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ABSTRACT

Context. The radio galaxy Cen A has been detected all the way up to the TeV energy range. This raises the question about the
dominant emission mechanisms in the high-energy domain.
Aims. Spectral analysis allows us to put constraints on the possible emission processes. Here we study the hard X-ray emission, in
order to distinguish between a thermal or non-thermal inverse Compton process.
Methods. Using hard X-ray data provided by INTEGRAL we determine the cut-off of the power law spectrum in the hard X-ray
domain (3 – 1000 keV). In addition, INTEGRAL data are used to study the spectral variability. The extended emission detected in the
gamma-rays byFermi/LAT is investigated using the data of the spectrometre SPI inthe 40 – 1000 keV range.
Results. The hard X-ray spectrum of Cen A shows a significant cut-off at energiesEC = 434+106

−73 keV with an underlying power law
of photon indexΓ = 1.73± 0.02. A more physical model of thermal Comptonisation (compPS) gives a plasma temperature ofkTe =

206±62 keV within the optically thin corona with Compton parameter y = 0.42+0.09
−0.06. The reflection component is significant at the

1.9σ level with R = 0.12+0.09
−0.10, and a reflection strengthR > 0.3 can be excluded on a 3σ level. Time resolved spectral studies show

that the flux, absorption, and spectral slope varied in the range f3−30 keV = 1.2 − 9.2 × 10−10 erg cm−2 s−1, NH = 7 − 16× 1022 cm−2,
andΓ = 1.75− 1.87. Extending the cut-off power law or the Comptonisation model to the gamma-ray rangeshows that they cannot
account for the high-energy emission. On the other hand, also a broken or curved power law model can represent the data, therefore
a non-thermal origin of the X-ray to GeV emission cannot be ruled out. The analysis of the SPI data provides no sign of significant
emission from the radio lobes and gives a 3σ upper limit of f40−1000 keV<∼ 1.1× 10−3 ph cm−2 s−1.
Conclusions. While gamma-rays, as detected by CGRO and Fermi, are caused by non-thermal (jet) processes, the main process in the
hard X-ray emission of Cen A is still not unambiguously determined, being either dominated by thermal inverse Compton emission,
or by non-thermal emission from the base of the jet.
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1. Introduction

The radio galaxy Centaurus A (NGC 5128) is probably the
best studied active galactic nucleus (AGN). With a redshiftof
z = 0.001825 and being at a distance ofd = 3.8 ± 0.1 Mpc
(Harris et al. 2010) the object is the brightest AGN at hard X-
rays with f20−100 keV ≃ 6 × 1010 erg cm−2 s−1 (Beckmann et al.
2009). For a review on Cen A, see Israel (1998). Due to its
brightness, Cen A has been a target for all main X-ray mis-
sions throughout the years, starting from the first 3σ detec-
tion during a balloon flight in 1969 (Bowyer et al. 1970). Early
hard X-ray observations byGinga and balloon borne detec-
tors indicated a power law slope ofΓ ∼ 1.8 and a possi-
ble break at∼ 180 keV (Miyazaki et al. 1996). TheCompton
Gamma-Ray Observatory’s (CGRO; Gehrels et al. 1993) OSSE

⋆ Based on observations withINTEGRAL, an ESA project with in-
struments and science data centre funded by ESA member states (espe-
cially the PI countries: Denmark, France, Germany, Italy, Switzerland
and Spain), the Czech Republic and Poland and with participation of
Russia and the US.

and COMPTEL instruments derived a more complex struc-
ture with a two-fold broken power law, with breaks atE1 =

150+30
−20 keV and atE2 = 17+28

−16 MeV (Steinle et al. 1998). On
the contrary,CGRO/BATSE observations failed to find a break in
the spectrum (Wheaton et al. 1996; Ling et al. 2000). Also more
recentRXTE andINTEGRAL observations showed an absorbed
un-broken power law with photon indexΓ ≃ 1.8 and an intrinsic
hydrogen column density ofNH ≃ 1023 cm−2 (Rothschild et al.
2006, 2011). Nevertheless, Cen A shows a steeper spectral slope
in the MeV range (Γγ = 2.3 ± 0.1, Collmar et al. 1999) than
in the hard X-rays (ΓX ≪ 2), thus a turnover has to occur
somewhere between 100 keV and a few MeV (Steinle 2010).
The source was also the only non-blazar AGN detected by
CGRO/EGRET (Hartman et al. 1999), showing again a steepen-
ing of the spectrum withΓ0.03−10GeV= 2.4±0.3 (Sreekumar et al.
1999), consistent with the recent observations byFermi/LAT
(Γγ = 2.7± 0.1, Abdo et al. 2010a) and extending up to the TeV
range as seen by theHESS experiment (ΓE>100 GeV = 2.7 ± 0.5,
Aharonian et al. 2009).Fermi/LAT observations also discovered
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extented gamma-ray emission which co-incides with the radio
lobes of this FR-I galaxy (Abdo et al. 2010b).

