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Abstract. We report on the first observation of the Seyfert & long-look ASCA observation of the archetypical Seyfert 1
galaxy NGC 4593 in the 0.1-200 keV band, performed witdCG-6-30-15 (Tanaka et al. 1995; lwasawa et al. 1996), to-
the BeppoSAX observatory. Its spectral components are for tigther with the general evidence that the iron lines are on the
first time simultaneouslyneasured: a power-law with photoraverage broad in this class (Nandra et al. 1997), gave the first
spectral indeX” ~ 1.9; the Compton-reflection of the primarydirect evidence that the reprocessing matter is located close to
power-law; a moderately broad (> 60 eV) K,, fluorescentline the black hole, probably in a Keplerian accretion disk.
from neutral iron; and an absorption edge, whose threshold en-In soft X-rays, an excess above the extrapolation of the
ergy is consistent with K-shell photoionization fronv@. The high-energy power-law was measured in 50% of the Seyferts
amount of reflection and the iron line properties are consistertiserved by EXOSAT (Turner & Pounds 1989) and about 90%
with both being produced in a plane-parallel, X-ray illuminatedf those observed by ROSAT (Turner et al. 1993; Walter & Fink
relativistic accretion disc surrounding the nuclear black hol&993). The good correlation with Optical/UV (Walter & Fink
seen at an inclination af 30°. Any cutoff of the intrinsic con- 1993; Puchnarewicz et al. 1996; Laor et al. 1997) has tradition-
tinuum is constrained to lay above 150 keV. The claim for @ly supported the idea that this excess represents the hard tail
strongly variable soft excess is dismissed by our data and bgfahermal emission from the accretion disk (Czerny & Elvis
reanalysis of archival ASCA and ROSAT data. 1987), although in at least a few cases reprocessing by ion-
ized matter seems a more viable explanation (Piro et al. 1997;
Key words: galaxies: individual: NGC 4593 — galaxies: nucleGuainazzi et al. 1998b). However, caution must be employed
— galaxies: Seyfert — X-rays: galaxies when evaluating the soft excess in band-limited detectors and/or
from multi-instrumental fits of not simultaneous observations.
The extrapolation of 1-10 keV power-law fits can yield “faked”
soft excesses, because the so determined spectral indices can be
1. Introduction harder than the true one, due to the flattening contribution of the

It is widely accepted that the huge energy output of Acti\;gﬂection com_pone_nt. .Eventually, the discovery of absorption
Galactic Nuclei (AGN) is due to the release of gravitation&d9€s from highly ionized species of oxygen in almost 50%
energy by matter falling onto a supermassivel(°~105M,) of the Seyfert 1s observed by ASCA SO far (Reynolds 1997;
black hole. It has been known since the beginning of the X-r&£0r9€ etal. 1998) has suggested that in some cases the appar-
astronomy that the spectrum of Seyfert 1 galaxies above a fellf SOft excess could be simply due to a mis-fit of a complex
keV and up to a few tens of keV can be described at the 0-th 8Rd ionized absorber. _ _ ,

der by a simple power-law, with typical photon indéx- 1.5-2 leen'the spectrgl cpmplexny outlined above a detailed and
(Mushotzky 1984). Later on, an emission line from neutral Self-consistent description of the X-ray spectra of Seyfert 1s re-
mildly ionized iron (Holt et al. 1980: Perola et al. 1986: Poundluires broadband spectral observations. Moreover, the various
et al. 1990) and a flattening of the spectrum abeve0 key SPectral components are expected to be produced in different
(Pounds et al. 1990; Piro et al. 1990) were discovered to ySical regions (see Mushotzky et al. 1993 for a review of the
common spectral features in the class as well. Both these fRBE-ASCA interpretative scenario, which is still largely valid)

tures have been interpreted as the effect of reprocessing ofdd are therefore expected to exhibit different variability pat-

primary radiation by optically thick matter surrounding the nJérns and/or a delayed response to the changes of the nuclear

cleus (George & Fabian 1991: Matt et al. 1991). The detectiidiation flux. The simultaneous measure of all the spectral com-

of the double-horned and redshifted profile of the iron line F°NENtS is a crucial requirement for any X-ray observation of
Seyfert galaxies (see the discussion in Cappi et al. 1996 about
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ing continuum determination). The Italian-Dutch satellite Bep- NGC4593 was observed by BeppoSAX from 1997 Decem-
poSAX (Boella et al. 1997a) carries a scientific payload whidker 31 05:30:18 UT to 1998 January 2 07:10:17 UT. Data were
covers the unprecedented wide energy band between 0.1 taheimetred in direct modes for all instruments, which provide
200 keV, with imaging capabilities and good energy resolutidall information about the arrival time, energy, burst length/rise
in the 0.1-10 keV band. A program of spectral survey of a sizéme (RT) and, when available, position for each photon. Stan-
able sample of Seyfert 1 galaxies is ongoing, and inghjser dard reduction procedures and screening criteria have been
we report the results of the observation of NGC 4593. adopted to produce linearized and equalized event files. In par-

