
Hard X-ray observations with Suzaku HXD at the time of giant radio

pulses from the Crab pulsar

Ryo Mikami1, Toshio Terasawa1, Shota Kisaka1, Katsuaki Asano1, Shuta J. Tanaka1, Mamoru Sekido2,
Kazuhiro Takefuji2, Hiroshi Takeuchi3, Hirokazu Odaka3, Tamotsu Sato3, Yasuyuki T. Tanaka4 and Nobuyuki Kawai5

1 Institute for Cosmic Ray Research, The University of Tokyo, Chiba 277-8582, Japan
2 National Institute of Information and Communications Technology,

Kashima Space Technology Center, Ibaraki 314-8501, Japan
3 Institute of Space and Astronautical Science, Japan Aerospace Exploration Agency,

Kanagawa 252-5210, Japan
4 Hiroshima Astrophysical Science Center, Hiroshima University, Hiroshima 739-8526, Japan

5 Department of Physics, Tokyo Institute of Technology, Tokyo 152-8551, Japan
E-mail(RM): mikami@icrr.u-tokyo.ac.jp

Abstract

We search for a correlation between hard X-ray pulses and GRPs in the Crab pulsar, using simultaneous
data from the Suzaku HXD, and the Kashima 34m parabola antenna. We set more stringent upper limit
on hard X-ray flux increase at the time of GRPs than the previous study.
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1. Introduction

Some fraction of pulsars show a peculiar type of pulsar
radio emission, so called, a giant radio pulse (GRP) (e.g.,
Soglasnov et al. 2004). GRPs from the Crab pulsar
have been studied observationally in detail. These GRPs
appear at the same rotational phase as normal pulses,
namely the main pulse (hereafter MP) and the interpulse
(hereafter IP) (Cordes et al. 2004), but occur randomly
(Majid et al. 2011), The GRP flux densities sometimes
exceed ∼ MJy and their brightness temperatures reach
∼ 1041K (Hankins & Eilek 2007). Therefore, some sort
of coherency should be involved in the emission process
of GRPs, whereas optical, X-ray and γ-ray emissions are
believed to be emitted incoherently.

The existence of correlation between GRPs and higher
energy emissions would provide useful information to
elucidate the enigmatic mechanisms of emission, as well
as those of particle acceleration in the pulsar magneto-
sphere. For optical pulses from the Crab pulsar, there
is a statistically significant brightening coincident with
GRPs (e.g., Strader et al. 2013). On the other hand, at
present, correlations between GRPs and emissions other
than optical wavelength are inconclusive and only up-
per limits on flux increases were set (e.g., Lundgren et
al. 1995). In our previous study, we have made simul-
taneous radio and hard X-ray observations of the Crab
pulsar. A marginal flux enhancement of 15-75 keV (av-
erage photon energy = 21 keV) during the GRP periods

is found (Mikami et al. 2014). In this paper, we search
for the flux variability in a higher energy band, 35-315
keV (average photon energy = 113 keV). While a statis-
tically significant enhancement coincident with GRPs is
not seen, we set stronger limit on flux variation than the
previous study (Lundgren et al. 1995).

2. Observation

Table 1. provides a summary of our observations. The
instrument for our radio observation is the Kashima 34m
Antenna operated by the National Institute of Informa-
tion and Communications Technology. After removing
radio frequency interferences and interstellar group de-
lay effects, we identified signals with signal-to-noise ratio
(S/N) ≥ 5 occurring at the MP or the IP phase as GRPs.
On average, S/N = 5 signals have flux density of 3× 102

Jy. From the whole of simultaneous radio and X-ray ob-
servations in Table 1, we have accumulated 4107 and 353
GRPs occurring at the MP and IP phase, respectively.
We treated only MP phase GRPs (hereafter, MPGRPs)
in this work since the number of IP phase GRPs was
not enough for our correlation study. The UTC arrival
times of these MPGRPs were then converted to the solar
system barycenter with the TEMPO2 package (Hobbs,
Edwards & Manchester 2006).

The hard X-ray observation of the Crab pulsar was
made with the Suzaku satellite. We used the publicly
available data obtained by the GSO of the Hard X-ray
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Table 1. Summary of our observation.

Obs. Date Apr. 6, 2010
Suzaku Obs. ID 105002010
Radio Obs. Freq. 1405-1435 MHz
Simultaneous Obs. Time 19 ksec
Number of MPGRPs (S/N≥5) 4107
(Ratio to all pulses) (0.73%)
Number of 35-315keV events 1023097
ν0 [s−1]a 29.7253487983
ν̇0 [s−2]a −3.7130426× 10−10

tpulse,0 [s]a 0.009051
a The pulse frequency, its first time derivative, and the
first MP arrival time after midnight at the solar system
barycenter, respectively. These values were obtained by
interpolating the values of the Jodrell Bank Crab
Pulsar Monthly Ephemeris1 (Lyne et al. 1993).

Detector (HXD). We selected 35-315 keV photons, and
converted their times of arrival to those at the solar sys-
tem barycenter with aebarycen. The event number de-
tected with HXD GSO within the observation periods
common to the radio observations is 1023097 as a whole.

3. Data Analysis and Results

We compared hard X-ray flux at the time of MPGRPs
with that of non-GRP periods, following the work of
Lundgren et al. (1995). At first, we made two datasets.
One of them contained only HXD GSO data coincident
with MPGRP periods (hereafter, dataset “on”), and the
other consisted of only data not coincident with GRPs
(hereafter, dataset “off”). We calculated phases ϕ of
events in two datasets and folded them using the param-
eters in Table 1. We assumed that these folded data in
each phase, Fon(ϕ) (unit [count/sec]) for dataset “on”
and Foff(ϕ) for dataset “off”, respectively, consisted of
a pulse component (fon(ϕ) and foff(ϕ)) and a constant
background component (A):

Fon(ϕ) = fon(ϕ) +A, Foff(ϕ) = foff(ϕ) +A. (1)

Then, we carried on a model fitting:

Fon(ϕ) = a+ bFoff(ϕ), (2)

where the value b is flux variation at the GRP time. Re-
sults are shown in Table 2.2 In Fig. 1, we also show
the pulse profiles with bin sizes of 0.01 periods, which
is the same size as the studies in the optical bands (e.g.

*1 http://www.jb.man.ac.uk/pulsar/crab.html
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Fig. 1. HXD GSO (35-315 keV) pulse profile, folded over only the pe-
riods simultaneous with MPGRPs (red), and only non-GRP peri-
ods (black). In each data point, 1 σ statistical error is shown. The
binning size is 0.01 period. The background level is subtracted.
Phase 0 represents the peak phase of radio pulse, calculated from
the values in Table 1.

Table 2. Fitting results.

a b
Our work 0.71±6.70 0.98±0.12
Lundgren et al. Not shown 1.00±0.19

Strader et al. 2013). The significance of flux enhance-
ment at the peak during the GRP periods was 1.0 σ, and
1σ upper limit of flux increase was ∼ 70%.

4. Summary and Discussion

A statistically significant enhancement coincident with
GRPs is not found unlike optical studies (e.g. Strader
et al. 2013). However, the limit on flux enhancement
at the GRP periods becomes tighter than that of Lund-
gren et al. (1995). The next generation X-ray satel-
lite, ASTRO-H will improve the photon statistics, which
strongly proceed GRP studies.
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*2 We also carried on a model fitting fon(ϕ) = a′ + b′foff(ϕ), and
got similar values (a′ = −0.27± 0.78, b′ = 0.98± 0.12).
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