The multi-year database of theINTEGRAL mission
(Winkler et al. 2003) allows now to search the hard X-ray spec-
trum of Cen A for the expected turnover. In addition, we can
test whether the emission model applicable for the X-ray do-
main can also explain the emission at gamma-rays. We derived
an upper-limit on the hard X-ray emission from the radio lobes
with INTEGRAL/SPI data and we verified whether these values
are consistent with the predictions based on theFermi/LAT data.

2. Data analysis

In this study we use allINTEGRAL data on Cen A taken be-
tween March 3, 2003 and February 21, 2009, i.e. all observa-
tions dedicated to this radio galaxy. We used data of the im-
ager IBIS/ISGRI (Lebrun et al. 2003) in the 20–1000 keV band,
IBIS/PICsIT (Labanti et al. 2003) data at 234− 632 keV, and
those of the spectrometre SPI (Vedrenne et al. 2003) between40
keV and 1850 keV. The two JEM-X monitors (Lund et al. 2003)
provide spectral information in the 3 – 30 keV band. We selected
the data up to an off-axis angle of 10◦ for IBIS/ISGRI and SPI,
and within 3◦ for JEM-X. Data reduction was performed using
the Offline Scientific Analysis (OSA) package version 9.0 pro-
vided by the ISDC (Courvoisier et al. 2003). The PICsIT data
analysis followed the procedure described in Lubiński (2009).
The different instruments were not always switched on simulta-
neous. This is mainly due to the fact that the two JEM-X mon-
itors are operated one at a time in order to spare the instrument
and for telemetry constraints. In addition, the SPI spectrome-
tre undergoes periods of annealing in order to repair the crys-
tal structure of the GeD detectors, and was thus not available
during all observations. The effective exposure times are there-
fore different, with 145 ks for JEM-X1, 96 ks JEM-X2, 1,425 ks
IBIS/ISGRI, 2, 076 ks IBIS/PICsIT, and 1,858 ks for SPI.

Errors quoted in this work are at the 90% confidence level,
corresponding to∼ 1.6σ.

3. The hard X-ray spectrum

The fitting and modeling of the X-ray spectra were performed
using XSPEC version 12.5.1 (Arnaud 1996). Only the data of
JEM-X are significantly influenced by the intrinsic absorption,
whereas for IBIS/ISGRI and SPI the absorption value has been
fixed to the average value ofNH = 1023 cm−2 (e.g. Grandi et al.
2003, Benlloch et al. 2001). An estimate of the turnover in the
spectrum of Cen A can already be achieved by analysing the
IBIS/ISGRI data alone. A simple absorbed power law model
with Γ = 1.84 gives a reduced chi-squared ofχ2

ν = 4.8 for 31 de-
grees of freedom. Adding a high-energy cutoff improves the fit to
χ2
ν = 1.1 (30 d.o.f.). The best fitting values are a photon index of
Γ = 1.67±0.03 and cut-off energy ofEC = 298+56

−42 keV. Another
phenomenological model which includes a steepening of the
spectrum is the broken power law. The fit result is only slightly
worse than the cut-off power law withχ2

ν = 1.1 (28 d.o.f.). The
low energy photon index of this model isΓ1 = 1.74± 0.02 with
a break energy ofEbreak= 48+6

−5 keV and a high energy slope of
Γ2 = 1.95+0.03

−0.03.
Cen A is known to maintain its spectral shape under flux

variations (e.g. Rothschild et al. 2006, and this work Section 4).
We therefore added allINTEGRAL spectra together, i.e. JEM-
X1, JEM-X2, SPI, IBIS/PICsIT, and IBIS/ISGRI. Also here, a
simple absorbed power law (Γ = 1.85± 0.01) does not provide a

Fig. 1. 68% (1σ), 90% (1.6σ), and 99.7% (3σ) confidence level
contours of the high-energy cut-off energyEC versus the photon
indexΓ based on combinedINTEGRAL data. The best fit value
is indicated by a ”+”.

good representation of the data (χ2
ν = 1.83, 104 d.o.f.). The ab-

sorbed cut-off power law model givesχ2
ν = 1.06 (103 d.o.f.) with

a photon index ofΓ = 1.73± 0.02 andEC = 434+106
−73 keV. The

spectral shape and the cut-off energy are not independent vari-
ables. This can be seen in the contour plot ofEC andΓ as shown
in Fig. 1. A flatter spectrum is compensated in the fit by a lower
cut-off energy. Nevertheless, a cut-off energy below 300 keV and
above 700 keV can be ruled out at a 99.7% confidence level.
The spectral slope is better constrained by the data spanning 3 –
1000 keV. Even when considering different cut-off energies, the
3σ range for the photon index is 1.68 < Γ < 1.78. The broken-
power law fit gives an equally good representation of the data
with χ2

ν = 1.06 (102 d.o.f.). The turnover appears at an energy of
Ebreak= 50+13

−6 keV, with a spectral slope ofΓ1 = 1.78+0.02
−0.02 and

Γ2 = 1.95+0.05
−0.03 below and above the break, respectively.

