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Abstract. We report on the analysis of a BeppoSAX observation of IRAS 13197-1627. The complexity of the broad band
(0.3-100 keV) spectrum of the source prevents us from selecting from two possible best-fit models, i.e. one based on a partial
covering and the other on a reflection dominated scenario. Whatever the best fit model, the data imply that: 1) the primary
spectrum is heavily obscured by at least two absorbers with column densities of the ordet@fEm2 and>2 x 10?4 cm2;

2) the intrinsic 2-10 keV luminosity of the source is at leatx 10* erg s thus making IRAS 13197-1627 a type-ll QSO

(more precisely a type 1.8 QSO) rather than a Seyfert 1.8 galaxy as previously classified. Furthermore, there is marginal
evidence of an absorption line Bt~ 7.5 keV suggesting a possible outflow with- 0.1c similar to recent findings on other

QSOs and Seyferts.

Key words. galaxies: active — galaxies: individual: IRAS 13197-1627 — X-ray: quasar: general

1. Introduction to understand the detailed absorption properties of this type

. . . . of objects.
Much of the research on Active Galactic Nuclei (AGNS) in re- 1
cent years emphasized the search for Type-Il QSOs. Unified IRAS 13197-1627, also named MCG-3-34°6has been

. . iistly classified as a Seyfert 2 galaxy (Osterbrock &
models of AGNs (e.g. Antonucci 1993) explain the observ . ) .
differences between broad (Type-l) and narrow (Type- Robertis 1985; de Robertis et al. 1988) and, afterward, as

emission-line AGNs as obscuration and viewing angdfeats type 1.8 Seyfert by Aguero et al. (1994) and Young et al.

rather than intrinsic physical fierences. Although rather suc-(lg%)' Its basic pa.rameters.a?re Q'Ve” |r.1 Table 1. )
The morphological classification of its host galaxy is un-

cessful in describing nearby Seyfert galaxies, unified models

seem to fail when extended to their higher-luminosity “rel&/€ar- In optical images it is extended ove30” x 30" with
tives”, the QSOs (hereinafter, we shall broadly define a Seyf@ftly @ few indications, if any, of spiral structures (de Robertis
as havind._10 kev) < 10* erg st and a QSO 10 kev) > et al. 1988). A broad component in thexHine has been de-
10" erg s9). tected in polarized light by Young et al. (1996).

On the basis of unified models, the existence of a large pop- IRAS 13197-1627 was first observed in X-rays by ASCA
ulation of type-1l QSOs, or broadly speaking of a large popleno 1995). The ASCA spectrum was extremely steep (the
ulation of heavily-absorbed high-luminosity AGNs has to behotonindexwa$ ~ 3.0+ 0.3), with a high absorption column
expected. However, because of the intrinsi@iclilties to find density ofNy ~ 4 x 10?* cm™2 and with a soft fainter compo-
them, only a limited number of such objects has been ideient emerging at energies bele\8 keV. ASCA also detected
tified. Their rarity is somehow embarrassing considering th@ Feke line atE ~ 6.4 keV with an equivalent widtkW ~
they are supposed to contribute the most to the total emissinf €V (Ueno 1995).
of the cosmic X-ray background. This is now supported both The present BeppoSAX dataset has been previously ana-
observationally from recent Chandra and XMM-Newton deefyzed by Risaliti (2002) in a statistical study of a sample of
fields and theoretically from synthesis models of the cosni® bright type-Il Seyfert galaxies. However, Risaliti (2002)
X-ray background (see e.g. the recent review by Fabian 2003jed only a predefined set of 3 spectral models and did not at-

In this paper we report results from the BeppoSAjiempta detailed modeling of all the spectral complexities found
narrow-field-instruments (Boella et al. 1997a) observation tfthis particular source. The reducetiof the best-fit reported
IRAS 13197-1627. According to these, we find that the sourb¥ Risaliti (2002) was~1.3, much larger than those reported
can be identified as the brightest Type-l1l QSO known to date.

Given the above argument, it is thus an interesting case-studyThe source has been often misidentified with MCG-3-34-63, an
edge-on galaxy~2 north-est of IRAS 13197-1627. We checked
Send g@print requests toM. Dadina, that the X-ray emission is indeed coming from MCG-3-34-64 while
e-mail:dadina@bo.iasf.cnr.it MCG-3-34-63, is not detected in 0.1-10 keV band.
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Table 1.Basic parameters of IRAS 13197-1627. (1) de Robertis et al.
(1988); (2) Aguero et al. (1994); (3) Theureau et al. (1998).

