LOFAR & the pathway to the SKA-Low
The Contribution of the ltalian community
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THE LOwW FRrREQUENCY ARray

Giant digital aperture array radio telescope opening up a new
window in the electromagnetic spectum at low radio frequencies

(Van Haarlem + 2013) / ow- Band Antennaj 10-90 MHz
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THE LOW FreEQUENCY ARray

Giant digital aperture array radio telescope opening up a new
window in the electromagnetic spectum at low radio frequencies

= The largest (area & dataﬂow) pathfinder toward the SKA(low) -
(van Haarlem + 2013)

v 250 Gb/s across the
entire network

v’ Large FoV, n baselines, n
channels, produce typical
TB-size datasets

v" Archiving problem and
managing Big Data
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THE LOW FRrREQUENCY ARray

Giant digital aperture array radio telescope opening up a new
window in the electromagnetic spectum at low radio frequencies
= The largest (area & dataflow) pathfinder toward the SKA(low) -

BIG Challenges with data calibration and analysis
Our enemy: the ionosphere
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Demonstrating direction dependent calibration (van Weeren R. J., et al.,
2016, ApJS, 223, 2)

— # Anticipate the challenges with the SKA LOW #



SCIENCE WITH LOFAR

Impact: top 10 among
astro- infrastructures

Publications per year
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Refereed LOFAR papers till May 2023
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THE LOFAR SURVEYS

FoV [GEAR
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LOFAR Surveys of the entire northern sky are opening a new
observational window of the Universe

+ 10-100x better sensitivity
+ 10x better spatial resolution (100x using international baselines)




THE LOFAR SURVEYS

o Opening a new window

FoV LOFAR o Extreme sensitivity for steep
By spectrum sources
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THE LOFAR SURVEYS

o Opening a new window

FOV LOFAR o Extreme sensitivity for steep
LBA spectrum sources
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LoTSS-deep |
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2 (Sabater+ 2021; Tasse+ 2021)
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~ LoTSS-deep
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1degree . E| AISNT (<20 ply/beam):
3 (Sabater+ 2021; Tasse+ 2021)



LoTSS-deep
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45 arcmin ", ELAIS-N1 (< 20 pJy/beam)

(Sabater+ 2021; Tasse+ 2021)

»



~ LoTSS-deep

45 arcmin ", ELAIS-N1 (< 20 pJy/beam)
(Sabater+ 2021; Tasse+ 2021)
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| LoTSS-deep

S arcmin ELAIS-N1 (< 20 pJy/beam)
' (Sabater+ 2021 ; Tasse+ 2021) ; .
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Next: Deeper field (550hrs on ELIS-N1)
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Around 10-12 pJy/beam rms at 6” resolution. Final images produced but not yet fully released.



LoTSS Deep Fields - ELAIS-N1
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LOFAR KEY SCIENCE PROJECTS

The most impactful scientific activity and technical solutions are developed
within these communities
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LOFAR-It COMPUTING
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4 Nodes

4 x 12 core Intel Xeon Gold 5118 @ 2.30GHz
10.7GB RAM/Core (512 RAM)

Parallel storage BeeGFS: 4 Nodes IO : 16 Intel
Xeon Silver 4110 CPU @ 2.10GHz 8 GB
RAM/Core (128 RAM)

24 RAID Disks on 1883IX Areca RAID 2 raid6
(12 x 8TB) + (12 x 4TB)
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3 FAT Nodes
4x Intel® Xeon® Processor E7-4830 v3 12
core/2.1Ghz, RAM 768GB/1666MHz (48 x
16Gb) DDR. DISK - 1 SSD 800GB + 1 HDD
2TB 7200rpm, NET - IB 56Gb + 2x10Gb.

150 TB storage

i

o

3 Nodes

2 nodes with 4 x 10 cores Intel® Xeon® S\
E5-4627 @ 2.6GHz (256 GB), ‘

1 node with 4x 12 cores Intel(R) Xeon(R)
Gold 5118 CPU @ 2.30GHz (512 GB)

Filesystem: local + NFS

IRA

36x 256 GB Nodes @PLEIADI
1x FAT Node (1 TB)
4x Nodes (512/384 GB)

