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ABSTRACT

We report results obtained from six XMM—Newton observasiasf the Seyfert galaxy
1H 0419-577. The source was observed in a wide range of @iffdlux levels, allowing
its long—term spectral variability to be studied in detailadready reported by Pounds et al
(20044a; 2004b). Here we show that the X—ray spectrum is vesdtdbed by a simple two—
component model comprising a power law with constant spestrape and variable normal-
isation and a much more constant ionised reflection comgdram the inner accretion disc
which carries the signature of strong relativistic effe€@se of the observations was per-
formed when the source was in a particularly low flux state fniclv the X—ray spectrum is
rather peculiar and exhibits a very flat hard spectrum (wittcsral index close to 1 in the 2—
10 keV band) with broad residuals below 6.6 keV (rest—fraamg) a steep soft excess below
about 1 keV. We interpret the spectrum as being reflectiomicated by X—ray reprocessed
emission from the inner accretion disc. The primary contmuwhich illuminates the disc,
is almost completely unobserved possibly because of stigiigoending towards the central
super—massive black hole. The ionised reflection modellsimeously accounts for the broad
hard residuals and hard flat spectrum and for the soft exthessame model provides an ex-
cellent description of the data at all the other flux leveéis, most important difference being
a variation in the power law normalisation. Our spectralaheposition and interpretation of
the spectral variability implies that most of the X—ray esios in this source originates from
within few gravitational radii from the central black holedarequires that the compact object
is almost maximally spinning.

Key words: line: formation — galaxies: active — X-rays: galaxies — ¥gageneral — galaxies:
individual: 1H 0419-577

1 INTRODUCTION a very broad iron-K line and continuum reflection or partiaer-
ing. A strong blackbody component was also included to madel
prominent soft excess below about 1 keV. For the reflectigrafit
very high reflection factorR ~ 3.5, was required and the irradiat-
ing power-law is still very flal® ~ 1.26). Guainazzi et al (1998)
found what they considered to be an improbably high reflactio
fraction (R ~ 10) from their spectral fitting of BeppoSAX data.
ASCA data revealed for the first time the presence of a Fe tine i
1H0419-577 (Turner et al 1999).

1H0419-577 is an EUV-luminous, radio-quiet, optically dxle
line, Seyfert 1-1.5 galaxy at redshift= 0.104 (Pye et al 1995;
Marshall, Fruscione & Carone 1995). Its 2-10 keV luminosity

5 x 10 erg s"!(Guainazzi et al 1998; Page et al 2002) puts it
around the Seyfert—quasar borderline. It shows remarkablg-
term soft X-ray variability ranging from a very steep to aatalely
flat spectrum (Guainazzi et al 1998; Turner et al 1999; Page et

2002).

The source has been observed several times with XMM- The possibility of a reflection—dominated spectrum in thve lo
Newton, and previous analysis by Pounds et al (2004a; 2004b) flux state of 1H0419-577 matches very well the predictiona of
revealed that the dominant spectral variability is due tdees light-bending model we recently developed for the strorayigy

power-law component. 1H0419-577 has a high state dominatedregime in the well-studied Seyfert galaxy MCG—6-30-15 (&ab
by this power law, of photon indek ~ 1.8, and a low state where & Vaughan 2003; Miniutti et al 2003; Miniutti & Fabian 2004;
the spectrum is unusually very fldt, ~ 1 in the 2-10 keV band.  vaughan & Fabian 2004) and for the very high state of the Gialac
Pounds et al obtain good fits to the low-state spectrum witteei  plack hole Candidate XTE J1650-500 (Miniutti, Fabian & Mill
2004; Rossi et al. 2005). This model consists of power—lawC(P
and reflection-dominated (RDC) components and was ablet@lso
* acf@ast.cam.ac.uk explain the complex spactrum and variability of the NLS1 719D
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495 (Fabian et al. 2002; 2004). The PLC is assumed to originat
a compact region at a few gravitational radii (= G M /c*) above
the innermost disc. The emitting region can be either statimo-
moving with the accretion flow, point-like or ring-like, Wwituth
much differences in the resulting behaviour. In Miniutti &tan
(2004) we assumed the PLC originates from a ring—like stirecat

2 r4 from a Kerr black hole axis, but similar results are obtaifoed
compact sources within abotit-; and even for a primary source on
the rotation axis of the black hole (such as in the lamp—pasteh
see e.g. Martocchia, Karas & Matt 2000).

