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Pulsars are natural 
laboratories to study...
• Gravity
• Particle physics
• Stellar evolution
• Interstellar medium
• Accretion

Saxton / NRAO



FRBs are natural 
laboratories to study...
• Intergalactic medium
• Galaxy halos
• Lensing
• Extreme astrophysics

Futselaar / ASTRON
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Why Pulsars & FRBs at < 300MHz?

• Steep spectral indices
• Spectral turnover
• Profile evolution
• Moding

Emission mechanism
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Why Pulsars & FRBs at < 300MHz?

• Steep spectral indices
• Spectral turnover
• Profile evolution
• Moding

Emission mechanism

ISM, IPM & Ionosphere

Surveys & Populations

• Precision dispersion measure
• Scattering
• Precision rotation measures
• “Scintellometry”

• Huge field-of-view
• Ultra-steep-spectrum sources
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Hassall et al. 2012



Pulsar magnetospheres
T. E. Hassall et al.: Wide-band Simultaneous Observations of Pulsars
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Fig. 10. A fit to the relative positions of the components of PSR
B0329+54, which show a lot of asymmetry. The outer cone (bold line)
is skewed towards earlier pulse longitudes and both of its components
fade at very di↵erent rates. The inner cone (dashed line) is skewed in the
opposite direction and again shows di↵erent spectral indices for each
side of the cone. Models are less reliable in the LBAs (< 100 MHz)
where the pulse profile is a↵ected by scattering.

(1983b) found similar absorption features in at least eight other
pulsars.

PSR B0809+74 has two overlapping components, which are
normally thought to be conal. In accordance with this thinking,
we fitted the data from the simultaneous observations (marked
with arrows in Figure 11) with two Gaussian components and set
our fiducial point as the midpoint of the profile. This model pro-
duced large systematic errors in the TOAs at di↵erent frequen-
cies. On a closer examination of the profiles, the reason for the
timing errors became apparent, the separation of the components
cannot be modelled as a simple power law. In the observations
at 1400 MHz the components get closer together as frequency
decreases, whereas in the low frequency data they move further
apart.

In a second model, we used three components, one central
component, a precursor and a postcursor. The narrower, central
component is taken as the fiducial point of the profile. At high
frequencies the precursor (component 1 in Figure 11) moves to-
wards the central component. Somewhere in the frequency range
200–1000 MHz (which was not present in the simultaneous ob-
servations) this component fades. Then, in the low frequency
data, the third component appears and begins to move away from
the central component, towards later pulse phase.

The precursor and the postcursor in this model have the same
width and their positions can both be modelled by a single power
law (see Figure 12). This suggests that the two components may
instead be a single component, which drifts through the pulse
profile.

In our final model (see Figure 11), we used two Gaussian
components, a narrow component (component 2), which is the
fiducial point of the pulse profile, and a broader component
(component 1), which starts as a precursor in the high frequency
observations and drifts through the pulse profile, arriving at a
later phase (as a postcursor) at low frequencies. Using the nar-
row component as a fiducial point removes the systematic errors
from TOAs, which provides strong verification of this model.

Further evidence in favour of this model comes from
archival pulse profiles from the European Pulsar Network

Fig. 11. The model used to produce the dynamic template of PSR
B0809+74. The model consists of two Gaussian components. The peak
of the narrower component is the fiducial point of the observation and
the broad component drifts through the pulse profile. The two compo-
nents and the final model are plotted in black, and compared to data,
which is plotted in grey. The simultaneous observations (used to create
the model) are indicated by arrows. Pulse profiles at 410 MHz, 606 MHz
and 925 MHz are from the EPN database and the low frequency (10–
60 MHz) pulse profiles are from a recent observation with the LOFAR
superterp.14
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DM law works to 1/100,000



LOFAR Pulsar Census
LOFAR has detected >300 pulsars so far

Bilous et al. 2016 Pilia et al. 2016



Low-Freq Pulsar & FRB Telescopes

MWA LWA

GMRT LOFAR
India Europe

Australia New Mexico



2023
Super-computer



LOTAAS
LOFAR Tied-Array All-Sky Survey

219 coh. beams
3 incoh. beams

http://www.astron.nl/lotaas



A&A proofs: manuscript no. lotaas

Fig. 1. The beam setup of a LOTAAS pointing. (a) A LOTAAS pointing consists of three sub-array pointings (SAPs) separated by 3�.82 on the
vertices of an equilateral triangle. Within each SAP, the LOFAR correlator and beamformer forms 61 coherently summed tied-array beams (TABs;
small circles) and an incoherent beam (large circle). The TABs are hexagonally tiled to cover the center of each SAP. Within each SAP an additional
12 TABs are formed, and can be pointed towards known pulsars (shown here only for one SAP). The SAP full-width at half maximum (FWHM)
varies from 6�.1 to 4�.7 over the LOTAAS band (119 to 151 MHz). (b) The hexagonal tiling of the 61 TABs within a single SAP. The TAB FWHM
varies from 0�.41 to 0�.32 over the LOTAAS band (119 MHz to 151 MHz). Adjacent TABs overlap by 28% at 119 MHz and 14% at 151 MHz. (c)
LOTAAS pointings are tessellated in three passes as indicated. Three passes are required to cover the sky with TABs, while each single pass covers
the sky with incoherent beams from the SAPs.

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 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 with di↵erent colors. Note that beamsizes 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
within our Galaxy by the Cordes & Lazio (2002) NE2001 model.

tent pulsars and transient signals. With 1 hr integration times,
the data volume of a single LOTAAS pointing is 16.9 TB.