The cut-off power law and the broken power law model
are phenomenological descriptions of the spectrum. A physical
model should include the processes of thermal Comptonization.
Here we apply thecompPSmodel (Poutanen & Svensson 1996).
We assume that the plasma of temperatureTe forms an infinite
slab ontop of the accretion disk, with the plasma having an op-
tical depthτ. SinceTe andτ are intrinsically strongly anticorre-
lated, we fit the Compton parametery = 4τkTe/(me c2) (with me
being the electron mass) instead of the optical depth. The tem-
perature of the seed photons is not well constrained by the hard
X-ray spectrum used here, thus we assume a multicolor disk with
a fixed inner temperatureTbb = 10 eV. The fit to theINTEGRAL
data results in a reduced chi-squared ofχ2

ν = 1.02 for 101 d.o.f.
Figure 2 shows the count spectrum of Cen A together with

the fit residuals. It is worth noting that the iron Kα fluorescence
line at EKα = 6.39 keV is visible only in the JEM-X2 spec-
trum. Analysing the JEM-X spectra individually confirms this
observation. The JEM-X1 spectrum gives a 3σ upper limit of
fKα < 2×10−3 ph cm−2 s−1, corresponding to an equivalent width
of EW < 330 eV. For the JEM-X2 data set the same analysis
gives fKα = (9±5)×10−4 ph cm−2 s−1, corresponding to an equiv-
alent width ofEW = (250±110) eV. This is consistent with mea-
surements taken byRXTE over 12.5 years, which show equiva-
lent widths in the range 50− 160 eV (Rothschild et al. 2011).

ThecompPS model gives an electron plasma temperature of
kTe = 206±62 keV, and a Compton parametery = 0.42+0.09

−0.06 cor-
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Table 1. Spectral fits to combinedINTEGRAL data. All errors
are at the 90% confidence level.

model Γ EC or kTe y R χ2
ν (d.o.f.)

[keV]
power 1.85± 0.01 – – – 1.83 (104)
cut-off 1.73± 0.02 434+106

−73 – – 1.06 (103)
bkn po 1.78/1.95 50+13

−6 – – 1.06 (102)
pexrav 1.75± 0.04 549+387

−168 – 0.07+0.11
−0.07 1.07 (102)

compPS – 206± 62 0.42+0.09
−0.06 0.12+0.08

−0.10 1.02 (101)
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Fig. 2. Count spectrum of Cen A usingINTEGRAL JEM-X1 and
JEM-X2 (3−30 keV), IBIS/ISGRI (20 – 1000 keV), IBIS/PICsIT
(234 – 632 keV) and SPI data (40− 1400 keV). The resid-
uals in the lower panel are with respect to the best fitting
Comptonization model (compPS).

responding to an optical depth ofτ = 0.26. In this fit, we had to
let the plasma temperature of the PICsIT spectrum to be indepen-
dent from the other instruments, as the PICsIT spectrum appears
slightly harder. This results for the PICsIT spectrum in a temper-
ature as high as 675 keV, which cannot be constrained by the fit.
Similar to the tight connection between the cut-off energy and
the underlying spectral slope in the case of the cut-off power law
model, in thecompPSmodel the plasma temperatureTe and the
Compton parametery are linked to each other. Figure 3 shows
the contour plot fory versuskTe with 68%, 90%, and 99.7% con-
fidence levels. Considering all combinations, the plasma temper-
ature range is very wide (300 keV> kTe > 100 keV) with a
Compton parameter 0.34 < y < 0.57 corresponding to a range
of optical depth 0.14< τ < 0.69.

The reflection strength isR = 0.12+0.08
−0.10, inconsistent with

no reflection at the 1.9σ level. Also the reflection strengthR is
linked to the Compton parametery. The contour plot in Fig. 4
shows the connection betweenR and y. While the possibility
that no significant reflection is detectable in Cen A cannot be
excluded, the 3σ upper limit of R <∼ 0.3 considering all com-
binations ofR andy is a strong constraint. In the course of the
studies of NGC 4151 (Lubiński et al. 2010) we investigated the
influence of cross-calibration issues on the strength of thede-
tected reflection component. Comparison between reflectionval-
ues derived from combinedXMM-Newton andRXTE data versus
INTEGRAL spectra showed no significant difference. In the case
of Cen A the spectrum is also not as strongly impacted by ab-
sorption as NGC 4151. Problems in earlier versions of the OSA

Fig. 3. Contour plot for thecompPSmodel fit of theINTEGRAL
data of Cen A. Both, Compton parametery and plasma temper-
aturekTe are constrained.

Fig. 4. Contour plot for thecompPSmodel fit of theINTEGRAL
data of Cen A. The reflection component is only significant on
the 1.9σ level, with a 3σ upper limit ofR <∼ 0.3.

software, where JEM-X spectra would drop at energies above
10 keV, are also not apparent in the spectrum as shown in Fig. 2.
Thus, we do not expect cross-calibration causing an artificially
enhanced reflection component.

