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Sqguare Kilometre Array Iin Australia and South Africa




SKA Headline Science

* Pulsar Surveys and Timing - Study of Gravitational waves

= Cradle of Life and Astrobiology - How do solar systems form and where could life emerge?
= Galaxy Evolution and Cosmology - How do galaxies get their gas and form stars?

= Cosmic Magnetic Fields - When did ordered magnetic fields in galaxies form

= Cosmic Dawn and Epoch of Reionisation - When did the first galaxies form and begin to
reionise the Universe

= Radio transients and Exploration of the Unknown

* Full Science Case avallable at: http://bit.ly/SKA Science 2014

Simulated Redshifted 21 cm Brightness Temperature
(Data provided by A. Mesinger and S. Furlanetto)
z=8, x,=03
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http://bit.ly/SKA_Science_2014
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SKA Observatory Convention signed
on 12 March 2019

aEiviENI I=_l a5 teEk | —EE BTN Members: AU, UK, ZA, CA, CN, NZ, IN, NL, IT,

Members of the SKA Organisation . African Partner Countries SE; DE, ES; FR

Host Countries: Australia, South Africa, United Kingdom

SKA Observatory will be established as an Intergovernmental Organisation in 2020, taking over
from the SKA Organisation. It will undertake the construction and operation of the telescope.

As of March 2019, confirmed SKA Observatory members are
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Exploring the Universe with the world's largest radio telescope



SKA1-mid - the SKA’s mid-frequency instrument
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How SKA1-mid compares with the Janksy Very Large Array (JVLA), the current best similar instrument in the world.
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SKA1-low - the SKA's low-frequency instrument
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How SKA1-low compares with the LOw Frequency ARray [LOFARY], the current best similar instrument in the world
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e SKA1-Mid in South Africa
The Square Kilometre Array (SKA) will be the world’s largest radio telescope, revolutionising

our understanding of the Universe. The SKA will be built in two phases - SKA1 and SKA2 -

starting in 2018, with SKA1 representing a fraction of the full SKA. SKA1 will include two
instruments - SKA1 MID and SKA1 LOW - observing the Universe at different frequencies.
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SKA1 MID per year
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S K A 1 — LOW i n Au St r a I| il a SKA1 LOW - the SKAs low-frequency instrument

The Square Kilometre Array (SKA] will be the world's largest radio telescope, revolutionising
our understanding of the Universe. The SKA will be built in two phases - SKA1 and SKA2 -

starting in 2018, with SKA1 representing a fraction of the full SKA. SKA1 will include two 2
instruments - SKA1 MID and SKA1 LOW - observing the Universe at different frequencies.
Frequency range:
50 MHz .. | ~130,000
: 350 MHZ antennas spread between 2. &
Location: Australia W 500 stations . . : 85 000 | ' g
Shire of Murchison: = N 0 ‘
A A 50,000 km? Size of the Netherlands o
_ > S _— ' Total el Eos s oo ,
- TIR T TI Ty WOR TN e cog?ggl_ng A » 0 gazetted towns A
P a5 P » - ' ISl =2 » 29 sheep/cattle stations _, e -
- !H Y @3& between stations: - 110 population o = Y/,A X
65km T X R

) - — vie= > |-
‘ e 3 : | - e = - Total raw data output:
oy R ST A S S =) L L L
N . . ._: "'__4'_'". :_:.' ,' - 2 NS Tl L . " W o -: o - "'f,. : A / /
ST T A ol e e e T e 157 terabytes
kAL B : et < ¥ ) s P AL N S b etm) S L i P ——
e e e e - P e FE sl per second
o ‘:‘ -.-.:- _— ) :-." 4 ::'| - - = -‘:-; “.n— ‘l".o-”"‘. .
e - ——— - n o e i C— .;- - . et ol s 4 9
- i - _— o . L ..' - “-us W B
et fuit = “'.-‘ SN A — : el - N S d o zettabwes
- - p— oL .t ) - - : ol
P a1 .\{--Oua.~ .n.“""‘""/ B Y [ T R S g e - per year
e PR TSI - "“'." ”’4 — )
LAl LAk ’ T L 'fj .- , \.,.-
.‘ .'q’ [ \.q.-.:.“-/ : .h-.—~.' . -“.
’