Hubble Type S?(1)
Seyfert Type 1.8(2)
Redshift 0.01654 (3)
RA (2000) 13 22 24.462
Dec (2000) -16 43 42.91
my 14.46

here. The present work thus is complementary to and expands
Risaliti's results.

2. Observation and data reduction
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Fig. 1. MECS 2-5 keV gpper panél 5-10 keV (niddle panél light
BeppoSAX observed IRAS 13197-1627 on July 22, 1998. Tkarves and their ratio as a function of timiewier pane.

LECS (Parmar et al. 1997), MECS (Boella et al. 1997b) and
PDS (Frontera et al. 1997) exposure times were of 14 ks, 44 ks
and 19 ks respectively.

Data reduction has been performed using the standard
mission specific software SAXDAS based on the FTOOLS
package.

Two sources are visible at about’Z6om the target in the
MECS 2-10 keV image. None is detected by the LECS so
we can exclude that they contaminate the IRAS 13197-1627
counts at low energies. These sources are also not detected
by the MECS in the 5-10 keV energy range. For this reason
they should not contribute significantly to the PDS counts. We
checked in public archived databases that no other sources with
known strong X-ray (2—10 keV) emission are presentin the sky
field covered by the PDS instrument (1.BWHM, Frontera
etal. 1997).

Source counts have been extracted from circular regions
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centered on IRAS 13197-1627. The LECS and MECS extrddd- 2- Data-to-model ratios obtained when fitting th6.3-100 keV

tion regions have radii of '8and 4 respectively. The LECS,
MECS and PDS spectra have been rebinned so as to sample

data with a power-law model with Galactic absorption.

the energy resolution of the instruments using grouping filasonfidence levet99%) during the observation. We thus per-
produced by the ASI Science Data Center (ASDC) and tdiormed a time averaged spectral analysis collecting events from
ing care of having at least 20 counts for each obtained enetbg whole period.

bin. To subtract the background, we used standard PHA files
accumulated from observations of empty sky regions and ptp-
duced by the BeppoSAX team. We also checked that the results

ey Spectral analysis

obtained using local backgrounds are consistent with the oes shown by the data-to-model ratios plotted in Fig. 2, the
presented here. Most recent calibration files have been useddimad-band 40.3-100 keV) spectrum of IRAS 13197-1627,

the spectral analysis.

once fitted with a simple power-law, clearly shows three main

Figure 1 shows the MECS 2-5 keV (upper panedpectral features: 1) a soft excess beloi3 keV; 2) a low-
and 5-10 keV (middle panel) lightcurves. The source flux é&nergy cut-& due to strong absorption betweef3—5 keV;
found to be roughly constant during the first half of the ol8) a sharp and deep drop of the countE at 7 keV.

servation, while it is significantly (at a confidence lev&5%)
variable by up to 40% on timescales down to 5-10 ks during tge
second half. These variations are observed both in the 2-5 keV"

Simple spectral parametrization

band where the source spectrum is stronfflgaed by absorp- To account for the strong absorption and the soft excess we
tion and in the 5-10 keV energy range where the source shoatitied to the simple power-law model a cold absorblgr ¢

be seen almost directly.

5+ 1 x 10?2 cm?) plus a power-law emerging at low energies.

As implied by the hardness ratios shown in Fig. 1 (lowdn a classical Seyfert 2 spectrum the latter component would
panel), we found no significant spectral variations (withe interpreted as due to scattering of the primary emission
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Table 2. SME model. (1) model name; (2) photon index; (3) absorption column density; (4) energy of the absorption edge; (5) optical depth of
the absorption edge; (§f/degrees of freedom.

Model r Ny Eedge Tedge x?/d.o.f.
10?2 cm2 keV

(1) (2) (3) (4) (5) (6)

SME 1.909%7 50,962 700012 100024 99.1/92
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Fig. 3. The 3-10 keV residuals (expressed in terms of standard devidg. 4. Confidence contour levels (68, 90 and 99%) for the edge optical
tion) for the SM. For clarity, data have been rebinned so as to havdepthr versus its energy centroid.
3o significance for each plotted data point.