The average model flux in the X-rays as detectable by
INTEGRAL is f(3−1000 keV) = 2.7 × 10−9 erg cm−2 s−1, and thus
Cen A displays a luminosity ofLX = 2.0× 1043 erg s−1.

For comparison we applied the more simplepexrav model
which describes an exponentially cut off power law spectrum
reflected from neutral material, with the output spectrum being
the sum of the cut-off power law and the reflection component
(Magdziarz & Zdziarski 1995). In this case the best fit results
(χ2
ν = 1.07 for 102 d.o.f.) are a photon index ofΓ = 1.75± 0.04,

cut-off energy EC = 549+387
−168 keV and relative reflection of

R = 0.07+0.11
−0.07, consistent with no reflection component. Thus,

the pexrav model does not require a reflection component at
all, with a 3σ upper limit ofR <∼ 0.28, close to the value derived
from thecompPS model fit. It should be taken into account that
the results of these two models are expected to differ slightly.
compPS takes into account Comptonization of the reflected com-
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ponent, whereaspexrav assumes that there is no reprocessing in
the plasma region.

All the fit results concerning the combinedINTEGRAL spec-
trum are summarized in Table 1. The number of fitted parameters
n for each model isn = 8 (absorbed power law model,power),
n = 9 (absorbed cut-off power law,cut-off), n = 10 (absorbed
broken power law,bkn po), n = 10 (absorbed Comptonisation
model,pexrav), andn = 11 (absorbed Comptonisation model,
compPS), respectively.

4. Time resolved spectroscopy

As pointed out before, theINTEGRAL data analysed in the over-
all spectrum are not simultaneous. Therefore, uncertaintyabout
the normalisation might influence the results. In order to test
whether the spectrum indeed maintains its shape under flux vari-
ations, we analysed combined JEM-X and ISGRI data which
were truly simultaneous. We grouped data together into 12 si-
multaneous JEM-X and ISGRI spectra with approximately 20
ks each. We applied a simple absorbed power law model to the
combined data, using the same normalisation for JEM-X and
ISGRI. The photon indices were in the range 1.75 < Γ < 1.87
with the average value of〈Γ〉 = 1.81. Nine of the values are
consistent with the average value on the 1σ level, the remain-
ing three photon indices on the 2σ level. When fixing the pho-
ton index to the average value during the fit, all fits still give
reasonable fit results (χ2

ν < 1.3, with an average〈χ2
ν〉 = 1.0).

The intrinsic absorption shows significant variations in the range
7.5× 1022 cm−2 < NH < 16.4× 1022 cm−2 with an average value
of 〈NH〉 = 11× 1022cm−2. It has to be taken into account though
that these variations do not influence the spectrum above a few
keV and thus should not change the results on the reflection com-
ponent and/or cut-off of the hard X-ray spectrum. No significant
correlation is found between the X-ray flux and the hydrogen
column density.

We then also tested the spectral and flux variability using the
single science window JEM-X spectra, which last about half an
hour each. The results were similar as in the combined JEM-X
and ISGRI spectral timing analysis but with a larger scatter. The
3− 20 keV photon indices were in the range 1.5 < Γ < 2.4 with
the average value of〈Γ〉 = 1.85± 0.18 when fixing the intrinsic
absorption toNH = 11× 1022 cm−2. For a fixed photon index
of Γ = 1.81, the absorption was in the range 3× 1022 cm−2 <

NH < 24 × 1022 cm−2 with an average of〈NH〉 = (11± 4) ×
1022 cm−2. If both parameters were let free to vary, the result was
1.4 < Γ < 2.6 and 3× 1022 cm−2 < NH < 37× 1022 cm−2. Also
here, no correlation can be detected between flux and intrinsic
absorption.

5. Extended emission

As a radio galaxy, Cen A (RA= 201.3651◦, DEC= −43.0191◦)
is known to have radio lobes extending out from the core by
about 300 kpc. These lobes are located in the north at RA=

201.5◦, DEC= −39.8◦ and in the south at RA= 200.625◦, DEC
= −44.716◦. Recently,Fermi/LAT detected emission from po-
sitions consistent with these lobes at significance levels of 5σ
(1FGL J1333.4–4036) and 8σ (1FGL J1322.0–4545) for the
northern and southern lobes, respectively (Abdo et al. 2010b).
Here we use the data of the spectrometre SPI to test for emission
of the lobes at hardest X-rays. Because of its large field of view
and a resolution of 2.5◦, SPI is able to map large scale struc-
tures on the hard X-ray background. The spectra of the radio
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Fig. 5. INTEGRAL/SPI significance map in the 40 – 1000 keV
energy band of the Cen A region. Overlaid are the contours of
the WMAP radio map. Note that the hard X-ray emission of the
lobes is not significant.

lobes and Cen A were extracted by model fitting, assuming that
the sky intensity distribution consist of these 3 point sources, at
the positions mentioned above. We performed the analysis in10
keV wide energy bins, covering the 40–1850 keV range. Each
energy bin is adjusted to the data for each germanium detector
separately, assuming that the count rate is due to the sum of the
sky contributions and the instrumental background. The latter is
assumed to be proportional to the rate of saturating events in ger-
manium detectors (Jean et al. 2003). The spectra were rebinned
in logarithmic spaced energy bins for the spectral analysispre-
sented in Section 3.