N g ~ . 'O ‘
S ., Lt ” -1 V - — &
o, ‘- ‘ \‘a.,,“ — . - ) :j -

B8 % :
' 3 N —
e L | |
5 A / .
B T L . 29X
: . D M i « : 1
{l SR b bl o L Enough to fill up the estimated
!, e - e s e, global internet
‘, S EE A AR <83 = . 35,000 DVDs ‘. ncois
; ’ ' “Nv- p— 1‘/ - , every second (source: Cisco)
"N }Ql-', . e 5t - : : o Compared to LOFAR Netherlands, the current
Pl IERRRE O] AR T .
. a . . est similar instrument in the wor
: - e 8T , best simil £ tin th Id
\W .q ! w ‘ ) : i . ~ ) . b S S D
e g ol I e | 0 29% 8x 139x
AN A% : | S - g _ . 4 i Mg better more the survey
.,l. | \;\ N ’%_,* ' | S resolution  sensitive speed
B NP teily o ¥
A’h/ w4 \ él -

. & . NS — T : - {
et~ < 1 STl i ' RS = | =




i Dishes i I (
i S ™ e ™ a 2 i s R

Central e N SKA

i Signals [——™| Signal [ e Regional

: Processor :

! Processor | Centres

i o e/ & 4 (& J i & _/

i Stations i

o ' Credit: Chrysostomou (SKAOQO)

SKA1 Telescopes SKA Regional Centres

: : " Second Stage Processing
‘ First Stage Processing |

Correlator & Beamformer 130 PFlops

Station Signal Processing

\ ' ‘,
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- — —
SKA1-Low { =( 7 Th/s 100 Gb/<

LOW-FREQUENCY APERTURE ARRAY

maximum 65 km

baselines
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7 Advanced European Network of E-infrastructures
for Astronomy with the SKA
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SKA First Stage Processmg o Moo i the Sk AENEAG - Ta101

Parametric Model Pipelines

e Real-time imaging pipelines
— Ingest: receive and pre-process visibilities from CSP
— RCAL.: real-time calibration
— Fastimg: fast imaging for slow transient detection

e Batch imaging pipeline

— |ICAL.: iterative self calibration (including direction-dependent
calibration)

— DPrepA:
— DPrepB:
— DPrepC:
— DPrepD:

ore
ore
ore

ore

paration of continuum image data products
paration of coarse spectral image data products
paration of fine spectral image data products

paration of calibrated averaged visibilities data

oroducts (EoR projects)
* Non-imaging pipelines
— Pulsar search and timing, single-pulse transient detection

Observatory Data Products

* Image data products

— Image cubes
— Gridded visibilities

* Non-image data products

— Science Data Model - more on this in a moment

— Calibrated averaged visibilities (designed for EoR
projects)

— Transient source catalogue

— Pulsar timing solutions

— Sleved pulsar and transient candidates

— Transient buffer data




Functions of SKA Regional Centre ASTRON

SKA REGIONAL CENTRES

SKA Regional centres will provide a platform for data access, data distribution, post-processing,
chival storage, and software development.

—
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ARCHIVE DATA DISCOVERY DISTRIBUTED USER SUPPORT INTEROPERIBILITY
DATA PROCESSING

Credit: Joshi & Scaife
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Regional Centre Functionality

.

Data Discovery

Observation database
Associated metadata
Quick-look data products
Flexible catalog queries
Integration with VO tools
Publish data to VO

Data Processing

ASTRON
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Reprocessing and
calibration

High resolution imaging
Mosaicing

Source extraction
Catalog re-creation

DM searches

Data Analysis

Multi-wavelength studies
Catalog cross-matching
Light-curve analysis
Transient classification
Feature detection
Visualization
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SKA Regional Centre Steering Committee ASTRON

Members: Quinn, Peter (Chair, Australia), An,

Tao (China), Barbosa, Domingos (Portugal), Bolton,

Rosie (SKA), Chrysostomou, Antonio (SKA), Conway,
John (Sweden), Gaudet, Séverin (Canada), van Haarlem,
Michiel (Deputy Chair, Netherlands), Klockner, Hans-

& 1 Rainer (Germany), Andrea Possenti (Italy), Simon

# | Ratcliffe (South Africa), Scaife, Anna (UK), Lourdes Verdes-
Monteneqgro (Spain), Vilotte, Jean-

Pierre (France), Wadadekar, Yogesh (India)

= SRCSC Mission: to define and create a long-term operational partnership

between the SKA Observatory and an ensemble of independently-resourced
SKA Regional Centres.