NGC 4593 frag00 = 12"39™39% 4, 52000 = —5°20'39”)is ticular, time intervals have been excluded from the scientific
a nearby £ = 0.009) barred spiral galaxy of Hubble type SBbproduct accumulation when: the angle between the pointing di-
which hosts a Seyfert 1 nucleus. The Spectral Energy Distréction and the Earth’s limb was 5°; the momentum associ-
bution (SED) is characterized by a very weak or missing “blueed to Geomagnetic Cutoff Rigidity was6 GeV/c; the satel-
bump” (Santos—Llé et al. 1994). In X—rays, the source is varilite passed through the South Atlantic Geomagnetic Anomaly
able, ontimescales of weeks-months, by afacter 8finthein- (SAGA). The PDS data have been further screened by eliminat-
termediatei(e.. 2-10 keV) and- 4-5 in the soft X—rays (Ghoshing 5 minutes after any SAGA passage to avoid gain instabilities
& Soundararajaperumal 1993). INnNGC 4593 a soft excess abole to the recovery to the nominal voltage value after instru-
the extrapolation of the intermediate X—ray power-law was olental switch-on. The RT selection has been performed using
served both by EXOSAT (Ghosh & Soundararajaperumal 1993ystal temperature dependent thresholds (instead of the fixed
Santos—LIé at al. 1995) and ROSAT (Walter & Fink 1993). ltthresholds in the standard processing). Total exposure times
was claimed to be variable, ranging from 0+40270% of the were 31426 s, 84195 s, and 38467 s for the LECS, MECS and
intermediate X-ray extrapolated flux. However, this picture BDS, respectively.
further complicated by the ASCA discovery of a warm absorber Spectra of the imaging instruments have been extracted from
(Reynolds 1997), with optical depths of the®and Oviii pho- circular regions of radius’8nd 6 around the apparent cen-
toionization edges equal ta 0.3 and0.1, respectively. There troid of the source for the LECS and MECS, respectively. The
was no significant evidence of broadening of a weak (Equikackground subtraction has been performed using spectra ex-
alent WidthEW ~ 90 eV) fluorescent line from neutral irontracted from blank sky event files in the same region as the
(centroid energ¥,. ~ 6.35 keV) in the ASCA data (Nandra etsource. The background contributes 5% and 3% to the LECS
al. 1997). In the hard X-ray regime, BATSE measured a 2@nd MECS count rates in the relevant energy band passes. PDS
100 keV flux of (9.8 £ 1.6) x 10~ erg cnm? s~! (Malizia et background-subtracted products (spectra and light curves) have
al. 1997), whereas the 50-150 keV OSSE @pper limit was been produced by plain subtraction of the “off-” from the “on-
4.4 x 107" erg cnm2 s~! (Johnson et al. 1993). source” products. Total net count rates wed 0 +0.003 s71,

This paperis organized as follows. In Sect. 2 we describé.350 + 0.002 s~! and0.80 & 0.04 s~! in the LECS, MECS
the data reduction and preparation. Sect. 3 and 4 deal with #mel PDS, respectively.
timing and spectral analysis of BeppoSAX data, respectively. In In this papet errors are quoted at 90% level of confidence
Sect. 5, we compare our findings with a reanalysis of archiviar two interesting parameters\§? = 4.61, Lampton et al.
ASCA data of the same object. The results are discussedlBv6); energies are in the source rest frame; the cosmological
Sect. 6. parametergy = 0.5 andH, = 50 km s~ Mpc—! are assumed,

unless otherwise specified.

2. Data reduction

The Italian-Dutch satellite BeppoSAX carries four co-aligne%l' Timing analysis

Narrow Field Instruments. Two of them are gas scintillatioNGC 4593 is well known to display rapid fluctuations in X-rays,
proportional counters with imaging capabilities: the Low Erwith two-folding time~ 1.1 h (Barr etal. 1987). The count rates
ergy Concentrator Spectrometer (LECS, 0.1-10 keV, Parniaithe BeppoSAX instruments span indeed a dynamical range
et al. 1997) and the Medium Energy Concentrator Spectronoé-about a factor of 2 on timescales as lowdas10* s. We have

