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the extrapolation of the 2-10 keV power law
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• Soft excess: excess of flux below 1-2 keV compared to 

the extrapolation of the 2-10 keV power law

• Known since the 80s’ (Arnaud et al. 1985, Singh et al. 1985)
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892 P. O. Petrucci et al.: Unveiling the broad band X-ray continuum and iron line complex in Mrk 841

Fig. 3. Ratios between the different EPIC-pn spectra and the EPIC-pn
spectrum of OBS1. The dashed line correspond to the position of the
6.4 keV line in the source frame.

Fig. 4. Ratio between the EPIC-pn spectrum of the complete OBS 4 and
the EPIC-pn spectrum of OBS1. The data (white grey lines) have been
rebinned in order to have a 5σ confidence level or at least 25 data points
per bin. We have over-plotted in this figure, the expected variability in
two different cases: a pivoting power law around 8 keV whose photon
index decreases by 0.4 (blue, dot-dashed line) and a variable black body
peaking at 0.14 keV and varying by a factor 3 in flux (red, dashed line).

4. Spectral analysis

4.1. Phenomenological analysis

Our first step in the spectral analysis was to fit the data with
a simple power law, excluding the data below 3 keV. Figure 5
shows the ratio between the XMM-Newton/EPIC-pn data of
part 1 of OBS 4 with the corresponding best fit power law. We
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Fig. 5. Ratio data/model for part 1 of OBS 4. The model is a simple
power law fitted between 3 and 10 keV and extrapolated down to low
energies. A strong soft excess and a line near 6 keV are clearly appar-
ent. Note also the presence of a narrow feature near 4.8 keV. It will be
discuss in Sect. 5.

clearly observed a strong soft excess below 2 keV and a fluores-
cent iron line complex near 6.4 keV.

The second step was to include very simple spectral compo-
nents to reproduce the observed features. We use a power law for
the continuum and a Gaussian for the iron line. A more precise
analysis of the line complex is done in the next section. We fit
the data above 3 keV first. Then we fix the different parameters
and include the data below 3 keV down to 0.5 keV and we add
a simple multicolor accretion disc component (DISCBB in XSPEC)
to model the soft excess. The best fit parameter values obtained
with this method for the continuum, the multicolor disc and the
line are reported in Table 2.

The best fits are clearly never satisfactory and large discrep-
ancies are present especially below 3 keV due to the bad black
body approximation for the soft excess. Nevertheless several re-
marks, weakly affected by the goodness of the fit, can still been
made:

– The photon index reaches values as small as 1.3 during
OBS 4 where the flux is the lowest.

– The flux variation in the soft band (<3 keV) between 2001
and Jan. 2005 is more than a factor 2 larger than the flux
variation above 3 keV.

– The iron line width appears variable on relatively short time
scale (<15 ks) e.g. between part 1 and part 2 of OBS 4.

The spectral variability agrees with the results shown previously
with model-independent methods and suggest a spectral pivot
at high energy. However the presence of a simple power law
continuum is unlikely given the unusually (for a Seyfert galaxy)
hard spectral index of OBS 4. More physical models are dis-
cussed in Sect. 4.3. Concerning the iron line, the 2005 observa-
tions confirm the apparent line variability already observed in
2001 (Petrucci et al. 2002; Longinotti et al. 2004). The best fits
reported in Table 2 indicate the presence of a narrow line (com-
pared to the EPIC-pn resolution) except OBS 3 and part 2 of
OBS 4 where a broad component is preferred. The contour plots
(at 68 and 90% confidence level) of the line flux vs. line width
for the different observations are plotted in Fig. 6 for 2001 (left
plot) and 2005 (right plot). The line variability is discussed in
more detail in the next section.

Mkn 841
Petrucci et al. (2007)

1068 J. Crummy et al.

Figure 1. The soft excesses of all the sources in our sample. The sources were fit as in Table 2, then the blackbody component was removed and the residuals

were plotted. Absorption edges were left in the model to show the form of the soft excess more clearly. The top three sources, in descending order of flux at

0.5 keV, are ARK 564, NGC 4051 and TON S180; note the unusually extended shape of the TON S180 soft excess.

of the model are given in Figs 2 and 13. This model is physically

motivated, and therefore may prove useful in understanding these

sources.

2 T H E S O U R C E S

In this paper, we use publicly available archival XMM–Newton data

on 22 type 1 AGN from the Palomar-Green (PG) sample and a

selection of 12 other Seyfert 1 galaxies with high-quality observa-

tions. Where multiple observations are publicly available, we use

the longest where the PN camera took data. A list of the sources

with their properties and the observation IDs used is given in Ta-

ble 1. Most of these sources are the subject of many papers and have

been observed with several different X-ray instruments; however,

we confine ourselves to XMM–Newton data and perform a standard

analysis across all of them.

3 DATA R E D U C T I O N

We obtained the Observation Data Files (ODFs) from the XMM–

Newton public archive and reduced them in the standard way using

SAS 6.0 to produce event lists. We extracted spectra and light curves

using circular source-centred regions 40 arcsec in size for the pn

and 60 arcsec in size for the MOS, using a smaller extraction re-

gion where appropriate due to chip gaps, etc. We used the standard

valid event patterns of 0–4 (singles and doubles) for pn and 0–12

(singles to quadruples) for the MOS. Background spectra and light

curves were similarly created using regions away from any sources,

possible out-of-time event trails and chip gaps. Where the count rate

of background flares was greater than 5 per cent of the source count

rate, a good time interval file was used to exclude those events, and

even more conservative background filtering was adopted where

possible. We used the SAS tasks RMFGEN and ARFGEN to create the

response matrices.

Figure 2. The relativistically blurred photoionized disc reflection model fit

and residuals to PG 1501+106 (top) and a plot of the model used showing

the illuminating power law and reflection components (bottom). The dashed

line is the reflection component, the dash–dotted line is the power law and

the solid line is the total model. The model is shown over an extended energy

range. The curvature at low energies is due to cold absorption local to our

Galaxy. See Table 3 for fit parameters.
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2012)
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S. Bianchi et al.: CAIXA: a catalogue of AGN In the XMM-Newton archive. I. 429

Fig. 9. Temperature of the black body model, when used to model the soft excess in the objects of CAIXA. It appears completely unrelated to
the X-ray luminosity (left and the BH mass (right). The different symbols refer to the classification of the objects, on the basis of their absolute
magnitude and Hβ FWHM: NLSY, narrow-line Seyfert 1; BLSY, broad-line Seyfert 1; NCSY, not-classified Seyfert 1 (no Hβ FWHM measure
available); NLQ, narrow-line quasar; BLQ, broad-line quasar; NCQ, not-classified quasar (no Hβ FWHM measure available).

