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Abstract. The Seyfert 1 galaxy 1E 1615+061 was observed Fink 1993; Puchnarewicz etal. 1996; Laor etal. 1997), probably
display a very steed(~ 4.2) and intense soft X-ray spectrumthermal emission from an accretion disk (Czerny & Elvis 1987).
during a HEAO-1 A2 observation in the 1978. Such an excepttempts to fit disk models to the optical/UV spectra of single
tionally soft X-ray state has never been observed subsequerthjects have been generally successful (Laor 1990; Bechtold et
but the source has continued to exhibit a large (up to a fa:, 1994; Kuhn et al. 1995), but have been unable to signifi-
tor 6) range of X-ray intensity variability. The overall UV/X-cantly constrain the emission process due to the large number
ray spectrum of this source, observed during a multiwavelengthfree parameters. On the other hand, multiwavelength and/or
campaign in 1991-1992, can be well fit with a self-consistersample studies generally fail to reproduce the energy spectrum
low-M accretion disk model. In this model, the soft X-rays resufredicted by disk models (Ulrich & Molendi 1995; Laor et al.
were suggested to arise from reflection of the nuclear emissi#07). Moreover, the good correlation between the optical and
by mildly ionized ¢ ~ 100) material in the inner regions of UV variations observed from some Seyfert galaxies (Peterson
the disk. In thisPaperwe report the results of an ASCA ob-etal. 1991; Clavel et al. 1991) argues against the UV originating
servation in 1995 August, which give a direct confirmation dfom thermal emission in an accretion disk.

such a scenario. The spectrum may be modeled as a power-lawan alternative possibility is to explain the soft and hard X-
with a photon index of 1.8, together with absorption consigay emission in a common framework. The key concefeiiso-

tent with the galactic line of sight value, substantial reflectiafbssing There is good observational evidence that the primary
from ionized material and an iron fluorescent Emission line.  continuum emitted in the nuclear regions of active galaxies is
The centroid energy<6.6-6.8 keV) implies a ionization stagestrongly reprocessed by optically thick matter surrounding a su-
> Fexix. The line profile is consistent with that expected frorgermassive black hole. The strongest evidence comes from the
akinematically and gravitationally distorted line around a blagiscovery of a “Compton bump” and fluorescent Kmission
hole. These results provide the first direct evidence for the §atures from neutral or mildly ionized iron in the spectra of
istence of considerable amount of ionized material around t4gumber of Seyfert 1 galaxies (Pounds et al. 1990; Piro et al.
nucleus of a “oroad” Seyfert 1 galaxy. 1990; Nandra & Pounds 1994). The discovery of the gravita-
tionally and kinematically distorted profile of the iron line in a
deep ASCA observation of the Seyfert 1 galaxy MCG-6-30-15
Key words: X-ray: galaxies — galaxies: Seyfert — galaxies: infTanaka et al. 1995), and the general evidence that iron lines in

dividual: 1E 1615+061 — accretion, accretion disks Seyfert 1 galaxies are indeed broad (Nandra et al. 1997a) in-
dicates that the iron line emitting region is located close to the
1. Introduction black hole.

. . . An accretion disk can be an effective low-energy reflector if
In many Seyfert 1 galaxies and radio-quiet quasars, the extrﬁ% substantially ionized (Matt et al. 1992ycky et al. 1994).

olation of the intermediate (2-10 keV) X-ray emission to th‘?his may provide a clue to link the hard X-rays and the soft X-ray

soft (0.1-2 keV) energy range reveals evidence for the presegggesses. A hardening of the spectrum above a few keV (Matt et

of soft excesses. These soft excesses are generally well corfe- - . ; . .

. . L . al."1993;Zycki et al. 1994)xndiron lines corresponding to He-

lated with the optical/UV emission bumps. This supported the' "~ R
: or H-like states (Mattetal. 1992ycki & Czerny 1994) are clear
hypothesis that they are the same spectral component (Walter. . : . .

sighatures of an ionized disk. There is currently no compelling

Send offprint requests t. Guainazzi, evidence for ionized iron lines in the “broad-line” Seyfert 1s
(mguainaz@astro.estec.esa.nl) (Nandra et al. 1997a), but there is growing evidence for them in
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the spectra of Narrow Line Seyfert Galaxies (NLSy1, Comastri = ‘ ‘ _ Pntme 0% <
et al. 1998; Turner et al. 1998), and intermediate luminosity | <S[<0 4

quasars (Nandra et al. 1996). e ]

The Seyfert 1 Galaxy 1E1615+06% £ 0.038) is one . | 4 ++ ]
of the few objects where the spectral and temporal behay- S - ++++++ ++ ]
ior from UV and X-ray observations can be self-consistently _ | —+4- ]
explained by an ionized accretion disk. The soft X-ray
spectrum of 1E 1615+061 is highly variable, both in inten-
sity and spectral shape. The source was discovered during | (QS2 ]
the all sky survey by the Low Energy Detectors on board 4 ]
HEAO-1 and was identified with a Seyfert 1 galaxy withS } A ++ + ++ ]

an unusually steep (photon ind&x= 4.2 +0.6) and in- % I + + ++

¢]

0.29.25

0.2

tense Fo5_4.5kev = (3.4 £0.6) x 107! erg cnr 2 s71] X-
ray spectrum followingEinstein IPC and HRI observations

15

0.

