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Abstract. The Circinus Galaxy has been observed, for the firlsy M96 in terms of reflection by cold matter (possibly the inne
time above 10 keV, by BeppoSAX. An excess emission abowll of the putative torus envisaged by unification models, e.
the extrapolation of the best fit 0.1-10keV spectrum is apntonucci 1993) of an otherwise invisible nuclear emissio
parent in the PDS data. The most likely explanation is th@he absence of any transmitted component in the ASCA ba
we are observing the nucleus through a column density (@E. up to 10 keV) indicates a column density for the absorbi
~ 4 x 10?*cm~2, i.e. large enough to completely block thematter in excess of 2cm~2, i.e. a Compton-thick source.
radiation below 10 keV but small enough to permit partial trans- The Circinus Galaxy was observed by BeppoSAX (Boell
mission above this energy. etal. 1997) on 1998 March 24 as part of a Core Program aimi

to study the broad band spectra of Compton—thick Seyfert
Key words: X-rays: galaxies — galaxies: Seyfert — galaxiegjalaxies. Here we report on the spectral analysis of the sour
individual: Circinus with particular emphasis on the high energy part of the spectru

2. Observation and data reduction

1. Introduction We will discuss here data from three instruments: the LECS, t

The Circinus Galaxy hosts one of the nearest Active NUclRIECS and the PDS. The MECS is presently composed of t
(d ~4 Mpc) and has been therefore much studied after its digits (after the failure of a third one), working in the 1-10 ke
covery (Freeman et al. 1977), despite the low Galactic laénergy range. At 6 keV, the energy resolution8% and the
tude and therefore the relatively large interstellar absorptiangular resolution is-0.7 arcmin (FWHM). The LECS has
(NH Gal ~ 3 x 102 cm~2). characteristics similar to that of the MECS in the overlappin
The intense coronal lines (Oliva et al. 1994, Moorwood é&and, but its energy band extends down to 0.1 keV. The PDS
al. 1996), the [Q11] ionization cone (Marconi et al. 1994), thea passively collimated detector (about £ B5 degrees f.0.v.)
variable H maser emission (Greenhill et al. 1997), the broaslorking inthe 13—-200 keV energy range. The effective expos
Ha line in polarized light (Oliva et al. 1998a), and the reflectiontime of the observation was 1.820° sec (MECS), 8.3%10*
dominated 2-10keV X-ray spectrum (Matt et al. 1996, hersec (LECS) and 6.3210* sec (PDS).
inafter M96) support the Seyfert 2 classification for the Circinus A second source is clearly visible in the LECS and MEC
Galaxy. The integrated IR luminosity is about 203 ergs™!, images at about 5’ from the Circinus Galaxy. This source w:
a large fraction of it being probably reprocessing of the nuclediscovered by ASCA (M96), and is also present in the ROSA
radiation (Moorwood et al. 1996; Maiolino et al. 1998). HRIlimage (Ward 1998). The nominal positions of both source
The ASCA observation (M96) revealed a flat X—ray spe@s measured by BeppoSAX, are shifted by the same amo
trum with several emission lines, including a very prominetfabout 2’) and in the same direction with respect to the HF
iron Ko line at about 6.4 keV. These findings were interpretgabsitions (which in turn are consistent with the optical positio



o
L
-
—
L
-

L40 G. Matt et al.: BeppoSAX observation of the Circinus Galaxy

T T T

T
1

for Circinus, and the ASCA position, for the second source). 5
Only the Y and X startrackers, one gyro and the solar sensor &
were in use during the observation, but not the Z startracker,
i.e. that coaligned with the telescopes. In this configuratiofgl, =43
absolute position reconstruction can be in error up to 3. The
second source is about 3.7 times fainter in both instrumengs.
The spectrum may be well fitted either by a power law with = § }L
I' ~2.35and Ny ~ 1.3 x 1022cm~2 or a plasma model with +
kT ~6keV and Ny ~ 3.4 x 102 cm=2. In both cases, the ‘
extrapolation to the PDS band lies more than two orders pfs
magnitude below the data, and its contribution to the PDS dS;tag— 3
may be neglected. Of course, in principle the excess emissiortirs £ , +
the PDS band, described in Sect. 3, could be due to this source, L s
if it is heavily absorbed (N ~ 1024 cm~2). This would imply E (ko)
Esgﬁelﬁzlitflze?(?;fafg?sl?ur:ssgé ?eulg\r/]v ;2?@@?:5216 and th'_elg 1. ITECS+MECS best fit model ex.trapolated to the PDS data. The
To avoid, G’lS far as possible, contamination from. the sec%nﬁgel :S Compiiesd bf a fhure re.ﬂef:t'o? compongnt(.60), a soft
source we extracted data for both the LECS and the MECS (:=1.45) plue the emission ines.
in 2' radii centred on the source. The background subtrac- i i . i
tion was performed using blank sky spectra from the sarf¥ M96 as reflec'tlon dominated emlssmn,'the ref!ecthq proba-
region of the detector field of view. The resulting count ratedY °ccurringin circumnuclear matter (hereinatter identified, for
are 4.41+0.08)x 102 in the LECS and 1.056-0.009) x 10~ simplicity, with the torus famllljilrlfrom thezugq‘lcatmn_ mod-
counts/s in the MECS. PDS data have been reduced followffig)- T"€ 2-10keV fluxis 1410~ ergcnm = s~ consistent
the standard procedures described in Matt et al. (1997). In 44t the ASCA one. At least other five lines, to be identified
dition, we employed crystal temperature dependent Rise Tithh Si, S, Arand Ni kn and Fe Kj lines, are required, as well

