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True story...



...and the science output is 
still ramping up



What is LOFAR2.0?

• A staged expansion of the 
scientific and technical 
capabilities of LOFAR.
• Enable a state of the art 
and highly productive 
telescope from 2020-2030.
• Path to SKA2-Low (like 
LOFAR was for SKA1-
Low).

+ Latvia!



Epoch of Reionization

Surveys

Transients & Pulsars

Cosmic Rays

Magnetism

Sun & Space Weather

LOFAR2.0 Science Case



LOFAR2.0 Boundary 
Conditions

• Leverage existing investment: in hardware, 
software, algorithms/pipelines and the 
community’s collected brain power
• Remain unique and scientifically impactful.  In the 
SKA-era this naturally means lowest 
frequencies and longest baselines.
• Strong community support.
• Financially and technically feasible on a 3-10 
year timescale. 
• Do not interfere with SKA aspirations, 
complement.



Proposals & Activities 
to Date



LOFAR2.0 Community 
Consultation

• Mar 24th, 2015: LOFAR2.0 Brainstorm at ASTRON.
• June 1st, 2015: presentation of the various options at 
LOFAR Users Meeting.
• Nov 19th, 2015: presentation of the various options at 
LOFAR PIs meeting.
• April 4th, 2016: update and consultation at LOFAR 
Users Meeting.
• February 23rd, 2017: LOFAR short and long-term 
science goals meeting at Schiphol.
• June, 2017: low-freq conference in Bologna.



NWO-M: COBALT2.0
• Enable massively parallel 
observing (“LOFAR Mega 
Mode”) and higher data 
rate modes.
• Applicants: Hessels, 
Haverkorn, McKean, 
Röttgering, Rowlinson.
• COBALT2.0 team: 12 
person team from ASTRON 
AG, RO & R&D + Dutch 
Universities.
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Funded!



KNAW Grootschalig 
Infrastructuur

• Roadmap for major Dutch 
scientific infrastructure on the 
~2025 timescale.
• Submitted on Jan 11th, 2016.
• LOFAR2.0 appears in KNAW 
report and brochure.
• One of 13 projects selected 
out of a pool of ~50.
• Will be useful for leveraging 
future funding for LOFAR2.0.
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KNAW Grootschalig 
Infrastructuur

• Written with help from 
KSP leaders.
• Identified 4 key 
enhancements.
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pivotal)role)of)magnetic)fields)in)shaping)the)Universe.)))
"
LOFAR2.0)will) leverage)ongoing)research)and)development) initiatives)at)ASTRON,)as)well)as)an)ASTRON:hosted)
Science) Data) Centre) that) will) serve) the) data) to) astronomical) users.) ) LOFAR2.0) presents) “Big) Data”) as) well) as)
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Low-Frequency Array



Won’t Discuss 
Improvements to...

• General system monitor and control.
• Long-term archive.
• Responsiveness.
• Calibration and algorithms
• etc.

...these can all be big science drivers, but 
are not the primary drivers of large 

investment grants.



LOFAR2.0 Hardware 
Upgrades

• Use all 96 LBAs.
• Simultaneous LBA+HBA for ionospheric 
calibration.
• Simultaneous LBA+HBA but on different fields.
• Correlator and data transport need to grow 
proportionately.

Double or triple station electronics

Enhancement I



LOFAR2.0 Hardware 
Upgrades

• Achieve much better response at 30-50MHz.
• Need to prove the potential in Enhancement I?

Replace LBA dipoles with new design

Enhancement II



LOFAR2.0 Hardware 
Upgrades

• Strategically chosen to augment 10-100km 
baselines?
• Fill in Superterp too?

Build ~6 new stations

Enhancement III



LOFAR2.0 Hardware 
Upgrades

• Strategically chosen to augment 200-1000km 
baselines.

Build ~6 new international stations

Stage IV



Building on LOFAR

Dutch Core Dutch Remote International
Sub-Stations Stations Stations

48 14 12+2



ASTRON LEGO Project

• Team of 15 from ASTRON 
AG, RO & R&D + LOFAR2.0 
Calibration Group (incl. also 
Leiden)
• Nico Ebbendorf: Project 
Manager.
• Jason Hessels: Project 
Scientist.
• Weekly meetings (yey!!!)
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The surveys dream is 
being realized in the HBA

EMU

factor  
of ~5 off

YES

Likely yes

NO
NO

Röttgering

LOFAR@150 MHz: the Sausage cluster

This is the first sensitive, wide field, LOFAR
image at 150 MHz. It contains more than 5000
radio sources in an area about 10 times the size of
the full moon. The majority of the resolved sources
are galaxies that contain an active massive black
hole which is producing powerful jets of relativistic

10 arcmin

This is the most sensitive image of the Sausage field
observed with LOFAR High Band Antennas at 150 MHz.
The Sausage cluster shows two opposite giant relics (in
rainbow) which were created through galaxy cluster
mergers. The collisions also heat up the intra-cluster gas
to extreme hot plasma capable of emitting X-ray
radiations (Chandra data by Ogrean et al. 2014 in green).
These locations are where cosmic particles (e.g.
electrons) are accelerated to extremely high energy. The
other resolved sources are mostly radio galaxies hosting
an active massive black hole. In the cut-out Sausage
image, the optical background (Subaru & CFHT data by
Dawson et al. 2015) shows light from galaxies and stars.

Image credits: Duy Hoang (Leiden), Tim Shimwell
(Leiden), Andra Stroe (ESO), Reinout van Weeren
(Harvard) and Huub Röttgering (Leiden) for the LOFAR
survey team.

van Weeren



Frequency: 54 MHz
Rms noise: 4 mJy/b
Resolution: 45”
Detections: ~1500

The LOFAR LBA survey

de Gasperin

LBA pilot survey mosaic

Next LOFAR2.0 step



Morabito

Enhancement 1b: LBA redesign
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Morabito et al. 2016

LBA-LB limited by sensitivity
• Successful only for bright
objects

• Need compact, bright
calibrators

• Order of magnitude
improvement allows
10 Jy :1 Jy

First published LBA long-baseline image

Next LOFAR2.0 step



Next LOFAR2.0 step

• The time is ripe to make a big leap in our ability to 
do thermal-noise-limited LBA imaging and an all-sky 
survey.
• Triple the station electronics in all Dutch stations to 
enable enough LBA sensitivity for calibration.
• Also provides increased HBA capacity (3x) for deep 
surveys and in-situ processing for a super-AARTFAAC 
and space weather.
• Design a DAB-robust HBA frontend.
• Also solves the issue of replacing aging components.
• Surveys typically help (nearly) everyone’s science!



• NWO-Groot proposal deadline in 
October this year.
• Build a detailed technical case/design as 
part of LEGO.
• First tackle station electronics.
• Refine the detailed science case in 
consultation with the LOFAR community.

Next LOFAR2.0 step

Digital Upgrade for Premier LBA Observing



Your feedback & ideas 
welcome!