Fig. 10. Hard X-ray powerlaw index distribution in CAIXA. Red his-
tograms are narrow-line objects, black histograms are broad line ob-
jects, and white histograms are for objects with no measure in CAIXA
for the Hβ FWHM. See text for details.

performed a complete and homogeneous spectral analysis of the
X-ray data, whose main results can be summarised as follows:

– The X-ray spectral index. The average 2−10 keV spectral in-
dex for the whole catalogue is 1.73± 0.04 (σ = 0.49± 0.02)
and appears significantly steeper in narrow-line objects and
quasars with respect to broad-line objects and Seyfert galax-
ies. The average value for CAIXA and the differences be-
tween source populations do not significantly change if a
luminosity-dependent Compton reflection component is in-
cluded in the model.

– The iron lines. The distribution of the neutral iron Kα EW
is clustered around 50−120 eV, as expected if arising as re-
processing from cold Compton-thick matter, as the putative
torus. Both Fe XXV and Fe XXVI are commonly detected, but
we do not find different rates of detection of these lines be-
tween narrow- and broad-line objects. The ratio between the
EWs of the two lines is, on average, broadly in agreement
with photoionisation models.

– The soft excess. This component is very common in CAIXA,
in agreement with previous studies. We chose the ratio be-
tween the soft X-ray luminosity (rest-frame 0.5−2 keV) and
the hard X-ray luminosity (rest-frame 2−10 keV) as a model-
independent indicator of the strength of the soft excess. With
respect to this parameter, narrow- and broad-line objects are
significantly different populations. Indeed, it is very interest-
ing to note that no narrow-line object is found with a value
of the luminosity ratio lower than unity.

On the basis of these results, we will investigate the correla-
tions between the X-ray and the multiwavelength properties of
the sources in CAIXA in a companion paper.
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Appendix A: Censored mean

Given the large errors and the presence of upper limits for many
of the parameters derived in CAIXA, most average values cited
in this paper are “censored means”, if not otherwise stated. The
adopted method is very similar to the “censored fits” presented
in Bianchi et al. (2007), based on the linear fits performed by
Guainazzi et al. (2006b), and can be summarised as follows.
Several mean values were performed on a set of Monte-Carlo
simulated data derived from the experimental points according
to the following rules: a) each detection was substituted by a ran-
dom Gaussian distribution, whose mean is the best-fit measure-
ment and whose standard deviation is its statistical uncertainty;
b) each upper limit U was substituted by a random uniform dis-
tribution in the interval [0, U]. The average (with relative uncer-
tainty) of the mean values of each single data set is the “censored
mean” reported in the text, along with the average dispersion.
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Table 4. Redshifted absorption edges and narrow 6.4-keV Gaussian emission lines included in the relativistically blurred disc

fits in Table 3. Energy is the energy of the absorption edge, τ is the optical depth and width is the equivalent width of the Gaussian

line. Energies given without associated errors are fixed at 0.74 or 0.87 keV, the energy of the O VII and O VIII K absorption edges.

Blank spaces indicate no feature is present.

Source Energy (keV) τ Energy (keV) τ Width (eV)

PG 1307+085 0.74 0.6+0.2
−0.2

PG 1309+355 0.74 0.3+0.2
−0.1 0.87 0.2+0.1

−0.2

NGC 4051 0.74 0.153+0.005
−0.007 0.463+0.007

−0.009 0.092+0.006
−0.017 90+20

−20

IRAS 13349+2438 0.72+0.20
−0.02 0.24+0.04

−0.02

ARK 564 0.68+0.53
−0.01 0.10+0.01

−0.01

PKS 0558-504 0.72+0.02
−0.01 0.37+0.03

−0.03

MRK 0766 0.708+0.005
−0.003 0.40+0.02

−0.01 50+40
−40

Figure 3. Soft excess blackbody temperature (kT) measured for the simple

model plotted against black hole mass (M; see Section 4 and Table 1). The

soft excess is confined to a narrow temperature band over several decades in

mass, as earlier noted by Gierliński & Done (2004) and others.

1.55 × 1020 cm−2, from Table 1) can account for the shape of these

residuals, with a χ 2
ν of 1.066 for 778 d.o.f. A simple model fit with

no Galactic absorption is still inadequate, with a χ2
ν of 1.264 for 782

d.o.f. These fits are unlikely to be physical, the Galactic column is

rarely lower than ∼ 5 × 1019 cm−2. The residuals are instead likely

to be due to some curvature of the soft excess not addressed by our

models.

5.3 PG 1404+226

PG 1404+226 has been previously fit with the disc reflection model

in Crummy et al. (2005). PG 1404+226 is strongly variable, and

when the simple model is used it appears to have an absorption

feature in the low state which disappears in the high state (see

also Dasgupta et al. 2005). Crummy et al. show that the disc re-

flection model can reproduce both the high-spectral states and the

low-spectral states without the need for variable absorption.

5.4 NGC 4051

The observation of NGC 4051 we analyse is of very high quality, and

shows some features not observable in any of the other sources. It

is clear from Fig. 7 that the disc reflection model follows the shape

of the continuum very well, but there are several small features

which contribute to the fairly high χ2
ν of 1.240 for 1040 d.o.f. Some

of these features may be calibration problems, such as around the

XMM–Newton instrumental Au M edge at 2.3 keV, and some may

be due to small amounts of absorption or emission. However, it

is also possible that some of the approximations made in the disc

reflection model are invalid when analysing observations of this

detail (see Section 6). A more detailed analysis of NGC 4051 and

its variability using the disc reflection model is in Ponti et al. (in

preparation).

5.5 E 1346+266

E 1346+266 is unusual in our sample as it has a high redshift, z =

0.915. This enables us to investigate the effectiveness of the disc

reflection model at source energies up to 23 keV. The simple model,

the disc reflection model and the version of the disc reflection model

with a non-rotating black hole are all roughly equal in quality of fit

to the source, so whilst the disc reflection model has proved itself to

work at least as well as the simple model in this energy range it is

difficult to say anything definite about the source. The disc reflection

model essentially works by fitting the soft excess and any excess

iron emission. The soft excess is less visible in high redshift AGN

due to being both shifted out of the instrument band and strongly

absorbed. The disc reflection model will therefore be most useful in

high redshift sources which have excesses in the continuum around

6.4 keV due to iron, although it is able to fit sources where this is

not the case.