thresholds, which lead to a reduction by a factor up to 50% 3 EXC€SS emission below a few keV. The properties of the emis-

the instrumental background. The PDS count rate is-2(004 sion lines, as well as of the soft excess, are discussed in detail
counts/s ' elsewhere (Guainazzi et al., 1998).

The spectra were fitted using the calibration matrices re- When the model described above is extrapolated to the PDS

leased on September 1997. In the fit procedure, the LECS r%?pd’ ahuge excess emission is apparent (seFig. 1). No known

malization was left free to vary with respect to the MECS ongright sources are present in the field of view of the PDS. The

while the PDS normalization was fixed to 0.8 (Grandi et apalactic longitude (319 and latitude (-3.8) of the source are

1997). The residual uncertainty on the PDS absolute flux c8R0ut 10 outside the bulk of the Galactic Ridge emission (War-

ibration (~ +10%) does not affect substantially the foIIow-W'Ck et al. 1985). Following the modelling of Yamasaki et al.

ing results. All quoted fluxes refer to the MECS. Errors corré—lgg?)' we found that the contribution of the Galactic Ridge to

spond to 90% confidence level for two interesting parametéﬂe PDS count rate is at most 7%. Therefore, itis very likely that
(i.e. Ax2=4.61) we are observing a further component in the Circinus spectrum,

Meaningful LECS and MECS light curves of the Circinugossibly the nuclear radiatior_l piercing throughout a very large
Galaxy cannot be easily constructed: due to the problemsSfumn density absorber, as in the case of NGC 4945 (lwasawa
e;nal. 1993; Done et al. 1996) and Mkn 3 (Cappi et al. 1998)

the aspect reconstruction, a small extraction radius results q | itself bel " he absorb |
a fictitious variation of the count rate due to the wobbling; if or' er to conceal itse e20vy 10keV, the absorber C‘? umn
fsity must exceed 1bcm=2, i.e. must be Compton-thick.

large extraction radiusis instead chosen, the contaminationfrg . )
'UHS implies that the photons which eventually emerge may

the second source is significant. In the latter case, a variatj frored . h h
up to 10% on time scales of hours is observed in the MEC&2Ve suffered one or more Compton scatterings. We have there-
fgre adopted a model, based on MonteCarlo simulations, which

If this is fully attributed to the second source, as should be . ) ;
the interpretation of the Circinus spectrum below 10keV gLoperly treats photon transfer in very high column density mat-

pure reflection component is correct, this would imply0% ter (work in preparation), including Compton downscattering

amplitude variations in this source. Finally, the PDS light cunfd the Klein—Nishina decline. We assumed a spherical geom-
is consistent with being constant (with~a0% upper limit to €Uy @s the simplest approximation of the (actually unknown)
the variability amplitude). distribution of the matter. If a plane—parallel geometry, with

normal illumination, is employed, the results do not change sig-
nificantly.
We have then fitted the whole spectrum with the following

We firstly analysed the spectrum below 10 keV, to verify the corr1n-0d8|:

sistency with the ASCA results (M96). The spectrumis very fldt(E) = [A1Tr(E, Nuq1,In, E.) + A2 R(E, Ty, E.)
with a huge iron kv line, as observed by ASCA and interpreted +A3E~ s + emission lines]e™ VH20n Q)
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T
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+
+
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3. Spectral analysis and results
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Table 1.Best fit parameters. See text for details on the models. ‘