(Pravdo et al. 1981). The source was observed by EXOSAT to 0 2x10t Time4>(<sl)04 6x10"
be in a 100 times fainter state than observed by HEAO-1 (Piro Start Time 9949 13:19:48:703  Stop Time 9950 7:23: 8:703

etal. 1988). The EXOSAT spectrum was similar to that of othEIr
Seyfert galaxies. Piro et al. (1988) suggested that this behayi
could be explained in terms of an highly variable soft X-ray
excess, which dominates the emission at high luminosities. A
campaign of simultaneous observations using ROSAT and IUE
and nearly-simultaneously withinga(Piro etal. 1997, Paper 1) SIS data were acquired in the 2-CCD FAINT mode and con-
as well as a ROSAT observation in 1992, found the source atamted to BRIGHT mode for scientific analysis. GIS data were
intensity 6 times brighter than observed by EXOSAT (althougklemetred in the default PH mode. Standard selections were
still much fainter than at the time of the HEAO-1 observationgpplied to the data to avoid Earth occultation (angle between
These observations confirmed the presence of a variable softtee- pointing direction and the Earth’s limb 10°), the bright
cess, whose relative strength compared to the underlying powearth (angle between pointing direction and day-night termina-
law increases with luminosity. Self-consistent accretion diskr > 20°) and particle (momentum associated with Geomag-
models can reproduce the observed multiwavelength spectraimetic cut-off rigidity > 6 GeV /c) contamination. Additionally,
low accretion rate regimé{ = Lk /Lraa =0.03-0.1), where data obtained within 32 s after any South Atlantic Anomaly pas-
the soft X-rays are dominated by reflection from the mildly iorsages were discarded. SIS grade 0, 2, 3 and 4 data were used.
ized regions of the disk. Interestingly, such a model left positicientific products were extracted from circular regions of 4’
residuals in the 0.5-0.8 keV ROSAT Position Sensitive Prop@nd 6’ radii for the SIS and GIS, respectively. Background sub-
tional Counter spectrum, which can be fit by an emission liiction was performed both with spectra extracted from source
with a centroid energ¥ = 0.66 &+ 0.10 keV and an equivalent free regions of the same field of view, or from blank sky event
width EW = 50 = 30 eV. Such a feature is consistent with K files from the same detector extraction region as the source. The
fluorescent emission from @1 or O viir (Paper I). two methods give results consistent within the statistical uncer-
If this scenario is true and the ionizing flux is not lower thatainties. The “field of view” and “blank sky” backgrounds were
in the state observed by ROSAT, a continuum component ab@v®sen for the GIS and SIS spectral analysis, respectively. The
afew keV @ycki et al. 1994) and ionized iron fluorescent lineield-of-view” procedure is preferred for the GIS in order to
(Matt et al. 1993Zycki & Czerny 1994) are expected in the 1-avoid the known contamination in the blank sky field caused by
10 keV spectrum. The ASCA scientific payload has moderatdlye presence of the Seyfert 2 galaxy NGC 6552 (Fukazawa et
good energy resolution at the energy of the iron linef; at  al. 1994), which strongly reduces the area available for spectra
6 keV) and good sensitivity in the whole 0.5-10 keV band. Axtraction. The “blank sky” method was instead used for the
search for these features was the motivation behind an ASSIS since significant source contamination occurs unless a very
observation, and in thiBaperthe relevant results are presentecgmall extraction ared.e.. < 2') is chosen. The energy range
used for spectral analysis are 0.57-9 keV and 0.7-10 keV for the
SIS and GIS, respectively. These were chosen to exclude low
(i.e. £ 10%) effective area regions and SIS calibration prob-
1E 1615+061 was observed by ASCA (Tanaka et al. 1994; MdRms around the K-edge of neutral oxygén 0.54 keV). The
ishima et al. 1996) between 1995 August 20 12:22 UT afetal effective exposure times after screening were 30, 29, 32.5
August 21 08:03 UT. The ASCA scientific payload consis&nd 32.5 ks for SIS0, SIS1, GIS2 and GIS3, respectively.
of a pair of CCD cameras (Solid-state Imaging Spectrometer, Data reduction has been performed viithooLs 3.6 pack-
SIS), which is sensitive in the energy range 0.4-10 keV, aade; spectral analysis made useXsfPEc 9.0. Version 4.0 of
a pair of gas scintillating proportional counters (Gas Imagirthe GIS publicly available redistribution matrices has been em-
Spectrometer, GIS), sensitive in the 0.6—-10 keV energy rangiyed. All energies are quoted in the source rest frame and

