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Summary

This thesis is focused on discovering and characterising pulsars and fast radio tran-
sients in poorly explored regions of parameter space. Pulsars are rapidly rotating,
highly magnetised neutron stars, which emit radio beams like a cosmic light house.
This allows us to detect these otherwise too-faint neutron stars, and to study them
in detail because the regular pulsed signal is like a precision clock. The term fast
radio transient is given to other types of short-duration pulsed astronomical radio
signals. For example, some types of pulsar are highly intermittent, producing only
one detectable pulse per hour, or less. More recently, a phenomenon termed fast ra-
dio burst has been used to describe pulsed radio signals whose large dispersive delay
suggests that they originate from extragalactic distances. If so, they must be many
orders of magnitude brighter than radio pulsars, and dozens of theories have been
proposed to explain their origin. By parameter space, we mean the multi-dimensional
set of parameters that describe an astrophysical event, like its duration, brightness,
and spectrum. This thesis presents searches in poorly explored regions of parameter
space, which is to say that we have searched for new pulsars and fast radio transients
whose novel properties tell us something new about the underlying population and
its physics.

Chapter 2 is based on data from LOTAAS, the LOFAR Tied-Array All-Sky Sur-
vey, which is a survey for pulsars and fast radio transients using LOFAR. LOFAR is
the Low-Frequency Array, a radio interferometric telescope sensitive to radio frequen-
cies between 10− 240 MHz. The huge amount of LOTAAS data generated to explore
the low-frequency, wide-field parameter space (∼ 4 TB per hour) poses problems for
storage, processing and inspection of the candidates. Because of radio frequency in-
terference, the single-pulse search of LOTAAS generates on order of 107–108 potential
candidates above a signal-to-noise ratio of 5σ per observation. This makes it impos-
sible to investigate all of these candidates manually. In this chapter, we present an
automatic classifier based on machine learning techniques. It is capable of quickly
selecting interesting candidates with high accuracy. Executing a preliminary version
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of the classifier on part of the LOTAAS observations yielded the discovery of 7 new
pulsars and the detection of ∼ 80 known sources. The entire survey data set will be
reprocessed with the latest version of the classifier presented here, and thus future
discoveries are also expected from the existing data.

Chapter 3 presents a detailed analysis of twenty of the pulsars discovered by
LOTAAS. Using more than 10 months of regular observations at multiple frequencies
with LOFAR and the Lovell telescope, a timing model was constructed for each of
them. These timing models describe how the rotation of the pulsar is varying with
time, and the method also provides a precise position. Some of the pulsars have unusu-
ally long periods (> 2 seconds) and many have particularly small period derivatives.
This places the pulsars in the P-Pdot diagram near the death line (where pulsars are
expected to shut off) and implies on average an older population than the bulk of
the pulsar distribution. The spectral indices of these sources are generally very steep
(α . −1.4), as would be expected for a survey centred at the low radio frequency
of 135MHz. Two of the discoveries present drifting sub-pulses and a few have high
nulling fractions (> 30%), with one presenting the characteristics of a typical rotating
radio transient (RRAT).

Chapter 4 focuses on a particular pulsar (PSR B2217+47, one of the brightest
and earliest pulsars discovered) observed over six years with both LOFAR and the
Lovell telescope. The pulse profile is observed to evolve on a monthly timescale at
lower frequencies, while it is stable at higher frequencies. The evolution concerns
peaks in the pulse profile that appear at different epochs trailing the main peak and
evolving along the pulse phase. The intensities of the main peak and of the evolving
components in the pulse profile are strongly correlated, suggesting that the latter are
images of the former created by propagation effects. In particular, a dense structure
similar to those detected during extreme scattering events is thought to generate these
evolving components. A rough estimate of the characteristics of such an ionised inter-
stellar medium (IISM) structure is derived. This study opens the possibility to use a
new method to study the IISM properties over scales rarely investigated before.

Chapter 5 presents a study of the repeating fast radio burst (FRB) source FRB 121102.
We analyse bursts detected with Arecibo and the Green Bank Telescope (GBT) at the
highest frequencies that the source has been detected to date (4−8GHz). This allowed
us to discover linear polarisation in the bursts, and to detect Faraday rotation, which
changes the angle of linear polarisation as a function of frequency. The channelisa-
tion of the telescope bandwidth limits the maximum rotation measure (RM) that can
be measured if the polarisation direction rotates by a significant amount within the
individual channels. Assuming channels of the same widths, this effect is smaller at
higher frequencies (Equation 1.3). Detecting FRB 121102 at high radio frequencies
thus allowed us to measure the largest RM value (∼ 105 radm−2) ever reported for a
pulsar or FRB. In addition, the source RM is found to decrease by ∼ 10% in 7 months,
arguing that the Faraday medium is close to the source and that FRB 121102 is in
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a dynamic environment. These properties, together with the presence of a persistent
radio source and the inferred local dispersion measure (DM), favour models based on a
young neutron star embedded in a powerful supernova remnant or in the vicinity of an
accreting massive black hole. After correcting for the measured RM, all the bursts are
∼ 100% linearly polarised, with no evidence of circular polarisation. The measured
polarisation direction is stable both within and between bursts. The polarimetric
properties provide new input for modelling the emission mechanism itself.
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