5.6 PG 1211+143

PG 1211+143 has a feature in the 4–8 keV region which is not

predicted by either model (see Fig. 8). The shape of the residuals to

the fits suggests two possibilities, an absorption edge at ∼7 keV or a

broad Laor iron line. We investigated the latter possibility by adding

a Laor line at 6.4 keV (in the source frame) to our reflection model,

with the inclination, emissivity index and outer radius fixed to the

same values as our Laor blurring, allowing only the inner radius

and normalization to vary. We found that this improved the fit very

significantly, to a χ 2
ν of 1.053 for 932 d.o.f. However, this is unphys-

ical as any iron line would also have other reflected lines associated

C⃝ 2005 The Authors. Journal compilation C⃝ 2005 RAS, MNRAS 365, 1067–1081
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Figure 1. Spectral fitting results from the model of two Comptonizing regions. The open and filled symbols correspond to the soft excess strength, Rexc,

less and greater then 0.5, respectively (see Section 3). (a) Temperature of the cool component which produces the soft excess, T soft, versus strength of the

soft excess. (b) Distribution of T soft versus black hole mass. (c) Comparison of the estimated accretion disc temperature, T disc ∝ (L/L Edd)1/4 M−1/4 and

observed T soft. The line represents T disc = T soft. (d) Histogram of T soft. The solid and dotted lines correspond to the full sample and sources with Rexc! 0.5,

respectively. (e) Photon spectral index ! of the hot component versus fraction of the Eddington luminosity. (f) Spectral index of the hot Comptonization, !, versus

T soft.

the accretion disc, improves the fit (χ2/ν = 1.36) but only weakly

affects the underlying continuum. In particular, the strength and

temperature of the soft excess remain very similar.

4 T H E NAT U R E O F T H E S O F T E X C E S S

Comptonization of the accretion disc spectrum can successfully fit

the shape of the soft X-ray excess below ∼2 keV in all these Seyfert

1/radio-quiet quasars. However, the temperature of this putative

Comptonizing region remains remarkably constant at 0.1–0.2 keV

over all 26 different objects, which have a large range in mass and

luminosity, hence in the disc temperature and, most likely, ratio of

the power released in hot plasma to that of the disc.

We use the EQPAIR Comptonization code (Coppi 1999) to quantify

possible changes in the Comptonized spectrum. The key advantage

of this code is that it does not assume the steady-state electron

distribution, rather it calculates it by balancing heating (primarily

the injected power in the hot electrons, Lh) and cooling (proportional

to the power in seed photons, L s). The spectral shape is mostly

determined by the ratio L h/L s, which is dependent on the intrinsic

mechanisms and geometry of the source.

We expect the disc temperature to vary by factor ∼20 within

our sample (see Fig. 1c). This translates into variation by factor

!3 in the equilibrium electron temperature of the Comptonizing

plasma with constant L h/L s and optical depth. Thus, a large vari-

ation in the seed photon temperature can lead to only a moderate

change in the electron temperature, and it seems feasible that the

soft excess can be produced by a cool, optically thick, Comptonized

component.

This however, requires constancy of L h/L s and – to a lesser ex-

tent – optical depth. Large variations in L h/L s would lead to sig-

nificant change in both index and temperature of the Comptonized

spectrum, which is inconsistent with our measurements. Constancy

of L h/L s could be explained e.g. if the seed photons were domi-

nated by reprocessed flux in a constant (disc–corona?) geometry.

Nonetheless the hot Comptonized component is variable. The ob-

served span in its spectral index (see Fig. 1e), between ∼1.5 and

∼2.5 requires a corresponding change in L h/L s from ∼10 to ∼0.5.

Thus the two Comptonizing regions have to be spatially separate and

independent.

This constancy of soft spectral shape is even more puzzling when

compared to GBH, which show a wide variety of spectral shapes for

0.1 < L/L Edd < 1 (e.g. Done & Gierliński 2003). If the accretion

properties simply scale up with the black hole mass, we should see a

similar variety in AGN, yet we do not. The soft-state spectra of GBH

can be modelled by Comptonization on two electron distributions:

the cooler thermal and the hotter power law (e.g. Gierliński & Done

2003; Zdziarski et al. 2001). The thermal electrons create a soft

‘hump’ above the power law, but their derived moderate optical

depth is much smaller than τ ∼ 50, required here. This gives rise to

a much smoother and broader shape than the observed soft excess

in e.g. PG 1211+143.

5 A LT E R NAT I V E S O L U T I O N S

The universality of the soft excess shape has been noticed before

(e.g. Walter & Fink 1993; Czerny et al. 2003). It seems to be much

simpler to explain if it is set by some characteristic, physical energy

C⃝ 2004 RAS, MNRAS 349, L7–L11
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Figure 1. Spectral fitting results from the model of two Comptonizing regions. The open and filled symbols correspond to the soft
excess strength, Rexc, less and greater then 0.5, respectively (see Sec. 3). (a) Temperature of the cool component which produces the
soft excess, Tsoft, versus strength of the soft excess. (b) Distribution of Tsoft versus black hole mass. (c) Comparison of the estimated
accretion disc temperature, Tdisc ∝ (L/LEdd)1/4M−1/4 and observed Tsoft. The line represents Tdisc = Tsoft. (d) Histogram of Tsoft.
The solid and dotted lines correspond to the full sample and sources with Rexc ≥ 0.5, respectively. (e) Photon spectral index Γ of the
hot component versus fraction of the Eddington luminosity. (f) Spectral index of the hot Comptonization, Γ, versus Tsoft .

tion of the disc photons, is simply a power law in the 0.3–
10 keV band, since the seed photons are well below and the
high-energy rollover is well above the observed energy band.
Its photon spectral index, Γ, varies between ∼1.5 and ∼2.5.
There is a weak positive correlation between Γ and luminos-
ity L/LEdd (see Fig. 1e), though unlike the X-ray binaries,
there are bright sources (L/LEdd > 0.1) with hard spectra
(Γ < 2). In particular, PG 1211+143 has Γ ≈ 1.75 near Ed-
dington luminosity. There is no obvious correlation between
the soft excess temperature and Γ (Fig. 1f).

The model generally gives a good fit to the spectra,
with reduced χ2/ν < 1.3 for most of the data. However, in
a few of the highest signal-to-noise spectra there are clear
narrow residual features from absorption which are not mod-
elled by our continuum fits. These are most noticeable for
PG 1211+143, where χ2/ν = 2.0. Detailed studies of its
XMM-Newton spectrum has revealed the presence of com-
plex ionized absorption (Pounds et al. 2003). Adding multi-
ple absorbers, together with ionized reflection from the ac-
cretion disc, improves the fit (χ2/ν = 1.36) but only weakly
affects the underlying continuum. In particular, the strength
and temperature of the soft excess remain very similar.

4 THE NATURE OF THE SOFT EXCESS

Comptonization of the accretion disc spectrum can success-
fully fit the shape of the soft X-ray excess below ∼2 keV in all
these Seyfert 1/radio-quiet quasars. However, the tempera-
ture of this putative Comptonizing region remains remark-
ably constant at 0.1–0.2 keV over all 26 different objects,
which have a large range in mass and luminosity, hence in
the disc temperature and, most likely, ratio of the power
released in hot plasma to that of the disc.

