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LOFAR: LOw Frequency ARray

• LBA: 10/30 – 80 MHz; HBA: 120 – 240 MHz
• 48 MHz BW48 MHz BW
• AA Stations

– Superterp: 6 stations, B ~ 350 m                                                   p p ,
48 LBA dipoles (2 sets) + 2 x 24 HBA tiles; single clock

– Core: + 18 stations, B ~ 3 km,                                                      
48 LBA dipoles (2 sets) + 2 x 24 HBA tiles48 LBA dipoles (2 sets) + 2 x 24 HBA tiles

– NL Remote: + 16 stations, B ~ 80 km,                                                    
48 LBA dipoles (2 sets) + 48 HBA tiles 

– EU Remote: + 8 stations , B ~ 1000 km,                                                 
96 LBA dipoles + 96 HBA tiles

SPDO, Manchester, 25 - 29 July 2011- 2 -SKA Calibration and Imaging Workshop 2011



LOFAR Super Terp
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LOFAR Core Station
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International Stations

Tautenburg Effelsberg
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International Stations

Potsdam

Garching /
UnterweilenbachUnterweilenbach
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International Stations

Onsala

Nancay
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International Stations

Chilbolton
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Status LOFAR roll out 

– Planned: 24 CS + 16 RS + 8 EU
• Core: all rolled out
• Dutch remote: 7 stations to be rolled out
• EU: Onsala to be finished (est. Aug. 2011)

C tl ll d t 24 CS + 9 RS + 7 EU– Currently rolled out: 24 CS + 9 RS + 7 EU
• Core: 20 stations validated
• Dutch remote: 7 stations validated; 2 stations (80 kmDutch remote: 7 stations validated; 2 stations (80 km 

baselines) being validated right now
• EU: 6 stations validated; 4 Germany, Nancay (FR), Chilbolton

(UK); Juelich (DE) being validated right now(UK); Juelich (DE) being validated right now
– Currently operational: 20 CS + 7 RS + 6 EU 

» As of July 1st 2011.
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LOFAR on the map

www.astron.nl/~heald
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LOFAR on the map

www.astron.nl/~heald

SPDO, Manchester, 25 - 29 July 2011- 12 -SKA Calibration and Imaging Workshop 2011



Phase 2 Processing Cluster

• Combined compute and storage 
cluster
– 102 compute nodes 

• 100 nodes are also used for 
tstorage

– 2 CPUs with each 12 cores 
(2 1 GHz)(2.1 GHz)

– 20 TByte storage per node

• Total capacity: 20 TFlop + 2 PByte

• For details see presentation by 
Chris Broekema
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Compute capacity

2 PByte

36 Tmul/s 14 Tflops 20 Tflops
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Processing pipelines
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LOFAR Archive

Tautenburg Potsdam

J

UK

FR

TARGET

Jülich
C A h Jüli h

Jena

80 Gbps

FR

SE

Gä hi

Core Aachen Jülich

Jülich
80 Gbps

SARA
Gärching Bonn

Effelsberg
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Network
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Standard Imaging Pipeline

See presentation by George Heald
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See presentation by George Heald



3C61.1

Reinout van Weeren (feb. 2010)
173 MHz; 0.2 MHz BW
20 stations: 16 CS + 4 RS
9 7 arcsec x 9 4 arcsec
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Various Images

CasA, Yatawatta

3C196 Wucknitz

CygA, McKean

3C196, Wucknitz
M51, Heald
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EoR: LOFAR Deep Field 3C196

Panos Labroupolous
See presentation by 
Panos Labroupolous
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Status Imaging Pipeline

• Currently being automated / integrated
• DPPPDPPP

– Flags data, removes A-team, compresses data

• BBS
– DD Calibration
– Beam model
– Ionospheric calibration in progress

• Imager
AWP j ti f LOFAR b i l t d d t ti– AWProjection for LOFAR beams implemented; needs testing

• Source Finder
Two in house packages– Two in-house packages

• Sky database
– Based on VLSS WENSS NVSS
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AWProjection (1)

• JAWS: the Joint AW Spheroidal Imager
• Cyril Tasse, Bas van der Tol, Ger van Diepen, Joris vanCyril Tasse, Bas van der Tol, Ger van Diepen, Joris van 

Zwieten, Sanjay Bhatnagar, Urvashi Rau, Kumar Golap
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AWProjection (2)

JAWS: the theoryy

Beam W term (scalar)

(4*4)

Convolution

This is an EXACT map from sky plane to the 
Visibilities in the UVW space!

BUT: The inverse map is approximative! 
(based on pseudo-inverse)
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AWProjection (3)

Recovered 
Q flIQUV fluxes 
to better 
than 1%than 1%

BBS predict (DFT) vs. AW degridding
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Pulsar observations

Hessels et al.
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Crab Pulsar

Hessels et al.
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PSR J0329+54: Imaging + tied array

Hessels et al.
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Multi-beam observations

Hessels et al.
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Cosmic Rays
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Cosmic Ray detection

Ter Veen et al.
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Ter Veen et al.



LOFAR Commissioning Survey

• A.k.a. MSSS (Million Source Shallow Survey)
• Key roles:Key roles:

– Fill the initial GSM for calibration of arbitrary fields at arbitrary 
frequency in LOFAR bands

– Guide development of, and exercise:
• observatory operations
• processing software• processing software
• imaging pipeline
• (piggyback applications?)(p ggy pp )
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Draft Specification

• MSSS-LBA
– Array configuration: 24 CS + 11 RS (LBA_INNER)y g ( _ )

• Up to 10 km baselines
• 1.5 – 2 arcmin resolution

– Bandwidth: 16 MHz over 30-78 MHz [coverage TBD]
– Number of independent beams: 3
– Time per field: 90 minutes (9x10 minutes; δHA~0 5h)– Time per field: 90 minutes (9x10 minutes; δHA~0.5h)
– Resulting sensitivity (approximate): ~15 mJy
– Required number of fields: 619 (covering 2π sr)
– Required on-source observing time for full survey: 619/3x90min = 

309.5 hr
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Draft Specification

• MSSS-HBA
– Array configuration: 24 CS (HBA_DUAL?)y g ( _ )

• Up to 3 km baselines
• 1.5 – 2 arcmin resolution

– Bandwidth: 16 MHz over 120-168 MHz [coverage TBD]
– Number of independent beams: 3
– Time per field: 15 minutes– Time per field: 15 minutes
– Resulting sensitivity (approximate): ~5 mJy
– Required number of fields: 3522 (covering 2π sr)
– Required on-source observing time for full survey: 3522/3x15min 

= 293.5 hr
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Comparing relevant Surveys
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AARTFAAC

• AARTFAAC: Amsterdam—ASTRON Radio Transients 
Facility and Analysis Centrey y
– Univ. of Amsterdam, ASTRON, Univ. of Oxford

• 24 / 7 all sky monitor
– Correlate all 288 LBA dipoles in the superterp
– Real time data processing and transient detection

T i– Trigger
– Follow up with full array or other instrument
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Planning
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Summary

• LOFAR hardware roll-out is nearing completion
– Last stations: end 2011 / begin 2012g
– Roll out  compute hardware completed
– Archive under development

• Data taking at ~50% efficiency
• Commissioning is in full swing
• LOFAR software under continued development

– Operates the on-line chain from station to correlation / 
beamformingbeamforming

– Data processing pipelines are being automated
• Imaging pipeline being firstg g p p g
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