ter (MECS, 1.8-10.5 keV, Boella et al. 1997b). The other twtherefore extensively searched for spectral variability associ-
instruments are direct-view detectors, seen through a rockaigd with the flux changes, extracting light curves and Hardness
collimator to achieve a continuous monitoring of the baclRatios (HR) in different energy bands and with various binning
ground: the High Pressure Gas Scintillator Proportional Countanes. In Figd L anld 2 we show the light curvesinthe 0.7-3 keV,
(HPGSPC, 4-120 keV, Manzo et al. 1997) and the Phoswit8h10 keV and 13—-200 keV with the corresponding contiguous
Detector System (PDS, 13-200 keV, Frontera et al. 1997). THR. The bands have been chosenin order to sample energy inter-
HPGSPC is tuned for spectroscopy of very bright sources withls where different spectral components dominate, see Sect. 4.
good energy resolution, while the PDS possesses an unpreéaggarticular, the softer band is affected by the warm absorber,
dented sensitivity in its energy bandpass. Only LECS, MEGhich is basically transparent for photons of energy higher than
and PDS data will be considered in thgaper The HPGSPC 3 keV. No significant variability of the HR is detected. If a fit
data points could not in fact provide significant constraints avith a constant is performed on the 3-10 keV vs. 0.7-3 keV
the spectral shape of NGC 4593. HR, thex? is 29.3 for 38 degrees of freedom (dof). The same
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Fig. 1. Light curves in the 0.7-3 keV (LECSipper panél and 3— Fig.3.0.1-3 vs. 3—10 keV HR versus the 3-10 keV count rate. Each
10 keV (MECS,central pane) energy bands and the correspondingata point corresponds to a 2048 s light curve bin
HR (lower pane). The binning time is 2048 s. The light curves are not
background-subtracted
order to have 16 energy channels in the 14—200 keV band. The
E T T 3 spectra of the three detectors have been fitted simultaneously.
F—e— e 3 Numerical relative normalization factors among the BeppoSAX
E[3-10 xev] 3 instruments have been added to all the following spectral fits.
N e e _— The reasons is two-fold: a) the BeppoSAX instrument response
A B T — matrices employed in thigaper(September 1997 release) ex-
E { —— 3 hibit slight mismatches in the absolute flux calibration; b) the
F[13-200 KkeV] — — 4 4 sampling of the instruments is not strictly simultaneous, due
Y S = to the need for operating the LECS only during satellite nights
———— — — i or the different data selection criteria between imaging instru-
E—— E ments and the PDS. This can affect the flux measured in vari-
F-T T —t === E :;ﬁ%* 1  able sources as NGC 4593. The LECS to MECS factor has
- ‘ 3 been left free in the fitting procedure, and turns out to be com-
prised in the range 0.74-0.76, which is consistent with typical
_ _ ) values observed so far (0.7-1.1: Grandi et al. 1997; Haardt et
Fig. 2.Lightcurvesinthe 3-10keV (MEC8pper pangl, 13-200keV 5 - 1998. cysumano et al. 1998). The PDS to MECS factor
(PDS,central Paf‘e)' energy bands and the correqundlng Htﬂv_(er has been instead held fixed to 0.8, as the available statistics
pane). The binning time is 25000 s. The MECS light curve is not S . .
background-subtracted was not good enough to provide m_dt_aper_]dent constraln_ts on it.
This value corresponds to the multiplication of the best fiducial
value estimated by Cusumano et al. (1998) by 0.82, to account
quantity for the 13—200 keV vs. 3-10 keV HR is 4.8/6 dof. Aor the effect of the PDS RT selection algorithm employed (see
tiny perturbation of the intermediate X-ray flux ir2ax 10* s Sect. 1). The systematic uncertainty on this parameter can be
interval around) x 10? s after the beginning of the observaestimatedt10%. Spectral fits have been performed in the 0.1—
tion is not accompanied by a similar phenomenology in the sdftkeV (LECS), 1.8-10.5 (MECS), 14-200 keV (PDS) energy
X-rays and yields therefore a decrease of the HR by a fachamnds.
~ 15%. However, no variation in the spectral parameters above
the statistical uncertainties has been detected in time-resolye :
spectroscopy (assuming the baseline model of Sect. 4.1). S%'rhf' Continuum shape
ilar results are obtained if the bands 0.1-3 and 3-10 keV dreFig.[4 the result is shown, when a simple power-law model
considered (see Figl 3). We will therefore focus in the followingith photoelectric absorption is applied. The quality of the fit
on the time-averaged spectral behavior. is rather poor {2 = 262.6/122 dof). The main deviations are
due to: (a) an absorption feature startingrat- 0.7 keV; (b) a
prominent emission line with centroid enery~ 6.5keV; (c) a
“bump” in the PDS band, peaking at enery~ 25 keV. The
The spectra of the imaging instruments have been rebinnedeasiduals between 0.3 and 0.6 keV (immediately red wards the
order to sample the intrinsic energy resolution of the detecta@issorption feature) are systematically positive. In principle, this
with 3 (LECS) or 4 (MECS) energy channels. Each channel hamsy be due to the emergence of a soft excessin this energy range.
at least 30 counts, which ensures the applicabilitydttest. However, the recovery of the residuals to values consistent with
The PDS spectrum has been quasi-logarithmically rebinnedzero below 0.3 keV leads to the suggestion the the above fea-