. 1. Broadband SISO and GIS2 light curves. The binning time is
0s

2. Observation and data reduction
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Fig. 3. Data/model ratio when a simple power-law model is applied
to the spectra of the four detectors simultaneously. Only SIBfper
pane) and GIS3 fower pane) data are shown. Energies are plotted in
Fig. 2.Zoom of the SISO full band and 4-10/0.5-4 keV HR light curvethe observer frame. Each data point has a signal to noisexagio
in the intervals 22000-32500 keft panel3 and 42500-54500 si@ht
panel3 after the observation start. The binning time is 1000 s. The
average percentage flux increase (decreasé)is is90+40% (30+ tween the SIS and GIS instruments was left as a free param-
17%) eter during the initial fits, but it turned out to be consistent

with unity (Na1s/Nsis = 0.9970°5%) and it was not included

in subsequent fits. The? is unacceptable (781 for 659 dof) and
uncertainties are given at 90% level of confidence for one i”t%'mainly due to a clear change in the spectral shape at ener-
esting parameterYx” = 2.71), unless otherwise specified.  gies>4 keV. This spectral hardening can be phenomenologi-
cally described using a broken power-law, with spectral indices
Tsore = 1.86 + 0.07 andl'y,,.q = 0.9 £+ 0.3 and a break energy
Epreak = 4.170 6 keV to give ay? of 718 for 657 dof. The addi-
Fig.[ shows broadband SISO and GIS2 light curves. An overgidn of an absorption edge with a threshold energy of 7.5 keV, or
increase in count rate by a facter50% during the? x 10* sob-  an emission line with a centroid energy of 6.58 keV improves the
servationis evident. We searched for spectral changes associgtgfity of the fit marginally A x? = 4.7 and 3.0, respectively).
with this variation by studying the hardness ratio (HR) betweerhis suggests that further spectral complexity is present in the
the counts in the 0.7-4 keV and 4-9 keV bands (these enem8 keV band. The 2—-10 keV flux &x 10~'2 erg cnm2 571,
ranges were chosen to sample different spectral componegigresponding to a rest frame luminositys x 103 erg s!.
see Sect. 4). The HR light curve shows no significant variatiomgis is comparable to the level observed Bingafive years
and they? for a fit with a constant straight line is 14.6 for 14earlier (Paper I).
degrees of freedom (dof). The light curve also displays signif- Spectral hardening above a few keV in Seyfert 1 galaxies
icant variability episodes on much shorter time scales. [Righds been interpreted as the effects of a Compton reflected com-
illustrates two such events as they were observed by the Sifhent arising from the reprocessing of the nuclear continuum
instrument. The implied minimum doubling/halving time is 1-py optically thick matter around the central black hole. In the
3x10* s. The HR seems not to be strongly correlated with th@ise of 1E 1615+061, this interpretation is further supported by
total flux on short timescales ¢ a few~ 10° s) either. Bet- the suggestion that reprocessing from a mildly ionized accretion
ter than available statistics is however needed to confirm thisk is the most likely explanation for the UV/soft X-ray emis-
suggestion. sion when the source was at a comparable luminosity level as in
the ASCA observation (Paper I). We have tested this hypothesis
with theXspEc modelpexriv  (Magdziarz & Zdziarski 1995),
which calculates in a self-consistent manner the spectrum pro-
The spectra of the four detectors were fit simultaneously, afthrced via Compton reflection of a power-law primary contin-
checking that the results of fits using individual spectra are camnism by a plane slab. The model depends on several parameters.
sistent within the statistical uncertainties. The data/model ralibie inclination anglé between the line of sight and the normal
is shown in Fig[B when a simple power-law model absorbédlthe slab has been fixed to3@ee alater discussion onthe iron
by cold matter is applied. A constant normalization factor béne profile properties for a justification of this choice). The iron

2.5%10*

3. Timing analysis

4. Spectral analysis
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parameters and results for the reflection model fits.

1.6

‘ l‘ ‘ ‘ ] T =5 x 10° K and ¢ = 80. Table[1 summarizes the best-fit

3 | Fig. [§ shows the contour plot of R (the relative normal-
I ization between the reflected and primary continua normaliza-

! tions) versud'. At the 99% level of confidence for two inter-

» 1 esting parameters, the reflection is stronger than expected by
- a plane-parallel infinite slab.¢.: R = 1), whereadl" lies in

the range 1.74-1.9. The value Bfis in principle correlated

i with the inclination. However, i#) is fixed to values in the

j : range 0-60 (reasonable for a Seyfert 1) the best-fit nominal

i ; ] values ofR vary correspondingly in the range 1.7-2.3, well

1.4
I
.

Jan)
\'%

Data/model ratio

. within the statistical uncertainties. The absorption cold column
10 density of Ny = 5.1721 x 102 cm~2 is consistent with the
Energy (keV) Galactic contribution along the line of sight to 1E 1615+061

