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LOFAR:
Building a Flexible and Responsive
Radio Telescope for Pulsars and Transients

vlad Kondratiev (ASTRON)
and LOFAR Pulsar Working Group
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Outline:

v LOFAR —where and whats

v Observing capabilities

v Towards aperture arrays (paving
the road to SKA)

v LOFAR and timing
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LOFAR in NL

van Haarlem et al. (2013)

S
24 Core + 16 Remote Stations
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Hassall
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100-250MHz

| (2x)24x_,

Hassall
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High Band Antenna
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|0-90MHz

48x

Hassall
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LOFAR Low Band Antenna &
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LOFAR in EM
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LOFAR's Enormous Frequency Range
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Flexible Beam-forming

(sparse aperture array)

van Leeuwen

Element beam Stations beam(s) Tied-array beam(s)
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Evolution of LOFAR's sensitivity

Hessels
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Rotational Phase Rotational Phase Rotational Phase
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GWADW?2013, Isola d'Elba — May 21, 2013 AST{{ON



AreCibO LOFAR
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Sub-arraying

(customize your own telescope)

Hessels

24 16 9
Dutch Core Dutch Remote International
Stations Stations Stations
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B0329+54
L2010_07524

LOFAR Multi-beaming

’

B0450+55
1 2010_07524
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Multiple, widely separated FOVs

@28MHz
BW=8MHz

simultaneous multi-beam

observations in the LOFAR low Hassall

band Hessels
Stappers

Haslam 408 MHz map courtesy of LAMBDA

GWADW?2013, Isola d'Elba — May 21, 2013 ASTRON




® - LOFAR Tied-Array Multi-Beam
@8@% i
(%Q%

B Scaife

W Hessels
o Stappers

See Mol & Romein 2011 for mult/-beam tled-array benchmarking results
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Andromeda
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Cluster /~
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LOFAR v1.0: Beam-Formed Modes

~nline coherent dedispersion
XXYY I IQUV

Sus - 10ms (or more) time res.

All written to HDF5 with metadata
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Simultaneous Imaging + Pulsar observations

PSR B0329+54

~

=l Heald
—1 Alexov
—— [ Hessels
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Stappers et al. 2011, A&A, 530, 80
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LOFAR Reference Paper Online!

http://arxiv.org/abs/1305.3550

LOFAR: The LOw-Frequency ARray

M. P. van Haarlem, M. W. Wise, A. W. Gunst, G. Heald, ). P. McKean, J. W. T. Hessels, A. C. de Bruyn, R. Nijboer, ). Swinbank, R. Fallows, M.
Brentjens, A. Nelles, R. Beck, H. Falcke, R. Fender, J. Horandel, L. V. E. Koopmans G. Mann, G. Miley, H. Réttgering, B. W. Stappers, R. A. M. J.
Wijers, 5. Zaroubi, M. van den Akker, A. Alexov, |. Anderson, K. Anderson, A. van Ardenne, M. Arts, A. Asgekar, |. M. Avruch, F. Batejat, L.
Bidhren, M. E. Bell, M. R. Bell, I. van Bemmel, P. Bennema, M. . Bentum, C. Bernardi, P. Best, L. Birzan, A. Bonafede, A.-). Boonstra, R. Braun, J.
Bregman, F. Breitling, R. H. van de Brink, ). Broderick, P. C. Broekema, W. N. Brouw, M. Bruggen, H. R. Butcher, W. van Cappellen, B. Ciardi, T.
Coenen, ). Conway, A. Coolen, A. Corstanje, 5. Damstra, et al. (139 additional authors not shawn)

Submitted on 15 May 2013)

LOFAR, the LOw-Frequency ARray, is a new-generation radio interferometer constructed in the north of the Netherlands and across europe. Utilizing 2
novel phased-array design, LOFAR covers the largely unexplored low-frequency range from 10-240 MHz and provides a number of unique ohserving
capabilities. Spreading out from a core located near the village of Exloo in the northeast of the Netherlands, a total of 40 LOFAR stations are nearing
completion. A further five stations have been deployed throughout Germany, and one station has been built in each of France, Sweden, and the UK.
Digital beam-forming techniques make the LOFAR system aqgile and allow for rapid repointing of the telescope as well as the potential for multiple
simultaneous observations. With its dense core array and long interferometric baselines, LOFAR achieves unparalleled sensitivity and angular
resolution in the low-frequency radio regime. The LOFAR facilities are jointly operated by the International LOFAR Telescope {ILT) foundation, as an
observatory open 1o the global astronomical community, LOFAR is one of the first radio observatories to feature automated processing pipelines to
deliver fully calibrated science products to its user community. LOFAR's new capabilities, technigues and modus operandi make it an important
pathfinder for the Sguare Kilometre Array (5KA). We give an overview of the LOFAR instrument, its major hardware and software components, and the
core science objectives that have driven its design. In addition, we present a selection of new results from the commissicning phase of this new radio
obsenvatory.
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Radio Pulsar Searches

Single Dishes Interferometers
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Great field-of-view
Great sensitivity
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First LOFAR
Pulsar
Discoveries

Expect 1/100 sq. deg.
Thijs Coenen PhD

Thesis (U. Amsterdam)

Period = 1.8 sec
DM =102pccm3 DM =19 pcecm-

Hessels

Pulsar- "’
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Fast radio transient factories

Parkes Moon

&

Moon Field-of-view

LOFAR

Field-of-view

state-of-the-art
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Uncharted parameter space
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Localizing LOTAAS Sources

SAP #0. Cumulative S/N of PSR J2240+69 in 62 (out of 62)
Simultaneous Tied-Array Beams [Linear Scale]
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and also localize transients
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Towards the SKA

v SKA will ultimately find all ~20,000 MSPs in the Galaxy, revealing
even more exotic systems (e.g., sub-MSP, MSP-BH).

v Need fo sub-arraying: logistics of timing thousands of sources
and achieving the best timing precision.

SKA Low (50 - 600 MHz)  SKA AA (300 — 1500 MHz)
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Timing with LOFAR?
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LOFAR MSP Detections
(110-190 MH2z)
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The LOFAR Weather Report

30 A 5 s :
; 1175 MHz Hemberger & .
D - 25| s 1380 MHz Stinebring (2008) |
F| ----- 1425 MHz , ]
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Relative Day Number
v 1 us scatt. at 1400 MHz is 10 ms scatt. at 140 MHz
v 1 ms scatt. at 140 MHz is 100 ns scatt. at 1400 MHz

v Do LOFAR DMs/Scatt. agree with those at high-freq?

GWADW2013, Isola d'Elba — May 21, 2013 ASTRON




Verbiest
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* Provide LOFAR "ISM Weather' report
* Independent DMs to compare with high frequencies
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Summary:

v LOFAR is revolutionary telescope operating at the
very low radio frequencies with great observing
capabilities.

v LOFAR is showing that SKA-Low can be a powertful
pulsar/transient survey machine.

v LOFAR will provide ISM «weather report» for the

pulsars' line-of-sights that will improve high-frequency
timing.
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