
1

Broad-band energy spectrum of PKS 2155-304
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Suzaku observed the BL Lac Object PKS 2155-304 in Nov-Dec 2005 and May 2006, and
obtained a broadband energy spectra from 0.4keV to 60 keV. During the first observation,
we detected the single flare, in which the 0.4-60keV flux changed by a factor of 1.3 in a time
scale of 1.1×104 s. We fitted the flare light curves of four energy bands with a Gaussian
function and searched for the time shift of the flare peak, and we found the soft lag of ∼10
min. Under the assumption that the soft lag observed in the flare is due to the synchrotron-
life time effects, with δ =25, we calculate the magnetic field in the X-ray emission region to
be about 0.1∼0.7G.

§1. Introduction

Blazars (BL Lacertae objects and optically violently variable quasars) are a rare
class of active galactic nuclei characterized by strong and variable nonthermal emis-
sion extending from the radio to the gamma-ray band. The non-thermal continuum
is produced by relativistic electrons tangled with the magnetic field in a relativis-
tic jet roughly aligned with our line of sight. The overall energy spectrum from
blazars peaks at the high energy (UV/soft X-ray) band. This indicates that the
X-ray emission from these sources is the high-energy tail synchrotron emission com-
ponent produced in the inner part of the relativistic jets. Therefore, blazars are
jet/synchrotron emission dominated X-ray sources. They have been the important
targets of various X-ray observatory such as ASCA, BeppoSAX, RXTE, Chandra,
and XMM-Newton.

PKS 2155-304 is one of the brightest blazers in the X-ray band and one of the few
detected in gamma rays, and recently was confirmed as a TeV gamma ray emitter
using H.E.S.S (Aharonian et al. 2005). This blazar has been also observed many
times with various X-ray satellite. ASCA (Kataoka et al. 2000) and BeppoSAX
(Zhang et al. 1999) monitored this objects in � 2 day-long, and reported that the
variations in the soft X-ray band (0.1-1.5keV) lagged behind in the hard X-ray band
(3.5-12.0keV) by � 0.3–4 hr. These � soft lags � were explained as being due to
energy-dependent radiative cooling losses.

This paper reports on the results of Suzaku (Mitsuda et al. 2006) observation of
PKS 2155-304 in Nov-Dec 2005 and May 2005. Here we concentrate on the analysis of
the general shape of the energy spectrum and we briefly describe the time variability.

§2. Suzaku Observation and Result

Suzaku observed PKS 2155-304 twice. The first observation was carried out in
Nov 30 - Dec 1 for about 1.5 days as part of Suzaku SWG (Science Working Group)
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program. The second observation was done in May 1-2 for about 1 day for calibration
of XIS (Koyama et al. 2006). In two observations, PKS 2155-304 was focus on the
nominal center position of XIS , and operated in the normal mode (8sec/frame) with
1/8 window option.

For the XIS, we analyzed version 0.7 of the screened data, and also analyzed
version 1.2 for HXD (Takahashi et al. 2006) provided the Suzaku team.

TABLE 1 Suzaku observation log of PKS 2155-304

Start(UT) STOP(UT) XIS/HXD exp(ks)

#obs 1 2005/11/30 18:23 2005/12/02 08:40 65.0/51.4

#obs 2 2006/05/01 06:00 2006/05/02 06:00 29.5/31.5

2.1. Result

2.1.1. Energy Spectrum

The broad-band (0.5-90keV; 3FI-XISs + HXD-PIN) Suzaku energy spectrum of
PKS 2155-304 is shown in Figure 1 (#obs 1). The upper panel of Figure 1 shows
the data, plotted against an absorbed power-low model. The lower panel shows the
residual between the data and the spectral model. The best fit parameter of each
component is given in Table 2. The flux level during obs #2 was about 50

10−5

10−4

10−3

0.01

0.1

1

no
rm

al
iz

ed
 c

ou
nt

s 
s−1

 k
eV

−1

1 10

−4

−2

0

2

4

∆S
 χ

2

Energy (keV)

Fig. 1. XIS+HXD spectra fitted with the power-law model. Due to the telemetry saturation, we

could not use the XIS1 (BI-CCD) during half of the observation time (see Figure 2). Here we

did not analyzed the energy spectrum extracted from XIS 1. We co-added 3FI-XISs (XIS 0,2,3)

to maximize the signal to noize. 3FI-XISs data are described with white, and HXD with red.

The flux level changed by a factor of 1.3 during the flare.
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TABLE 2 Summary of Power-law models results

NH(×1020) Γ Flux (×10−10) ergs cm−2 s−1

#obs 1 5.4+1.0
−1.6 2.630+0.016

−0.004 1.187

#obs 2 <1.78 2.507+0.010

−0.008 0.545

2.1.2. Light Curve

The light curves obtained from XIS from two observations is shown in Figure2.
At the end of #obs 1, a large single flare are clearly resolved after lower amplitude
fluctuations. On the other hand, the variability during obs #2 was much lower than
obs #1. The black dots correspond to the light curve combined from XIS0,2,3, and
red one is the XIS1(Figure 2 (left panel)). Figure 2 (right panel) combined from
XIS0, 1, 2, 3. In this analysis, we concentrated on the XIS data, and the result of
HXD will be presented in future papers.
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Fig. 2. (left pannel:obs #1. right pannel: obs #2)

2.1.3. Flare

Here we concentrate on the data analysis during the flare in 2005. In order to
search the flare peak time, we fitted light curves in four Energy bands (0.25-0.5,
0.5-0.8, 0.8-3.0 and 3.0-10.0 keV) with a Gaussian plus constant-offset function. We
calculated from the difference of the flare peak time of each energy band measured
from the Gaussian fitting, as compared to that measured in the highest energy
band(3.0-10.0keV). In Figure 3, we plotted the lag of peak time of each energy
bands as a function of energy. From this result, we find the soft lag during the flare.

§3. Discussion

As shown in Figure 3, the harder energy X-ray variability leads the softer X-
rays. We assume that the delay of the response of the soft X-ray flux reflects the
synchrotron lifetime (cooling) of the relativistic electrons: tsync, during which an
electron loses half of its energy, would roughly be
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Fig. 3. The difference of the flare peak time of each energy band, as compared to that measured in

the highest energy band (3.0-10.0 keV). The solid red line is the best fit model as discussed in

section 3(B = 0.46, σ = 25).

tsync(E keV) = 1.2 × 103
B

−3/2
δ
−1/2

E
−1/2

keV ,
where EkeV is the observed energy in keV (Takahashi et al. 1996). The time

lag is defined as the difference of tsync(EkeV) from tsync(E0), which is approximately
tsync(EkeV) when E0 is at much higher energies. Here we take E0 to be the mean
energy in the 3.0-10.0 keV band. We can derive the magnetic field B is 0.46 � 0.33
G, assuming δ = 25 (Kataoka et al. 2000). The solid red line in Figure 3 shows the
model with the best-fit parameter given above equation. This magnetic field B is
consistent with previous ASCA result within statistical error.
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