— 20 ;m—2 Di
Fig. 4. Data/model spectral ratio when a power-law and ionized r&NH = 4.2 X_ 10 Fm , Dickey & Locl_<man 1990)'_ )
flection model is applied to the data of the four ASCA instruments We also investigated whether the iron feature is consistent

simultaneously. SISGi(led circles, SIS1 gquare$, GIS2 triangleg, With multiple components or a broadened structure. Such fea-
GIS3 (open circley. Each data point has a signal to noise rati6. tures are expected if the emission region is located well within
Energies are in the observer frame. The energies oflorescent the gravitational field of a supermassive black hole. If the width
emission for neutraldotted ling, He-like dashed ling and H-like ofthe line ifleftfree, thenthereis a significantimprovementin fit
iron (dashed-dotted lijeare indicated quality (Ax? = 25), withE ~ 7.1 keV ando ~ 1.6 keV. How-
ever, such a high centroid energy implies that the iron should
be almost fully in the He-like stage. We therefore performed
a new fit fixing the disk parameters to the appropriate values
abundance has been assumed cosmic. The thermal and ior{iza= 10*, T = 107 K). The line centroid energy was fixed at
tion state of the reflecting material is parameterized through @97 keV, corresponding to fluorescent emission fromxket.
temperaturdl’ and the ionization parametér= L/nr?, where The x? is comparable to that given by the narrow line fif (
L is the incident luminosityy the electron number density and=717 for 656 dof). However, the best-fit widttx (1.8 keV) and
r the distance between the primary continuum source and the equivalent widthEW ~ 2.5 keV) are unplausibly high,
reflecting material. The model is too complex and the numberwhile typical values for lines emitted by ionized disks are at
free parameters too large for the available statistics. If we allawost a few hundred eV (Matt et al. 1993). Unsurprisingly, the
both¢ andT to vary freely, they are not significantly constraine@mount of reflection is more than a factor of 3 lower than in the
by the data. That is unsurprising, since varying both parametaredels where the emission line is assumed to be narrow. We
affects the detailed shape of the spectrum below thei@dge regard therefore such a solution as unphysical, the line profile
and above the iron k-edgebe( < 0.7 keV and 2 7 keV in adapting itself easily to the spectrum curvature change due to
the observer frame), where the effective area of the ASCA dbe underlying continuum hardening. If we employ an intrinsic
tectors is low. The possible presence of an emission line, covidth of 0.43 keV, equal to the average value measured in the
sistent with K, fluorescence from F&xiii, suggests that the Nandra et al. (1997a) sample, the line turns out to be slightly
temperature is as high ds— 7 x 10° K, provided that¢ is in more ionized E ~ 6.7 keV) and intenseEW ~ 420 eV) than
the range 60—-300. We have therefore fifedt5 x 10° K. The in the narrow line case.
corresponding & confidence interval og is 40-100. Adding Alternatively, the addition of a second narrow Gaussian pro-
a narrow Gaussian emission line to the continuum significanflie yields a marginally significant improvement in fit quality
improves the quality of the fit{ x? = 14). The centroid energy (Ax? = 6). The best-fit parameters of this second component
isE = 6.5870-05 keV, corresponding to an iron ionization stagareE; ~ 6.01 + 0.15 keV andEW, ~ 80 + 50 eV. Itis tempt-
> x1x. The profile of the iron line is shown in Figl 4. Thé ing to associate the second component with the “red-horn” of a
in the “ionized” case is better than in the case when the digkavitationally- and dynamically- distorted Gaussian profile. In
is assumed to ba priori “neutral” (Ax? = 6 if ¢ is held fixed order to test this hypothesis, we fit the emission complex with
to zero, significant at 98.0% level). The improvement is evehediskline  model. The emissivity law coefficient was fixed
more significant when the emission line is includég€ = 14, at -2 and the inner and outer radii of the emission region were
significant at 99.96% level). Moreover, the line best-fit paranset to 10 and 40 Schwarzschild radii, following Paper I. We as-
eters are only slightly affected by the details of the underlyirmumed the inclination angles in tipexriv.  anddiskline
continuum description, and therefore the evidence that the limedels to be the same. The resultigtjof 700 for 654 dof is
indeed comes from highly ionized species of iron is rather rbetter than the double-Gaussian model. The rest energy of the
bust. We therefore assume in the following that the continudine photons corresponds to highly ionized irdh+ 6.8 keV)
is well described by the combination of a directly observezhd the EW is in the range 400-750 eV. If the inclination angle
power-law and a reflection spectrum from an ionized disk with left free to vary, a very marginal improvement of the quality
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Table 1. Best-fit parameters for the ionized disk reflection model. wa = cold absorber, pexriv = power-law and reflection from an ionized
disk, ga = Gaussian profile, diskline = model for a relativistic Gaussian pri¥ilg,. is the absorption additional to the galactic value of
4.2 x 10%° cm™2

