
A	  hard	  X-‐ray	  view	  of	  the	  
so2-‐excess	  in	  AGN	  

An	  excess	  of	  X-‐ray	  emission	  below	  1	  keV,	  called	  so9-‐excess,	  is	  detected	  in	  many	  Seyfert	  1-‐1.5s	  spectra.	  The	  origin	  of	  this	  feature	  remains	  debated,	  as	  several	  
models	  have	  been	  suggested	  to	  explain	  it,	  including	  ComptonizaFon	  and	  blurred	  ionized	  reflecFon.	  In	  order	  to	  constrain	  the	  origin	  of	  this	  component,	  we	  use	  
the	  fact	  that	  these	  models	  predict	  different	  behaviors	   in	  the	  hard	  X-‐rays.	   Ionized	  reflecFon	  indeed	  covers	  a	  broad	  energy	  range,	  from	  the	  so9	  X-‐rays	  to	  the	  
hard	  X-‐rays	  around	  a	  few	  tens	  of	  keV,	  while	  ComptonizaFon	  drops	  very	  quickly	  in	  the	  so9	  X-‐rays.	  We	  present	  here	  the	  preliminary	  results	  of	  a	  study	  of	  the	  hard	  
X-‐ray	  characterisFcs	  of	  objects	  with	  and	  without	  so9-‐excess,	  using	  a	  sample	  of	  30	  sources	  observed	  with	  XMM-‐Newton	  and	  Swi9/BAT.	  
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Sample	  and	  data	  analysis	  

We	   use	   for	   this	   study	   a	   sample	   of	   69	   Seyfert	   1-‐1.5	   galaxies,	   observed	   by	  
XMM-‐Newton	   and	   present	   in	   the	   Swi9/BAT	   catalog.	   Data	   reducFon	   is	  
performed	   on	   the	   original	   data	   files	   using	   the	   XMM	   Standard	   Analysis	  
So9ware	  (SAS	  v12.0.1)	  to	  get	  PN	  spectra	  of	  each	  sources.	  We	  download	  BAT	  
spectra	   from	   the	   Swi9	   BAT	   70-‐Month	   Hard	   X-‐ray	   Survey	   catalog	  
(Baumgartner	  et	  al.	  2013).	  

Conclusions	  
	  

	  	  
	  

In	  this	  work,	  we	  explore	  the	  existence	  of	  connecFon	  between	  so9-‐excess	  and	  hard	  X-‐ray	  properFes	  in	  
AGN,	  using	  a	  sample	  of	  XMM-‐Newton	  and	  Swi9/BAT	  observaFons.	  We	  see	  that	  there	  is	  no	  evidence	  
of	   a	   link	   between	   reflecFon	   and	   strength	   of	   the	   so9-‐excess.	   The	   correlaFon	   between	   the	   photon	  
index	  and	  the	  strength	  of	  the	  so9-‐excess	  suggests	  a	  link	  between	  this	  feature	  and	  the	  cooling	  of	  the	  
hot	   corona.	  One	  possible	   explanaFon	   could	  be	   that	   the	   so9-‐excess	   is	   a	   contribuFng	   source	  of	   so9	  
photons	  originaFng	  from	  ComptonizaFon	  of	  disk	  photons	  in	  a	  layer	  on	  top	  of	  the	  accreFon	  disk	  and	  
further	  Comptonized	  in	  the	  hot	  corona.	  

CorrelaFon	  Gamma-‐SE	  
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above	  showing	  the	  fit	  on	  Ark	  120,	  which	  presents	  a	  strong	  so9-‐excess	  ploied	  
in	  red).	  Doing	  so,	  we	  find	  that	  37	  objects	  present	  a	  so9-‐excess,	  seven	  of	  them	  
showing	  ionized	  absorpFon.	  
The	  other	  sources	  are	  heavily	  absorbed	  by	  ionized	  material.	  We	  measure	  the	  
photon	  index	  in	  the	  XMM	  spectra	  and	  define	  the	  strength	  of	  the	  so9-‐excess	  q	  
as	  the	  raFo	  between	  the	  flux	  of	  the	  so9-‐excess	  and	  the	  flux	  of	  the	  conFnuum	  
between	  0.3	  and	  2	  keV,	  for	  each	  of	  the	  30	  sources	  without	  any	  absorpFon.	  	  

We	   fit	   the	   XMM	   observaFons	   with	   a	  
simple	   power-‐law	   in	   an	   energy	   band	   in	  
which	  we	  expect	  liile	  contaminaFon	  from	  
the	   so9-‐excess	   or	   the	   FeKα	   line,	   taking	  
into	  account	  GalacFc	  absorpFon,	  adding	  in	  
some	   cases	   absorpFon	   from	   a	   cold	   or	  
ionized	  medium,	  and	  two	  Bremsstrahlung	  
models	   to	   phenome-‐nologically	   measure	  
the	  so9-‐excess	  if	  present	  (as	  in	  the	  figure	  	  