Cts/s

Cts/s

150.102030401020304

1

HR

0.5

| L L | L L L | L L L L | L M
o 5x10% 10°% 1.5x10°
Time (s)

4. Spectral analysis
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Table 1.BeppoSAX best-fit resultsva= photoelectric absorption from neutral matigo= power-law;px= Compton reflectionga= Gaussian
line; ed= photoionization absorption eddak = broken power-law

Model Nu r R E. o EW  Euw 0rEpreac 7 OF Teog x?/ dof
(10%° cm™2) (keV) (keV) (eV) (keV)

wa*po 1.55431%  1.70+£0.04 262.6/122

wa*px 1.9402 1.7940.04 0.94+54 183.9/121

wa*(px+ga) 1.940.2 1.804+0.04 0.8+3% 6.41£31 02483 17047 134.8/118

wa*ed*(px+ga) * 2.34+0.3 1.87+0.05 1.1+04 6.42+317 0.3+53 190433  0.77+588  0.43+31%  98.5/116

wa*ed*(px+ga) P 2.3+03 1.86+0.05 1.0435 6.42451% 0.34+33 200+£1° 0.78 £0.06 0.424517  99.0/116

wared*(px+ga) ©  1.5+1] 1.96+£333  0.6+£50  6.5433 0.5+59 280411 0.68+0.03 0.30+£34% 1396.4/1357
0.83+3:8%  0.134£898

wa*(bk+px+ga) 14403 1874882 1.2483 6.424318 04435 240+8° 22405 1.67+0.07 133.6/116

20 =0;

b9 = 30°, “baseline model” in text.

¢ fit on the ASCA data (see Sect.5)

infinite slab). The best-fiR andT" are basically unaffected, if
] one assumes that the reflector is seen face-enq = 0°). The
- ] “paseline” model yields a very goog? = 99.0/116 dof. The
| Table[1 reports the best-fit parameters and results.
It is worth noticing that no soft excess above the extrap-
olation of the high-energy power—law is required. A model,
] where one replaces the absorption edge with a continuous
NI break of the primary power-law provides a much worse fit

-1
0.1

01

0.

Counts s™! keV

1073

) .
H +

€ zf o ’+ i HM | + o i (x* = 133.6/116 dof) and leaves significant residuals in
3 oL+ %fﬂﬂi}ﬁ, g M#MWM*WM j Qﬁgﬁ%{ the 0.2-1.3 keV energy range. Moreover, the best-fit spec-
%’ j r t HW | M W ] trum is convex i(e.. T'yor, < I'), further demonstrating that
= ;1 " 5 . J no soft excess is present in the data. The inferred absorb-

Energy (keV) ing column density is consistent with the Galactic contribu-
tion along the line of sight as measured by Elvis et al. (1989,
Ny, = 1.97 x 102° cm~2). The best-fit model and decon-
volved spectra are shown in Aig. 5. The 0.1-2 keV, 2-10 keV
and 20-100 keV fluxes are 2.11 x 1071, 3.74 x 10~ !
and7.22 x 10~ erg cnm2 s71, respectively. They correspond

. . . . rest frame luminosities 05.80 x 10*2, 1.03 x 10** and
ture is simply the typical wavy residual produced by a mls—ftif) 9 x 10% erg s°!, respectively.

absorption edge (see e.g. Nandra & Pounds 1992). The Bep-
. The unprecedented BeppoSAX energy coverage allows the
poSAX broadband allows to study simultaneously the whole e . -
sgnultaneous determination of the primary radiation steepness

spectral complexities expected on the basis of previous ban o : ;
limited measures of this object and of the Seyfert 1s as a clglsns(?I of th_e Compton_ reflection intensity with the best accuracy
) “ o ever achieved. In Fi@l6 the contour plot for the photon index
(cf. Sect. 1). We have then defined a “baseline” model, where . o
. rsus the relative normalization between the reprocessed and
a Compton reflection component from a neutral slab (model

pexrav in XspEC, Magdziarz & Zdziarski 1995), an emis-P"'Mmary cc.)mponentR. 'S Sh.ow.”: The latter parameter is 1 if
N L oaT : the, reflection occurs in an infinite, plane-parallel slab and the
sion line and a photoionization absorption edge are superposed

to the photoelectric absorbed power—law. The possibility thap ary source emits isotropically. Higher values are formally