= SRC High Level Functions: Data Flow, Data Processing, Data Curation, User
Support, Commonality and Resource Management

= Some Key Principles: data placement driven by optimising science, integrated
resource allocation process, access through IVOA services

Michiel van Haarlem / 13 January 2020 14


https://confluence.skatelescope.org/display/~p.quinn
https://confluence.skatelescope.org/display/~T.An
https://confluence.skatelescope.org/display/~T.An
https://confluence.skatelescope.org/display/~r.bolton
https://confluence.skatelescope.org/display/~r.bolton
https://confluence.skatelescope.org/display/~a.chrysostomou
https://confluence.skatelescope.org/display/~j.conway
https://confluence.skatelescope.org/display/~j.conway
https://confluence.skatelescope.org/display/~s.gaudet
https://confluence.skatelescope.org/display/~m.vanhaarlem
https://confluence.skatelescope.org/display/~m.vanhaarlem
https://confluence.skatelescope.org/display/~H.Klockner
https://confluence.skatelescope.org/display/~H.Klockner
https://confluence.skatelescope.org/display/~a.possenti
https://confluence.skatelescope.org/display/~s.ratcliffe
https://confluence.skatelescope.org/display/~s.ratcliffe
https://confluence.skatelescope.org/display/~A.Scaife
https://confluence.skatelescope.org/display/~l.verdes-montenegro
https://confluence.skatelescope.org/display/~l.verdes-montenegro
https://confluence.skatelescope.org/display/~J.Vilotte
https://confluence.skatelescope.org/display/~J.Vilotte
https://confluence.skatelescope.org/display/~y.wadadekar

Design and specification of a distributed, European SKA
Regional Centre to support the astronomical community
In achieving the scientific goals of the SKA

EC Horizon 2020 (€3 million)

13 countries, 28 partners, SKAQO, host countries,
e-infrastructures (EGI, GEANT, RDA), NREN'’s

Advanced European Network of E-infrastructures Three year project (2017-2019)
for Astronomy with the SKA

= Computing and Processing Requirements

= Data Transport and Optimal European Storage Topologies
= Data Access and Knowledge Creation

= User Services

Final deliverable: preliminary ESDC Design and Implementation Plan

Michiel van Haarlem / 13 January 2020
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Survey of Potential Providers \

= Over 50 expressions of interest i N

Uithuaniaje

" Mixture of scientific institutes,
Infrastructure providers, and Iindustrial e
partners @ @ T g Cums

Vlenna ISlovak -J
, B @ ‘ ’

Moldova [
- =

sRomaniaj

5 Belarus
PG"?}[’[G’] ~:L-<:3,5‘_7_J;s_

N Germany - i
/ A Prague

= ESDC Requirements based on those 2 W e
developed by SRCCG "Qeh @ \ ’ | e

a
S

* Final deliverable: preliminary ESDC

Design and Implementation Plan -~
Morocco :Llr()p-f-_.‘3

' | .
User Input needed! Dossiole Contrioutirie) Nodes

Libya Egypis
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4.!
ﬁl’ WP3: Computing and Processing Requirements
HEeneas

 Analysis of compute load, data transfer and data storage | Bessiamd

Applications Archive Miners

anticipated as required for SKA Key science ; .