4x Nodes (512/384 GB) DRANOEL
6x Nodes (512 GB) ULU

400 TB storage




LOFAR- It COMPUTING

(Cofin: PRIN, 'ﬂ

4 Nodes
4 x 12 core Intel Xeon Gold 5118 @ 2.30GHz
10.7GB RAM/Core (512 RAM)

Parallel storage BeeGFS: 4 Nodes IO : 16 Intel
Xeon Silver 4110 CPU @ 2.10GHz 8 GB
RAM/Core (128 RAM)

24 RAID Disks on 1883IX Areca RAID 2 raid6
(12 x 8TB) + (12 x 4TB)
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36x 256 GB Nodes @PLEIADI
1x FAT Node (1 TB)
4x Nodes (512/384 GB)

4x Nodes (512/384 GB) DRANOEL
6x Nodes (512 GB) ULU

3 FAT Nodes
4x Intel® Xeon® Processor E7-4830 v3 12
core/2.1Ghz, RAM 768GB/1666MHz (48 x
16Gb) DDR. DISK - 1 SSD 800GB + 1 HDD
2TB 7200rpm, NET - IB 56Gb + 2x10Gb.

150 TB storage

3 Nodes

2 nodes with 4 x 10 cores Intel® Xeon® ™\
E5-4627 @ 2.6GHz (256 GB), :

1 node with 4x 12 cores Intel(R) Xeon(R)
Gold 5118 CPU @ 2.30GHz (512 GB)

Filesystem: local + NFS

Start up of
ERC Grants




SCIENCE WITH LOFAR

Refereed LOFAR papers till May 2023
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SCIENCE WITH LOFAR

Publications per year
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Refereed LOFAR papers till May 2023
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LOFAR CYCLE 20: country affiliation of first author

Hungary; 2%

Australia; 2%
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Belgium; 2’6\
Sweden; 2%
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United States; 2%

Courtesy of R. Pizzo




SCIENCE WITH LOFAR

Refereed LOFAR papers till May 2023 LOFAR CYCLE 20: Countfy affiliation of first author

Australia; 2% Hungary; 2%
100 France; 2%
Belgium; 2%\
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Canada; 2%

Poland; 2%
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United States; 2%
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Publications per year

Courtesy of R. Pizzo

400+ TB/yr of HBA and LBA data are
EFoE R @ - - transported and processed/analysed
2018 2019 2020 | 2021 2022 2023 on LOFAR"T nOdeS

~3.5x <return/investment> !!




SCIENCE ADVANCES | RESEARCH ARTICLE

PHYSICAL SCIENCES

Gentle reenergization of electrons in merging
galaxy clusters

L] L} L} L]
Francesco de Gasperin,"** Huib T. Intema,’ Timothy W. Shimwell,’ Gianfranco Brunetti,? B I I aCt I V I ty & th e I r I I I I p aCt

Marcus Briiggen,2 Torsten A. Enl'!lin,4 Reinout J. van Weeren,1’5
Annalisa Bonafede,”* Huub J. A. Rottgering’

Evidence for gentle particle \ :.. A {' L 4
reacceleration in astrophysical jets

from supermassive BH : |
new (astro-)physics ??



RESEARCH

RADIO ASTRONOMY Govoni e‘l’ al 2019

Science

A radio ridge connecting two galaxy ATAAS

RADIO EMISSION BEYOND clusters in a filament of the
GALAXY CLUSTERS

LOFAR 144 MHz

RADIO OBSERVATIONS PROBE THE
DISSIPATION OF DM-DRIVEN
KINETIC ENERGY IN NON-THERMAL
COMPONENTS IN THE LSS :

O PARTICLE ACCELERATION AND

0 MAGNETIC FIELD AMPLIFICATION| &

-“| Botteon et al 2020

A39g-401 T . | A399-401
40.5 Synchrotron Spectrum
L Govoni+19

{w  2nd ORDER FERMI
MECHANISMS
§ ACCELERATE
¢ ELECTRONS IN
v THE LSS ?
NEW PHYSICS ?
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Brunetti+Vazza 2020 PRL



SCIENCE ADVANCES | RESEARCH ARTICLE Science
Advances

nature

International weekly journal of science Magnetic fields and relativistic electrons fill entire
galaxy cluster

.
Article CUCItI 22 Andrea Botteon’?3#, Reinout J. van Weeren', Gianfranco Brunetti?, Franco Vazza??,

Galaxy ClusterS enveloped by vast V0|umeS Timothy W. Shimwell"#, Marcus Briiggen®, Huub J. A. Rottgering’, Francesco de Gasperin®®