The ring-like configuration is not necessarly the actuaktemi
ting structure we have in mind at any given time, but the time—
averaged configuration over the timescale needed to exgoaxt
quality spectra from present X—ray observatories. A ctibbecof
static/corotating sources related e.g. to magnetic disisip pro-
cesses preferentially occurring at fewfrom the hole in a patchy
corona, X—ray emission in the base of a compact jet (e.g. dfark
Falcke & Fender 2001), or due to internal shocks from abgetd
close to the hole axis (Ghisellini, Harrdt, Matt 2004) miglitbe
viable physical mechanisms, the list being far from exhaest

We note here that evidence for an orbiting reflecting spat; po
sibly related to a corotating illuminating flare above it éoof the
primary sources?) at aboud r, from the black hole in NGC 3516
has been reported recently (lwasawa, Miniutti & Fabian 3004
Flares/emitting regions located even closer to the cembads,
would prove difficult to follow in reflection with current dedtors,
especially if lasting, as it is likely due to turbulence ahéar in the
innermost flow, less than one orbital period. A reasonabletkze
order approximation for the time—averaged emitting sogezeme-
try seems that of assuming a ring representing globallyagien of
preferential energy dissipation since the natural symyigaround
the black hole axis.

The main idea of the light bending model is that, since the pri
mary source is in a region of strong gravity, the flux of thesstssd
PLC is reduced by gravitational light bending which focudiation
down onto the disc where the RDC originates (the closer thecgeo
to the black hole, the stronger the effect). The PLC can tppear
to vary in amplitude by a large factor (an order of magnitude o
more) as the location of the primary source is allowed to,vargn
its intrinsic luminosity is constant, while the RDC changedy lit-
tle. The spectrum of the RDC is affected by the redshifts etquk
from a component situated only a few from a black hole. The
main prediction of this model is that the spectrum becomesemo
and more reflection—dominated as the PLC flux drops.

Here we apply the light-bending model to the XMM-Newton
data of 1H0419-577. We use new ionised slab models for the re-
flection component (Ross & Fabian 2005) based on previous cal
culations by Ross et al (1993; 1999; 2002), the whole spectiu
which is blurred relativistically to include the effects @fmission
originating in a geometrically thin accretion disc aroundotat-
ing black hole. Our aim is to see whether a simple two-compbne
(PLC plus RDC) light-bending model explains the whole broad
band spectrum of 1H 0419-577 and its variability.

2 THE XMM-NEWTON OBSERVATIONS

XMM-Newton observed 1H 0419-577 six times between Decem-
ber 2000 and September 2003 (orbits 181, 512, 558, 605, 649, a
690). The data have been kindly provided to us by K.A. Pouses (
Pounds et al 2004b for details on data reduction) exceptrat o
181 whose data have been downloaded from the XMM-Newton

Science Archive. We only make use here of the EPIC—pn spectra
which were grouped to a minimum of 20 counts per energy bin to
allow the use of the'? minimisation during spectral fitting. Errors
are quoted at the 90 per cent confidence level for one iniegest
parameter.

3 THE LOW FLUX STATE OF 1H 0419-577:
XMM-NEWTON ORBIT 512

As reported by Pounds et al (2004a) one of the XMM-Newton ob-
servations (orbit 512) caught 1H 0419-577 in a low flux stabev

flux states are of great interest in the framework of the llggnid-

ing model because they are predicted to be dominated bygstron
disc reflection from the accretion disc. This is because law fl
states correspond to geometries in which the primary X-oayce

is very close to the black hole, so that most of its emissidreist
onto the accretion disc, reducing the continuum flux thathiea
the observer at infinity directly while at the same time ertliragn

the disc illumination, and therefore the reflection fract{Miniutti

& Fabian 2004).

When a simple power—law model is fitted to the data in the
2-10 keV band, a very flat photon indeX ¢& 1) is obtained leav-
ing clear broad residuals below about 6 keV in the obsenand,
corresponding to about 6.6 keV in the rest—frame. Re—iimggttie
0.5-2 keV data reveals a strong soft excess below about ITke/.
residuals (in terms of) of such a fit are shown in Fig. 1 where the
soft excess and broad hard residuals are seen.

As reported by Pounds et al (2004a) the soft excess can be de-
scribed by black body emission, while the broad hard ressdten
be accounted for with a partial covering model by slightlgised
matter. In such a partial covering fit, narrow iron emissiemlso
detected aff = 6.21 + 0.11 in the source rest—frame, barely con-
sistent with the iron K energy & 6.4 keV). The observed red-
shifted energy is at odds with the partial covering intetgiien
given that the absorbing column should produce neutral enev
slightly ionised iron emission. The iron line energy couidl arise
from the absorbing matter if the absorber originates in afiau
(but where is the blueshifted component?), in an inflow, ar i
located close to the black hole and suffers gravitationdshnét.
However, the absorption edge is not redshifted by the sanoeiaim
as the line, but lies af.10 4+ 0.06 keV in the source rest—frame
giving rise to a somewhat inconsistent picture (thougha®per
cent level only).