1 2 f E
N1 (104 cm?) 4.35%07 29757 =
Al 0yl 012l
m 1,565 10 16293} 3
Ec (keV) 56°5, 8174 :
As 2.02(-969)1072  2.10(-:88)10~2 g
r, 164 LS 160312
As 83121074 80¢]H)10 o
Nis» (102! cm~2) 3,610 3571 A " .
x2/d.o.f. 122/121 119/121 Energy (keV)

Fig. 2. Best fit reflection + transmission model (¥),).

where

- o0 h (—Bo/Bl) We have also tested a different scenario (model 2 in
r= / G(E,Eo, Nu1)E; "e “dEy (2)  ple 1), in which the transmitted component is simply a fractio
" of the total reflection component, i.e. the reflecting matteris p
andG(E, Ey) is the Green function relating input and transtially covered. This case would represent a scenario in whi
mitted spectral’;, andI', are the power law indices of the hardhe line of sight towards the nucleus is completely blocked (i
(nuclear) component and of the soft component, respectiveli; in excess of-10%° cm~2), but the optical depth diminishes
N 1 is the column density of the torus amd; » that of any at higher torus latitudes, so permitting transmission of some
external matter along the line of sigliR( ', T'y,, E..) is the pure the radiation reflected by the far side of the torus. The spectr
reflection spectrum, obtained usirgxrAv in XSPEC fixing is similar to that of Eq. 1, but substituting, in the integral o
cosf) to 0.45 andel_refl to-1. Eq. 2, the reflection component to the power law one. From t
The 20-100 (50-150)keV total flux is 230 !0 statistical point of view, this model is as good as model 1. T
(0.9x10- %) ergcnt 2 s, which makes the Circinus GalaxyA;/A, ratio is now the ratio between the solid angles subtend
one of the brightest AGN in hard X—rays. The best fit parametdrg the covered and uncovered matter to the source and visi
are summarized in Table 1 (model 1), while the best fit modad infinity. From Table 1, it can be seen that the covered fracti
is shown in FigiRI', andT';, are very similar, and consistentof the reflector is 5 times larger than the uncovered one.
within the errors. It is possible that the soft emission is due &stimate of the nuclear luminosity is possible in this model, a
scattering of the nuclear radiation by ionized matter (Guainazhierefore no information on the torus geometry can be deriv
et al. 1998). The observed value of the torus column density i
The normalization of the nuclear compone#t, is about 5 4.3x 10?4 cm~2 in model 1 (and not much lower in model 2),
times larger than that of the reflection componeit,therefore, i.e. about 350 times larger than the value expected from t
the solid angle subtended by the reflecting matter to the nuclexsinction in the V band (4&=5 mags) measured from narro
andvisible at infinity is~0.2x 27. Assuming a torus geometrylines Balmer decrement (Oliva et al. 1994) assuming a Gall
like that adopted by Ghisellini et al. (1994) (i.e. a conical geortie dust—to—gas ratio. Very likely, the absorbers responsible
etry with half-opening angle of 3), we derive an inclination the obscuration of the nucleus and the narrow line region
angle < 40°. different, the former being distributed on much smaller scal
The 2-10keV nuclear luminosity, after correction for abGranato et al. (1997) fitted the 1SO spectrum (Moorwood et
sorption, ranges from 3:410*! to 1.7x10*? ergs™! (assuming 1996) with their torus model, and found,A50 mags for the
adistance of 4 Mpc). The IR luminosity (as defined by Mulchadgrus, corresponding to/sly more than one order of magnitud
et al. 1994) is 20 to 100 times larger. This IR/(2-10 keV) ratiower than our measured value, thus implying a dust deplet
is somewhat higher than the average value for Seyfert galaxiesterial. If their estimate is correct, the absorbing matter sho
but by no means unique (see Fig. 2a of Mulchaey et al. 1994en be located inside the dust sublimation radius which, giv
Awaki 1997). If a significant fraction of the IR emission is reprothe nuclear luminosity derived from model 1, is of order of 0.0
cessing of the nuclear component, a large UV nuclear emissfm very close indeed to the central engine and suggestive
is implied, qualitatively in agreement with the calculations gfossible identification of the absorbing material with the BL
Moorwood et al. (1996) and Oliva et al. (1998b) based on the Finally, a high energy cutoff witlke-folding energy below
IR lines. The X-ray to Olll ratio is typical for Seyfert galaxieslO0 keV is required by the data in both models. This, togeth
(Bassani et al. 1998). with the rather flat intrinsic power law, make Circinus similal
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as far as the primary spectral shape is concerned, to NGC 41tallan Space Agency (GM, GCP, RM, SM, FF, AM), ESA (MG,
(see e.g. Piro et al. 1998). research fellowship), NASA (WNB, LTSA program), Royal Society
(ACF), PPARC (KI).
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