the reflecting matter is substantially ionized is not required pssible, and may be due 1o the geometry of the reflecting mat-

the data. The model depends on the heavy element abunda@%é%orfgg?n?ﬁgélﬁé?g' moaf tcr?gcﬁ\rﬁa?wgg;?ig ?)Cri:)egzg-
(which has been held fixed to the solar one), and on the an%!e ' Py P Y '

between the normal to the slab and the line of sight (“inclinati yed response of the reflecting matter to changes of the primary
angle”6). 6 has been held fixed t&0° hereinafte?(the best_ﬁt%x. At 90% level of confidence for two interesting parameters,
value arising from a fit of the iron line profile with a reIat_i\_/is-ﬂi];g;]f\tsi?r:n;ﬁ;g:;;gﬁg%‘lg?ﬂ“’evﬁsgi'tﬁi 6:2]5: elc'grllan:Z;(;?
tic model, see Sect. 4.2). The only free parameter in add|t|onq % confidence interval between 0.6 and 1.6). Any cut-off of

the power-law model of the continuum is the relative norm S . . . .
o . e intrinsic power-law is constrained to lay at energies higher
ization R between the reflected and the primary componeq S

(equal to 1 for an isotropic source, illuminating a plane-paralle en 150 keV (see Figl 7). Itis worth noticing that the statistical

Fig. 4. Spectra and best-fit modelper panél and residuals in units
of standard deviationsawer pane) when a simple power-law model
with photoelectric absorption is applied
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Fig. 5. Left: spectra and best-fit modelgper panél and residuals in units of standard deviatiolesver pane) when the “baseline” model is
applied Right:unfolded energy spectrum and best-fit model (solid lines). The direct and reflected continuum and the emission line are separately
indicated with dotted lines. The location of thev@ photoionization absorption edge in the observers frame is labeled
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Fig. 6. Contour plot of the relative normalization between the primaryig. 7.Contour plot of the cutoff energy of the primary power-law com-
and Compton reflected spectral components versus the intrinsic phgionent versus the photon index when the “baseline” model is employed
index, when the “baseline” model is employed. lgbcurves are at
68%, 90% and 99% confidence level for two interesting parameters
(Ax? =2.3,4.6and 9.2)
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relative uncertainties ofi andR are rather small, despite the—~ ST
strong correlation between the two parameters (note the strongly
inclined contour plot in Fig.I7). For comparison, the single pa= = |
rameter 68% statistical errorA(’ = 0.02 andAR/R = 0.17) I
are 4.5 and 3.5 times smaller than the ones obtained from the « |
Ginga observations of the same Seyfert 1 (Nandra & Pounds ©

1994). It should however be noticed that the residual systematic |

L 0N

uncertainties on the relative PDS to MECS normalization fac- sz 6.3 64

RS RS SR SR S N S S S
6.5 6.6 6.7
E_ (keV)
c

tor affect the accuracy of both these parameters, with additional

L o o .
uncertainties of about 1% and 30%, respectively. Fig. 8. Contour plot of the intrinsic width versus the centroid energy

of the iron line, when the “baseline” model is employed
4.2. Onthe K iron line

The centroid energy of the iron line is well consistent with K 300 eV). We have tried also alternative parameterization of the
fluorescence from neutral iron. The line is broad if a simplae. Adding a further “narrow” linei(e.: intrinsic widtho held
broad Gaussian profile is used to describe it (seelFig. 8); fhed at zero) to the “baseline” model results in no improvement
intrinsic width is comprised in the range 60-600 eV at 90% levef the quality of the fit A\x? = 0). Given the intrinsic width
of confidence for two interesting parameters (best-fit vatue of the line and the agreement between the derived best-fit line
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3 models of the spectra transmitted through a ionized gas in ther-
mal and ionization equilibrium, when the SED is the one ob-
served in NGC 4593 (Santos-ldeet al. 1995). They depend
on the ionization parametds (defined as the dimensionless
ratio between the number of Hydrogen ionizing photons and
the electron density of the gas), and the warm column den-
E sity Nw. The fit is comparably good as the phenomenolog-
I % , , — ical description of the “baseline” modekf = 104.6/116).
3 I | w * n The best-fit Qarameters of the warm absorbing matter are
i ﬂf g%%wwwwwmmm% Nw = (2.5413) x 10?! cm~2 andlog(U) = —0.7 4 0.3. For
F I | { t asource withv,,, ~ 1.20, the best-fi corresponds to a value of
e . : 0 the more commo# = L/n?R ~ afew. The continuum parame-
Energy (keV) ters are slightly affected(= 1.92 + 0.10; R = 1.3 £ 0.5), but
remain consistent with the one of the “baseline” model within
the statistical uncertainties.

