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We report on deep (40ksec ×4) observations of the bright BLRG 3C 120 using Suzaku.
The observations were spaced a week apart, and sample a range of continuum fluxes. An
excellent broadband spectrum was obtained over two decades of frequency (0.6 to 50 keV)
within each 40 ksec exposure. We clearly resolved the iron K emission line complex, finding
that it consists of a narrow Kα core (EW of 60 eV), a 6.9 keV line, and an underlying broad
iron line. Our confirmation of the broad line contrasts with the XMM-Newton observation in
2003, where the broad line was not required. The most natural interpretation of the broad
line is iron K line emission from a face-on accretion disk which is truncated at ∼ 10 rg.
Above 10 keV, a relatively weak Compton hump was detected (reflection fraction of R �
0.6), superposed on the primary X-ray continuum of Γ � 1.75. Thanks to the good photon
statistics and low background of the Suzaku data, we clearly confirm the spectral evolution of
3C 120, whereby the variability amplitude decreases with increasing energy. More strikingly,
we discovered that the variability is caused by a steep power-law component of Γ � 2.7,
possibly related to the non-thermal jet emission. We discuss our findings in the context of
similarities and differences between radio-loud/quiet objects.

§1. Introduction

One of the most important issues in the study of active galactic nuclei (AGN)
is why well-collimated, powerful, relativistic radio jets exist only in 10 % of the
AGN class, i.e., in so-called radio-loud objects (e.g., Urry & Padovani 1995). The
observational properties of the accretion disk and corona are essential ingredients to
jet formation (e.g., Livio 1999 and references therein). In this context, the profile
of the iron Kα (6.4 keV) line in radio-loud AGN provides important clues to the
disk-jet connection, because it is thought to result from fluorescence of the dense gas
in the geometrically thin and optically thick regions of the inner accretion disk (∼
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10 rg).
3C 120 (z = 0.033) is the brightest broad line radio galaxy (BLRG), exhibiting

characteristics intermediate between those of FR-I radio galaxies and BL Lacs. In-
terestingly, the optical spectrum of 3C 120 is not LINER-like, as is often seen in FR-I
radio galaxies, but rather typical of Sy-1s. It resides in an optically peculiar galaxy
that shows only some indication of spiral structure. In X-rays, a broad iron Kα line
was first detected by ASCA in 1994, with its width σ = 0.8 keV and EW (equivalent
width) ∼400 eV. Here we present a detailed analysis of 160 ksec worth of data on
3C 120, observed with Suzaku in February and March 2006 as a part of the SWG
(science working group) program. The observations were spaced a week apart, and
sample a range of continuum fluxes. An excellent broadband spectrum was obtained
over two decades of frequency (0.6 to 50 keV) within each 40 ksec exposure. Full
details are given in Kataoka et al. (2007).

Fig. 1. The overall variability of 3C 120 during

Feb-Mar 2006 observations with Suzaku.

Fig. 2. Energy dependence of variability Fvar

of 3C 120.

§2. Temporal Studies

Figure 1 shows an overview of the count rate variations of 3C 120 during the
February and March observations (#1− 4). The light curves of the 4 XISs and PIN
detectors are shown separately in different energy bands; 0.4−2 keV (upper; XIS),
2−10 keV (middle; XIS) and 12−40 keV (lower; HXD/PIN). This clearly indicates
that 3C 120 was in a relatively high state during the 1st 40 ksec observation, then its
count rate dropped by ∼20% in the 2nd observation, and finally reached a minimum
in the 4th observation. To estimate the amplitude of variability in a systematic way,
“excess variance (Fvar)” (e.g., Zhang et al. 2002 and reference therein) was calculated
for light curves derived in different energy bands. Figure 2 shows Fvar measured in
this way, using the overall light curves combined in obs #1−4. Clearly, the variability
is larger in the lower energy bands; the largest variability was observed in the 0.4−
1keV band with Fvar = 14.1±1.1 %, and it gradually decreases with increasing energy,
and reaches 4.8±0.5 % in 7−10 keV. The variability amplitude above 10 keV cannot
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be well constrained (Fvar = 5.5±3.4 %), but is consistent with those of 7−10 keV
variability observed with the XIS.

§3. Spectral Studies

Here we quickly overview the time-averaged spectrum of 3C 120 between 0.6 and
50 keV, from the whole Suzaku observation (obs #1− 4 combined). Figure 3 shows
the 4 XISs + HXD/PIN spectra with residuals to a simple absorbed power-law model
in the 3−10 keV band, excluding 5−7 keV. The best fit spectral power-law index
thus determined was Γ = 1.74, but was statistically unacceptable if we extrapolate
the model to lower and higher energies. Apparently the spectrum exhibits features at
different X-ray energies; (1) iron line features around 6 keV, (2) a hard X-ray bump
above 10 keV, and (3) excess emission below 3 keV. In particular, the structure
around the iron K emission line is rather more complicated than that inferred from
any previous X-ray satellite (Ballantyne et al. 2004; Ogle et al. 2005). A zoom-in of
the “iron-line complex” observed with Suzaku is presented respectively for the FI-
XISs and BI-XIS in Figure 4. Note the asymmetric line profile and the presence of
a red-tail below 6 keV, which is probably due to iron K line emission from a face-on
accretion disk which is truncated at ∼ 10 rg.

Fig. 3. The broad-band spectrum of 3C 120

and residual to a power-law continuum.
Fig. 4. A zoom-in of the iron line profile of

3C 120 observed with Suzaku.

§4. Multiband Spectral Variability: Hidden Jet?

To consider what spectral component is primarily responsible for the spectral
variability, the difference spectrum is plotted between low and high flux states of
3C 120 in Figure 5. This technique clearly shows the variable component of the
emission from 3C 120 modified by absorption, with the constant components in the
spectrum being subtracted. The resulting difference spectrum was fitted very well
with double power-law functions, where the low energy emission is dominated by a
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steep power-law (Γ1 = 2.65, which mimics the soft “variable” power-law) and the
high energy emission is represented by a flat power-law (Γ2 = 1.75, which mimics
the hard “direct” power-law component). In contrast to previous findings for Seyfert
galaxies, an interesting discovery made by Suzaku is that the variable component in
3C 120 is much steeper (Γ � 2.7) than the power-law emission reported in literature
(1.6 ≤ Γ ≤ 1.8: see also Marscher et al. 2002).

One interesting idea to account for this steep, variable emission is the beamed
radiation from the jet (not on kpc scales, but unresolved base of the jet on sub-pc
scales), though this component contributes only ∼ 20% at most, of the Sy-1 like X-ray
emission in 3C 120 (i.e., emitted from the disk and corona). In fact, 3C 120 possesses
a superluminal radio jet with an inclination angle ≤ 14 deg (Eracleous & Halpern
1988). This low inclination angle implies that 3C 120 may have some “blazar-like”
characteristics, such as rapid X-ray variability or a non-thermal spectrum extending
to the γ-ray energy band. For example, if we assume a jet bulk Lorentz factor of
ΓBLK = 10 and a jet inclination angle of 14 deg, we expect the observed flux is mildly
“boosted” towards the observer with a Doppler beaming factor δ ∼ 3 (Kataoka et al.
1999). Figure 6 shows the multi-band spectrum of 3C 120, which clearly indicates
future possibility of detection with GLAST at MeV−GeV energy band.

Fig. 5. The difference spectrum of 3C 120 be-

tween high (obs #1) and low (obs #4) flux

states.

Fig. 6. The multiband spectrum of 3C 120

with the best-fit synchrotron self-Compton

model.
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