Pounds et al (2004a) also explored a different interpiatati
of the hard spectrum in terms of broad relativistic iron esitis
and strong reflection which gave a comparable good fit to thee da
as the partial covering model with a large line equivalerdtiviof
about 1 keV. The power—law photon index was still very flat &b w
the partial covering model, challenging Comptonisatiordets for
the X-ray continuum production (Haardt & Maraschi 1991)w-o
ever, the use of an inconsistent reflection model (relativise at
6.9 keV plus a neutral reflection continuum which is not relativi
tically blurred) might have affected the spectral results.

Here we apply a spectral decomposition inspired by the light
bending model to the spectrum of the low flux state. We con-
sider the 0.5-10 keV data, because of some residual catibrat
uncertainties in the EPIC—pn soft energy band (Kirsch eDa42.
The model comprises only two broadband components, namely a
power-law, and an ionised reflection model where reflectimm c
tinuum and emission lines are computed self-consistebs$
& Fabian 2005). The reflection spectrum is the result of a pewe
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Figure 1. Ratio (in terms ofo) of the data of orbit 512 to a power law
model fitted in the 2—10 keV band only. The figure shows theges of
a soft excess below about 1 keV and broad residuals betweed 8 keV
(observer framez = 0.104).
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Figure 2. The 0.5-10 keV spectrum and residuals (in terms pfor the
RDC plus PLC model of the LF state data (orbit 512), produeingxcel-
lent fit with x2 = 626 for 638 degrees of freedom.

law illumination of Compton thick material, and we tied itsqion
index to that of the visible power—law component. The reitect
model allows for variable iron abundance that was left asea fr
parameter of the model. The relativistic blurring makes afsine
LAOR kernel describing relativistic effects on the spectrajpshie-
sulting from emission in an accretion disc orbiting a Keedi hole
(Laor 1991). The outer disc radius,() was fixed at its maximum
possible value 000 r4, while the inner disc radius-{,) and disc
inclination were allowed to vary. The emissivity profile,sdeb-
ing the dependency of the emissivitywith the radial position on
the disc, has the form of a broken power law with= r~%» for
rin <7 < rpe ande = %0 for 1, < r < rout, Wherery, is a
break radius on the disc.

All spectral fits include photoelectric absorption fixed la t
Galactic value u = 2 x 10*° cm~2) and an additional absorp-
tion component at the redshift of 1H 0419-577 to account éar p
sible excess absorption local to the source. Our aim is toexp
whether the ionised reflection model can simultaneouslypuatc
for the hard broad residuals, the flat spectrum, and the zoftss
below 1 keV and to see whether a more consistent reflectioreimod
can remove the requirement for the implausibly flat 2—10 ke&ts
tral shape.

With the addition of an absorption edge~at0.74 keV, con-
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Figure 3. The best—fit model for the LF state of orbit 512 (see Fig. 2) is
shown in the 0.2-40 keV band. The two spectral componentstaren,
with the RDC dominating both the soft and hard bands, withe&hC
contamination in the intermediate band. The sum of the tvextspl com-
ponents, i.e. the total best—fit model, is also shown. Thétieg reflection—
dominated spectrum explains simultaneously both the flattsal shape
and broad residuals in the hard band and the soft excess heteW.

sistent with OvIl in a warm absorber, our model provides a very
good description of the low flux state data with = 626 for 638
degrees of freedom and null hypothesis probability of 0.636
additional edge at.1 keV is required nor an absorption compo-
nent above 2 keV. Both the soft excess and the hard specteim ar
very well described by the relativistically blurred ioniseflection
model. The 0.5-10 keV spectrum and best-fit residuals (imger
of o) are shown in Fig. 2. The bestfit power law has a photon
index of ' ~ 2.2, much steeper than previously derived (Pounds
et al. 2004a) and totally consistent with standard Comptditn
models. As mentioned, this is most likely the effect of usrgelf—
consistent reflection model in which emission lines and dflec-
tion continuum are computed together and affected by theahe
Doppler and gravitational shifts in the accretion disc.