+

(hereinafter we will mention to this model as the “scattering
model” SM). The data-to-model residuals (Fig. 3) for SM still wr ]
show remaining complexities in thel—8 keV energy range: an
emission feature at 6.4 keV, a deep absorption edgg &V J}
and possible other components arising betwe&r6 keV. ~ ol ‘

|
To better model the data, we first tried to obtain a simple ‘
parametrization of all the features disregarding their physical
implication. .
The quality of the fit increases drastically after the addi-
tion of an absorption edge to the SMy? = 24.3 for 2 addi-
tional parameters, see SME model in Table 2). According to
the F-test, this absorption edge is significant9.99% con- \ : : : : R
fidence level (see Fig. 4). The energy of the edge-(7.0 + Energy (keV)
0.2 keV) rules out (at99%) the presence of iron ionized a$=i
levels larger than FeX. If produced by the measured absorpt
column Ny ~ 5 x 10°® cm?) the depth of the edge would re-
quire an iron overabundance ranging between 4 and 8 times the
solar value. . .
Moreover, the data-to-model residuals for the SME modglz' Partial covering
still show significant features betweemt and 8 keV (see A possible explanation for the deep edge detected7akeV
Fig. 5). These features could be fitted by Gaussian emississuld be the occurrence of an additional heavy absorption that
lines (one broad & ~ 4.5 keV and one narrow & ~ 6.4 keV) covers only partially the primary emission. This model fits well
andor by Gaussian absorption lines @t~ 6 keV andE ~ the data (model PC in Table 3 and Fig. 6) and the parameter
7.5 keV), all of which significant at more than 90% confidencgalues obtained indicate that about 95% of the primary emis-
In summary, the “simple spectral parametrization” demosion is absorbed by cold matter wily, ~ 2 x 10? cm™. The
strates that a single absorber cannot describe well the dalt@ton index of the continuum is quite stedp~ 3.2+ 0.3)
above~2 keV. while the Fek; line is detected (at a confidence lewe€9%)

H'S' Residuals in the 3—10 keV energy range for the SME model
tgata binned as in Fig. 3).
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Table 3. Partial Covering model. (1) model name; (2) photon index; (3) column density of the whole absorber; (4) covering fraction of tt
partial absorber; (5) column density of the partial absorber; (6) energy of the &mifission line; (7) equivalent widtlEW) of the Fek line;
(8) v?*/degrees of freedom.

Model r NHA,whoIe Cf NH,partiaI EFeKa EW Xz/d-o-f-
10?2 cmr? 10%? cm? keV eV

1) 2 3) 4 5) (6) (M 8

PC 3.1790% 47.831 0.943% 26981 6.42:912 228169 82.990

Energy (keV) Energy (keV)

Fig. 6. Data-to-model residuals for the PC model (data binned &&.7. Data-to-model residuals for the PR model (data binned as
in Fig. 3). in Fig. 3).

atE ~ 6.4+ 0.1 keV withEW ~ 228 + 180 eV. With this o i

model the luminosity of the source is found to bg g ey ~ COMPONENt: metal abundandeand inclination were fixed to

2 x 10* erg s*. The observed FeKline EWis lower than ex- Solar, 1 and 60respectively. The only free parameters of the
pected for the observed column densities (an absorbing coluf@ftinuum were thus the power-law photon index, the high en-
of Ny ~ 2 x 1024 cn2 with a~95% coverage plushiy ~5x  €rgy cut-df and the normalization. Similarly, we fixed many

1073 cm2 with 100% coverage should imply &W ~ 700 eV, Parameters of the relativistic line as follows: line enekgy-
Makishima et al. 1986). 6.4 keV, emissivity index = -3, inclination angle= 60°, inter-

nal radius of the emitting regioa 1.25 gravitational radiig.
) The only free parameters of the Laor model thus were the exter-
3.3. Pure reflection nal radius of the line emitting regiony(;) and normalization.

Alternatively to the PC model, the edge at 7 keV could be pro- This model well describes the data (PR model in Table 4
duced by a reflection component, which dominates the overdnd Fig. 7) and the inferred intrinsic luminosity of the source
spectral shape. is found to bel,o_10 kev > 2 x 10* erg s*. The fit results do

If we add to any of the above mentioned models a colpt depend on the energy of the relativistic line. In fact, val-
reflection component (namely PEXRAV model in XSPEC/€S OfEiaor from 6.4 to 6.9 keV give fits of the same qual-
Magdziarz & Zdziarski 1995), we obtain that tReparameter Y (Ax” < 0.2). TheEW of the relativistic line is rather large
that define the relative importance of the reflected continudfgW ~ 3.8 keV) and it is in agreement with what is expected
with respect to the direct one, reaches very high val@es ( frpm a pure.reflectl_or) spectrum (Matt et al. 1996). The outer ra-
10), thus reproducing a completely reflected spectrum. dius of the line emitting region is found to be5—7rg_, a rathe_r