We use the eqpair Comptonization code (Coppi 1999)
to quantify possible changes in the Comptonized spectrum.
The key advantage of this code is that it does not assume the
steady-state electron distribution, rather it calculates it by
balancing heating (primarily the injected power in the hot
electrons, Lh) and cooling (proportional to the power in seed
photons, Ls). The spectral shape is mostly determined by
the ratio Lh/Ls, which is dependent on the intrinsic mech-
anisms and geometry of the source.

We expect the disc temperature to vary by factor ∼20
within our sample (see Fig. 1c). This translates into varia-
tion by factor <

∼ 3 in the equilibrium electron temperature of
the Comptonizing plasma with constant Lh/Ls and optical
depth. Thus, a large variation in the seed photon temper-
ature can lead to only a moderate change in the electron
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Figure 1. Spectral fitting results from the model of two Comptonizing regions. The open and filled symbols correspond to the soft
excess strength, Rexc, less and greater then 0.5, respectively (see Sec. 3). (a) Temperature of the cool component which produces the
soft excess, Tsoft, versus strength of the soft excess. (b) Distribution of Tsoft versus black hole mass. (c) Comparison of the estimated
accretion disc temperature, Tdisc ∝ (L/LEdd)1/4M−1/4 and observed Tsoft. The line represents Tdisc = Tsoft. (d) Histogram of Tsoft.
The solid and dotted lines correspond to the full sample and sources with Rexc ≥ 0.5, respectively. (e) Photon spectral index Γ of the
hot component versus fraction of the Eddington luminosity. (f) Spectral index of the hot Comptonization, Γ, versus Tsoft .

tion of the disc photons, is simply a power law in the 0.3–
10 keV band, since the seed photons are well below and the
high-energy rollover is well above the observed energy band.
Its photon spectral index, Γ, varies between ∼1.5 and ∼2.5.
There is a weak positive correlation between Γ and luminos-
ity L/LEdd (see Fig. 1e), though unlike the X-ray binaries,
there are bright sources (L/LEdd > 0.1) with hard spectra
(Γ < 2). In particular, PG 1211+143 has Γ ≈ 1.75 near Ed-
dington luminosity. There is no obvious correlation between
the soft excess temperature and Γ (Fig. 1f).

The model generally gives a good fit to the spectra,
with reduced χ2/ν < 1.3 for most of the data. However, in
a few of the highest signal-to-noise spectra there are clear
narrow residual features from absorption which are not mod-
elled by our continuum fits. These are most noticeable for
PG 1211+143, where χ2/ν = 2.0. Detailed studies of its
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high-energy rollover is well above the observed energy band.
Its photon spectral index, Γ, varies between ∼1.5 and ∼2.5.
There is a weak positive correlation between Γ and luminos-
ity L/LEdd (see Fig. 1e), though unlike the X-ray binaries,
there are bright sources (L/LEdd > 0.1) with hard spectra
(Γ < 2). In particular, PG 1211+143 has Γ ≈ 1.75 near Ed-
dington luminosity. There is no obvious correlation between
the soft excess temperature and Γ (Fig. 1f).

The model generally gives a good fit to the spectra,
with reduced χ2/ν < 1.3 for most of the data. However, in
a few of the highest signal-to-noise spectra there are clear
narrow residual features from absorption which are not mod-
elled by our continuum fits. These are most noticeable for
PG 1211+143, where χ2/ν = 2.0. Detailed studies of its
XMM-Newton spectrum has revealed the presence of com-
plex ionized absorption (Pounds et al. 2003). Adding multi-
ple absorbers, together with ionized reflection from the ac-
cretion disc, improves the fit (χ2/ν = 1.36) but only weakly
affects the underlying continuum. In particular, the strength
and temperature of the soft excess remain very similar.

4 THE NATURE OF THE SOFT EXCESS

Comptonization of the accretion disc spectrum can success-
fully fit the shape of the soft X-ray excess below ∼2 keV in all
these Seyfert 1/radio-quiet quasars. However, the tempera-
ture of this putative Comptonizing region remains remark-
ably constant at 0.1–0.2 keV over all 26 different objects,
which have a large range in mass and luminosity, hence in
the disc temperature and, most likely, ratio of the power
released in hot plasma to that of the disc.

We use the eqpair Comptonization code (Coppi 1999)
to quantify possible changes in the Comptonized spectrum.
The key advantage of this code is that it does not assume the
steady-state electron distribution, rather it calculates it by
balancing heating (primarily the injected power in the hot
electrons, Lh) and cooling (proportional to the power in seed
photons, Ls). The spectral shape is mostly determined by
the ratio Lh/Ls, which is dependent on the intrinsic mech-
anisms and geometry of the source.

We expect the disc temperature to vary by factor ∼20
within our sample (see Fig. 1c). This translates into varia-
tion by factor <

∼ 3 in the equilibrium electron temperature of
the Comptonizing plasma with constant Lh/Ls and optical
depth. Thus, a large variation in the seed photon temper-
ature can lead to only a moderate change in the electron

• With a « universal » spectral shape (e.g. Walter & Fink 1993, 
Gierlisnki & Done 2004, Crummy et al. 2006, Bianchi et al. 2009)
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Blurred ionized reflection Thermal Comptonisation 

data. A pure bremsstrahlung spectrum, however, is rejected by our
data at high significance. Moreover, our approximation using
single-temperature Comptonization may not be appropriate, as
the plasma may be stratified in temperature and optical depth (cf.
Nandra et al. 1995). Such stratification of the plasma parameters
may simply mimic our thick Comptonization fit even in the case
where a significant part of the emission is optically thin. The
resulting diversity in cold plasma parameters may also explain
the lack of atomic signatures observed in the soft excess spectra
(Fiore et al. 1994, 1997). The above conclusions lead to a picture of
the soft excess produced by a complex continuum component, the
nature of which cannot be determined from the data available now,
and new multiwavelength campaigns are extremely important in
order to solve this problem.

4 C O R R E L AT I O N S B E T W E E N S P E C T R A L

C O M P O N E N T S

Our broad-band model continuum finally consists of the cold
(several eV) disc spectrum; the soft, low-temperature (several
hundred eV) Comptonization continuum and the hard Comptoniza-
tion continuum (!100 keV). We assume that the soft excess
photons contribute to the seed photons for Comptonization in the
hot plasma, although we cannot be certain that this is true from
the available data. On the basis of the above model, we analyse the
simultaneous subset of IUE–Ginga observations assuming a con-
stant hot plasma temperature, which is suggested by the OSSE
observations. The Ginga data only allow for a crude approximation
of the soft excess component, since they are only marginally

affected by its far tail. On the other hand, the model allows the
UV continuum to be generally decoupled from the X-rays, thus
leaving a model-dependent factor which determines the normal-
ization of the soft excess. This factor cannot be determined from the
IUE/Ginga data set without assuming some detailed model of the
UV/soft X-ray continuum.