Model Nu,,. r R E. o1 EW x?/dof
(10%° em™2) (keV) (ev) (ev)
wa*pexrav < 1.0 1.774£0.03  3.755% 732/657
wa*(pexrav+ga) <15 1.78%00s  3.6%50  6.581070 of 150 £60  726/656
wa*pexriv - ® <15 L75%00;  1.8%52 7261657
wa*(pexriv+ga) ¢ <20 17740.04 1832 6.5670 05 of 18015 712/655
wa*(pexriv+ga)  ° <3.7 1.7840.03 18+05 6.7+03 043  420+£150 705/655
wa*(pexriv+ga) ° <55 1.85+0.08 0.470% 6.97 1.815%  25007330°  715/656
wa*(pexriv+ga+ga)  ° <25 1.787002 L7808 6591000 o 200+ 90  705/654
6.01+0.15 of 80 & 50

wa*(pexriv+diskline) @ <09 1.82700%  1.879% 6.87073 5907150 700/656
Theld fixed

o7 =5 x 10° K fixed, & = 80
T =107 K, ¢ = 10*, both fixed

0.1

Cts s7! kev'!
0.01

-3

510

T T R T S T T NS SO SO NN N
1.75 1.8 1.85 1.9 L ) ) ) )
r 1 2 5

Energy (keV)

Residuals (o)
0

Fig. 5.1 versusR contour plot. 68%, 90% and 99% level of confidence ] ) ] )
iso-y2 curves are shown Fig. 6. Spectra (ipper panel and residuals in units of standard devia-

tions (ower pane) when an ionized disk and relativistic line model is
applied to the ASCA data. All detector spectra are shown simultane-
ously. Energies are in the observer frame. Each data point corresponds

- . 5 0
of the fit is achieved &y~ < 1). However, we can set a 90 A)to a signal o noise ratio 10

lower limit on the inclination angle of 22°5the other line and
continuum parameters are only marginally affected by its pre-

cise value. The spectrum, best-fitmodel and residuals are sh@erature ¥T ~ 280 eV) are hard to reconcile with our present

in Fig.[d. understanding of physical processes in the nuclear region of

We also searched for the low energy emission line detect®@@N and with the available observational results on Seyfert 1
in ROSAT data (Paper 1). Adding a further narrow Gaussiaftray spectra.
profile to our data does not produce any improvementinf
we fix the centroid energy & = 0.66 keV, the 90% confidence
upper limit to the EW is 20 eV.

There are a number of other possible different mechanisits 1615+061 displays a very complex and extreme soft X-ray
that could explain the spectral change obseggédkeV. A hard behavior, with intensity variations by one order of magnitude
component leaking through a patchy absorber could producersa timescale of years (Pravdo et al. 1981; Piro et al. 1988). In
soft excess at energies below the cut-off corresponding to taper |, Piro et al. (1997) proposed that an ionized disk plays
absorbing matter density. However, fits using this model do remt important role in determining the soft X-ray spectrum of this
converge, and reduce to the single absorber case. If a blackbsadyrce. A low ionization state disk would produce the very dim
component is added to the simple absorbed power-law a sigisifates observed, forinstance, by EXOSAT. A mildly ionized disk
icant improvement of the fit is obtainedh§2 = 31), but both (¢ ~ 100) in a low accretion rate regimé/{ < 0.1) could ex-
the very hard photon indeX’(~ 1.51) and the rather high tem- plain the intermediate states, as observed in the multiwavelength