The analysis of the SPI data shows no sign of significant
emission from the radio lobes in the south (3σ upper limit
f40−1000 keV <∼ 1.1 × 10−3 ph cm−2 s−1) and in the north with
f = 1.0 ± 0.4 × 10−3 ph cm−2 s−1 for a non-significant signal
on the 2.5σ level. We investigated the excess in the north of
Cen A further, by fitting a source model in various energy bands
to the northern lobe in which position, extension, and orien-
tation angle of a two-dimensional assymmetric Gaussian were
left free to vary. In this case we find a excess off80−400 keV =

(9.1±7.8)×10−4 ph cm−2 s−1 (3σ error) at RA= 202.9◦, DEC=
−40.2◦. The 3.5σ signal is too low in order to claim a significant
detection at this point. Even if we consider this flux to be a re-
liable measurement, the hard X-ray lobe emission of Cen A can
still be lower, as also other sources in the field can contribute,
e.g. in the north 1FGL J1307.0–4030 detected byFermi/LAT, or
another so far undetected blazar in the background. Based onthe
SPI data, it is not yet possible to determine whether the excess
we detect is extended or resulting from a point-like source.

If we consider the flux value off = 10−3 ph cm−2 s−1 an
upper limit, it agrees with the expected energy distribution pre-
sented by Abdo et al. (2010b). At an energy of 300 keV, they
expect a contribution to the SED of∼ 5× 1012 Jy Hz in the case
of the southern lobe, whereas the upper limit based on the SPI
data corresponds to<∼ 1013 Jy Hz. In the case of the northern
lobe, the emission expected from the Fermi/LAT extrapolation
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is even lower. Therefore, unless about five times more SPI data
will be accumulated on Cen A, the lobes will most likely escape
detection at hardest X-rays.

6. Discussion

In the first approximation, the average Cen A spectrum in the
3 – 1000 keV band as measured byINTEGRAL can be repre-
sented by an absorbed simple power law model withΓ = 1.85
and intrinsic absorption in the range 6× 1022 cm−2 < NH < 12×
1022 cm−2, although the fit has a bad quality. The spectral slope is
consistent with earlier measurements byBeppoSAX andRXTE,
giving absorption values ofNH ∼ 1023 cm−2 andΓ = 1.80 above
3 keV (Grandi et al. 2003; Benlloch et al. 2001). The slope is
slightly flatter than reported from earlyINTEGRAL measure-
ments withΓ = 2.02± 0.03 (Soldi et al. 2005),Γ = 1.94± 0.02
(Beckmann et al. 2006), andΓ = 1.94± 0.07 (Rothschild et al.
2006). Rothschild et al. (2006) pointed out that the spectraget
flatter with the on-going improvement of the calibration and
software of theINTEGRAL mission, i.e. that the discrepancy
might have been non-physical. The situation seemed to be re-
solved with software versions 7 and higher of OSA: the spec-
tral slope of Cen A in the secondINTEGRAL AGN catalogue
(Beckmann et al. 2009) using OSA 7 is the same as presented
here.

A good fit to the data is achieved by an absorbed cut-off

power law model. Here, for the first time usingINTEGRAL data,
we detect a significant cut-off at energiesEC = 434+106

−73 keV,
with photon indexΓ = 1.73± 0.02. These values are consis-
tent with previous attempts to determine the cut-off usingRXTE
data, which resulted in lower limits ofEC in the range 400 keV
to 1600 keV (Rothschild et al. 2006). A recent study ofRXTE
data finds again no sign of a cut-off, but puts the lower limit at
EC > 2 MeV (Rothschild et al. 2011). The non detection of a
cut-off led to the conclusion that the X-ray range in Cen A might
be jet-dominated, rather than originating from thermal inverse
Compton processes. Support for this scenario was given by the
fact that no significant reflection component could be found.In
the work presented here we indeed see such a reflection compo-
nent when applying a Compton reflection model (compPS), al-
though the reflection strength is comparably low (R = 0.12+0.08

−0.10),
and inconsistent with no reflection only on the 1.6σ level. The
3σ upper limit of R <∼ 0.3 indicates that the reflection compo-
nent, if present in Cen A, has to be weak. The plasma tem-
perature iskTE = 206± 62 keV with a Compton parameter
y = 0.42+0.09

−0.06. It has to be pointed out though that these two pa-
rameters are closely linked and that the resulting values also de-
pend on the choice of the seed photon temperature. If we assume
here instead ofTbb = 10 eV an inner disc temperature ofTbb =

100 eV, the plasma temperature rises tokTe = 320+40
−62 keV and

the Compton parameter reduces toy = 0.24+0.06
−0.03. On the other

hand, measurements on other sources derived ratherTbb values
between 10 eV and 30 eV (Petrucci et al. 2001; Lubiński et al.
2010).