The hard X-ray continuum shows significant correlation
between the total flux changes and the spectral index and amount
of reflection (Fig. 6). A similar steepening of the hard con-
tinuum as the source brightens was also detected in the EXOSAT

data (Nandra et al. 1991). We find in addition that the source
geometry changes in such a way as to produce more reflection
when the source is brighter and softer. The data give no sig-
nificant information on the iron line variability (cf. Nandra et al.
1991).

The soft excess required by the Ginga data seems to vary in a
correlated fashion with the total flux emitted by the X/g continuum
(Fig. 7a). This suggests that the soft excess component is related to
reprocessing, in agreement with the tight UV/EUV correlation
found by Marshall et al. (1997) and the soft X-ray/hard X-ray
correlation found by Kaastra & Barr (1989). However, the cut-off
energy of the soft excess inferred by the Ginga data is consistent
with being constant over the hard continuum changes (Fig. 7b),
which requires some temperature locking process. Such a process
would partly explain why Seyfert galaxies (including NGC 5548)
appear to have a universal soft excess spectral shape (Walter & Fink
1993; Walter et al. 1994). On the other hand, extrapolation of the
soft X-ray flux of our Ginga data to the simultaneous IUE flux
suggests that in some bright epochs the soft excess spectral index is
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Figure 5. The intrinsic (i.e. after the effect of Galactic absorption at the soft excess and reddening at the optical/UV spectrum have been removed) broad-band

average optical/UV/X/g spectrum of NGC 5548. Panel (a) shows the data and fitted model, and panel (b) shows the decomposition of the spectrum into the disc

and thermal Comptonization continuum components. Both ROSATand OSSE data were fitted with free normalizations with respect to the simultaneous optical/

IUE/ Ginga data set, and renormalized on the figure. The energy scale of the plot is in the source frame. The dot–short-dashed and short-dashed curves show the

disc and the soft excess components, respectively. The soft excess component comes from optically thick Comptonization and dominates the spectrum from the

optical/UV up to 1 keV. The long-dashed and dotted curves show the thermal Comptonization X/g continuum and the reflection component, respectively. The

dot–long-dashed curve shows the disc component fitted to the optical/IUE data separately.

e.g. Magdziarz et al. (1998)
NGC 5548

An explanation for the AGN soft excess 1075

Figure 5. The relativistically blurred ionized disc reflection model plotted in νF ν , i.e. showing the flux emitted as a function of energy. The black crosses are

the data points, the blue line is the fit to the data [from Table 3, with the absorption edges for PG 1309+355 (0.74 keV) and ARK 564 (0.68 keV) from Table 4],

the green line is the power-law component of the fit, the red line is the reflection component of the fit and the insert shows the Laor profile (also plotted as νF ν )

that the two components are blurred to produce the model. The figure illustrates the effect of ionization parameter (ξ ) on the model, the model shown for PG

1309+355 has ξ = 3, PG 1501+106 has ξ = 510, PG 1116+215 has ξ = 1270 and ARK 564 has ξ = 3120. The lines are clearly more distinct in the reflection

component at lower ionization parameters, and the Compton reflection continuum increases as ionization parameter increases. An iron line between 6.4 and

6.7 keV is clear in the reflection component for all values of the ionization parameter, but can only be seen in the source spectra as a slight enhancement to the

continuum as it is blurred by the wide Laor lines [see Gallo et al. (2004b), for an investigation of this feature in MRK 0586].

Figure 6. A histogram showing the measured flux fractions of the sources.

All of the sources have a reflection component, and many sources are domi-

nated by reflection. The deficit of sources in the range 0.8–0.9 may be partly

due to low data quality (see Section 4).

that adding a second reflection component at 6.4 keV gives an even

better fit. Physically, since this second component has a larger inner

radius, it may represent a hotspot or ring of emission excited by e.g.

flares from the magnetic fields.

5.7 PHL 1092

PHL 1092, when fit with the disc reflection model, appears to have

a non-redshifted edge at 0.87 keV. The fit parameters when this

edge is included are a χ2
ν of 1.208 for 179 d.o.f. (compared to 1.237

for 180 d.o.f. without the edge), edge depth 0.3+0.1
−0.2, emissivity index

9.9+0.1
−2.2, inner radius 1.24+0.08

−0.0 gravitational radii, inclination 69.4+2.5
−6.2

degrees, iron abundance 1.00+0.06
−0.05 times solar, illuminating spectral

index 2.53+0.01
−0.01 and ionization parameter 1460+350

−50 erg cm s−1.

PHL 1092 has been fitted by Gallo et al. (2004a), who used the

radiative efficiency formula of Fabian (1979) to conclude that the

variability of the source is inconsistent with a non-rotating black

hole, whilst being consistent with a maximally rotating black hole.

They suggest that the source is reflection dominated, and that light

bending may be in operation. This is consistent with our best

fit for PHL 1092, which is pure reflection without a power-law

component.

5.8 MRK 0586

MRK 0586, when fit with the disc reflection model, appears to have

a non-redshifted edge at 0.87 keV. The fit parameters when this edge
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See Boissay et al. (2015) for testing/comparing both soft X-ray excess 
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data. A pure bremsstrahlung spectrum, however, is rejected by our
data at high significance. Moreover, our approximation using
single-temperature Comptonization may not be appropriate, as
the plasma may be stratified in temperature and optical depth (cf.
Nandra et al. 1995). Such stratification of the plasma parameters
may simply mimic our thick Comptonization fit even in the case
where a significant part of the emission is optically thin. The
resulting diversity in cold plasma parameters may also explain
the lack of atomic signatures observed in the soft excess spectra
(Fiore et al. 1994, 1997). The above conclusions lead to a picture of
the soft excess produced by a complex continuum component, the
nature of which cannot be determined from the data available now,
and new multiwavelength campaigns are extremely important in
order to solve this problem.

4 C O R R E L AT I O N S B E T W E E N S P E C T R A L

C O M P O N E N T S

Our broad-band model continuum finally consists of the cold
(several eV) disc spectrum; the soft, low-temperature (several
hundred eV) Comptonization continuum and the hard Comptoniza-
tion continuum (!100 keV). We assume that the soft excess
photons contribute to the seed photons for Comptonization in the
hot plasma, although we cannot be certain that this is true from
the available data. On the basis of the above model, we analyse the
simultaneous subset of IUE–Ginga observations assuming a con-
stant hot plasma temperature, which is suggested by the OSSE
observations. The Ginga data only allow for a crude approximation
of the soft excess component, since they are only marginally

affected by its far tail. On the other hand, the model allows the
UV continuum to be generally decoupled from the X-rays, thus
leaving a model-dependent factor which determines the normal-
ization of the soft excess. This factor cannot be determined from the
IUE/Ginga data set without assuming some detailed model of the
UV/soft X-ray continuum.