In Fig. 3, we show the best—fit model in the (broader than fit-
ted) energy range between 0.2 keV and 40 keV. From the Figure,
the origin of the hard (2-10 keV) flat spectrum and steep seft e
cess below 1 keV is clear and due to the RDC. The spectrum is
almost completely reflection—dominated with only littlentdbu-
tion from the power—law. This means that the reflection foact
(i.e. the relative amplitude of the RDC with respect to theCPL
continuum) is much larger than unity and that the reflect@ers-
ing much more illuminating flux than we detect at infinity ag th
PLC of the spectrum. This is expected if the primary PLC emis-
sion is strongly anisotropic and preferentially shining/aods the
disc. One possibility is provided by strong light bendingiethis
effective if the primary PLC source is located only feywfrom the
black hole producing low flux and reflection—~dominated stabe
this case, the RDC is emitted from the inner regions of the alisl
is therefore strongly distorted by relativistic effects.

The parameters of the relativistic blurring support anrinte
pretation in terms of strong relativistic effects. The esivigy pro-
file (¢ = r~9) is best described by a broken power—law with
¢in = 7.0 £ 0.7 within the break radiusy,, = 3.5722 r, and
gout = 3.7 £ 0.6 at larger radii. The steep emissivity indicates that
the disc is illuminated mostly in its very inner regions sofing
the idea that the primary source is very close to the black. fidlis
is the region where light bending effects are most effecawvel ac-
tually unavoidable) in reducing the PLC at infinity and ttiere in
producing a reflection—dominated spectrum. We also pointha
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if this is the case, the emissivity profile would indeed resoilbe
well approximated by a broken power law, much steeper inrthe i
ner disc and flatter in the outer regions (Martocchia, Karddait
2000; Miniutti & Fabian 2004), as observed in this low fluxtetaf
1H 0419-577.

The observer inclination is not very well constrained (lgein
degenerate with the line energy or disc ionisation statty) avbest—
fit value of36 & 10 degrees. The bestfit inner disc radius.isr,
with a 90 per cent upper limit & r, very close to the innermost
stable circular orbit around a maximally rotating Kerr ll&ole (~
1.24 ry), strongly suggesting that the black hole in 1H 0419-577
is rapidly rotating. The error on;, is so small because emission
from the innermost regions of the accretion disc is necgswar
reproduce the broad curvature of the spectrum in the Fe K.band

The reflection model requires iron to be overabundant with re
spect to solar, the best—fit value bein§)8+1.5 ) x solar. Together
with the large reflection fraction, this explains the largéuse of the
equivalent width of the broad iron line (about 1 keV) obtairmy
Pounds et al (2004a) when fitting the hard residuals with & rel
tivistic line profile. The high iron abundance we find is notque
to this object and is required e.g. in MCG—6-30-15 and 1H 8707
495 (Vaughan & Fabian 2004; Fabian et al 2002; 2004), alsb wel
described by a similar spectral model. We note that Sheminer e
al (2004) recently found a metallicity—accretion rate etation by
studying a sample of active galaxies in the near—infrared {he
reference for possible interpretations). The mass of taekbhole

in 1H 0419-577 can be estimated by using the Kaspi et al (2000)

relationship between Blline width, AL (5100,&) luminosity, and
black hole mass. The optical measurements for 1H 0419-5Y7 ar
reported in Grupe et al (2004) and we estimate a black hols mas
of 12 x 10® M (see also Pounds et al 2004b), which gives
Lpaa = 1.3-2.6 x 10° erg s71. By considering the bolometric
luminosity 0f2.4 x 10%® erg s°* (Grupe et al 2004), 1H 0419-577
might indeed be accreting at very high rate. It is therefassiple
that MCG-6-30-15, 1H 0707-495, and 1H 0419-577 are all &ccre
ing at high rate and mainly differ by a different black holessa
much higher in 1H 0419-577 as the lack of rapid large ampgitud
X-ray variability (as opposed to the other two sources) aido
cates.

Finally, from the reflection model we measure an ionisation
parameter of = 45 + 18 erg cm s ! for the reflector surface.
However, since the radial dependency of the emissivity lerofi-
plies that the inner disc is much more illuminated than theiou
regions, it is very likely that the ionisation structure e tdisc sur-
face is also strongly dependent enThe most naive expectation
(for a disc with approximately constant density) is that diex is
more ionised in the inner than outer regions, while we haeel 8
far a reflection model with uniform ionisation parameter. iven
replaced our simple reflection model by a composite one, iatwh
the inner disc is allowed to have a different ionisation estidian
the outer one, with a break radius, where the ionisation param-
eter and the emissivity profile change abruptly. This is afrse a
zeroth—order approximation for a real situation in which tbni-
sation parameter is a function of We obtain a very good descrip-
tion of the data withy? = 620 for 637 degrees of freedom, which
represents a modest but somewhat significant improvemetiiteon
single—reflector fit (98.7 per cent according to the F—ta@$tg. best—
fit ionisation parameters agg, = 69 + 20 erg cm s* in the inner
disc from1.24 r, t0 4.7 74, and&ouy = 29 £ 16 erg cm s out
t0 400 r4. As in the previous fit, the emissivity profile is steeper in
the inner disc and flatter in the outer. With this compositalelo
the 0.5-10 keV spectrum is completely reflection—dominated