The perfect match of the Comptonisation model to the
INTEGRAL data seems to rule out that the dominant emission
in the X-rays is non-thermal, i.e. also arising from the jet as the
gamma-ray emission. We have shown though that also a simple
broken power law model represents the data as well as the cut-
off power law model. Extrapolating the cut-off power law model,
the compPS or the pexrav model into theFermi/LAT energy
range shows that an inverse Compton component dominating
the X-rays cannot be responsible for the gamma-ray emission.
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Fig. 6. Combined INTEGRAL and (non-simultaneous)
Fermi/LAT spectrum of Cen A in logE × fE versus logE.
The data are modeled by a double broken power law with
individual normalisation for the data of different epochs. Note
that the highest energy bins for IBIS/ISGRI and SPI are upper
limits only.

All these models predict no detectable flux at energies above
100 MeV. On the other hand, the broken power law model con-
nects to the GeV emission rather smoothly. In Fig. 6 we show the
INTEGRAL spectrum together with the spectrum derived from
Fermi/LAT data. The LAT spectrum was extracted fromFermi
data from the beginning of the mission in summer 2008 until
January 2011, applying standard extraction methods and consid-
ering the flux contribution by the extended lobes. We derive a
photon index ofΓγ = 2.8 ± 0.1 for the energy range 150 MeV
to 3 GeV and fluxf>100MeV = 2.3× 10−7 ph cm−2 s−1, consistent
with earlier results from theFermi collaboration (Γγ = 2.7±0.1,
f>100MeV = 2.2 × 10−7 ph cm−2 s−1 Abdo et al. 2010a. The high
energy spectrum of Cen A seems to have another break in
the range 500 keV to 100 MeV. In fact, the combined fit of
INTEGRAL and LAT data with an absorbed broken power law
gives a break energy atEbreak = 103 keV and photon indices of
Γ1 = 1.8 andΓ2 = 2.4, below and above the break, respectively,
with a reducedχ2 value of 1.25 (109 d.o.f.). A double broken
power law fit gives a significantly better result. Here, the breaks
occur atEb1 = 49+9

−4 keV andEb2 = 97+144
−65 MeV, with the three

power law slopes beingΓ1 = 1.78+0.01
−0.02, Γ2 = 1.95± 0.03, and

Γ3 = 2.4+0.2
−0.1, for aχ2

ν = 1.04 (107 d.o.f.). An F-test shows that
the improvement is highly significant compared to the broken
power law model. As the energy range between 500 keV and
100 MeV is not covered, the second break is not strongly con-
strained. Under the assumption of non-thermal inverse Compton
emission, one would expect a continuous curvature, which the
broken power law model only represents roughly.

In the following we will discuss the two options. First we
consider the hard X-ray emission to be thermal Comptonisation
and thus typical for a Seyfert type galaxy. Then, we will inves-
tigate the implications in case the hard X-rays are dominated by
non-thermal emission.
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6.1. Cen A as a Seyfert galaxy

If we assume that thermal Comptonisation is the dominant
mechanism in the hard X-rays, an additional component, e.g.
non-thermal (jet) emission would have to be present in order
to explain the gamma-rays. This is a well established fact (e.g.
Johnson et al. 1997, Abdo et al. 2010a). The presence of ther-
mal Comptonisation is also supported by the iron line and the
Compton reflection hump, if we consider the 1.9σ detection.
Abdo et al. (2010a) presented already a model considering the
combined thermal inverse Compton plus a non-thermal gamma-
ray component to explain the X-ray to VHE emission.

The results can be compared to those obtained for other
bright Seyfert galaxies with high signal-to-noise hard X-ray
data. NGC 4151 is an object of comparable brightness, distance
category (z = 0.0033), and spectral type (Seyfert 1.5). Applying
the samecompPS model with Tbb = 10 eV, Lubiński et al.
(2010) derive plasma temperatures in the range 50 keV< kTe <
200 keV with Compton parameters 1.2 > y > 0.6 and corre-
sponding optical depth 0.6 < τ < 0.3 as the source undergoes
different flux states. In this context, the values of Cen A we
derive here are similar to the dim state in NGC 4151 (kTe ≃

200 keV, y ≃ 0.9, τ ≃ 0.4), although the latter has a much
stronger reflection component (R ≃ 0.8). Taking the 3 – 1000
keV X-ray luminosity as a proxy for the bolometric luminosity
under the assumption that the synchrotron branch emits about
as much as the inverse Compton branch, gives a bolometric lu-
minosity of Lbol ≃ 4 × 1043 erg s−1. Extracting the 2–10 keV
luminosity (L2−10keV = 2.7× 1042 erg s−1) and applying the con-
version factor for the bolometric luminosityLbol/L2−10keV = 9
presented by Marconi et al. (2004), we derive a value ofLbol =

