receiver system installed on the Feed Indexer (< 10 m from Feeds). Only fibre optic
links (clocks & digital data) and power cables connecting to the pedestal.

MeerKAT UHF & L 
band 

3) Majority of Receiver system installed inside the pedestal, with RF over fibre links connecting to
the ADC modules which are installed inside the pedestal. Power cables are required to support the
RF over fibre and related modules.

Allen Telescope, 
CARMA 

4) All analogue signal path components including ADC’s are installed on the Feed Indexer (< 10 m
from Feeds), with digital fibre optical links connecting the ADC outputs to the digital processing
modules. Digital processing modules and support systems are installed inside the pedestal. Power
cables and clock lines (over fibre) are required for the active electronics.

MeerKAT S-band 
[MPIfR] 

The trade-off study recommended architecture 4 for implementation in the SKA1-Mid and Band 1+2+3 as well as Band 
4+5 digitizers are being built in prototypes following this recommendation as illustrated in Figure 26. 

Figure 26. SKA1-Mid digitizer components location. 
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Fabrication des antennes

Industry

• Nice, December 2015: First SKA French Industry Day
• Paris, July & September 2016: Workshops HPC/Big Data
• Paris, September, October & November 2016: Workshops Energy

Intérêt industriel Multiples défis pour la construction  

- Apport et distribution d’énergie
- Ingéniérie système
- Big data (Fait partie des projets 

emblématiques du cluster 
ASTERICS)

- Digitalisation haute fréquence
- Algorithmes

- Traitement des très grands volumes de 
données

- Archivage

Cryogénie
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Solution for the remote antennas
Integrated Power and Cryogenics 
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Fabrication des antennes
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Figure 11: Location of SKA1-mid dishes (red dots) on the ground in the central area of the Karoo SKA site at two 
different scales 
 
The black and white circles show the location of the MeerKAT antennas. The background is from Google Earth.  
 

 
Figure 12: Location of entire SKA1-mid antenna array on the ground 
 
The background is from Google Earth. The green boxes are labels for major roads. 
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Fig. 5. (Center column) (d) The beamforming hierarchy with the array beam produced by an array of stations at the top and the antenna beam at the bottom.
Subsequent levels in the hierarchy have beams that are narrower and more sensitive. (Left column) (a) the corresponding concept layout of LOFAR, (b) a
LOFAR low band antenna station and (c) a MWA tile. (Right column) (e) a concept for SKA consisting of an array of stations, each with small dishes, (f)
a concept for the SKA core station, and (g) a SKA demonstrator tile consisting of Vivaldi antennas.

of a station itself, but there are some subtle differences. A
station only contains short baselines (∼ 100 m), which implies
that it provides a much lower resolution than an array, while
its constituents provide a much wider FOV. As we will see
in the next section, this implies that the calibration becomes
more challenging due to direction dependent effects. Another
challenging aspect stems from the enhanced flexibility of
electronic beamforming: this may result in a less stable beam
than a beam that is produced mechanically with a reflector
dish. Finally, the output of a station beamformer is insufficient
for calibration: for this purpose the station should also provide
the correlation data among individual elements, even if these
are not used at higher levels in the hierarchy.

A compound element (tile) can also be exploited as focal
plane array (FPA). In this case, the array is placed in the
focal plane of a dish. This allows to optimize the illumination
of the dish, as it effectively defines a spatial taper over the
aperture of the dish that can be used to create lower spatial
side lobes. An FPA can also improve the FOV of the dish
by providing multiple beams (off-axis) on the sky. In this

case, the primary beam is the sensitivity pattern produced
if the dish is illuminated by only a single antenna of the
compound element. The compound beam is the electronically
formed beam produced by illuminating the dish by the FPA.
The FPA concept is currently under study in The Netherlands
[15], United States [16], [17] and Australia [18] as part of
the technology road map towards the Square Kilometer Array
(SKA) [19].
SKA is a future telescope that is currently in the concept

phase. It is a wide band instrument that will cover the
frequency range from 70 MHz to above 25 GHz. Apart from
cost the design is driven by a trade-off between sensitivity
and survey speed: the speed at which the complete sky can be
observed. To enable wide band operation, it will probably use
a mix of receiver technologies:

• Dishes with wide-band single pixel feeds. At the highest
frequencies this gives the highest sensitivity. Since this
concept provides a very stable beam it is well suited for
high fidelity imaging.