XMM orbit 181 512 558 605 649 690
pn exposure 5.7 122 78 112 10.7 114
2-10 keV Flux 154 65 67 96 8.8 8.5
0.5-10 keV Flux  29.5 8.2 94 16.7 147 137
Flux state HF LF LF IF IF IF

Table 1.EPIC—pn net exposures (in ks), and 2-10 keV, 0.5-10 keV fl(ires
10~12 erg s~ cm~2) for the six XMM—Newton observations of 1H 0419—
577. Fluxes (absorbed) are obtained from the best—fit maléssribed in
Section 4.1 and Table 2. Based on the measured flux, we divedetiser-
vations into three groups, corresponding to low flux (LF)eimediate flux
(IF), and high flux (HF) states.

Ratio ( 2—10 keV power—law )

L L M| L L L L L P |
0.5 1 2 5 10
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Figure 4. Ratio to a power law fitted in the 2—10 keV band for a LF state
(orbit 558, dotted grey) and a HF state (orbit 181, solid klabservation.
The 2-10 keV photon index is flat in the LF stalé & 1.31) and steeper

in the HF " = 1.80). The soft excess rises steep in the LF state, while is
much more gradual in the HF state.

only an upper limit on the PLC normalisation can be measuwsesd (
Table 2 for details).

4 SPECTRAL VARIABILITY: THE REMAINING
XMM-NEWTON OBSERVATIONS

Based on our best—fit model which will be discussed below, we
were able to compute the fluxes for the six XMM—Newton observa
tions which are reported in Table 1 together with the expesob-
tained with the EPIC—pn camera after screening. Hereakedav
fine orbits 512 and 558 as low—flux (LF) states, orbits 605, 6A#l
690 as intermediate—flux (IF) states, and orbit 181 as tHe-ffligx
(HF) state of 1H0419-577 (see Pounds et al 2004b for a glightl
different grouping of the observations).

The XMM-Newton observations of 1H0419-577 reveal a
clear trend with flux: as shown by Pounds et al (2004b) the hard
2-10 keV spectral index steepens, while the soft excess is mo
gradual as the X—ray flux increases. As an example, in Fige4, w
show the ratio to a power—law model fitted between 2 and 10 keV
only for two observations which are taken as representative
low—flux (orbit 558) and high—flux (orbit 181) state. In thevelux
state, the 2—10 keV spectrum is very hard withk= 1.31 + 0.06,
and a steep soft excess appears below about 0.8 keV. On #re oth
hand, in the high—flux state, the hard spectrum is much stedtie
I' = 1.80 £ 0.05, and the soft excess is already present at 1.5 keV
and steepens at low energy much more gradually. In the togl pan
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Figure 5. Top: The 2-10 keV photon index as a function of the PLC flux in
the same band. The data have been fitted with a simple powentzdel.
Bottom: The photon index from our best—fit model comprising a PLC and
a RDC from the accretion disc as a function of the PLC flux. GheeRDC
is properly considered, the photon index appears to be stensiwith a
constant (withl* ~ 2.2).

of Fig. 5, we plot the 2—-10 keV photon index as a function ofzhe
10 keV PLC flux, showing the gradual steepening of the hard-spe
trum with flux. The fitted spectral model only comprises theCPL
The same behaviour is found in other sources (e.g. MCG—6-30-
15, see Shih et al 2002) and can often be understood in terms of
constantE' PLC which varies in normalisation affected by a weakly
variable RDC. Given that the correlation of the 2—-10 keV phot
index and of the soft excess shape with flux is confirmed fahall
observations, we believe that the X-ray variability of 1H04577
should be explained by a model thsitnultaneoushaccounts for
both correlations.

Any constant (or weakly variable) soft emission component
would explain the spectral shape behaviour of the soft exaéth
flux which would be the result of the superposition of a comista
soft emission and a variable power law component. Indeedsdft
emission in 1H 0419-577 is weakly variable as demonstrayed b
the analysis of the difference spectra by Pounds et al (20@te
remarkable result of their analysis is that, while all thdiiidual
spectra do exhibit soft excesses, none of the differenaerspdoes,
showing the constancy (or reduced variability) of the sofise
sion component in 1H0419-577. One possibility put forward i
provided by emission from photoionised circumnuclear Gigen
that emission from such a gas is observed in other sourceaslyma

Seyfert 2 nuclei in which the gas emission is not diluted itht®
primary continuum) this is certainly an attractive scemavhich
however does not provide a clear and simultaneous exptematy
the 2-10 keV photon index correlation with flux.