2.4. Survey sensitivity

Following Dewey et al. (1985), the sensitivity of the LOTAAS
survey for a pulsar with period P and e↵ective pulse width We↵

down to a minimum signal-to-noise S/Nmin, relates to the gain G
and system temperature Tsys of the telescope, and the integration
time tobs, bandwidth �⌫ and number of summed polarizations np
of the observation through

S min =
S/NminTsys
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LOFAR Tied-Array All-Sky Survey (LOTAAS)



Sanidas et al. 
2019

LOFAR Tied-Array All-Sky Survey (LOTAAS)
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 using 100 pulse profile bins. 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. Article number, page 9 of 22

74 LOTAAS pulsar discoveries



LOFAR super-slow (23.5-sec) 
pulsar discovery

LoTSS `on’ and `off’ images

Tan et al. 2018

Futselaar / ASTRON





LOFAR fast pulsar

1.4 ms / 707 Hz radio pulsar

DRAGNET



LOFAR
MSP

Discoveries

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

Futselaar / ASTRON / NASA



Backer et al. 1982

B1937+21 - 642Hz

Hessels et al. 2006

J1748-2446ad - 716Hz

Bassa et al. 2017

J0952-0607 - 707Hz

J1234+5678 - >800Hz
Someone et al. 20??

24 years

11 years

<5 years?



Very Bright MSPs

Phase

S150 ~ 0.5Jy

Found in 2010
Hessels et al. 2011

Kondratiev et al. 2016



LOFAR on the P-Pdot

17,000x

Cooper

707Hz

0.042Hz

1.41ms

23,533.6ms

- see also van der Wateren et al. 2023



be performed on each of these dedispersed timeseries using tools from the PRESTO software suite4. For
each pointing, the 200 most significant candidates will be folded and inspected.

The follow-up observations will be taken in coherent Stokes mode recording raw voltages, and the
usual known pulsar processing pipeline will be used to process the data with an initial timing ephemeris.
Data storage and LTA requirements

The raw complex voltage data files are too large to be stored in the LTA. Instead, we propose to store
the redigitised 8-bit raw search data for the initial search observations: 5.6 TB in total. For the follow-up
observations of the confirmed pulsars, the known pulsar pipeline products can be stored, which are only
⇡2 GB per 20-min observation (⇡20 GB in total).
References
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2234 • Bassa et al. 2017a, A&C, 18, 40 • Bassa et al. 2017b, ApJ, 846, L20 • Bates et al. 2013, MNRAS, 431,
1352 • Camilo et al. 2015, ApJ, 810, 85 • Cordes & Lazio 2002, arXiv:astro-ph/0207156 • Demorest et al. 2010,
Nature 467, 1081 • Gould & Lyne 1998, MNRAS, 301, 235 • Hamilton et al. 1985, AJ, 90, 606 • Heald et al.
2015, A&A, 582, A123 • Hurley-Walker et al. 2017, MNRAS, 464, 1146 • JeliÊ et al. 2015, A&A, 583, A137 •
Keane et al. 2015, AASKA14, 40 • Kondratiev et al. 2016, A&A, 585, A128 • Lazarus et al. 2015, ApJ, 812, 81 •
Manchester et al. 2005, AJ, 129, 1993 • Navarro et al. 1995, ApJ, 455, L55 • Oppermann et al. 2015, A&A, 575,
A118 • Pleunis et al. 2017, ApJ, 846, L19 • Ransom et al. 2014, Nature 505, 520 • Shimwell et al. 2019, A&A,
622, A1 • Sobey et al. 2019, MNRAS, 484, 3646 • Stovall et al. 2014, ApJ, 791(1), 67 • Strom 1987, ApJ, 319,
L103 • Verbiest et al. 2016, MNRAS, 458, 1267.

Figure 1: Left: RM Grid output (colour bar) using the LoTSS images (contours). Upper: Centred towards PSR
J1239+32. Lower: Centred towards PSR J1658+36. Images courtesy of Shane O’Sullivan. Right: Normalised
Faraday dispersion functions (or Faraday spectra) obtained using LOFAR tied-array observations at 149 MHz,
dashed grey lines indicate the RM towards each pulsar. Upper: 15-min observation of PSR J1239+32. Lower: 2-h
observation of J1658+36.

4https://www.cv.nrao.edu/⇠sransom/presto/
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LoTSS polarised sources

Sobey et al. 2022



FRBs with LOFAR

Futselaar / ASTRON



FRB 20180916B (“R3”)

Tendulkar, Gil de Paz, Kirichenko, JH et al. 2021

R3



Pleunis, Michilli, Bassa, JH et al. 2021

Bursts detectable down to at least 110 MHz



CHIME/FRB Collaboration et al. 2020

Periodic activity from 
FRB 180916.J0158+65

P = 16.4 days



Frequency-dependent 
activity cycle

Pleunis, Michilli, Bassa, JH et al. 2021
See also Pastor Marazuela et al. 2021



Boldly Go Where No Telescope Has 
Gone Before
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uFRBs 
“Ultra-fast radio bursts”

nsFRBs 
“Not-so-fast radio bursts”
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• > 80 LOFAR pulsar discoveries
• First ultra-low-frequency FRBs
• > 50 LOFAR pulsar & FRB papers
• 17 of these cited > 50 times

Pulsars & FRBs with LOFAR
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• > 80 LOFAR pulsar discoveries
• First ultra-low-frequency FRBs
• > 50 LOFAR pulsar & FRB papers
• 17 of these cited > 50 times

Pulsars & FRBs with LOFAR

+ Enormous latent potential 

to unlock with LOFAR2.0!