0.1

Counts s~ ! kev™!

0.01
T

T |

Residuals (o)
-4-20 2 4
T

Fig. 9. Spectra and best-fit modalgper panél and residuals in units
of standard deviationddwer pane) when the modified BeppoSAX
“baseline” model is applied to the January 1994 NGC 4593 ASCA

observation. Only SIS1 and GIS3 data are shown for clarity 5. Comparison with ASCA and ROSAT results

Nandra et al. (1997) detected with ASCA a wedk\ =
EW and the theoretical expectations if the line is produced in 8033 eV) and narrow iron line, whose best-fit parameters are
X-ray illuminated relativistic accretion disk (Matt et al. 1992)inconsistent with the ones corresponding to the “baseline” Bep-
we have tried to use a self-consistent model of line emissipaSAX best-fit model. We have therefore re-analyzed the ASCA
from a relativistic accretion disk (modeiskline  in Xspec, observation to check the robustness of the iron line variability.
Fabian et al. 1989). If all its parameters are allowed to be frédSCA (Tanaka et al. 1994) payload include a pair of Charged-
most of them are totally unconstrained. No further constraiaoupled devices (SISO and SIS1, 0.57-9 keV) and a pair of
comes from the ASCA data as well (Nandra et al. 1997). If@as scintillation proportional counters (GIS2 and GIS3, 0.7-
is assumed that the inner radiBs of the emitting region is 6 10 keV). It observed NGC 4593 on January 9, 1994. Spectra
gravitational radii R = GM/c?); the emissivity law index is have been extracted from the screened event files, which have
equal to—2.5 (Nandra et al. 1997); the inclination of the lindeen filtered according to standard criteria, using extraction radii
and Compton reflection continuum emitting region is the sanf;2.30, 3 and 6 for the SIS1, SISO and GIS, respectively. Net
and the line is neutral.e.: E. = 6.4 keV); thend = 32°4+%3, exposure times amount to 30 and 33 ks for the SIS and GIS,
log(R,) > 2.1 andEW = 240+ eV. The quality of the iron respectively. The spectra have been rebinned in order to have
line modeling §? = 98.9/114 dof) is comparably good as forat least 20 counts per energy channel. Background spectra have
the broad Gaussian. been extracted from blank sky pointing event files, using the
same extraction region in detector coordinates as the source.
The same BeppoSAX “baseline” model has been applied to
the spectra of all detectors simultaneously, except for the fact
In 12 out of 24 Seyfert galaxies observed by ASCA, absortitat ASCA is capable to resolve ther@ and Ovrir absorption
tion edges from ionized species of oxygen have been deteatedes. The parametRt which cannot be constrained by ASCA
(Reynolds 1997), which have been interpreted as the imprintigigen the limited bandwidth of its instruments, has been forced
of warm gas along the path from the nucleus and us. NGC 4583%e comprised in the 90% confidence level range determined
is one of these objects, and the BeppoSAX observation cdry-BeppoSAX datai,e.. 0.6—1.6. The time-averaged 2—10 keV
firms this outcome, thanks to the detection of an absorptiiox in the ASCA observation is very close to that measured
edge with threshold enerdy;;, = 0.78 4 0.06 keV. The edge by BeppoSAX F ~ 3.70 x 107! erg st cm~2). No signifi-
energy is consistent with the K-photoionization threshold enant deviation exists between the ASCA and BeppoSAX best-fit
ergy of Ovii. We have tried to give a qualitative characteriparameters, with the exception of a slight steepening of the in-
zation of the ionization and chemical structure of the absorinsic power-law AT = 0.10+9:39, cf. Tablel). In particular,
ing matter, by tentatively including in the fit four absorptiorthe iron emission line best-fit parameters are consistent with the
edges, with threshold energies held fixed to the values expeadeé obtained from the BeppoSAX data analysis within the sta-
from Ovi (0.739 keV), Q1 (0.871 keV), Nex (1.196 keV) tistical uncertainties and there is no evidence for a much weaker
and Ne& (1.362 keV). However, the available statistics is ndine in the ASCA data. It is worth noticing that no soft excess
good enough to give us significant constraints. Only theiO is required. The ASCA spectra and residuals against the best-fit
edge yields a significant detectioror = 0.327017), while are shown in Figl9.
only upper limits can be obtained for the other three edges Walter & Fink (1993) report the measure of a very steep
(Tovir < 0.22, Tnerx < 0.05, Tnex < 0.03). UsingCroupy  (I' = 2.5) intrinsic spectral index with ROSAT. However, their
(Ferland 1996), we have constructed a grid of self-consistemtalysis does not take into account the possible contribu-

