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Abstract

The timing accuracy of the Hard X-ray Detector (HXD) on board Suzaku was verified using
the Crab pulsar data acquired during 2005-2006 [1]. After standard barycentric corrections and
compensations for the clock temperature, the pulse period of the Crab pulsar determined by the HXD
agreed within 10−9 sec with the radio band band measurements carried out around the same time, and
the pulser period derivative agrees with past measurements. This confirms relative timing accuracy
of the HXD. The phase gap of the main peak phase of the Crab pulses agreed between the HXD and
the radio within 600 µsec, confirming the absolute timing accuracy. Using a blank sky ovservation,
time interval distribution for background GSO events was confirmed as a random distribution over
0.5 msec∼1 sec. A 60 µsec meta-stable nuclear excitation state in the GSO scintillator was recognized
in the time-interval spectra. The puslsed component spectra of PSR B1509-58 was detected to nearly
200 keV, with a photon index of 1.7±0.2. These results demonstrate the high sensitivity and good
timing accuracy of the HXD.

1 The HXD timinig calibration using the Crab pulsar

The Hard X-ray Detector (HXD) on board the Suzaku satelite consists of a semiconductor part (HXD-
PIN;10-70 keV) and a scintillator part (HXD-GSO;30-600 keV), both designed to have a 61 micro second
time resolution [2][3].

1.1 Relative timing accuracy

In order to verify the HXD timing accuracy, we analyzed the HXD data of the Crab Nebula, obtained
in 2005 August-September on 25 occasions and in 2006 March-April on 3 occasions. After standard
barycentric corrections and compensations of the central data processing unit for the tempareture, the
pulsations were detected successfully in each observation. The results are seen in Figure 1 (left).

The intrinsic pulse-period increase of the Crab pulsar was determined from the above span as 4.2×10−13

s s−1, which is shown in Figure 1 (right). This value is also in a good agreement with past measurements
[4] and with the predicion from the monthly observations with the Jodrell Bank Radio telescope [5].
The HXD and radio [5] periods, measured on the same day (2005 September 15), agree with each other
within an accuracy of 10−9 sec. These results confirm the anticipated timing accuracy (of the order of
△P < 10 nsec) in a relative sense of the HXD.

1.2 Absolute timing accuracy

In order to verify the absolute timing accuracy, we compared the main pulse-peak phase of the Crab
pulsar between the Suzaku and the Jodrell Bank radio telescope. Figure 2 (left) shows folded pulse profiles
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Figure 1: (left) Power spectra of the Crab pulsar obtained with HXD-PIN, before (black) and after (red) the
barycentric and temperature corrections (2005 September 15, 10.5 ksec exposure). (right) Barycenter-corrected
pulse periods of the Crab pulsar, obtained with HXD-PIN over half a year. The red dashed line is a linear fit to
the Suzaku measurements, with a slope of Ṗ = 4.2 × 10−13 s s−1. The residuals between the Suzaku data points
and the fitted line are also shown.

of the Crab pulsar obtained on 2005 September 15, using the pulse frequency and the first and second
frequency derivatives in the Jodrell Bank radio ephemeris [5]. The pulse shapes were correctly obtained
in each energy band, with a good agreement in the main peak phase between the HXD (0.00±0.01) and
the radio data (phase 0.005, the red line).

Figure 2(right) summarizes the HXD vs. radio phase differences, measured on all the present obser-
vations. This confirms that the absolute timing accuracy of the HXD is better than 600 µsec.

1.3 Time interval distrribution

Figure 3 (left) shows a time interval distribution for background GSO events from a blank sky (Lockman
Hole) observation, conducted for a 87 ksec exposure on 2005 November. Thus, the spectrum is very well
expressed as ∝ exp(−△t/0.3 sec) over △t = 0.5 ms∼1 s, where △t is the time interval between a pair of
events which arrived in sequence. This is just what we expect for random signals with a constant mean
count rate.