The hard X-ray continuum shows significant correlation
between the total flux changes and the spectral index and amount
of reflection (Fig. 6). A similar steepening of the hard con-
tinuum as the source brightens was also detected in the EXOSAT

data (Nandra et al. 1991). We find in addition that the source
geometry changes in such a way as to produce more reflection
when the source is brighter and softer. The data give no sig-
nificant information on the iron line variability (cf. Nandra et al.
1991).

The soft excess required by the Ginga data seems to vary in a
correlated fashion with the total flux emitted by the X/g continuum
(Fig. 7a). This suggests that the soft excess component is related to
reprocessing, in agreement with the tight UV/EUV correlation
found by Marshall et al. (1997) and the soft X-ray/hard X-ray
correlation found by Kaastra & Barr (1989). However, the cut-off
energy of the soft excess inferred by the Ginga data is consistent
with being constant over the hard continuum changes (Fig. 7b),
which requires some temperature locking process. Such a process
would partly explain why Seyfert galaxies (including NGC 5548)
appear to have a universal soft excess spectral shape (Walter & Fink
1993; Walter et al. 1994). On the other hand, extrapolation of the
soft X-ray flux of our Ginga data to the simultaneous IUE flux
suggests that in some bright epochs the soft excess spectral index is
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Figure 5. The intrinsic (i.e. after the effect of Galactic absorption at the soft excess and reddening at the optical/UV spectrum have been removed) broad-band

average optical/UV/X/g spectrum of NGC 5548. Panel (a) shows the data and fitted model, and panel (b) shows the decomposition of the spectrum into the disc

and thermal Comptonization continuum components. Both ROSATand OSSE data were fitted with free normalizations with respect to the simultaneous optical/

IUE/ Ginga data set, and renormalized on the figure. The energy scale of the plot is in the source frame. The dot–short-dashed and short-dashed curves show the

disc and the soft excess components, respectively. The soft excess component comes from optically thick Comptonization and dominates the spectrum from the

optical/UV up to 1 keV. The long-dashed and dotted curves show the thermal Comptonization X/g continuum and the reflection component, respectively. The

dot–long-dashed curve shows the disc component fitted to the optical/IUE data separately.

e.g. Magdziarz et al. (1998)
NGC 5548

An explanation for the AGN soft excess 1075

Figure 5. The relativistically blurred ionized disc reflection model plotted in νF ν , i.e. showing the flux emitted as a function of energy. The black crosses are

the data points, the blue line is the fit to the data [from Table 3, with the absorption edges for PG 1309+355 (0.74 keV) and ARK 564 (0.68 keV) from Table 4],

the green line is the power-law component of the fit, the red line is the reflection component of the fit and the insert shows the Laor profile (also plotted as νF ν )

that the two components are blurred to produce the model. The figure illustrates the effect of ionization parameter (ξ ) on the model, the model shown for PG

1309+355 has ξ = 3, PG 1501+106 has ξ = 510, PG 1116+215 has ξ = 1270 and ARK 564 has ξ = 3120. The lines are clearly more distinct in the reflection

component at lower ionization parameters, and the Compton reflection continuum increases as ionization parameter increases. An iron line between 6.4 and

6.7 keV is clear in the reflection component for all values of the ionization parameter, but can only be seen in the source spectra as a slight enhancement to the

continuum as it is blurred by the wide Laor lines [see Gallo et al. (2004b), for an investigation of this feature in MRK 0586].

Figure 6. A histogram showing the measured flux fractions of the sources.

All of the sources have a reflection component, and many sources are domi-

nated by reflection. The deficit of sources in the range 0.8–0.9 may be partly

due to low data quality (see Section 4).

that adding a second reflection component at 6.4 keV gives an even

better fit. Physically, since this second component has a larger inner

radius, it may represent a hotspot or ring of emission excited by e.g.

flares from the magnetic fields.

5.7 PHL 1092

PHL 1092, when fit with the disc reflection model, appears to have

a non-redshifted edge at 0.87 keV. The fit parameters when this

edge is included are a χ2
ν of 1.208 for 179 d.o.f. (compared to 1.237

for 180 d.o.f. without the edge), edge depth 0.3+0.1
−0.2, emissivity index

9.9+0.1
−2.2, inner radius 1.24+0.08

−0.0 gravitational radii, inclination 69.4+2.5
−6.2

degrees, iron abundance 1.00+0.06
−0.05 times solar, illuminating spectral

index 2.53+0.01
−0.01 and ionization parameter 1460+350

−50 erg cm s−1.

PHL 1092 has been fitted by Gallo et al. (2004a), who used the

radiative efficiency formula of Fabian (1979) to conclude that the

variability of the source is inconsistent with a non-rotating black

hole, whilst being consistent with a maximally rotating black hole.

They suggest that the source is reflection dominated, and that light

bending may be in operation. This is consistent with our best

fit for PHL 1092, which is pure reflection without a power-law

component.

5.8 MRK 0586

MRK 0586, when fit with the disc reflection model, appears to have

a non-redshifted edge at 0.87 keV. The fit parameters when this edge
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data. A pure bremsstrahlung spectrum, however, is rejected by our
data at high significance. Moreover, our approximation using
single-temperature Comptonization may not be appropriate, as
the plasma may be stratified in temperature and optical depth (cf.
Nandra et al. 1995). Such stratification of the plasma parameters
may simply mimic our thick Comptonization fit even in the case
where a significant part of the emission is optically thin. The
resulting diversity in cold plasma parameters may also explain
the lack of atomic signatures observed in the soft excess spectra
(Fiore et al. 1994, 1997). The above conclusions lead to a picture of
the soft excess produced by a complex continuum component, the
nature of which cannot be determined from the data available now,
and new multiwavelength campaigns are extremely important in
order to solve this problem.

4 C O R R E L AT I O N S B E T W E E N S P E C T R A L

C O M P O N E N T S

Our broad-band model continuum finally consists of the cold
(several eV) disc spectrum; the soft, low-temperature (several
hundred eV) Comptonization continuum and the hard Comptoniza-
tion continuum (!100 keV). We assume that the soft excess
photons contribute to the seed photons for Comptonization in the
hot plasma, although we cannot be certain that this is true from
the available data. On the basis of the above model, we analyse the
simultaneous subset of IUE–Ginga observations assuming a con-
stant hot plasma temperature, which is suggested by the OSSE
observations. The Ginga data only allow for a crude approximation
of the soft excess component, since they are only marginally

affected by its far tail. On the other hand, the model allows the
UV continuum to be generally decoupled from the X-rays, thus
leaving a model-dependent factor which determines the normal-
ization of the soft excess. This factor cannot be determined from the
IUE/Ginga data set without assuming some detailed model of the
UV/soft X-ray continuum.

The hard X-ray continuum shows significant correlation
between the total flux changes and the spectral index and amount
of reflection (Fig. 6). A similar steepening of the hard con-
tinuum as the source brightens was also detected in the EXOSAT

data (Nandra et al. 1991). We find in addition that the source
geometry changes in such a way as to produce more reflection
when the source is brighter and softer. The data give no sig-
nificant information on the iron line variability (cf. Nandra et al.
1991).