2.4× 1043 erg s−1. It has to be taken into account that this is un-
der the assumption that the spectrum in the hard X-rays is based
on thermal Compton emission. Considering that there is alsoa
non-thermal component, the value of the bolometric luminos-
ity we give here has to be understood as an upper limit for the
thermal accretion luminosity. With a central black hole mass of
MBH ≃ 5 × 107 M⊙ (Neumayer et al. 2007) this translates into
an Eddington ratio aroundλ = 0.01, similar to NGC 4151 with
λ ≃ 0.01− 0.02 (Lubiński et al. 2010). Based on long-term X-
ray measurements byRXTE, Rothschild et al. (2011) derived a
lower average luminosity ofLbol = 8 × 1042 erg s−1 and thus an
Eddington ratio of onlyλ ≃ 0.001. The fact that Cen A is de-
tectable in gamma-rays, while NGC 4151 is not, is the result of
the strong jet-component apparent in the former. It also shows
that the presence of a jet in Cen A has no strong influence on the
central engine, which appears to have similar X-ray characteris-
tics as that in NGC 4151.

Petrucci et al. (2001) usedBeppoSAX data of 6 bright Seyfert
galaxies in order to determine their hard X-ray properties,find-
ing plasma temperatures in the range 170 keV< kTe < 315 keV
with optical depths 0.2 > τ > 0.05 and an average reflection
strength ofR ≃ 1. Again, in comparison Cen A appears to rep-
resent a rather dim state of a Seyfert, which is accompanied by a
higher plasma temperature.

The measured cut-off energy ofEC = 434+106
−73 keV is though

consistent with the average cut-off observed in Seyfert 2 galaxies
by BeppoSAX. Dadina (2008) found for this AGN type an aver-
age ofEC = 376±42 keV with a photon index ofΓ = 1.80±0.05.
The reflection strength ofR = 0.1 is rather low though com-
pared to the average ofR = 1 as found byBeppoSAX (Dadina
2008) andINTEGRAL (Beckmann et al. 2009) for large samples
of Seyfert galaxies.

A different picture has been drawn fromCGRO/OSSE re-
sults. Here, the average cut-off energy of Seyfert 2 appeared
at EC = 130+220

−50 keV with a spectral slope ofΓ = 1.33+0.56
−0.52

(Zdziarski et al. 2000). The Comptonisation modelcompPS
gave in their analysis an average temperature of onlykTe =

84+101
−31 keV and a Compton parameter as high asy = 1.1+0.3

−0.4
resulting in an optical depth ofτ = 1.7. This effect of an in-
creasing plasma temperature with decreasing Compton param-
eter can be seen in Fig. 3, but nevertheless the OSSE results
are significantly different from those obtained byBeppoSAX and
INTEGRAL. One reason might be the higher energy band for
OSSE, starting at 50 keV, whereasINTEGRAL (3 – 1000 keV)
andBeppoSAX (1 – 150 keV) probe a softer energy range. Thus,
OSSE data do not constrain the photon index of the spectrum
before the high energy cut-off as strongly as the instruments of
BeppoSAX andINTEGRAL do.

Combining all these results together and assuming a thermal
inverse Compton component, the hard X-ray emission of Cen A
could indicate that we observe here a typical Seyfert 2 AGN
core, although slightly at the dim end of the distribution which is
connected to a higher plasma temperature and thus a higher spec-
tral cut-off than observed on average. This in turn would indicate
that the non-thermal component apparent in the gamma-rays and
detected byCGRO/EGRET andFermi/LAT, has no effect on or
direct connection to the inverse Compton component: the hard
X-ray spectrum of Cen A appears not to be significantly differ-
ent compared to Seyfert galaxies which do not show strong jet
emission.

6.2. The Cen A core as a FR I with inefficient accretion flow

Cen A shows properties of both, a Seyfert 2 galaxy and a FR-I
galaxy. In the central regions one observes a jet at large angle
to the line of sight. The jet appears to be relativistic up to adis-
tance of∼ 1.5 pc from the core. In addition, the radio core in-
dicates that all elements for a BL Lac type core are observed in
Cen A. Thus, the X-ray band could also be dominated by non-
thermal emission of a mis-aligned blazar. There are severalob-
servational facts which are in favour of this interpretation. For
an absorbed Seyfert core withNH ≃ 1023 cm−1 the lack of a sig-
nificant reflection component (R ≪ 0.3) and the weak iron line
with EW ≃ 250 eV are certainly unusual. It has to pointed out
though that also other, bright and well-studied Seyfert galaxies
show spectra with no reflection component, such as NGC 4593
and NGC 4507, and that for several others the reflection strength
is detectable only at a<∼ 2σ level (Lubiński et al., in prep.). If we
assume a BL Lac type central engine in Cen A, the X-rays up
to the gamma-rays would be produced by inverse Compton up-
scattering in the jet, possibly of synchrotron photons produced in
the jet itself via Synchrotron Self Compton (SSC) processes. As
the AGN core is of moderate luminosity, accretion in Cen A ap-
pears to be radiatively inefficient, with an Eddington ratio around
λ ≃ 0.01. Hardcastle et al. (2007) argue that in these cases al-
most all the available energy from the accretion process could
be channeled into the jets. The dominant accretion mechanism
could be Bondi accretion (Bondi 1952), direct infall of hot,X-
ray emitting medium without a disc forming around the core.
This would naturally explain the lack of the reflection compo-
nent in Cen A.