• Dishes with focal plane arrays. At intermediate frequen-

Beam Forming analogique
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AENEAS                        54    INFRASUPP-03-2016 

 

Figure 9: The overall governance and organisation of the AENEAS project.  

 
AENEAS General Assembly (AGA) 

The AENEAS General Assembly (hereafter AGA) will be the ultimate decision making body of the 
consortium, with each of the full partners (see the list of participants on page 1) able to appoint one 
assembly member. The AGA will typically meet face-to-face at least once per year – additional 
meetings (should they be required) will be held via video conference. Quorum will be achieved when 
2/3 of the AGA members are present or represented by a proxy.  

The AGA will elect from its membership a chairperson who will serve for the duration of the project. 
We note that on this specific point, the Governance of AENEAS differs from the DESCA model in 
which the coordinator is suggested to be the chair. Our experience in previous large EC projects 
suggests that having an independent chair of the AGA empowers that body to act as a proper sparring 
partner with the coordinator and Management Team. 

In keeping with the fundamental spirit of good collaboration, decisions will be made wherever possible, 
on the basis of consensus. In the event that consensus cannot be achieved, motions will be approved 
with a majority of 2/3 of the votes cast. Other non-voting guests (e.g. the Management Team) will be 
invited to AGA meetings by the chair.  

AENEAS Management team (AMT) 

The AENEAS Management Team (hereafter AMT) is a supervisory body for the execution of the Project. 
The AMT shall report to and be accountable to the AGA. In particular, the AMT will be responsible for the 
proper execution and implementation of the decisions of the AGA. It will also assess and monitor the 
progress of the project in terms of compliance with the original (or modified) planning, and advise the AGA 
on actions required to remedy potential deviations from the schedule of deliverables and milestones. AMT 
meetings will occur regularly (roughly once per month) and will be chaired by the coordinator. The 
Management Team will be invited to open sessions of the AGA meeting. The AMT membership will be 
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Figure	1	Map	of	European	SKA	Science	Data	Centres.	The	number	of	service	providers	per	country	is	indicated.		(Still	
incomplete	-	major	data	centres	and	network	connections	to	be	added)	

Un rôle moteur des participants français

-  Promotion des discussions avec des 
représentants de PRACE: deux réunions 
organisés 
•  Paris: Janvier 2018 

•  Bologne: Octobre 2018

-  Forte implication dans les discussions 
avec le WLCG du CERN:
•  Présidente de l’AG d’AENEAS invitée à la 

réunion entre SKAO et CERN de Mars 2018

•  Représentants WLCG invités à la réunion 
d’Octobre 2018 à Bologne
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-  Raie à 21 cm de l’hydrogène neutre (HI)

-  Émission radio cohérente

-  Émission radio incohérente

-  Rotation de Faraday 
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Gouvernance!

Technologie!

Science!

Développement du projet SKA en France 



La science de SKA

Planétologie/
Berceau de la vie

Epoque de réionisation 
& Aube du cosmos

Evolution des galaxies: 
gaz & continuum radio

Origine et évolution du 
magnétisme cosmique

Cosmologie

Les sources transitoires

Dans quel univers vivons-nous? Quelle est la nature de la 
matière noire?

Quelle est l’histoire cosmique des baryons? Quels 
processus physiques régissent l’évolution des galaxies et 
leur cycle de matière?

Quelle est l’histoire cosmique des baryons? 

Physique fondamentale 
avec objets compacts

Quel ciel nous révélera l’astronomie des ondes gravitationnelles? L’hypothèse d’équivalence 
d’Einstein est-elle un principe exact de la physique? La relativité générale est-elle la bonne 
théorie métrique de la gravitation?

Comment explosent les astres? Quelle est l’influence des objets compacts sur leur 
environnement?

