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Reaches to 2x higher frequencies

>10x higher collecting area

Compared to SKA-Low Phase 1 

Reaches 2x lower frequency

>10x higher resolution

LOFAR + DUPLLO

SKA-Low Phase 1



• LOFAR2.0 is a staged programme of upgrades to keep LOFAR cutting 
edge well into the 2020s.

• Stage 1 of the LOFAR2.0 programme includes the DUPLLO and 
COBALT2.0 upgrades.

• Further community consultation to define possible future stages.

What is LOFAR2.0?



Digital Upgrade for Premier  
LOFAR Low-band Observing

DUPLLO



• Order-of-magnitude increase in sensitivity in 
the 10-90MHz band by maximising the use 
of existing infrastructure.

• Deliver a major and broad science harvest 
through a deep all-sky survey and other 
observations.

• H2020 LOFAR for Space Weather design project.  
DUPLLO sets the stage for turning LOFAR into a 
24/7 space weather monitor.

LOFAR + DUPLLO
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50%
 of the data (115-150 M

H), 0.3 mJy/beam central rms noise  (9x14 arcsec)

16000x16000 pixels

M
onday, June 24, 13

The Moon
(for comparison)

All-sky map that is unique for the next 20 years.

Provides a monumental legacy data set for the 
astronomical community.

LoTSS HBA survey: 

See talk by Tim 

Shimwell on  Tuesday



Parameter space

Shimwell



DUPLLO delivers a monumental survey of the sky

DUPLLO pilot 
survey data

The Moon
(for comparison)

DUPLLO 
makes this 5x 
more sensitive 
and more 
accurate

Only LOFAR 
provides the 
necessary 

angular 
resolution

Pilot LBA survey: See 

talk by Francesco de 

Gasperin on Friday

de Gasperin



• When do the first stars start to shine?

DUPLLO 
Science 
Goals

• How do supermassive black holes and 
galaxy clusters shape the Universe?

• What is the habitability around low-mass 
stars and can we directly detect exoplanets? 

See talk by Marisa 

Brienza on Friday

See talk by Leon 

Koopmans on 

Wednesday

See talk by Joe Lazio 

on Monday
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Lightning protection 
Systems High-precision GPS Protect satellites & 

power grids

Beyond astronomy

Lightning Ionosphere Space weather

Data products with broader societal relevance and 
applications
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Proof of concept

Shown that low-band and high-band 
ionosphere track each other

Shown that we can derive an 
ionospheric phase screen from high-
band data
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DUPLLO Innovation
Scientifically limited Rich in science

- =

The stage is set…
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COBALT2.0
• Order of magnitude increase in online 
computing.

• Enables massively parallel observing modes.

Thanks Pandey!



S. Sanidas et al.: An overview of the LOFAR Tied-Array All-Sky Survey

Fig. 6. Pulse profiles of the LOTAAS pulsar discoveries. Shown here are the discovery profiles. The pulse profiles are rotated to place the peak at
pulse phase � = 0.25. The pulsar name, dispersion measure (in pc cm�3) and spin period (in seconds) are provided with each profile.
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S. Sanidas et al.: An overview of the LOFAR Tied-Array All-Sky Survey

Fig. 2. Stereographic projections of the Northern hemisphere in equatorial coordinates (� > �3�). Lines of equal right ascension and declination
are indicated with dashed gray lines (2h steps in R.A. and 15� in decl., from 0� to 75�). The Galactic plane is shown as the diagonal black curve.
(left) Observed LOTAAS pointings as of January 2019, following the LOTAAS tessellation scheme. The sky coverage of the incoherent beams is
shown for the three passes. Note that beamsize have been scaled down for readability of the plot. (right) The sky location of the first 73 LOTAAS
pulsar discoveries. The period P and dispersion measure DM of the pulsars are indicated with di↵erent symbols and colors. Contours show the sky
temperature Tsky at 135 MHz, as extrapolated from the Haslam et al. (1982) 408 MHz map, as well as the maximum predicted DM by the Cordes
& Lazio (2002) NE2001 model.