An alternative can be given in terms of the two—component
(RDC plus PLC) model in which the RDC varies little while a PLC
with constant” and variable normalisation determines the flux state
of the source. In such a model, the constant soft excess itodue
soft RDC spectrum which dominates the PLC in the LF states and
is more and more contaminated by it as the flux increasesp+epr
ducing the soft spectral shape—flux observed correlationth@
other hand, the RDC gives rise to a very flat 2—-10 keV spectrum i
the LF and reflection—dominated states, while as the flueas®s
and the PLC overwhelms the RDC in the hard band, the spectrum
steepens approaching asymptotically the PLC spectraksidgs
simple idea can be visualised by considering a constant RRIC a
variable PLC in Fig. 3 and provides a natural, though notumjgi-
multaneous explanation for the soft excess spectral shappleo-
ton index behaviour with the source flux. We point out herd tha
a weakly variable RDC despite large amplitude PLC varigbit
precisely the behaviour induced by the light bending mokttahic
utti & Fabian 2004).

4.1 Spectral analysis

In the following, we adopt the composite—reflection modat Buc-
cessfully explains the LF state of orhit 512 (Section 3) goolyait

to the remaining XMM-Newton observations. The iron aburmdan
inner/outer disc radii, and disc inclination are fixed to Hest—fit
values found fitting orbit 512 data. All observations are@xtely
well fitted by the model, with reduceg?® very close to unity. The
most relevant parameters and the resulting statistics igea ¢n
Table 2 for all observations. We do not report the parametiitse
relativistic blurring which are similar to those alreadypoeted for
the LF state of orbit 512 (see Section 3), with a very steesemi
sivity in the inner disc flattening in the outer regions andreak
radius aroundt r,. The HF state of orbit 181 exhibits a slightly
flatter emissivity. In the framework of our model, HF states-c
respond to situations in which the primary PLC source istledta
at larger distance from the black hole than in LF states. dfee,
light bending is less effective, the disc illumination is chumore
uniform, and the resulting emissivity is indeed expectelddlat-
ter.

The first interesting result is the photon index behaviouhwi
flux. Once the RDC is properly taken into account, the behavio
shown in Fig. 5 (top panel) disappears, and the measureamphot
index is consistent with a constant as shown in the bottonelpan
of Fig. 5 and Table 2. A value df' ~ 2.2 is consistent with the
observed photon index at all flux levels, showing that thepk
variability is not dominated by a variable spectral slop¢hef pri-
mary X—ray continuum.

As pointed out by Pounds et al (2004b), a variable absorption
component local to the source is also present. We have paisate
it with a phenomenological model comprising cold redslifsd-
sorption and edge roughly reproducing the presence of a \ahrm
sorber. If our phenomenological (and rather crude) modetHe
warm absorber is replaced with more sophisticated desmmipt
such as that provided by tBSORI model inXSPEC (Done et al
1992; Zdziarski et al. 1995) with Fe abundance tied to thecudt
one, no significant differences iff is seen in any of the observa-
tions. Given the quality of the data, our phenomenologiealcdp-
tion seems sufficient to catch the main features of the absaid,
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XMMorbit 181 (HF) ~ 512(LF)  558(LF)  605(IF) 649 (IF) 690 (IF)
r 226+£0.08 2207002 2217002 218t002 2157002 2191000
FprLc 20.8%12 < 25 33405 114+08 101409 7.675%
€in 75+15 69+£20  68+18  56+23 56+£21  61+21
Eout 38+ 16 204+16 29413 13141 12118 118
Frpo 101535 94X 7ifig e1fys 55T 64fpg
x>/dof 605/614 620/637  621/631 762/800 803/764 7241755

Table 2. Results from the spectral fits to the six XMM-Newton obseovat with the composite two—component model. The 0.5-10 keabsorbed fluxes
are given in units 010~ 12 erg cnm 2 s—1, and the ionisation parameters in erg cm's

most importantly, does not affect our results on the RDC dod P
parameters which are our main interest here. The edge isrgries
all cases with energy arourid74 — 0.78 keV but its depth clearly
diminishes with increasing flux. The absorbing column alsipd
as the flux increases from abaol?' cm~2 to zero, showing that
absorption is more important in low than high flux states. sy,
the analysis of the difference spectra performed by Pouhds$ e
(2004b) clearly shows that absorption is certainly impatrta this
source (with signatures mainly from O, Fe, and Ne in the GkB\M
band) but is not the main driver of the variability which istead
dominated by a steep power law component.

