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Suzaku Observation of a Powerful EGRET Quasar PKS 1510-089
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We present a quick overview from Suzaku deep observation (120 ksec) of a powerful γ-ray
QSO, PKS 1510-089 (z = 0.361), which was observed simultaneously with Swift as well as
several ground-based radio/optical telescopes. Thanks to the good photon statistics and low
background of Suzaku data, we clearly detected the X-ray emission in a very wide energy
band from 0.5 to more than 50 keV. The X-ray spectrum was predominantly represented
by an extremely hard power-law of Γ � 1.2, but a significant excess emission remained in
the soft X-ray energy band. More strikingly, we discovered that temporal variability is quite
different below/above 1 keV. Spectral evolution was also observed in the Swift XRT data
on week-scale. Thus the overall spectral feature is fitted by two component model, whereby
the composition of a hard power-law (Γ � 1.2) plus disk black body of kT � 0.2 keV. This
favors bulk-Comptonization scenario of soft X-ray production rather than high-energy tail
of a synchrotron emission. We argue an existence of cold protons in a relativistic jet, though
its number density is smaller than “radiative” electro-positron pairs.

§1. Introduction

It has been a long-standing mystery where and how the relativistic jets are
formed, and what is their composition. From a theoretical standpoint, strong mag-
netic field is necessary to drive an outflow of accreting baryonic matter, but observa-
tions favor opposite scenario − that is, a particle dominated, leptonic jets, at least
in the region where the radiation is produced. It was argued that such discrepancies
can be resolved if moderate numbers of protons (ne/np) is hidden behind the major-
ity of non-thermal pairs. The composition of jets can be studied by measuring the
so called “Sikora-bump”, resulting from bulk-Comptonization by cold jet electrons
of UV photons (“UV-bump”) emitted by an accretion disk and hot corona. Unfor-
tunately there are only few objects for which we can clearly observe such features,
as the non-thermal jet emission (synchrotron and inverse Compton) dominates in
blazar type objects.

PKS 1510-089 (z=0.361) is a powerful radio quasar detected in MeV-GeV band
by EGRET onboard CGRO. Superluminal motions observed in the radio band con-
firms jet bulk speed of more than ΓBLK ∼ 10. What makes this object particularly
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unique is the presence of soft X-ray excess, as has been detected by BeppoSAX
(Tavecchio et al. 2000). Studies of its spectrum and variability simultaneously with
mid-X-ray and UV bands will provide first direct evidence for cold protons hidden
in jet plasma. With this motivation, we further proposed Swift XRT/UVOT obser-
vations of PKS 1510-089 coincident with a continuous, 3-day Suzaku observation.
These Swift observations should extend our vision (1) to monitor the flux variations
of both UV-bump and X-ray bump simultaneously, and (2) to determine the UV-
bump spectra precisely, as it has not been measured deeply between 170 and 650 nm.
Moreover, a number of ground-based optical/radio telescopes observed this source
during this world-wide campaign. As a result, we obtained the highest quality data
of PKS 1510-089 ever reported, over one decade in frequency (between 109 Hz and
1019 Hz). Full details are given in Kataoka et al. (2007).

§2. Suzaku Observations and Results

PKS 1510-089 was observed with Suzaku in August 2006 with a total (requested)
duration of 120 ksec. The source spectrum and the light curves were extracted from
the cleaned event files (version 1.2) provided by the Suzaku team. Figure 1 shows
an overview of the count rate variations of PKS 1510-089 during August 2006. The
light curves of the 4 XISs and PIN detectors are shown separately in different energy
bands; 0.4−1 keV (upper; XIS), 3−10 keV (middle; XIS) and 12−40 keV (lower;
HXD/PIN). One can clearly see the variability trend is quite different only in 0.4−1
keV, which recorded a peak maximum at ∼1.5 day from start of the observation.

Fig. 1. The overall variability of PKS 1510-

089 in Aug 2006 observation with Suzaku.

Fig. 2. Broad-band X-ray spectrum of PKS

1510-089 and residual to power-law fitting.