Hiroki Akamatsu®, Annalisa Bonafede®?, Rossella Cassano?, Virginia Cuciti®>,

Ofrelativistic electrons Daniele Dallacasa®?, Gabriella Di Gennaro®, Fabio Gastaldello’

hetps:/idolLorg/101038/541586-022-05149-3 V. Cuchti*™, F. de Gasperin'’, M. Broggen', F. Vazza™, G. Brunettr’, T. W. Shimwell’,
oo o tabea s H.W.Edler', R.). van Weeren®, A. Botteon™*, R. Cassano’, G. DI Gennaro', F. Gastaldello®,
Recatved: 23 February 2022 A.Drabent’, H. J. A. Rottgering’ & C. Tasse™

Accepted: 26 July 2022
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MAGNETIC FIELDS IN THE LSS
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3) What's next step ?



LOFAR 2.0 upgrade
(2025+...)
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Upgrade

- electronics

- correlator

will bring LOFAR into a new regime
entering an uncharted territory at the
very low frequencies (10-60 MHz)

NEW ELECTRONICS
ASTRON-+INAF)
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LOFAR 2.0 upgrade B8 0enR

(2025+...) 2024+ WEEERIC

« Pls/coPls of the largest LOFAR 2
surveys: data flux in IT will increase X4

1II:IIZ:I.IIZIII:I—E
« Use of long baselines to avoid confusion
limit: critical for computing

« Unique synergies with EUCLID and LSST
and MeerKAT in 2024-30

@

« Strong case for BIG data in IT

10.00

1.00-

Sensitivity (1e) [m)yib]

0.103

0.01

107 104 109 1g1e

Frequency [Hz) « Strong case for proto-SRC
Upgrade ‘v I C S
- electronics -V e ‘ Centro Nazionale di Ricerca in HPC,
- correlator Big Data and Quantum Computing
will bring LOFAR into a new regime TECNOPOLO

-----

entering an uncharted territory at the
very low frequencies (10-60 MHz)

MANIFATTURA




TAKE HOME

d LOFAR is the largest SKA-low pathfinder
1 Among the most productive astronomical infrastructures
 Top science: entering new parameter space in several fields

d The IT community is among the most active with clear
leadership in a number of fields
4 Important technological contribution for LOFAR 2

d LOFAR/LOFAR 2
« second ERIC in EU radioastronomy (n.2 in INAF ..)
« will pave the way for SKA-low .. 2028-30
» will be a unique telescope also in the SKA era :
o due to the long baselines
o due to the window at very low frequencies



LOFAR-It: Management & Organization
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LOFAR-It: Management & Organization
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LOFAR-It: Management & Organization
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LOFAR 2.0 upgrade
(2025+...)

Number of star-forming galaxies
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Upgrade Bl
- electronics as =
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High resolution (LONG baselines)
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will allow reaching extreme sensitivities with 8 Euclid Deep Field North (EDFN)
HBA in selected areas (1000+ hrs pointings) RIS P

. o L ABA, 04 57 11
Galactic: 95.76  +29.92 WISE L 1aw: Mriswerd Fiviiviver, As, 2004, 741, 5



LOFAR KEY SCIENCE PROJECTS

The most impactful scientific activity and technical solutions are developed
within these communities

LETTER 6

101034/ natwe 16976

A large light-mass component of cosmic rays at
1017-10175 electronvolts from radio observations
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SOFTWARE & TECNOLOGY RCU LBA+HBA INAF &ASTRON

O Telescope Manager Specification
System (TMSS)

 Monitor and Control (M&C)
Subsystem for LOFAR 2 Station
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POWER (2021+)
TERRAIN (2022+)
ROLLOUT (2023)
TESTING (2023)
CALIBRATION (2023)
MAINTAINANCE (2023+)
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CRITICAL ASPECTS 3.

1. LOFAR ERIC.

MIUR and INAF (LOFAR-It chair, INAF offices) are involved in the ERIC
process. Step 1 is expected in September 2021, target is to establish/start
ERIC LOFAR in 2022-23.

IT will be among the four initial ERIC member countries. ERIC provides
important chances for fundraising, personnel, politics...

2. MEDICINA Station.
Rollout expected in 2023, preparation needs to start in 2022.
One problem is that the land is still owned
by the CNR ! Urgent task for INAF DG.