Our modelling allows us to identify the variable component
with the PLC providing the X-ray continuum and illuminatitige
accretion disc where it is reprocessed and converted ist®IC.

As mentioned, the PLC is consistent with having constanttsple
shape and only its normalisation appears to vary. The vamiaif
the PLC normalisation is at least a factor 9 between the LR-H#nd
states and determines the flux state of 1H 0419-577 (see dpble

On the other hand, the RDC varies with a much smaller ampli-
tude (about a factor 2), and is almost consistent with beimgznt
within the errors at all flux levels (see Table 2). In Fig. 6, shew
the unabsorbed best—fit RDC and PLC models for a LF (orbit 558,
dotted grey) and for the HF (orbit 181, solid black) obseorat
The PLC variation is about a factor 7, while the RDC is coesist
with being constant within the 90 per cent errors despitevirg
different flux state. This clarifies the reason why no softesscis
measured in difference spectra obtained between the eaflioxi
states (Pounds et al 2004b).

E F(E)

1 10
Energy (keV)

Figure 6. The unabsorbed best—fit RDC and PLC models for a LF state
observation (orbit 558, dotted grey) and a HF state onet(a&i, solid
black). The PLC variation is about a factor 7, while the RD@assistent
with being constant within the errors (see Table 2). Thisésreason why no

(or very little) soft excess is seen in difference specttavben the various
spectral states (Pounds et al 2004b).

The observed 0.5-10 keV X-ray luminosity of the source
varies from2 x 10 erg/s (low state) t®.3 x 10" erg/s (high
state), which is in the range of about 1-4 per cent of the betem
ric (2.4 x 10%° erg/s, Grupe et al. 2004). In the framework of our
model, the intrinsic PLC luminosity is constant (or varigtd) and

Since the RDC varies much less than the PLC, as the PLC flux it is mostly light bending that induces the observed vavizi The

drops the spectrum becomes more and more reflection—dadinat
as expected if the light bending model applies at least Gaiely
in this source. This can be shown by plotting the reflectiaation
as a function of the PLC flux for the six observations. As a meas
of the reflection fraction, i.e. of the RDC flux relative to tReC
continuum, we consider thBrpc to Fpr,¢ ratio in the whole 0.5—
10 keV observable energy band. The resulting behaviour thiggh
PLC is shown in Fig. 7 where the anti—correlation is cleadgrs
The anti—correlation of the relative contribution of the &b the
total flux is one of the distinctive characteristic of thenlidpending
model proposed by Miniutti & Fabian 2004 to explain the spact
variability of X—ray sources in which a relativistic reflemt com-
ponent is observed (e.g. MCG—-6-30-15, 1H 0707-495, thecBala

intrinsic PLC luminosity can then be estimated e.g. fromttig—
state (orbit 181), in which the PLC contribution to the 0.6keV
flux is about twice as large as the RDC (see Table 2 and Fignd), a
turns out to be of the order of 10—20 per cent of the bolometric

5 DISCUSSION

We have analysed all six available XMM—Newton EPIC—pn obser
vations of 1H 0419-577. The source was observed in widely dif
ferent flux states, allowing us to group the observationsunflux
(LF), intermediate flux (IF) and high flux (HF) states and tadst
the spectral variability. 1H 0419-577 exhibits a strong satess

black hole candidate XTE J1650-500), making 1H 0419-577 one at all flux levels, but steeper in the LF states and more gtanltize

additional candidate for observing the effects of strorayvigy in
the immediate vicinity of an accreting black hole via X-rdyser-
vations.

HF states. On the other hand, the hard 2—-10 keV spectrum, when
modelled with a simple power law, is clearly correlated iitx. In
the LF state, the 2-10 keV photon index is implausibly haba (&
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Figure 7. The ratio between the 0.5-10 keV flux of the RDC to the PLC
is shown as a function of the PLC flux. This is a measure of tfeatéon
fraction, i.e., the relative contribution of the RDC to tlutat flux. The ob-
served anti—correlation is in very good agreement with tiegliptions of
the light bending model (Miniutti & Fabian 2004).

1-1.3) for Comptonisation models, while it seems to sa¢Labve
1.8 in the HF state.