Top level Software

» Suggested solutions to address each of the key software —
areas associated with running a distributed ESDC d

(" ™)
Middleware (Computing PaaS) Advanced
. s Users
4 )
¢ Inltlal SyStel I l SIZI”g Infrastructure Services
L J . /
: Site Reliabili
Physical Infrastructure Hardware : ty
R - d . Engineers
Processing is being examined in terms of (1) Storage estimates for HPSOs
Il o= compute load; (2) memory requirements; (3)
/ potential for distribution; (4) suitability of —_— 2?)2022 |[="Tot!
Prepr':)?:sétssing ‘ platform' — HPS027&33
4000 1
/ TiEm - | \
CiP_’ Receive | P ‘ E 3000 -
\ e |
Buffering —-> Calibration {-——p» Pre[s:rt:tion L »® s N é
l T L S o 1000 -
Preprocess?ng/ @ ”
eeeeeeeeeee
o becaicimn -Ganndid b o ce sutpe cen (e 10 e hisdickoes: Favacth o 2 4 6 8 10 12 14 o 2 4 6 8 10 12 1
[A07] T (grey) r det

Minimum for HPSOs —13 PFlops 10 ExaBytes over first 15 years of SKA operations
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&YV  \WP4: Data Transport and Optimal Storage Topologies

HeNedaAsS
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host In Europe?

Time
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V WP5: Data Access and Knowledge Creation

HeNedaAsS

e Surveys of Astronomical Facilities and of their User Communities oo overver
« Gap analysis
« Recommendations on the design of user interfaces
o for data discovery, access, and retrieval
e (data processing, re-processing, analysis and visualization

S s o Jna i ectirire SR SRQAS Y PR ~ta analveic
- Data editing/calibratio . Data visualizatior B Data analysis

What is the fraction of data distributed through What data products would you like to find In Users User code/programs
archives in raw, calibrated and advanced format? a facility archive (1=necessary, 5=useless)? GUI/CLI AP
-~ ™ N R
. Bl <10% [l 10-50% 50-70% M 70-90% M >90% 125 R 1 N2 3N 4 W5 [ tirtaces
100 g
Security || Orchestration Monitoring Provenance
4 5 - : . — —
I o5 : - Compute Data ' Application
. Orchestration | Management ‘ Dehvery
; |
In raw data In fully calibrated data In advanced products ’ _ -

Figure 5.2.1: SG modular mp ents to manage the pl oitation of co mpt ng/data resources by
ommunity and user applica t
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w  \WPG6: User Services

HeNedaAsS

Production of Data Sets

e Authentication and Authorisation Infrastructure

\//SU—UBSerVS%n vy T ?

/\/\

Pmposalss&bmlsslon » General Purpo';e Grou:lnng
» Creation of Proposal ID Management System
» Federated Access for Research el B R T
» Exploration of Technologies i) s
: - v
® PI’OpOSGd AAI ArChlteCture General Authentication Credentials SRC Data A s
ro(Edugain p ?:rogn'&+|:a°?o:a};&’i o an: Ssec'cgss s
; towpek:;forecl'etc.. — 43‘2— 1
 Framework for designing and implementing a e
Service Portfolio for the ESDC and SKA Is your institute offering a federated authentication system?

186 responses

e validate users' requests for data access;

e keep accounts of computing and storage
resources for each user or user group;

e Mminimize data movement between sites.

@ Yes, | have access to an IdP provided
by my home institute, but | do not
know ifitis federated in eduGAIN

@ Yes, | have access to an IdP provided
by my home institute, and itis part of
a national federation and in eduGAIN

& No
@® | don't know
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/4 AENEAS results

HeNedaAsS

Avallable through web site: www.aeneas2020.eu PETAI o | s | commo | oo | oy s | ot v 1 63

Welcome to AENEAS

Advanced European Network of E-infrastructures
for Astronomy with the SKA

Transformational Science from Exa-scale
Data

‘ . . . 4 1l . - 2 LT | K : ;
Key Project Findings Deliverables & Milestones Presentations - 7

Canada

News & Announcements

¥ ._u‘. ‘ ﬁ EJ‘-J!“

South Africa
§ A new treaty paves the way forward A step closer to a comprehensive AENEAS and SKA collaborators
Australia - 3 for the Square Kilometre Array design for the European SKA convene in Manchester, UK
/ Mar 13, 2019 | News Regional Center Feb 15,2019 | News

Mar 12, 2019 | News The AENEAS team is convening to Manchesker

neeting on March 5-7

/ersity of UK for the

The AENEAS team gathered at the Univ nd

Manchester las k for its 4th all-hands Along the usual updates from team
meeting. In addition to the usual project upd mem itributed talks by co os at the
New Zealand 1 UsualLor

