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Abstract. The frequency dependence of normal pulsar radio emission is typically observed to be
a power law, with some indications of a flattening or turnover at low frequencies (< 100 MHz).
The spectrum of the Crab pulsar’s giant pulse emission has not been examined as closely.
We conducted simultaneous wideband observations of the Crab pulsar, with the Parkes radio
telescope and the Murchison Widefield Array, to study the spectral behaviour of its giant pulses.
Our analysis shows that the mean spectral index of Crab giant pulses flattens at low frequencies,
from —2.6 £ 0.5 between the Parkes bands, to —0.7 £ 1.4 between the lowest MWA subbands.
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1. Introduction

The Crab pulsar emits giant pulses (GPs) with energetics orders of magnitude greater
than the underlying “normal” emission (e.g. Cordes et al. 2004). These GPs appear to be
broadband in the radio regime (e.g. Hankins & Eilek 2007; Hankins et al. 2015), and are
detectable across the entire electromagnetic spectrum. In general, the spectral behaviour
of Crab GPs over a wide frequency range has not been studied in depth (though see
Mikami et al. 2016). For normal pulsars, one expects a power law behaviour with a
spectral index of (a) = —1.41 +0.96 (Bates et al. 2013), while some pulsars exhibit a
flattening or turn-over at low frequencies (e.g. Maron et al. 2000). One can then ask: Do
Crab GP spectra follow a single power law, even at low frequencies?

To answer this question, we obtained simultaneous observations with the Murchison
Widefield Array (MWA) and the Parkes radio telescope, spanning 117-3600 MHz. Meyers
et al. (2017) show that at low frequencies, the Crab GP spectrum is poorly described by
a single power law as defined at higher frequencies (i.e. the spectrum is flattening).

2. Overview

Within the single pulse sensitivity limits of both instruments, we are able to cross-
match individual GPs across our observed frequency range (sampled in three non-contiguous
subbands from the MWA and two from Parkes). The number of pulses detected in each
subband ranged from 90 (at 120 MHz) to > 6000 (at 732 MHz) in one hour of observa-
tions. Of these, six main pulses and one interpulse were matched across all five subbands.

For every GP with two or more simultaneous subband detections, we calculated the
spectral index (see Meyers et al. 2017 for details). The spectral index distributions evolved
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Figure 1. Spectral indices vs. frequency, highlighting the flattening spectrum of Crab giant
pulses at low frequencies. References: Meyers et al. 2017, Mikami et al. 2016, Eftekhari et al.
2016, Sallmen et al. 1999, Karuppusamy et al. 2012, Lorimer et al. 1995, Sieber et al. 1973.

from a relatively narrow, steep distribution between the two Parkes subbands (o =
—2.6 0.5 between 732 and 3100 MHz), to a much wider, shallower distribution between
the lowest MWA subbands (o = —0.7 + 1.4 between 120.96 and 165.76 MHz). In the
context of other spectral index measurements in the literature (see Figure 1), the observed
spectral flattening over a wide frequency range is reinforced.

3. Implications

Current models for GP radio emission do not make any explicit predictions for such a
spectral flattening. Whether this spectral behaviour is an intrinsic aspect of the emission,
or a consequence of some magnetospheric propagation effects, remains unclear. This result
also implies that perhaps certain models of fast radio bursts (FRBs), particularly those
that involve GP emission, are less favourable (see Meyers et al. 2017). Clearly, this result
highlights the importance of simultaneous wideband studies of other GP emitting pulsars
(e.g. PSR J193742134) in order to determine whether the Crab is a special case, or if
this spectral behaviour is typical of GP emission.
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