The soft excess required by the Ginga data seems to vary in a
correlated fashion with the total flux emitted by the X/g continuum
(Fig. 7a). This suggests that the soft excess component is related to
reprocessing, in agreement with the tight UV/EUV correlation
found by Marshall et al. (1997) and the soft X-ray/hard X-ray
correlation found by Kaastra & Barr (1989). However, the cut-off
energy of the soft excess inferred by the Ginga data is consistent
with being constant over the hard continuum changes (Fig. 7b),
which requires some temperature locking process. Such a process
would partly explain why Seyfert galaxies (including NGC 5548)
appear to have a universal soft excess spectral shape (Walter & Fink
1993; Walter et al. 1994). On the other hand, extrapolation of the
soft X-ray flux of our Ginga data to the simultaneous IUE flux
suggests that in some bright epochs the soft excess spectral index is
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Figure 5. The intrinsic (i.e. after the effect of Galactic absorption at the soft excess and reddening at the optical/UV spectrum have been removed) broad-band

average optical/UV/X/g spectrum of NGC 5548. Panel (a) shows the data and fitted model, and panel (b) shows the decomposition of the spectrum into the disc

and thermal Comptonization continuum components. Both ROSATand OSSE data were fitted with free normalizations with respect to the simultaneous optical/

IUE/ Ginga data set, and renormalized on the figure. The energy scale of the plot is in the source frame. The dot–short-dashed and short-dashed curves show the

disc and the soft excess components, respectively. The soft excess component comes from optically thick Comptonization and dominates the spectrum from the

optical/UV up to 1 keV. The long-dashed and dotted curves show the thermal Comptonization X/g continuum and the reflection component, respectively. The

dot–long-dashed curve shows the disc component fitted to the optical/IUE data separately.

e.g. Magdziarz et al. (1998)
NGC 5548

An explanation for the AGN soft excess 1075

Figure 5. The relativistically blurred ionized disc reflection model plotted in νF ν , i.e. showing the flux emitted as a function of energy. The black crosses are

the data points, the blue line is the fit to the data [from Table 3, with the absorption edges for PG 1309+355 (0.74 keV) and ARK 564 (0.68 keV) from Table 4],

the green line is the power-law component of the fit, the red line is the reflection component of the fit and the insert shows the Laor profile (also plotted as νF ν )

that the two components are blurred to produce the model. The figure illustrates the effect of ionization parameter (ξ ) on the model, the model shown for PG

1309+355 has ξ = 3, PG 1501+106 has ξ = 510, PG 1116+215 has ξ = 1270 and ARK 564 has ξ = 3120. The lines are clearly more distinct in the reflection

component at lower ionization parameters, and the Compton reflection continuum increases as ionization parameter increases. An iron line between 6.4 and

6.7 keV is clear in the reflection component for all values of the ionization parameter, but can only be seen in the source spectra as a slight enhancement to the

continuum as it is blurred by the wide Laor lines [see Gallo et al. (2004b), for an investigation of this feature in MRK 0586].

Figure 6. A histogram showing the measured flux fractions of the sources.

All of the sources have a reflection component, and many sources are domi-

nated by reflection. The deficit of sources in the range 0.8–0.9 may be partly

due to low data quality (see Section 4).

that adding a second reflection component at 6.4 keV gives an even

better fit. Physically, since this second component has a larger inner

radius, it may represent a hotspot or ring of emission excited by e.g.

flares from the magnetic fields.

5.7 PHL 1092

PHL 1092, when fit with the disc reflection model, appears to have

a non-redshifted edge at 0.87 keV. The fit parameters when this

edge is included are a χ2
ν of 1.208 for 179 d.o.f. (compared to 1.237

for 180 d.o.f. without the edge), edge depth 0.3+0.1
−0.2, emissivity index

9.9+0.1
−2.2, inner radius 1.24+0.08

−0.0 gravitational radii, inclination 69.4+2.5
−6.2

degrees, iron abundance 1.00+0.06
−0.05 times solar, illuminating spectral

index 2.53+0.01
−0.01 and ionization parameter 1460+350

−50 erg cm s−1.

PHL 1092 has been fitted by Gallo et al. (2004a), who used the

radiative efficiency formula of Fabian (1979) to conclude that the

variability of the source is inconsistent with a non-rotating black

hole, whilst being consistent with a maximally rotating black hole.

They suggest that the source is reflection dominated, and that light

bending may be in operation. This is consistent with our best

fit for PHL 1092, which is pure reflection without a power-law

component.

5.8 MRK 0586

MRK 0586, when fit with the disc reflection model, appears to have

a non-redshifted edge at 0.87 keV. The fit parameters when this edge
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data. A pure bremsstrahlung spectrum, however, is rejected by our
data at high significance. Moreover, our approximation using
single-temperature Comptonization may not be appropriate, as
the plasma may be stratified in temperature and optical depth (cf.
Nandra et al. 1995). Such stratification of the plasma parameters
may simply mimic our thick Comptonization fit even in the case
where a significant part of the emission is optically thin. The
resulting diversity in cold plasma parameters may also explain
the lack of atomic signatures observed in the soft excess spectra
(Fiore et al. 1994, 1997). The above conclusions lead to a picture of
the soft excess produced by a complex continuum component, the
nature of which cannot be determined from the data available now,
and new multiwavelength campaigns are extremely important in
order to solve this problem.

4 C O R R E L AT I O N S B E T W E E N S P E C T R A L

C O M P O N E N T S

Our broad-band model continuum finally consists of the cold
(several eV) disc spectrum; the soft, low-temperature (several
hundred eV) Comptonization continuum and the hard Comptoniza-
tion continuum (!100 keV). We assume that the soft excess
photons contribute to the seed photons for Comptonization in the
hot plasma, although we cannot be certain that this is true from
the available data. On the basis of the above model, we analyse the
simultaneous subset of IUE–Ginga observations assuming a con-
stant hot plasma temperature, which is suggested by the OSSE
observations. The Ginga data only allow for a crude approximation
of the soft excess component, since they are only marginally

affected by its far tail. On the other hand, the model allows the
UV continuum to be generally decoupled from the X-rays, thus
leaving a model-dependent factor which determines the normal-
ization of the soft excess. This factor cannot be determined from the
IUE/Ginga data set without assuming some detailed model of the
UV/soft X-ray continuum.

The hard X-ray continuum shows significant correlation
between the total flux changes and the spectral index and amount
of reflection (Fig. 6). A similar steepening of the hard con-
tinuum as the source brightens was also detected in the EXOSAT

data (Nandra et al. 1991). We find in addition that the source
geometry changes in such a way as to produce more reflection
when the source is brighter and softer. The data give no sig-
nificant information on the iron line variability (cf. Nandra et al.
1991).