5. Discussion
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IUE-ROSAT-Gingacampaign (Paper I). In that observation, ato assume that the reflector is responding to a brighter state
emission line was discovered with a centroid energy consistéimat occurred before the ASCA observation started. No spec-
with K, fluorescence from @11 or O viir. For higher accre- tral hardening occurred during tiée5 x 10* s duration of the
tion rates, the disk would become even more highly ionized aA&CA observation. The nuclear continuum should then be re-
one could expect an ionized iron line to appear in the X-rgroducing a very similar pattern of variability during the ASCA
spectrum. observation and during the previous brighter state. If this is in-
This prediction is nicely fulfilled by the detection of andeed the case, the bulk of the reflecting matter should then be
iron emission line in the X-ray spectrum of 1E 1615+061 rdecated 2, 10'> cm from the nucleus, og, 10°Rg for a black
ported here. The centroid energy in the source rest framehide with a mass o8 x 10°Mg. However, this conclusion is
6.6-6.8 keV and is formally inconsistent with emission froralmost at odds with the evidence, again coming from the ASCA
neutral or mildly ionized iron. The implied ionization stagedata, that the line is broad, as expected if it is produced in the
correspond to Fe- x1X. It is the first time that a “warm” iron immediate vicinity of a supermassive black hole (Matt et al.
line has been detected in a “broad-line” Seyfert 1. Such a hi92). The indication that the Compton reflected component
ionization state can be achieved in a thermally stable disk, ppyobably follows quasi-simultaneously the short-teira.(~
vided that the temperature is4 x 10°> K and the ionization a few 10®s) variations of the primary flux (see Flg. 2) further
parametek lies between 60 and 500. In the above analysisypports the idea that the bulk of the ionized reflecting matter
the lack of statistics and the limited ASCA bandpass preventigdocated within~ 10? gravitational radii from the nucleus.
leaving all the spectral parameters which characterize the phys-The ASCA observation has provided the first simultane-
ical state of the disk free. However, if we assume a temperatonges measure of the 1E 1615+061 spectral properties in the soft
of 5 x 10° K, £ turns out self-consistently to ke 80. The line and intermediate X-ray energy bands. It impossible to directly
profile and continuum shape allow us to set a 90% lower limit abmpare the secular changes in the properties of the accretion
22.5 on the inclination of the disk normal to the line-of-sightflow/matter inferred from the oxygen and iron line properties
The observed EW of the line ranges between 300 and 600 @kth the contemporary luminosity of the ionizing continuum. If
depending on the line model used. The observed combinationusf compare the spectral shape measured by ROSAT and ASCA
line centroid energy and EW is consistent with the ionized digk the 0.5-2.5 keV energy band of overlap, the former turns
scenario provided thatl is the range 0.2—-0.4. No emission lineut to be much steepefosat ~ 2.7, Tasca ~ 1.8). This
from ionized stages of oxygen is detected in the ASCA spectedfect is significantly higher than the well-known systematic
the upper limit to a 0.66 keV narrow line being inconsistent aigher steepness of ROSAT spectra in comparison with ASCA
the 1o level with the positive detection using ROSAT reportednes (Fiore et al. 1994; lwasawa et al. 1998). This again is in
in Paper I. This is once again consistent with the ionized digkod agreement with the expectation of the ionized reflection
scenario. Under the proposed combination of ionization parasgenario (Matt et al. 1993), which predicts a flatter and more
eter and temperature, the oxygen atoms are expected to be fi@tureless spectrum in that band, for increasing valuéd.of
stripped Zycki et al. 1994) and any relevant line would therefordoreover, the higher the accretion rate, the less prominent any
disappear. soft X-ray excess should be, which is in good agreement with
X-ray flux variations with a doubling time of a few thousandhe lack of a strong soft excess in the ASCA observation (see
seconds have been discovered for the first time in 1E 1615+06i0.[3). The soft X-ray state observed by ROSAT is more lumi-
Usual light crossing arguments constraint the mass of theus than ASCASK{OS)T |\, ~ 6.8 x 1072 ergcnr? s7!;
central accretor to be less than a fevt0” Mg. This is in  F3¢2 ., .\, ~ 4.3 x 10~'2 erg cnm 2 s~1). This apparent con-
broad agreement with the spectral analysis resilts= 0.3 tradiction with the model expectations can be easily resolved if
andLx ~ 5 x 10*3 erg s™! implying a central accretor mass ofone assumes that the intermediate X-ray ionizing continuum
~ 3 x 10 M. was at the epoch of ROSAT observation about a factor of 3
Coherently with with the iron line properties, the intermehigher than observed by ASCA. The dynamical range of the
diate X-ray continuum of 1E 1615+061 is best modeled withtastorical 2—10 keV flux is about 6 (see Paper I) and therefore
primary power-law, with photon indek, in the range 1.74-1.9, of the required order of magnitude.
and a Compton reflection component from highly ionized mat- 1E 1615+061 displayed an unusual soft state during part of
ter. Therelative normalization between the reflected and primdhg 1980s. The source detected by HEAO-1 exhibited a power-
continua is higher than expected from a plane-parallel slab, stdw with a photon indeX" ~ 4.2. The 0.5-4.5 keV flux was
tending &7 angle from the central source. Several effects couddbout a factor of five larger than observed in the same band by
account for this. The reflecting matter could be arranged inASCA (~ 6.7 x 102 erg cnm 2 s71). In Paper | it was spec-
warped geometry, or the primary radiation could be anisotropitated that a highly ionized disk with an accretion rate close
and therefore the disk could see more flux than directed alalegthe Eddington limit could explain the extremely high soft
our line of sight. In principle, the same effect could be producé@ray state observed by HEAO-1, due to the combined effects
by alag in the response of the reflector to any changes in the iohbremsstrahlung emission from hot electrons produced by the
izing flux, longer than the short-term variability 1E 1615+06ibnizing continuum, of the reflected continuum and of the di-
time scales. Since the averaBénferred from the ASCA data rect emission from the accretion disk. This seems not to be the
is >1, while the primary continuurimcreasesy 40%, one has case in the ASCA observation. The power-law photon index in
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the 0.7—4 keV band i§ ~ 1.9, in good agreement with thatous optical and X-ray monitoring of 1E 1615+061 are needed
typically observed in Seyfert 1 galaxies (Nandra et al. 1997@)test this intriguing hypothesis.
and no further soft excess is required in addition to the reflected The most extreme example of soft X-ray variability in
power-law model. However, a steeper and brighter soft X-r&jLSy1ls is IRAS 132243809, which exhibits variations up to
emission can be obtained in this framework with an apprope-{actor~57 in 2 days (Bller et al. 1997). The most convincing
ate combination of slightly high&r (> 300, Zycki et al. 1994: explanation for such a phenomenology is Doppler boosting, in-
Paper I) and steeper intrinsic continuum. duced by relativistic motions in the inner regions of an accretion
disk A boost factor of 5 fof” ~ 4 can be achieved if the sys-
An alternative explanation to obtain short “bursts” of actem is seen at an inclinatiog, 40° (Guilbert et al. 1983). This
cretion invokes instabilities in the disk. Such models have beerechanism is in principle also viable to explain the exceptional
proposed to explain the optical/UV variability in AGN (Siemigi-X-ray soft states of 1E1615+061. However, the much steeper
nowska & Czerny 1989) and the giant X-ray outburst in songpectrum observed by HEAO-1 remains to be explained, and
NLSy1 (Grupe et al. 1995a,b). An instability at radial distancethe interplay between spectral variability and flux amplification
can determine a switch from a low to a high viscosity stateould make it difficult to disentangle the two causes.
and induce a rapid accretion phase, which decays over thelt is worthwhile to note that the 2-10 keV luminos-
viscous timescale,is. ~ 1.7 x 109 a~#/5N1 /1" My/%174* s ity is not unusual compared with other “broad” Seyfert 1s
(Frank et al. 1975), where is the viscous parametek];; (log(Lx) ~ 43.70) and therefore the argument that ionized
is the accretion rate in units af0'® g s!, M; = M/M, disksoccur preferentially in high-luminosity systems (Nandra et
andr3 = 1r/(10'3 cm). If we assume, following Matt et al.al. 1996; Nandraetal. 1997b) cannotbe applied to 1E 1615+061.
(1993),a = 0 1, M =0.2 andM; ~ 3 x 106, it follows that Other explanations for the huge soft X-ray variability can
tise ~ 21-1 years, what makes such a mechanism viable Iﬁ? discarded at the ||ght of the ASCA outcomes. The lack of

