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Abstract.
We present the results from a follow-up observation with Suzaku of a new AGN

discovered in the Swift/BAT survey, Swift J0601.9–8636. From a simultaneous fit to
the Suzaku XIS (0.2 − 12 keV) and PIN (10 − 50 keV), and Swift/BAT (15 − 200 keV)
spectra, we find that the spectrum is absorbed with a hydrogen column density of
≃ 1024 cm−2 and shows little scattered component. This suggests that Swift J0601.9–
8636 is a kind of “purely burried” AGNs, which have been missed in previous surveys
in other wavelengths.

1. Introduction

The origin of the X-ray background (XRB) is one of the most important issues in X-ray
astronomy. According to population synthesis models of the XRB (e.g., Ueda et al.
2003, Gilli et al. 2007), the peak intensity of the XRB at ∼ 30 keV should contain
significant contribution from Compton thick AGNs, i.e., those subject to absorption
with column densities larger than 1024 cm−2. However, these AGNs have been difficult
to be detected in X-ray surveys below 10 keV, and their properties are only poorly
known.

The Swift/BAT performed an all-sky survey at energies above 15 keV (Markwardt
et al. 2005), providing us with the most unbiased AGN sample including Compton thick
AGNs in the local universe. To reveal the properties of these AGNs, we conduct Suzaku
follow-up observations of AGNs in the Swift/BAT catalogue.

In this paper, we report the results of one target, Swift J0601.9–8636, which is
optically identified as the galaxy ESO 005-G004 (z = 0.0062). Throughout this paper
we adopt the cosmological parameters of (H0, Ωm, Ωλ) = (70 km s−1 Mpc−1, 0.3, 0.7).

2. Observation and Results

We observed Swift J0601.9–8636 with Suzaku on 2007 April 13 for a net exposure of
20 ksec. Suzaku carries four X-ray CCD Cameras called the X-ray Imaging Spectrometer
(XIS-0, XIS-1, XIS-2, XIS-3) and a non-imaging hard X-ray detector consisting of Si
PIN photo-diodes and GSO scintillation counters. The XIS and PIN simultaneously
cover the energy band of 0.2 − 12 keV and 10 − 60 keV, respectively. Figure 1 shows
the image obtained with the Suzaku X-ray Imaging Spectrometer (XIS-0, XIS-1, XIS-2,
XIS-3).

To obtain the best constraint from the available data, we perform a simultaneous fit
to the XIS, PIN, and Swift/BAT (15−200 keV) spectra. In the fit, we treat the relative
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normalization of the BAT spectrum against the XIS as a free parameter considering
possible time variability between the different observation epochs. We find that the
10–50 keV flux in the Suzaku observation is twice as small as that of the Swift result.

Figure 1. The image of Swift J0601.9–8636 obtained with the Suzaku XIS. The
red circle shows the region used to make the spectrum of the source, and blue one
shows that for the background.

Figure 2 shows the observed spectra obtained with the XIS and PIN. The XIS-0,
XIS-2 and XIS-3 spectra are combined. We find that the spectrum below 10 keV is
dominated by a very hard continuum with a strong iron-K emission. There are little
photons below 2 keV.
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Figure 2. The Swift J0601.9–8636 spectra with the XIS (XIS-1 is excluded) and
PIN. Black : the combined spectrum of the XIS-0, XIS-2, and XIS-3. Blue : the PIN
spectrum.

We thus fit the broad band spectrum with a model consisting of (1) a heavily ab-
sorbed power law, (2) a reflection component from cold matter (we utilized the PEXRAV
model in XSPEC) with an iron K emission line, and (3) a scattered component. Figure
3 shows the unfolded spectrum. The best-fit parameters are summarized in Table 1.
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Figure 3. The unfolded spectra obtained by the XIS (XIS-1 is excluded) and PIN.
The red, green, and light blue dashed-dotted lines show the direct component, re-
flection component, and the scattered one, respectively.

Parameter Value
(1) NH (1022 cm−2) 82+21

−29
(2) Γ 1.80 ± 0.29
(3) R 1.6+2.0

−0.8
(4) fscat (%) 0.11 (< 0.47)
(5) Ecen (keV) 6.38 ± 0.02
(6) E.W. (keV) 1.08 ± 0.16
(7) F2−10 (erg cm−2 s−1) 1.1 × 10−12

(8) F10−50 (erg cm−2 s−1) 9.9 × 10−12

(9) L2−10 (erg s−1) 6.3 × 1041

χ2/dof 22.9/28

Table 1. The best-fit parameters. Errors are 90% confidence limits for one inter-
esting parameter. (1) The line-of-sight hydrogen column density. (2) The power law
photo index. (3) The covering fraction of the reflector (R ≡ Ω/2π). R > 1 means
that the transmission efficiency of the direct component is ≈ 1/R. (4) The fraction
of a scattered component relative to the intrinsic one corrected for the transmission
efficiency of 1/R. (5) The center energy of the iron-K emission line in the rest frame.
(6) The observed equivalent width of the iron-K line. (7) (8) Observed fluxes in the
2 − 10 keV and 10 − 50 keV bands. (9) The intrinsic luminosity corrected for the
transmission efficiency of 1/R.

3. Discussion

We find that the absorption column density is NH ≃ 1024 cm−2, indicating that it is an
almost Compton thick AGN. The large equivalent width (EW) of the iron-K line also
supports this idea (Ghisellini et al. 1994). We compare the observed EW value with the
diagram by Levenson et al. (2002), where an expected iron-K equivalent width is plotted
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as a function of two parameters of a torus, the half opening-angle (θ) and inclination
angle i. From this relation, the opening angle is constrained to be < 40 degree in the
case of i = 60degree.

It is remarkable that the scattered fraction (< 0.5%) is very small compared with
typical values (3−10%) observed in Seyfert 2 galaxies (Awaki et al. 2000). This suggests
that the opening angle of the torus is very small and/or scattering gas is lacking around
the torus.

4. Summary

By a combination of Swift and Suzaku, we have discovered a new Compton thick AGN,
Swift J0601.9–8636. It has a pure reflection component below ∼ 8 keV with very little
scattered component, suggesting that it is a almost completely buried AGN in the deep
“valley” of a geometrically-thick obscuring torus. This population has been missed
in previous surveys in other wavelengths, demonstrating the power of hard X-ray (>
10 keV) surveys toward the global understanding of the whole AGN populations.
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