We thus tried a model where the primary continuum is corfXtreme value. The energy aidV of the narrow line are in
pletely hidden for us and we only see the continuum reflectB8fect agreement with what expected for a line produced via
from the disk plus the associated Fekne. This latter compo- transmission in a cold absorber with the measigaf ~4 x
nent has been parametrized using a relativistic model (the LG cm™? (Makishima 1986).
model in XSPEC, see Fabian et al. 2002 for a recent review on
this topic). Since the dgta clearly show a low energy dhjtvee 3.4. An absorption line at 7.5 keV/?
also added an absorption column to the model plus the associ-
ated narrow Gaussian emission line. To prevent the parametarthe data-to-model residuals both for the PC and PR model
of this model to diverge we fixed some values of the reflectidhere is a marginal evidence of an additional absorption
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Table 4. Pure Reflection model. (1) model name; (2) photon index; (3) absorption column density; (4) eneqy; (5) energy of the
relativistic Fekr line; (6) external radius of the region of emission of the relativistic line expressed in units of gravitational radii; (7) equivalent
width of the relativistic line; (8) energy of the narrow Felne; (9) equivalent width of the narrow line; (19¥/degrees of freedom.pegged
parameter’ fixed parameter.

MOdel r NH ECUI*OH- ELaor rOLI[ E\M_aor Enani EWnarlt XZ/dOf
10?2 cm2 keVv keV keV keV keV eV

1) (2) ) (4) (%) (6) (7) (8) 9 (10)

PR 23002 41218 7% g40 60508 38141 640010 35618 66.888

component (Smith & Done 1996; Turner et al. 1997; Risaliti
2002).

However, unlike other spectra of known Seyfert 2s,
there is a major unexpected feature in the spectrum of
IRAS 13197-1627 that is a very deep absorption edge
at~7 keV. The edge energy is consistent with it being produced
] in a cold medium and rules out the presence of any warm ma-
terial. The depth of the edge requires an absorber Wijth~
2 x 1074 cm?, i.e. ~3—4 times larger than what found by mod-

—5x107%

Abs. Line Intensity
—107%

° eling the low energy cutfdwith a single absorption column.

«E | ] Thus, to explain this edge, we are forced to invoke either that
! the source is partially covered or that it is completely obscured
@ and its spectrum is dominated by the reflected component.

;T? ‘ 7‘,2 ‘ 7T4 ‘ 7“6 ‘ 7T8

Energy (keV) 4.1. The pure reflection and partial covering scenarios

Fig. 8. Confidence contour levels for the absorption line-@t5 keV . . .
in the PC model. The pure reflection scenario seems rather extreme since a

strong relativistic line EW ~ 3.8 keV) produced within
~7 gravitational radii is required to fit the data. Such an ex-

feature ate ~ 7.5 keV. We checked this hypothesis by addinggeme line recalls the one that has been recently invoked for the
an absorption Gaussian line to the two models. narrow line Seyfert 1 MCG-6-30-15 (Wilms et al. 2001).

The quallty of the fit drastically increases in the case of Bassani et al. (]_999) Suggested to use the Ryidbetween
the partial coveringy* = 15.2 for 2 additional parameters the absorption corrected OIlI[5007 A] flux and the observed
Fig. 8) while the feature seems to be marginal adopting the10 keV flux to identify Compton-thick sources. In their
PR model as baselin&(? = 5.4). scheme, Compton-thick sources h& < 0.1. In the present

The feature is found to be & ~ 7.5+ 0.2 keV and to be case the 2—10 keV flux is4 x 102 erg s* cm2 and the ab-
narrow - < 0.47 keV) while itsEW is ~-330« 180 eV. Its sorption corrected F[5077 A] flux is4 x 10712 erg cnt? st
narrowness, in particular, seems to exclude that it could be ggoung et al. 1996) yieldindRct ~ 1. Also using the ASCA
sociated to an unresolved additional edge due to warm mattgiix (Ueno 1995) one obtairRet ~ 0.5. Therefore, according