The soft excess required by the Ginga data seems to vary in a
correlated fashion with the total flux emitted by the X/g continuum
(Fig. 7a). This suggests that the soft excess component is related to
reprocessing, in agreement with the tight UV/EUV correlation
found by Marshall et al. (1997) and the soft X-ray/hard X-ray
correlation found by Kaastra & Barr (1989). However, the cut-off
energy of the soft excess inferred by the Ginga data is consistent
with being constant over the hard continuum changes (Fig. 7b),
which requires some temperature locking process. Such a process
would partly explain why Seyfert galaxies (including NGC 5548)
appear to have a universal soft excess spectral shape (Walter & Fink
1993; Walter et al. 1994). On the other hand, extrapolation of the
soft X-ray flux of our Ginga data to the simultaneous IUE flux
suggests that in some bright epochs the soft excess spectral index is
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Figure 5. The intrinsic (i.e. after the effect of Galactic absorption at the soft excess and reddening at the optical/UV spectrum have been removed) broad-band

average optical/UV/X/g spectrum of NGC 5548. Panel (a) shows the data and fitted model, and panel (b) shows the decomposition of the spectrum into the disc

and thermal Comptonization continuum components. Both ROSATand OSSE data were fitted with free normalizations with respect to the simultaneous optical/

IUE/ Ginga data set, and renormalized on the figure. The energy scale of the plot is in the source frame. The dot–short-dashed and short-dashed curves show the

disc and the soft excess components, respectively. The soft excess component comes from optically thick Comptonization and dominates the spectrum from the

optical/UV up to 1 keV. The long-dashed and dotted curves show the thermal Comptonization X/g continuum and the reflection component, respectively. The

dot–long-dashed curve shows the disc component fitted to the optical/IUE data separately.

e.g. Magdziarz et al. (1998)
NGC 5548

An explanation for the AGN soft excess 1075

Figure 5. The relativistically blurred ionized disc reflection model plotted in νF ν , i.e. showing the flux emitted as a function of energy. The black crosses are

the data points, the blue line is the fit to the data [from Table 3, with the absorption edges for PG 1309+355 (0.74 keV) and ARK 564 (0.68 keV) from Table 4],

the green line is the power-law component of the fit, the red line is the reflection component of the fit and the insert shows the Laor profile (also plotted as νF ν )

that the two components are blurred to produce the model. The figure illustrates the effect of ionization parameter (ξ ) on the model, the model shown for PG

1309+355 has ξ = 3, PG 1501+106 has ξ = 510, PG 1116+215 has ξ = 1270 and ARK 564 has ξ = 3120. The lines are clearly more distinct in the reflection

component at lower ionization parameters, and the Compton reflection continuum increases as ionization parameter increases. An iron line between 6.4 and

6.7 keV is clear in the reflection component for all values of the ionization parameter, but can only be seen in the source spectra as a slight enhancement to the

continuum as it is blurred by the wide Laor lines [see Gallo et al. (2004b), for an investigation of this feature in MRK 0586].

Figure 6. A histogram showing the measured flux fractions of the sources.

All of the sources have a reflection component, and many sources are domi-

nated by reflection. The deficit of sources in the range 0.8–0.9 may be partly

due to low data quality (see Section 4).

that adding a second reflection component at 6.4 keV gives an even

better fit. Physically, since this second component has a larger inner

radius, it may represent a hotspot or ring of emission excited by e.g.

flares from the magnetic fields.

5.7 PHL 1092

PHL 1092, when fit with the disc reflection model, appears to have

a non-redshifted edge at 0.87 keV. The fit parameters when this

edge is included are a χ2
ν of 1.208 for 179 d.o.f. (compared to 1.237

for 180 d.o.f. without the edge), edge depth 0.3+0.1
−0.2, emissivity index

9.9+0.1
−2.2, inner radius 1.24+0.08

−0.0 gravitational radii, inclination 69.4+2.5
−6.2

degrees, iron abundance 1.00+0.06
−0.05 times solar, illuminating spectral

index 2.53+0.01
−0.01 and ionization parameter 1460+350

−50 erg cm s−1.

PHL 1092 has been fitted by Gallo et al. (2004a), who used the

radiative efficiency formula of Fabian (1979) to conclude that the

variability of the source is inconsistent with a non-rotating black

hole, whilst being consistent with a maximally rotating black hole.

They suggest that the source is reflection dominated, and that light

bending may be in operation. This is consistent with our best

fit for PHL 1092, which is pure reflection without a power-law

component.

5.8 MRK 0586

MRK 0586, when fit with the disc reflection model, appears to have

a non-redshifted edge at 0.87 keV. The fit parameters when this edge

C⃝ 2005 The Authors. Journal compilation C⃝ 2005 RAS, MNRAS 365, 1067–1081

e.g. Crummy et al. (2006)

See Boissay et al. (2015) for testing/comparing both soft X-ray excess 
models on a large sample…
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We can deduce a lower limits of the disc 
intrinsic emission from our best fits:

Lh

Ls

, kTe

No intrinsic disc emission and 𝝉 <<1  
➔ Lobs/Ls=2 (Haardt & Maraschi 1993)

No intrinsic disc emission and 𝝉 >>1  
➔ Lobs/Ls=1 

Examples:
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1. Warm corona model: nthcomp in XSPEC. Model parameters: 𝚪, kTe,Tbb 
2. Choose Tbb (e.g. 3 eV), vary 𝚪 and kTe 
3. Estimate 𝝉(𝚪, kTe) (e.g. Beloborodov 1999) 
4. Compute Lobs(𝚪, kTe)  and Ls(𝚪, kTe) assuming  

photon conservation and deduce Ldisc,intr/Ls
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Sample
• In the CAIXA catalogue (XMM archive,  Bianchi et al. 2009 
+ new sources)

• With more than 3 observations

• With more than 3 OM filters

• Low Nh (< 1022 cm2), weak WA

Mkn 509, Mkn 883, Mkn 279, PG1116+215, PG1114+445, 
Mkn 335, NGC 7469, 1H0707-495, H0557-385, Mkn766, 
PG1211+143, Q2251-178
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Results (preliminary)
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The sample agrees with low or even 
no disc intrinsic emission !
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Conclusions
• A two-corona model (a warm ~1 keV, optically thick 

𝝉~10 and a hot ~100 keV, optically thin 𝝉~1) reproduce 
well the UV-X-ray spectrum of our sample

• The warm corona explaining the UV-Soft X-ray excess 
agrees with a slab geometry above the accretion disc

• MOST of the accretion power is released in the warm 
corona (illumination? Turbulence?)

• The warm corona could be the disc upper layers (Janiuk 
et al. 2001, Czerny et al. 2003, Rozanska et al. 2015)
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well the UV-X-ray spectrum of our sample
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Thanks!