account for the observed historical soft X-ray behavior @y absorption feature fromionized oxygen (which confirmsthe
1E 1615+061. The transient nature of near-Eddington accretfit evidence emerging from the ROSAT spectrum, Paper I) ex-
events has already been proposed as a possible explanatioflfttes a significant contribution from an ionized absorber to the

the high dispersion in thex distribution in soft X-ray selected 1E 1615+061 line of sight opacity, whose changes could mimic
AGN (Grupe et al. 1998). the appearance and variability of a soft excess. Alternatively, one

could argue that the steeper spectrum observed in the 80s was
In none of the objects of the Nandra et al. (1997a) sarfiue to achange of the nuclear primary continuum. This hypoth-
ple of Seyfert 1s observed by ASCA is the centroid of the ird#sis has been recently invoked to explain the extreme soft X-ray
line inconsistent with emission from neutral or mildly ionizedariability in the otherwise standard Seyfert 1 1H 04897
iron. However, an ionized iron emission line was detected (fpuainazzi et al. 1998). HoweverJa= 4 spectrum would re-
the NLSy1 TonS180 (Comastri et al. 1998; Turner et al. 1998)ulire very extreme conditions in the Comptonizing plasma, ei-
NLSy1 are characterized by steep soft X-ray spectidléBet ther in terms of very low electron density temperature or very
al. 1996) and extreme soft X-ray variability §Ber et al. 1993, highoptical thickness (Hua & Titarchuk 1995). Such conditions
1997; Grupe etal. 1995a,b; Forster & Halpern 1996). The forne@nnot be achieved in the standard two phase corona-disk model
property bears a resemblance with the X-ray spectra of Galadtitaardt & Maraschi 1993; Haardt et al. 1997).
black hole candidates in their high and soft state, suggesting The new X-ray results on 1E 1615+061 which provide the
that soft X-rays in NLSy1 galaxies are produced by intrinsfé'st direct evidence of reprocessing from highly ionized matter
emission from a quasi-Eddington accretion disk (Pounds et ifilthe immediate proximity of a supermassive black hole in the
1995). If this is indeed the case, the surface of the disk shouldéclear regions of Seyfert 1 galaxies, confirm the general im-
strongly ionized (Matt et al. 1993) and iron,Kluorescent line portance of reprocessing phenomena in the AGN environment.
from highly ionized iron species are expected. This scenario afséture attempts to follow the multiwavelength history of this,
explains naturally the clear anti-correlation between the soft &nd similar, objects will certainly very fruitful and allow better
ray spectral index and the width of the;Hine (Boller et al. constraints to be set on the physics and geometry of the matter
1996). This relation would be the mirror of the/Lgqq o< v—2 located in the radiation field of these monsters.
scale law, which arises if the broad lines are produced in a virial- )
ized gas and the Broad Line Region size is determined uniqu ﬁ}mo""bdgeme.”we acknowledges an ESA Research Fellowship.
by the nuclear luminosity. In this picture, the accretion rate is th te careful reading by two referees allowed us to improve the organi-
ion of the paper and the comprehensiveness of the discussion.
only physical parameter, which determines both the X-ray an nd
the optical properties. Unfortunately, no optical observation si-
multaneous with the extreme soft state observedin 1E 1615+¢%aferences
by HEAO-1 exist. A spectrum taken two years later showed rels.noid J. ENis M., Fiore F., etal., 1994, AJ 108, 374
atively broad b (FWHM ~ 4000 kms™*; Pravdo etal. 1981). ggjier T, Tramper J., Molendi S., et al., 1993, AGA 279, 53
1E 1615+061 could undergo transmons between “narrow” ag@|ier T., Brandt W.N., Fabian A.C., 1997, MNRAS 289, 393
“broad” Seyfert 1 states, driven by changes of its accretion r@sller T., Brandt W.N., Fink H.H., 1996, A&A 305, 53
from few tenths to quasi-Eddington values. Future simultan@favel J., Reichert G.A., Alloin D., et al., 1991, ApJ 366, 64