Figure 2 shows 4 XISs + HXD/PIN spectra with residuals to the best-fit power-
law model determined by using data above 2 keV. We detected for the first time,
clear evidence for soft excess emission below 1 keV. As is summarized in Table 1,
overall X-ray spectrum is fitted either by a double power-law model in which the soft
X-ray emission is represented by a steep power-law of Γsoft ∼ 3, or a combination of
a hard power-law (Γhard � 1.2) plus disk black body emission of kT � 0.2 keV. But
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the latter model provides a slightly better fit of data with χ2/d.o.f = 1193/1087.

Γ a

hard kTb Γ c

soft Fluxd χ2/dof

[keV] [10−11 erg/cm2/sec]

PL + diskBB 1.24 ± 0.01 0.21 ± 0.01 · · · 1.43 1193/1087

PL + PL 1.21 ± 0.01 · · · 2.86 ± 0.16 1.43 1213/1087
Table I. Spectral fitting parameters of Suzaku PKS 1510-089 data between 0.5 and 50 keV. a:

photon Index, b: temperature, c: photon index, d: energy range is 0.5−10 keV.

§3. Swift Observations and Results

PKS 1510-089 was observed 10 times with Swift as a “fill-in” target in August
2006 with a total (requested) duration of 24 ksec. Note the first two observations
were exactly simultaneous with the Suzaku. Swift observations covers approximately
∼20 days and sample a wide range of source variability (about a factor of two).
Figure 3 compares the variations of X-ray flux (0.5−10 keV) and changes in spectral
parameter (photon index) as a function of time. The X-ray spectrum become harder
when the source get brighter. Such a trend is often observed in high frequency peaked
blazars (HBLs), but has not been observed so clearly in quasar hosted blazars like
PKS 1510-089.

Swift carries another instrument, UVOT, which is sensitive in 170−650 nm band.
Thanks to an excellent sensitivity and wideband coverage of UVOT, only a 1 ksec
exposure provides the deepest UV-optical measurement ever reported for this source.
To cover as much wavebands as possible, we used all filters (V,B,U,UVW1, UVM2,
UVW2) for each 10 observations. Based on Cardelli et al. (1989), we generated a list
of the amount of extinction that needs to be accounted for in each filter (RV = 3.1
and E(B−V) = 0.097). As a result, extinction corrected light curves are obtained
as shown in Figure 4. In contrast to X-ray light curve (Figure 3), no significant
variabilities were detected through August 2006 campaign in UV-optical band.

Fig. 3. The overall variability of PKS 1510-

089 in Aug 2006 observation with Swift

XRT.

Fig. 4. The overall variability of PKS 1510-

089 in Aug 2006 observation with Swift

UVOT. Extinction corrected.
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§4. Discussion on Spectral Energy Distribution

Figure 5 shows overall SED (Spectral Energy Distribution) of PKS 1510-089
with the spectrum calculated using the homogeneous EC model (Sikora et al. 1994;
Tavecchio et al. 2000). Filled circles compiles a part of simultaneous data during
August 2006 campaign: Suzaku, Swift (XRT/UVOT), and radio (RATAN). The γ-
ray data comes from EGRET 3rd catalogue. Following Sikora & Madejski (2000),
we present a brief (but still preliminary) discussion on what have been learned for
jet content of PKS 1510-089. Assuming that soft X-ray excess is due to bulk Comp-
tonization of UV (blue bump) photons, we obtain hνBC � Γ 2

BLK hνUV and LBC,45

� (ξ/50) Ljet,45, where hνBC and hνUV are peak energy of bulk Compton emission
and UV bump, ΓBLK is a Lorentz factor of jets, LBC,45 and Ljet,45 are luminosities of
bump and kinetic energy of jet normalized by 1045 erg/s. ξ is number density ratio
of leptons (e−e+) and baryons (p).

If the soft excess emission observed with Suzaku is predominantly due to bulk
Compton emission from the jet, we obtain νBC � 0.2 keV and LBC = 2×1044 erg/s.
Assuming νUV ∼ 1015 Hz and Ljet ∼ 1045 erg/s, we obtain ΓBLK ∼ 7 and ne/np �
10. This may indicate that jets in quasars contain many more e−e+ than protons,
but dynamically are still dominated by protons.

Fig. 5. The SED of PKS 1510-089 during Aug 2006 campaign.
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