The middle panel of Figure 3 is an expanded view of the △t=0∼1 msec portion of Figure 3 (left).
Thus, the spectrum reveals a faster-decay component, expressed by a decay constant of ∼60 µs. We
may identify this with a meta-stable nuclear excitation state in the GSO scintillators; when stable Gd
isotopes lose neutrons and unstable 151Gd nuclei are produced, they decay with a 124 day half life to
the meta-stable state 151Eu∗, emitting 154 keV gamma-rays. Since this decay follows in <0.1 nsec by a
capture of a K-shell electron (48 keV binding energy) or L-shell electron (∼8 keV binding energy), the
process produces 202 keV and 162 keV lines in the GSO spectra. Then, the meta-stable 151Eu∗ decays to
151Eu in 58.8 µsec, by emitting 196 keV photons. Therefore, the creation of a 151Gd nucleus is expected
to cause cascade emission of two gamma-rays, with a mean interval of ∼60 µsec.

In order to verify the above idea, we accumulated sequential pairs of GSO events separated by ∼61
µsec (corresponding to the minimum timing counter resolution of the HXD), and produced their spectra
in Figure 3 (right). Thus, the preceding events indeed show the 162 keV and 202 keV peaks from 151Gd
→ 151Eu∗, and the following events are dominated by the 196 keV gamma-rays from the 151Eu∗ → 151Eu
transition.
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Figure 2: (left) Folded light curves of the Crab pulsar, obtained by the HXD on 2005 September 15. The four
energy bands (10-20 keV and 20-70 keV with HXD-PIN, while 50-100 keV and 100-350 keV with HXD-GSO) are
shown. The nebular emission and backgrounds are included. The red line is the main pulse peak phase in the
radio band. (right) Phase differences of the main pulse between the X-ray band obtained by the HXD and the
radio band, shown as a function of the observation sequence.

Figure 3: (left) A time interval distribution of background GSO events, obtained from a blank sky “Lockman
Hole”. (middle) A closeup (0∼1 msec) of the red region in the left figure. A 60 µsec decay component can be
seen. (right) Spectra of preceding (top) and followinng (bottom) GSO events, separated by ∼61 µsec
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2 Pulse-component spectra of PSR B1509-58

The rotation-powered pulsar PSR B1509-58 was observed on 2005 August 23 for 45 ksec exposure,
mainly aiming at the timing calibration. The pulse period was successfully detected at the 151.35 msec,
after the barycentric corrections and temperature compensation. The light curve folded at this pulse
period is shown in Figure 4 (left). Figure 4 (left) shows pulsed component spectra, which were dirived
by subtracting off-pulse (phase 0.9-0.4) data from on-phase (phase 0.4-0.9) ones. These spectra extend
to nearly 200 keV (3σ detection) with a photon index of 1.7±0.2. This value agrees with previous
measurements (e.g. Γ = 1.64+0.43

−0.42
[6] and Γ = 1.48 ± 0.06 [7]), demonstrating the high sensitivity and

good timing accuracy of the HXD.

Figure 4: (left) Two-band light curves of PSR B1509-58 folded at the 151.35 msec pulse period. 10-70 keV
data taken with HXD-PIN and those in 70-200 keV taken with HXD-GSO are shown. (right) The HXD-PIN and
HXD-GSO data of PSR B1509-58, obtained on 2005 August 23. Instrumental responses are not removed. The
solid histgrams show a fit with a single power-law with a photon index 1.7.

3 Conclusion

• The timing accuracy of the HXD was successfully verified using the Crab pulsar, after the barycen-
tric and temperature corrections. The pulse period determined with the HXD agrees with the radio
measurement within 10−9 s, and the main pulse phase coincidences with the radio reference within
600 µsec.

• Time interval distributions for background GSO events correctly show a random distribution. In
addition, a ∼60 µsec meta-stable stale was identified.

• The puslsed component spectra of PSR B1509-58 extend to nearly 200 keV with a photon index
of 1.7±0.2. This demonstrates the high sensitivity and the good timing accuracy of the HXD.
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