This absorption line could be associated with resonant ab-this criterium, IRAS 13197-1627 should not be a Compton-
sorption due to He-like aridr H-like Fe. We tested this hypoth-thick source, making the pure reflection scenario even more
esis modeling the feature with the SIABS model (Kinkhabwalmplausible.
et al. 2003) assuming it is due to He-like Fe. We obtained a The partial covering scenario appears to be more likely not
good quality fit with physically plausible parameters, Nee ~ st for its simplicity. Nevertheless also in this case there are
10 cm?, outward velocityy ~ 0.11c and dispersiotv ~ iiiculties in interpreting the best fit parameters. First of all,
4500 km s, the best fit photon indek ~ 3 is rather steep for Seyfert galax-
ies (Smith & Done 1996; Turner et al. 1997) and it is only
marginally consistent with what found for the most extreme
Narrow Lines Seyfert 1 (NLSY1, Boller et al. 1996; Vaughan
The overall 0.3—100 keV spectrum of IRAS 1319-1627 is doret al. 1999), i.e. the radio quiet AGNs with the known steeper
inated by cold absorption and by an extra soft component tisgectra. It is worth noting here that another possible similitude
rises below~3 keV. This soft component is well modeled by avith this class of sources is the observed variabilit#@%b)
power-law with the same photon index of the hard componedbwn to timescales of5-10 ks. Another inconsistency in
Thus, as a first approximation, this spectrum appears as a iy partial covering scenario is that tB&V of the Fekr line
common (i.e. highly absorbed) X-ray spectrum of a Seyferti€ lower than what expected for the observed absorption (see
galaxy where the low energy band is dominated by a scattestt. 3.2).

4. Discussion
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Present results show interesting analogies with what foundclear emission without obscuring the component reflected by
for NLSY1s. This class of objects are generally characterizéte accretion disk.
in X-rays by a strong soft excess, a steep power-law and ex- It is worth noting here that this picture would also be able
treme variability (Boller et al. 1996; Brandt et al. 1997; Brandb explain, if confirmed, the absorption feature~at.5 keV.
& Boller 1998; Vaughan et al. 1999). Recent XMM-NewtoThis, in fact, could be interpreted as He- or H-like Fe reso-
results have added to this list, a new “typical” feature: a shamant absorption by outflowing matter. The inferred velocity of
spectral drop above 7 keV (Boller et al. 2001, 2003; Pountss outflow then should be0.1c, similar to what found in
et al. 2003a). Apart from the soft X-rays (that are here aBG121%#143 (Pounds et al. 2003b).
sorbed), IRAS 13197-1627 shows all the above mentioned
characteristics of NLSY1s. The spectral complexity measurgd
in IRAS 13197-1627 is indeed very similar to what recently ob-’
served in MKN 766 (Pounds et al. 2003a), 1H 0707-495 (Bolldhe BeppoSAX X-ray spectrum of IRAS 13197-1627 is so
etal. 2002) and IRAS 13224-38098 (Boller et al. 2003a) whetemplex that we could not find a single best-fit model and were
also in these cases the authors were left with two possible sledtwith two possible scenariog:one where the primary emis-
narios that described the data equally well: either a reflectision is completely blocked and the resulting spectrum is com-
dominated or a partial covering scenario. pletely reflection dominated anid one where the spectrum is

A theoretical explanation for the reflection dominated scéllie to a partial covering of the X-ray source.
nario has been recently proposed by Fabian et al. (2002). TheDespite this ambiguity, a firm conclusion of this work is
main assumption of this model is that, in high accretion raffgat any modeling of the X-ray spectrum implies an intrin-
systems like NLSY1s, instabilities in the accretion may lead &¢ luminosity of at leasts 10 kev ~ 2.0 x 10* erg s* thus
the formation of multiple reflectors in the form of cold, densgaking IRAS 13197-1627 the nearest and brightest example
material clumped into deep sheets or rings. of a type-11 QSO. _ _ _
Within the partial covering scenario, it could be that, as pro- Moreover, both scenarios require a complex absorption

posed by Pounds et al. (2003a) for MKN 766, dense ionizeljucture composed of at least two heavy absorbers. We spec-
clouds or ejecta close to the super-massive black hole are'fgt€ that these could be a dusty torus and clouds, blobs or
sponsible for the deep edge observed with XMM-Newton. AI§gNds closer to the nucleus. Finally, if the absorption line
in this case our data are in good agreement with the model wingrginally detected at 7.5 keV is identified with resonant ab-

the exception of the ionization state of the partially absorbifg"Ption from He- or H-like Fe, then we infer that some of
matter, our data requiring near-neutral Fe. matter (e.g. the clouds or the wind) should have an outward

To disentangle between these two hypothesis better quvaﬁloClty of the order of-0.1c.

ity data above 3 keV (e.g. from XMM-Newton) are needed.

Nevertheless, it is worth noting here that both scenarios impigknowledgementsiVe are very grateful to G. G. C. Palumbo and
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