Comment se forment les étoiles et les planètes? Molécules organiques complexes dans les 
régions de formation stellaire. Exoplanètes. Soleil et magnétosphère planétaire

Génération des champs magnétiques et impact sur 
l’évolution des structures

Adéquation avec les “Grandes Questions” des Programme Nationaux (prospective INSU 2014/2015) 
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Les galaxies: des objets “vivants” 
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L’aube du cosmos 
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Planck 
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Les relevés du ciel en radio 
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Courtoisie: Röttgering 
Shimwell, Tasse, Williams & 
LOFAR Surveys KSP 

LifeCycles2018 Wendy Williams • LoTSS DR1 9

Hier avec le VLA
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Les relevés du ciel en radio 

LifeCycles2018 Wendy Williams • LoTSS DR1 8

Courtoisie: Röttgering 
Shimwell, Tasse, Williams & 
LOFAR Surveys KSP 

Hier avec le VLA
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Les relevés du ciel en radio 

Courtoisie: Röttgering 
Shimwell, Tasse, Williams & 
LOFAR Surveys KSP 

LifeCycles2018 Wendy Williams • LoTSS DR1 10

Aujourd’hui avec LOFAR

The LOFAR Two-metre Sky Survey 
(LoTSS) �rst data release 

Wendy Williams (U. Herts)
T. Shimwell, M. Hardcastle, C. Tasse, A. 
Mechev, P. Best, J. Sabater, J. Croston, H. 
Ro*gering
+LOFAR Surveys KSP
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SKA: un formidable arpenteur du ciel !  

Courtoisie: SKAO 

Aujourd’hui avec LOFAR Demain avec SKA1-LOW
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La communauté scientifique française vers SKA 

-  Une communauté de plus en plus vaste, qui se 
prépare au lancement des actions scientifiques 
de SKAO:
•  Travaux sur les précurseurs / éclaireurs de SKA

•  Participation au « Data Challenges » 

•  Organisation des « Key Science Projects »

-  Ateliers nationaux lancés en collaboration avec 
l’AS SKA-LOFAR:
•  Époque de la Réionisation (B. Semelin et al.)

•  Cosmologie (F. Combes et al.)

•  Évolution des galaxies (F. Combes et al.)

•  Sources transitoires (S. Corbel et al.)

•  Planétologie (P. Zarka et al.)

•  …
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Autres 
Pays, 
97.8!

France, 
2.2!

Autres 
Pays, 
91.9!

France, 
8.1!

2014 

2019 
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Reconnaissance de nos équipes 
-  Représentants français aux comités de 

gouvernance de SKA (Board, StratCom)

-  Experts français dans les comités des « Critical 
Design Review » de SKA
•  A. Baudry (LAB) - Rapporteur pour « Central Signal 

Processor »!
•  C. Ferrari (OCA) - Rapporteur pour « Low-Frequency 

Aperture Array »!
•  C. Tasse (OBSPM) et C. Perez (INRIA) - Observateurs pour 

« Signal Data Processor »!

-  Invitations à présenter SKA-France dans des 
conférences nationales et internationales en 2018
•  SKA New Zealand Alliance Meeting  
•  SKA Swiss Day
•  Superconducting Supercomputing with Josephson 

Junctions 
•  Journées de l’Astronomie Française 2018
•  Journées Calcul et Données 2018
•  GDR Information, Signal, Image et Vision

-  SKA-France dans la presse
36

Comité Stratégique - Juin 2018  
Observatoire de Paris 

G. Marquette et D. Harre (NZ) – Février 2018 
Nouvelle Zélande 



Journée SKA-France 2018

Conclusions 
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-  C'est le moment de mobiliser des acteurs au niveau académique et industriel, pour 
intégrer les équipes internationales, et préparer les futures contributions nationales au 
projet

-  La réinscription de SKA comme projet sur la feuille de route française des TGIR et 
l’adhésion du CNRS à SKAO nous placent aujourd’hui dans une position favorable 
pour recueillir les fruits du fort investissement intellectuel consenti ces dernières 
années

-  La Maison SKA-France a comme objectif de continuer à favoriser, coordonner et 
accompagner la communauté française dans la préparation à ce projet qui permettra 
des avancées scientifiques, technologiques, mais aussi sociétaires majeures pendant 
les 50 prochaines années
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