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Broad band X-ray spectroscopy of Hercules X-1 with Suzaku
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Suzaku observed a binary X-ray pulsar Her X-1 twice in SWG time, in October 2005 and
March 2006. Her X-1 is bright from the soft (0.2 keV) to the hard (100 keV) X-ray band.
The XIS, PIN and GSO spectra are well reproduced by a single continuum. A cyclotron
resonance scattering feature (CRSF) at around 40 keV is useful for cross energy calibration
between HXD-PIN and HXD-GSO. From the broad band spectral analyses, we found the
normalization of XISs well agreed with that of PIN. From the spectral analyses of PIN and
GSO, we clearly detected the CRSF and found the spectral parameters are consistent with
observations with other experiments. The spectra of XISs resolved two Fe lines (6.4 keV and
6.7 keV) and the parameters are agreed with the parameters with ASCA. The preliminary
pulse-phase resolved spectral analysis show the indication of 2nd harmonics of CRSF.

§1. Introduction

in
te
n
si
ty

phase

short on

main on

the phase of

Suzaku observation

      0.75~

Fig. 1. 35 day folded light curve of Her

X-1 observed by RXTE/ASM

Her X-1 is an accreting binary X-ray
pulsar with an A-type main sequence star,
HZ Her. The pulse period of the neutron
star is 1.24 sec, modulated by the binary
orbital period (1.7 day). There are the long
term 35 day intensity modulation and the
1.65 day pre-eclipse dips. The bright state
of the 35 day cycle lasting for about 10 days
is called “main on” (Figure 1).

The cyclotron resonance scattering fea-
ture was discovered from Her X-1 in 1976.1)

This feature was confirmed by many sub-
sequent observations.2)–5) The second line,
however, has not been discovered yet. An
indication was reported from the pulse-phase resolved spectrum with BeppoSAX
observation.6)
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§2. Her X-1 observation with Suzaku

Suzaku observed Her X-1 twice in SWG time, in October 2005 and March 2006,
for the purpose of calibrating the instruments. Her X-1 is bright from soft X-ray band
to hard X-ray band. Therefore the data is available for cross calibration between XIS
and HXD. A cyclotron resonance line is useful for cross energy calibration between
HXD-PIN and HXD-GSO, because both PIN and GSO are sensitive to photons
around cyclotron resonance line. We performed Her X-1 observation in the main on
state avoiding eclipses, as summarized in Table I.

2.1. Broad band spectra

Table I. The observation date and exposure.

Start time End time Exposure [ksec]

XIS HXD

2005 10/05.15:12 10/06.10:25 37.9 30.6

2006 03/29.18:12 03/30.15:22 34.4 38.8

Figure 2 shows the broad
band (from 1 keV to 100 keV)
spectra. The continuum is well
represented with the NPEX
model. The cross normalization
between XIS and PIN differ by
∼30% when the 1/8 window op-
tion is applied. This is due to the “attitude creeping” problem. After correcting the
efficiency, the normalization of XISs well agreed (within 10%) with that of PIN.

PIN

GSO

Fig. 2. The broad band spectra of Her X-1. The spectra fit with NPEX*CYAB model. The Fe

emission lines and a hump around 1 keV are seen in the residuals.

Figure 3 shows the spectra of PIN and GSO. The cyclotron absorption feature
presents around 40 keV. We fit the spectra with 2 types of models: NPEX * CYAB
and Boltzman * Gabs. The parameters of the line with each model are summarized
in Table II. These parameters are consistent with other observations.

2.2. Fe emission lines

Figure 4 shows the Fe line feature in XIS spectra of the observation in 2005. We
modeled the spectra with two (6.4 and 6.7 keV) emission lines, which is shown in Fig-
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Fig. 3. The cyclotron absorption feature in PIN and GSO band fitted with CYAB model.

Fig. 4. Fe emission lines in XIS spectra.

ure 5. The model parameters are consistent with ASCA.7) We did not significantly
detect 6.9 keV line, it might be due to short exposure (38ksec).

2.3. Searches for second harmonics

The 2nd harmonics of the CRSF is not seen in the spectrum in figure 4. Then
we searched for the 2nd harmonics with more precise analyses. To avoid the effect of
the uncertainty of the background estimation, we extract the spectra by subtracting
pulse off spectra from pulse on spectra. Figure 5 shows the pulse profiles in the
energy range of PIN and GSO. The red and blue regions are the pulse phase using
for on and off spectra respectively. Although it is the only preliminary result, there
is some hint of 2nd harmonics (Figure 6).
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Table II. The parameters of the cyclotron line.

Year NPEX * CYAB Boltzman * Gabs

2005 E0 36.5+0.33+0.01
−0.33−0.36 [keV] E0 41.4+0.8+1.7

−1.3−1.2 [keV]

Depth 1.45+0.10+0.12
−0.08−0.13 Sigma 8.12+0.60+1.46

−0.66−0.69 [keV]

Width 14.3+1.00+1.60
−0.81−0.93 [keV] Tau 1.59+0.26+089

−0.25−0.29

2006 E0 35.5+0.38+0.11
−0.30−0.001 [keV] E0 38.1+0.5+0.7

−0.4−0.0 [keV]

(pin only) Depth 1.05+0.04+0.04
−0.03−0.00 Sigma 6.26+0.30+0.50

−0.28−0.00 [keV]

Width 9.74+0.70+0.43
−0.67−0.00 [keV] Tau 2.19+0.14+0.60

−0.13−0.00

The first and the second errors on each value indicate statistic errors and systematic errors respectively.

Fig. 5. The pulse profile in the energy

range of PIN and GSO.

Fig. 6. PIN and GSO spectra with CYAB

model. The residuals of upper and Lower

panels correspond to before and after

adding the 2nd harmonics.

§3. Conclusion

We performed data analysis of Her X-1 observed with Suzaku. From the broad
band spectral analyses, we found the normalization of XISs well agreed with that
of PIN. From the spectral analyses of PIN and GSO, we clearly detected the CRSF
and found the spectral parameters are consistent with observations with other ex-
periments. The spectra of XISs resolved two Fe lines (6.4 keV and 6.7 keV) and the
parameters are agreed with the parameters with ASCA. The preliminary pulse-phase
resolved spectral analysis show the indication of 2nd harmonics of CRSF.
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