4.3. The warm absorber
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tion of a ionized absorber. We therefore reanalyzed the datanbination of gravitational and Doppler effects if the photons
of a pointed NGC 4593 ROSAT/PSPC observation, to comndergo the effects of the gravitational potential of a supermas-
pare BeppoSAX and ROSAT findings. The ROSAT obsesive black hole. The- 200 eV EW is around the expectation
vation was performed July 14 1992. The average spectrualues if the AD matter has nearly solar abundances, given the
was extracted, using a circular region aboltaius around measured value dR (Matt et al. 1992). NGC 4593 does not
the source centroid. The background spectrum was extracsedfer the iron overabundance problem that affects the relativis-
from a surrounding annulus of radii34and 75, after re- tic iron line measure in some bright objects (among which the
moving a 2 circular area around a weak serendipitous sourbest studied case so far: MCG-6-30-15, Tanaka et al. 1995; see
at aappo = 12"39™39%.2, dag00 = —5°26/13”. Total exposure also Nandra et al. 1997) or to require a contribution from a nar-
time is 1261 s. Publicly available response matrices, approw line component, which may originate in the molecular torus
priate for the epoch of the observation, were employed asdrrounding the nuclear environment in the unification scenario
spectral fit were performed in the energy range 0.1-2 ke(Ghisellini et al. 1994, Krolik et al. 1994), and observed in sev-
where these matrices are best calibrated. A simple power-laval cases (Guainazzi et al. 1996; Weaver et al. 1997; George
model with photoelectric absorption is an adequate descrgi-al. 1998; Guainazzi et al. 1998a). The line properties can in
tion of the spectrumy® = 9/17 dof), with best-fit parameters: principle constrain the location of the emitting region and the
Ny = (2.1 4£0.5) x 102° cm=2, T' = 2.134+912, 0.1-2 keV geometry of the AD. Fitting the iron line profile with a relativis-
flux ~ 1.26 x 107! erg cnm2 s~1. The intrinsic spectral index tic model allows us to constrain the inclination of the system
derived by ROSAT is indeed steeper than measured by Bép— 32°+23), under the assumptions that the bulk of the iron
poSAX or ASCA, but by an amount much smaller than reportdide emitting region is neutral.

by Walter & Fink (1993). The soft excess abové a= 1.86 The combination of intermediate X-ray continuum and iron
power-law is only 20% in flux against the 270% reported bgmission line properties is hence perfectly consistent with the
these authors. The different energy band-passes in which skendard picture for the production of high-energy radiation in
spectra are taken, or slight residuals misalignment in the crélss nuclear region of radio-quiet nearby AGN. The primary
calibration between ROSAT detectors and other missions (cntinuum, with the “canonicall’ = 1.9 power-law index, is
Yaqgoob et al. 1994; lwasawa et al. 1998; Iwasawa et al. 19989tropically produced in the neighborhood of the nuclear su-
may easily account for this effect. Interestingly enough, no apermassive black hole and reprocessed via Compton down scat-
sorption edge is required by the ROSAT data despite the betening and fluorescence by an optically thick and geometrically
effective area of the PSPC in comparison to the LECS (the ¢hin Shakura-Sunyaev disk (Shakura & Sunyaev 1973), whose
ergy resolutionis comparable at 0.5 keV). The upper limit on tlextension is much larger than the typical size of the primary con-
optical depth of a 0.77 keV absorption edge is 0.26. This migiimuum production region. The reprocessing matter does not ex-
be suggestive of a long-terpositivecorrelation between flux hibit any substantial ionization or deviation from cosmic abun-
and warm absorber features, since the 0.1-2 keV flux is 60%diances.

the ROSAT observation than in the BeppoSAX one. This aspect EXOSAT (Ghosh & Soundararajaperumal 1993; Santos-
may be worth further investigation by future X-ray monitorind.le6 et al. 1994) observed a strong and remarkably variable
programs. soft excess. Its intensity was between 0 and 45% of the extrap-
olated high-energy flux in seven EXOSAT observations, when
soft and intermediate X-rays were measured simultaneously. In
EXOSAT data, it seems to exist no obvious correlation between
The broadband (0.1-200 keV) X-ray spectrum of the Seyferthe soft excess and the intermediate X-ray flux or spectral in-
galaxy NGC 4593 shows most of the typical features of ifiex (Santos-Ll@ et al. 1994). Santos-Ldeet al. (1994) discuss
class. The continuum is well described by the superpositiontbe soft excess in terms of thermal emission from an accre-
a power-law primary component with~ 1.9 and a Compton tion disc and conclude that the maximum temperatDsg.
reflection component. The spectral index is broadly consist&hould be~ 210 eV. Such a disk blackbody component would
both with Ginga (Nandra & Pounds 1994) and ASCA (NandRe clearly detectable by the LECS (if not by the ASCA/SIS). If
et al. 1997) measurements, and close to the typical values Wg-add to the BeppoSAX “baseline” model the emission from
served in Seyfert 1s as a class (Nandra & Pounds 1994, Nar@jidisc blackbody with temperature at the innermost disk ra-
et al. 1997). The best-fit nominal valuesRiis consistent with diusT = 100 eV = 0.488Tax (Pringle 1981), its luminosity is