We apply a two—component model to all observations com-
prising a PLC and a RDC from the accretion disc, modified by ab-
sorption (both Galactic and local to the source). We find that
spectral variability of 1H 0419-577 can be described by @nsflly
variable PLC with constant spectral shape 2.2 at all flux lev-
els) and an almost constant ionised RDC. The photon indeeist
fore found to be much more consistent with the values allolyed
standard Comptonisation models, and the spectral vatiatides
not appear to be driven by photon index variations.

The RDC is affected by strong relativistic effects suggesti
that it originates in the innermost regions of the accretiist
around a rapidly rotating Kerr black hole. The RDC is respons
ble for the soft excess and its weak variability explains|#uod of
any soft excess in the difference spectra between the &fiox
states, as shown in previous analysis (Pounds et al 2004b)dit-
ference spectra show indeed that the variability is dorethdély a
steep power law which can be identified with the PLC of our spec
tral decomposition.

A major consequence of the above variability is that the spec

index of the low flux state is explained by Pounds et al with the
presence of a substantial column of additional cold maltt&rdov-

ers only partially the source and produces an absorptior add
spectral curvature in the Fe K band.

Our spectral decomposition has the great advantage of ex-
plaining the broadband spectrum and variability with thierplay
of only two (broadband) components without the need of invok
ing separate components in the different energy bands.ditiel
it provides a natural explanation for the remarkably umfdem-
perature of 100-200 eV found in the soft X—ray spectra of gelar
number of low redshift active galaxies with soft excess (lBiski
& Done 2004, Porquet et al 2004) despite large differencesaick
hole mass and luminosity (hence in accretion disc tempe&sju
The very narrow range of temperatures might indicate anirorig
in atomic (rather than truly thermal) processes for the exéess.
Absorption, as proposed by Pounds et al (2004b) for 1H 044B-5
provides a possibility, but some active galaxies exhibibfs ex-
cess despite the lack of any absorption signature (see Kd.28,
Vaughan et al 2004). The other natural explanation invorets
tivistically blurred ionised reflection (and bremsstratgifrom the
disc surface layers). The ionised reflection model we aneguisi
indeed well fitted by a 100—200 eV blackbody for a wide range of
ionisation and blurring parameters, when folded througtBRIC—
pn response matrix in the 0.3-2 keV band (Ross & Fabian 2005).

We note that the small inner disc radius required by our model
with ri, < 2 4 in the lowest flux state, and the relatively low ion-
isation of the disc material, indicate that high density ga®nds
down to those radii. Although magnetic field and mass aameti
rate nonaxisymmetric variations can distort the inner ctifig ra-
dius of a disc (Krolik & Hawley 2002), we doubt that the inner-
most stable circular orbit (ISCO) can be much further out tha, .
Since the ISCO is related to the spin parametef the black hole
by a simple formula (see e.g. Bardeen, Press & Teukolsky)1972
the upper limit onr;,, translates into a lower limit for the black hole
spin parameter in 1H 0419-577 @f> 0.95.

A much longer XMM-Newton exposure of 1H 0419-577 dur-
ing a low flux state would help resolving the partial covefbrgad
iron line degeneracy. Moreover, the forthcoming launch raf t
Astro—E2 X-ray satellite, with unprecedented energy rdgmi in
the Fe K band, could help resolving this issue in 1H 0419-5l7 a
other sources. If the edge detected at 7.1 keV is due to aimsarp
it will be reasonably sharper than if it is due to the comborabf
a reflection edge and the blue wing of a relativistic line, diféer-

trum becomes more and more reflection—dominated as the fluxence between the two models being within the grasp of theoAstr

drops. Indeed, our analysis reveals that the spectrum dbwest
flux observation (orbit 512) can be interpreted as almositeraly
reflection—dominated. The RDC simultaneously explain$ ibo¢
soft excess, the flat 2—10 keV spectral shape, and the breati re

uals in the Fe K band during the LF state. The parameters of the

relativistic blurring and the behaviour of the reflectioadtion with
flux match the prediction of our light bending model, in whitle
primary source of the PLC is located in the region of strorayiy
within a few gravitational radii from the central black hole
Given the quality of the present data, the model we are propos

ing is not unique and other interpretations of the X—ray speat
and variability of 1H0419-577 are possible. Pounds et a0429
2004b) consider as preferential a model in which the softsiomn
comprises an almost constant “core” component due to eonissi
from photoionised gas, while the soft excess is entirelyréifaat

of absorption by a warm absorber. We point out that obsersffig

E2 capabilities. The 2—10 keV luminosity of 1H 0419-577 nsake
this source a potential important target for Astro—E2, gsospd to
1H 0707-495 which is about one order of magnitude faintehén t
5-7 keV band.
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