Marchesini et al. (2004) found a dichotomy in radio galax-
ies with respect to the accretion efficiency. Objects with ineffi-
cient accretion (λ <∼ 0.1) like Cen A, would be dominated by
non-thermal emission, while the more efficient accreting FR-II
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galaxies would have a larger ratio in accretion versus jet power.
Balmaverde et al. (2006) studied X-ray properties of FR-I galax-
ies. They showed that assuming a non-thermal origin for the X-
ray cores in FR-I at the base of the jet only aboutλ ∼ 10−7 would
be emission related directly to accretion and not be channeled
into the jet. Thus, in a FR-I like Cen A the non-thermal com-
ponent should clearly dominate over the Seyfert-type emission
at high energies. Allen et al. (2006) came to a similar conclusion
studying X-ray luminous elliptical galaxies, in which Bondi type
accretion can account for the observed emission and where most
of the accreted matter would enter into the jets, giving a close
correlation betweenLBondi andL jet.

The hard X-ray to gamma-ray spectrum, shown e.g. in
Steinle et al. (1998) and in this work, is indeed a curved con-
tinuum, with a photon indexΓ ≃ 1.8 in the X-rays,Γ ≃ 2.3 in
the MeV range, andΓ ≃ 2.8 at energiesE > 100 MeV. As de-
scribed in Abdo et al. (2010a) the entire SED can be modelled
by a one-zone SSC model, although the authors show that also
the combination of a thermal inverse Compton component with
a non-thermal jet emission fits the SED equally well.

A difficulty of the non-thermal model is to explain the very
persistent and stable emission from the Cen A core. X-ray flux
and spectrum are varying only slightly, as shown in this work,
and stronger variability, both in luminosity and in spectral slope,
would be expected from a beamed source. It also has to be
pointed out that a SSC model for Cen A can represent the X-
ray to GeV spectrum, but fails to explain the TeV emission de-
tected by HESS (Abdo et al. 2010a), thus, also in this case an-
other model component would be necessary.

Another possibility is that in Cen A both components, the
thermal and the non-thermal inverse Compton component, are
observable in the X-ray band. A similar case has been claimed
to exist in 3C 273. According to studies ofBeppo/SAX spectra
of this blazar by Grandi & Palumbo (2004), the jet component
is highly variable, while the underlying Seyfert core component
is persistent. This leads to a variable ratio of non-thermalversus
thermal emission from the core of 3C 273.

7. Conclusions

The extended emission detected in the gamma-rays by
Fermi/LAT cannot be seen inINTEGRAL/SPI data, with a 3σ
upper limit of the emission off40−1000 keV < 0.001 ph cm−2 s−1

for the norther and southern lobe. The upper limit is consistent
with the expected energy distribution following the analysis of
Abdo et al. (2010b).

Using the combinedINTEGRAL data the presence of curva-
ture in the hard X-ray to gamma domain is now evident which
can be described by an exponential cut-off or break in the spec-
trum. It is possible to determine the cut-off energyEC ≃ 400 keV
in Cen A, confirming earlier claims about a turnover based on
CGRO data. A non-thermal origin of the hard X-ray emission
cannot be ruled out though. A thermal Comptonisation model
gives a good representation of the data (χ2

ν = 1.02). Applying a
Comptonisation model, we find an electron plasma with temper-
aturekTe = 206 keV and optical depthτ = 0.26 (y = 0.42). The
Comptonisation model, and the more simple cut-off power law,
cannot explain the emission measured at gamma-rays, which
has to be due to an additional component, e.g. the jet. On the
other hand, the interpretation of the hard X-ray spectrum asnon-
thermal (e.g. SSC) emission from the jet would explain the low
reflection component we measure (R ≪ 0.3) and the relatively
weak iron line. In addition, the smooth transition from the X-
rays to the MeV and GeV region can be an indication that the

non-thermal component dominates over the whole high energy
range. Yet, the very stable X-ray spectrum is a challenge fora
model based on jet-emission.

From CGRO/COMPTEL observations we know that the
transition to the gamma-ray emission is indeed smooth. This
means that a thermal Compton component, which would decline
rapidly towards higher energies would have to be compensated
by an increasingly important non-thermal component already at
energies of a few MeV, being the dominant emission process
at E > 1 MeV. A similar situation could be present in other
Fermi/LAT detected sources which are not bona-fide blazars, i.e
that the hard X-rays are dominated by thermal Comptonisation,
but that the non-thermal component sets in the low MeV do-
main, peaking at some tens of MeV. A Compton telescope like
CAPSiTT (Lebrun et al. 2011), covering this energy range (1
MeV < E < 100 MeV), would be crucial for verifying either
of the two scenarios.
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