a slab geometry for the reflecting matter. The reflection cors-3 x 10*> ergs™'. A possible physical explanation for the dis-
ponent is therefore likely to originate in an X-ray illuminated@ppearance of the soft excess may be a cooling of the disc tem-
relativistic accretion disk (AD), which subtendsa2r solid ~perature profile, which shifts',,.. out of the BeppoSAX sen-
angle from the nuclear source. This picture is consistent with tpiéve bandpass. Alternatively, the lack of soft excess detection
properties of the iron emission line. Its centroid energy is wélpuld be simply due to the improved continuum determination,
consistent with K fluorescence from neutral or mildly ionizedmade possible by the broadband BeppoSAX spectral coverage.
iron (E. = 6.42+0-13). The line is moderately broad (~ 0.3). The 2-6 keV spectrum, against which Santoldeal. (1994)
Fluorescence iron lines are expected to be produced, along vi@asured the soft excess in EXOSAT data, was flatter than in
the Compton reflection continuum, in AD and broadened by tR&r BeppoSAX baseline modet(I'exosar ~ 1.73 >). Ifone
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fits the LECS/MECS data between 2 and 6 keV, one gets indeé&ghinazzi M., Piro L., Capalbi M., et al., 1998b, A&A 339, 337

I' ~ 1.76. Extrapolating this power-law in the 0.1-2 keV BepGuainazzi M., Matt G., Molendi S, et al., 1999, A&A 341, L27
poSAX/LECS leaves acomplex residual spectrum, with positivtgardt F., Fossati G., Grandi P., et al., 1998, A&A 340, 35

and negative wiggles, dominated by the1®absorption fea- Holt S.S., Musho_tzky R.F., Becker R.H., et al., 1980, ApJ 241, L13
ture. The interpretation of this residual spectrum in the bro&psawa K., Fabian A.C., Reynolds C.S., et al., 1996, MNRAS 282,
EXOSAT/LE filters is not totally unambiguous. We conclud? 1038

that the claimed soft excess might be simply an artifact, due %asawa K., Brandt N.W., Fabian A.C., 1998, MNRAS 293, 251
9 ply ’ Iwasawa K., Fabian A.C., Nandra K., 1999, MNRAS, submitted

extrapolating the 2-6 keV spectrum into the low energy f”t%'bhnson W.N., Grove J.E., Kinzer R.L., etal., 1993, AAS, 183, 640
EXOSAT energy bandpass and/or to fitting a complex ionizedo|ik 3.H., Madau P., Zycki P.T., 1994, ApJ 420, L57
absorber with the Galactic cold photoabsorption only. On th@mpton M., Margon B., Bowyer S., 1976, ApJ 208, 177
other hand, the lack of soft X-ray excess is in line with the lagkaor A., Fiore F., Elvis M., Wilkes B.J., McDowell J.C., 1997, ApJ
of blue bump in this source (Santos-blet al. 1994). 477,93
Another new result emerging from the BeppoSAX observatadejski G.M., Zdziarski A.A., Turner T.J., et al., 1995, ApJ 438, 672
tion of NGC 4593 is the lack of any significant cutoff on thélagdziarz P., Zdziarski A.A., 1995, MNRAS 273, 837
primary power-law, a lower limit 0., being~ 150 keV. Malizia A., Bassani L., Malaguti G., et al., 1997, Mem. Soc. Astron.
This outcome is consistent with the measures of cutoff energies ltal. 68, 145
on individual sources available so far: NGC 4151 (70-270 kelv,anzo G, Giarrusso S, Santangelo A, etal,, 1997, ARAS 122, 341
. . A att G., Perola G.C., Piro L., 1991, A&A 247, 25
Zdziarski etal. 1995; Piro etal. 1998), IC4329A (240-900 ke ¢ " perola G.C., Piro L., Stella L., 1992, AZA, 257, 63
Madejski et al. 1995), MCG-6-30-15 (100—390 keV, G“a'”azﬂushotzky R.F., 1984, Adv. Sp. Res. 3, 10
etal. 1999), and NGC 5548 (110—200 keV; Nicastro et al. 199%U3h0t2ky R.F., Done C., Pounds K.A., 1993, ARA&A 31, 717

o . Nandra K., Pounds K., 1992, Nat 359, 215
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