to-noise as the 1 h discovery observations, 15 min exposures are
used for confirmation observations. The maximum baseline be-
tween core stations is 3.5 km, compared to 300 m for the stations
on the Superterp, and hence the tied-array beams using the core
stations have a FWHM of 30.5, a factor 7 smaller than Superterp
tied-array beams. To tile out the Superterp discovery beam, we
form a single sub-array pointing and use 127 tied-array beams
in a hexagonal pattern. Depending on the accuracy of the dis-
covery localization, the spacing between the tied-array beams in
confirmation observations can be decreased from Nyquist sam-
pling to improve the localization by comparing the pulsar profile
signal-to-noise between di↵erent beams. This approach allows
the pulsar to be localized to an accuracy of about 30. Examples
of the tied-array beam tiling in confirmation and localization ob-
servations are shown in Fig. 4.

Besides the larger number of stations and shorter integra-
tion time, confirmation observations use the same observational
setup as the search observations. Hence, 162 subbands cover
31.64 MHz of bandwidth over the same frequency range, chan-
nelized to 2592 channels, with polarizations summed to form
Stokes I and downsampled to a sampling time of 491.52µs.

Once a newly discovered pulsar is confirmed and localized,
the timing program is started. The follow-up timing observa-
tions again use all the HBA dipoles of the 24 LOFAR core
stations, but now only a single tied-array beam is formed. For
this tied-array beam, dual-polarization complex voltages, sam-
pled at the 5.12µs Nyquist rate of a 195.3125 kHz subband are
recorded for 400 subbands. Hence, 78.125 MHz of bandwidth is
recorded between frequencies of 110 to 188 MHz. The complex
voltages allow phase-coherent dedispersion removal with dspsr
(van Straten & Bailes 2011). Subsequent timing analysis is per-

formed with psrchive (Hotan et al. 2004) and tempo2 (Hobbs
et al. 2006; Edwards et al. 2006).

To constrain their radio spectra, newly discovered pulsars are
also observed with the 76 m Lovell telescope at Jodrell Bank L-
band (1532 MHz) and occasionally at P-band (330 MHz). For
these observations the ROACH backend (Bassa et al. 2016) is
used, providing 400 MHz of bandwidth centered at 1532 MHz
and 64 MHz of bandwidth at 330 MHz. Pulsars that are visible at
L-band are observed as part of the regular pulsar timing program
of the Lovell telescope.

3. Analysis

The LOTAAS survey is the largest pulsar survey performed to
date, as the 1953 LOTAAS pointings produce 33 PB of raw data.
The management and the processing of such a huge amount of
data is not a trivial task, and can stress even the largest high per-
formance computing (HPC) facilities available worldwide. For
this reason, although at the beginning of the survey the HPC
cluster of the Jodrell Bank pulsar group was used (HYDRUS; 552
CPU cores, 728 GB RAM), the main workhorse of the survey’s
processing since 2014 has been the Dutch National Supercom-
puter Cartesius4 (over 44500 CPU cores, 115 TB RAM), man-
aged by SURFSara5. The storage of the raw data and the pro-
cessed results utilises the SARA Long Term Archive (LTA), where
part of the whole LOFAR LTA is also hosted. The co-locality
of the SARA LTA and Cartesius provides increased e�ciency,

4 https://userinfo.surfsara.nl/systems/cartesius
5 https://www.surf.nl/en/about-surf/subsidiaries/
surfsara
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LOFAR Tied-Array All-Sky Survey
(LOTAAS)

Sanidas et al., almost submitted



LOFAR super-slow (23.5-sec) pulsar discovery

LoTSS `on’ and `off’ imagesImage credit: Danielle Futselaar

Tan et al. 2018



Image credit: NASA

LOFAR
millisecond pulsar

discoveries

P = 1.41ms!

Bassa, Pleunis & Hessels 2017
Bassa et al. 2017
Pleunis et al. 2017



LOFAR is expanding the pulsar parameter space

Cooper

707Hz
1.41ms

0.042Hz
23,533.6ms



DUPLLO+LOFAR will deliver the deepest and highest-
resolution 10-90MHz all-sky survey ever performed