SKA office and partners from other SKA regiona

and presentations on regi

operation of the w 1d Europe, much of t

SKA Reg|ona| Centres (SRCS) read more dedicated to focused discussions that...

read more

eting was center, the meeting will.

read more
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http://www.aeneas2020.eu
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LOFAR Science Products ASTRON

Velocity (Raw data rates of —13 Thits/s, correlated —10 TB/hr)
Volume (100 TB visibilities, 1 TB cubes, 1 PB catalogues)

Variety (raw telemetry, uv data, beam-formed data, 2D-3D-4D-5D cubes,
RM cubes, light-curves, catalogues, etc.)

FOO

IR/ ARSGENAARE TANS

+70

10 Z0 30 40
Time in seconds, start time: 13:02:40.800000

mly/Beam

100

Declination (J2000)

+65°

PSR B1322+83
L73042_SAPO

40 Stations Coh.

| T
0 0.5

Rotational Phase
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LTA Storage Site Usage

LO FAR LO n g Te rm ArC h ive Total: 48.9PB #dataproducts: 9.9M

R / poznan 7.3PB: 14.9 %

" Current size archive —49 PB
= Annual growth —7 PB/year

* Data Stored: SURFsara (Amsterdam),
Julich and Poznan sara 26.2PB: 53.6 %

e juelich 15.4PB: 31.5 %

LTA Storage Site Usage Trend
60

50

40

PB

30

20

10

Jul '12 Jan'13 Jul '13 Jan'14 Jul'14 Jan'l5 Jul'l5 Jan'16 Jul'l6 Jan'l17 Jul'l7 Jan'18 Jul '18 Jan '19 Jul '19 Jan 20

©poznan @juelich © sara
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m ESCAPE aims to address the Open Science challenges
. shared by ESFRI facilities aswell as other pan-European
research infrastructures in astronomy and particle physics

ESFRI Ris

E S C A I E l J MIND - Management Innovation Networking Dissemination
- cle physi . lo) —
European Science Cluster of Astronomy & Particle physics , P // _ \\
ESFRI research infrastructures t O @

a N | e
. \ VO Registn - Science Tools

3 \ \ \ P ."~' ira
T-. i' AR 0 d ¥ Publications
h Astronom _ : :
\ - Y VO Registry ESFRIRIs | Siine /q -
\ Data centres VO Catalogue of cience Datasets
gue o : /
. ESFRI RIs Services Carchies Community -
> Data | A / = Foundation / Software
Products \¢ N 3 J- &
1 ytoriais
VO Framework
@ T | S I\

* EC H2020 (16 M€, 2019-2023) [
o9 Dawk 0 o +- A @

= Partnersinclude SKA, CTA, KM3Net, EST, WPs
ELT, HL-LHC, FAIR, CERN, ESO, JVE i > I g

= | ed by CNRS, 32 different EU institutions PR E j | _

9 I EST
FAIR

LA — —
gEANT et HL-LHC

= ASTRON leading Science Platform WP { | i | | S
" " | | | ; = - . / SKA
. WOrk kl Ckm Off I n February 2019 ' ]e-infrastructures ' 2 A : ESO observatories

- ACademic gata Centres CERN experiments

ESFRI Rls
' Data

ESFRI Users

)
t
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Connect science

ESCAPE -
B . ‘g EOSC and ESFRI Science Communities

platform with
existing
astronomical data
archives and VO-
enabled data
collections

VO Services and Tools

Michiel van Haarlem / 13 January 2020
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Integration with Data Lake - distributed computing and storage

ESFRI Software

EOSC Services

Access to
software &
services in
ESCAPE-EOSC
catalogue

ESCAPE

WP3:
OSSR

cherenkov
telescope
array




Summary ASTRON

SKA Regional Centres

= Recelving —600-700 PB of SKA data per year from —2027

= Major effort required to prepare - using pathfinder data

* Funding these plans may be a challenge

= Global initiatives and collaboration essential

* Integrates well with European Open Science Cloud

= EXpect great new scientific opportunities (e.g. multi-messenger)

Michiel van Haarlem / 13 January 2020 29
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