344 M. Guainazzi et al.: lonized reprocessing in the X-ray spectrum of 1E 1615+061

Comastri A., Fiore F., Guainazzi M., et al., 1998, A&A 333, 31

Czerny B., Elvis M., 1987, ApJ 321, 305

Dickey J.M., Lockman F.J., 1990, ARA&A 28, 215

Fiore F., Elvis M., McDowell J.C., et al., 1994, ApJ 431, 515

Forster K., Halpern J.P., 1996, ApJ 468, 565

Frank J., King A.R., Raine D.J., 1975, “Accretion power in Astro-
physics”, Cambridge University Press, p.101

Fukazawa Y., Makishima K., Ebisawa K., et al., 1994, PASJ 46, L141

George |., Fabian A.C., 1991, MNRAS 249, 352

Grupe D., Beuermann K., Mannheim K., et al., 1995a, A&A 299, L5

Grupe D., Beuermann K., Thomas H.-C., et al., 1995b, A&A 300, L21

Grupe D., Beuermann K., Thomas H.-C., Mannheim K., Fink H.H.,
1998, A&A 330, 25

Guainazzi M., Comastri A., Stripe G., et al., 1998, A&A, in press
(available at astroph/9808009)

Guilbert P.W., Fabian A.C., Rees M.J., 1983, MNRAS 205, 593

Haardt F., Maraschi L., 1993, ApJ 413, 507

Haardt F., Maraschi L., Ghisellini G., 1997, ApJ 476, 620

Hua X.-M., Titarchuk L., 1995, ApJ 449, 188

Iwasawa K., Brandt W.N., Fabian A.C., 1998, MNRAS 293, 251

Kuhn O., Betchold J., Cutri R., Elvis M., Rieke M., 1995, ApJ 438,
643

Laor A., 1990, MNRAS 246, 396

Laor A., Fiore F., Elvis M., et al., 1997, ApJ 477, 93

Magdziarz P., Zdziarski A.A., 1995, MNRAS 273, 837

Makishima K., Tashiro M., Ebisawa K., et al., 1996, PASJ 48, 171

Matt G., Perola G.C., Piro L., Stella L., 1992, A&A 257, 63

Matt M., Fabian A.C., Ross R.R., 1993, MNRAS 264, 839

Nandra K., Pounds K.A., 1994, MNRAS 268, 405

Nandra K., George I.M., Turner J.T., Fukazawa Y., 1996, ApJ 464, 165

Nandra K., George |.M., Mushotzky R.F., Turner T.J., Yagoob T.,
1997a, ApJ 477, 602

Nandra K., George |.M., Mushotzky R.F., Turner T.J., Yagoob T.,
1997b, ApJ 488, L91

Peterson B.M., Bolonek T.S., Barker E.S., et al., 1991, ApJ 368, 119

Piro L., Massaro E., Perola G.C., Molteni D., 1988, ApJ 325, L25

Piro L., Yamauchi M., Matsuoka M., 1990, ApJ 360, L35

Piro L., Ba uchska-Church M., Fink H.H., et al., 1997, A&A 319, 74
(Paper 1)

Pounds K., Nandra K., Stewart G.C., George |.M., Fabian A.C., 1990,
Nat 344, 132

Pounds K., Done C., Osborne J., 1995, MNRAS 277, L5

Pravdo S.H., Nugent J.J., Nousek J.A., et al., 1981, ApJ 251, 501

Puchnarewicz E.M.P., Mason K.O., Romero-Colmenero E., et al.,
1996, MNRAS 281, 1243

Siemiginowska A., Czerny B., 1989, MNRAS 239, 289

Tanaka Y, Inoue H., Holt S.S., 1994, PASJ 46, L37

Tanaka Y., Nandra K., Fabian A.C., et al., 1995, Nat 375, 659

Turner T.J., George I.M., Nandra K., 1998, ApJ in press (available at
astroph/9806323)

Ulrich M.H., Molendi S., 1995, A&A 293, 641

Walter R., Fink H.H., 1993, A&A 274, 105

Zycki P.T., Czerny B., 1994, MNRAS 266, 653

Zycki P.T., Krolik J.H., Zdziarski A.A., Kallman T.R., 1994, ApJ 437,
597



	Introduction
	Observation and data reduction
	Timing analysis
	Spectral analysis
	Discussion