So9-‐excess	  

XMM	  

Γweak	  SE	   1.58	  ±	  0.01	  

Γinter.	  SE	   1.71	  ±	  0.008	  

Γstrong	  SE	   1.79	  ±	  0.005	  

The	   so9-‐excess	   (SE)	   is	   an	  excess	  over	   the	  power-‐law	  emission	  below	  1	  keV	  
which	   is	   very	   common	   in	   Type	   1	   AGN	   spectra	   (Halpern	   1984;	   Turner	   &	  
Pounds	   1989).	   Several	   models	   have	   been	   proposed	   to	   explain	   the	   so9-‐
excess,	  including	  warm	  ComptonizaFon	  (Walter	  &	  Fink	  1993,	  Magdziarz	  et	  al.	  
1998,	   Mehdipour	   et	   al.	   2011,	   Di	   Gesu	   et	   al.	   2014)	   and	   blurred	   ionized	  
reflecFon	  (Ross	  &	  Fabian	  2005,	  Crummy	  2006,	  Fabian	  et	  al.	  2009,	  De	  Marco	  
et	  al.	  2013).	  	  
The	  ionized	  reflecFon	  model	  predicts	  a	  link	  between	  the	  so9-‐excess	  and	  the	  
reflecFon	  hump	  at	  about	  30	  keV.	  Vasudevan	  et	  al.	  (2014)	  recently	  proposed	  
an	  approach	  using	  a	  diagnosFc	  plot	  of	  the	  strength	  of	  the	  hard	  excess	  against	  
the	   so9-‐excess	   to	  disFnguish	   the	  different	  models,	  based	  on	  simulaFons	  of	  
XMM	  +	  NuSTAR	  observaFons.	  	  

We	  find	   the	   best	   fit	   parameter	   values	   of	   the	   high-‐energy	   cutoff	  Ec	   and	   the	  
reflecFon	  factor	  R	  using	  the	  χ2	  staFsFcs	  of	  XSPEC	  (v12.8.1).	  	  
As	  shown	  in	  the	  figure	  above,	  we	  do	  not	  see	  any	  correlaFon	  between	  R	  and	  
the	  strength	  of	   the	  so9-‐excess	  q	   (Spearman	  correlaFon	  coefficient	   	   r:	   -‐0.09,	  
with	  a	  null-‐hypothesis	  probability	  of	  64%).	  
	  

Spectral	  stacking	  

We	   classify	   the	   30	   objects	   depending	   on	   the	   value	   of	  
the	  so9-‐excess	  strength	  q	  in	  3	  groups	  («	  weak	  SE	  »:	  q	  <	  
0.5,	  «	  intermediate	  SE	  »:	  0.5	  <	  q	  <	  0.8,	  and	  «	  strong	  SE	  »:	  
q	  >	  0.8).	  We	  stack	  the	  Swi9/BAT	  spectra	  of	  all	  objects	  in	  
each	  of	  the	  groups.	  

The	  figures	  on	  the	  right	  show	  the	  raFos	  of	  the	  stacked	  
BAT	  spectra	  («	  intermediate	  SE	  »	  over	  «	  weak	  SE	  »,	  and	  
«	   strong	   SE	   »	   over	   «	   weak	   SE	   »).	   In	   the	   case	   of	  
reflecFon,	  we	  expect	   to	   see	  a	  bump	  peaking	  at	  about	  
30	   keV	   in	   the	   raFo	   plot,	   as	   shown	   by	   simulaFons	   in	  
Ricci	  et	  al.	  (2011),	  while	  the	  raFo	  spectra	  are	  observed	  
to	  peak	  in	  the	  lowest	  energy	  bin,	  so	  we	  do	  not	  see	  any	  
evidence	   of	   increasing	   reflecFon	  with	   increasing	   so9-‐
excess	  strength.	  
	  
	  
The	  table	  on	  the	  right	  shows	  that,	  by	  fiwng	  the	  stacked	  
spectra	   with	   a	   simple	   power-‐law,	   the	   photon	   index	  
increases	   with	   the	   strength	   of	   the	   so9-‐excess	  
(consistent	   with	   the	   correlaFon	   between	   the	   photon	  
index	  and	  q).	  	  
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Fig. 3. Same plot as the previous one with INTEGRAL data. The pos-
itive correlation found with the two other instruments is not significant
as the Spearman rank analysis gives a correlation coefficient of r=0.11
with a probability of 45%.

Fig. 4. Photon index obtained with Swift/BAT data versus gamma ob-
tained with XMM-Newton data. Spearman rank analysis gives a corre-
lation coefficient of r=0.56 with a probability of 99.9%.

4.2. Stacking of spectra

Weight-average values of gamma for each instrument in each
group:

XMM:
Γ1 = 1.58 ± 0.01
Γ2 = 1.71 ± 0.008
Γ3 = 1.79 ± 0.005

BAT:
Γ1 = 1.97 ± 0.02
Γ2 = 1.99 ± 0.03
Γ3 = 2.03 ± 0.03

Stacked spectra (arithmetic mean):
Γ1 = 1.88 ± 0.03
Γ2 = 1.97 ± 0.05

Γ3 = 2.11 ± 0.04

INT:
Γ1 = 2.08 ± 0.03
Γ2 = 2.13 ± 0.05
Γ3 = 2.26 ± 0.05

Stacked spectra (arithmetic mean):
Γ1 = 2.53 ± 0.29
Γ2 = 2.16 ± 0.12
Γ3 = 2.31 ± 0.12

We can see that for all these instruments, spectra become
steeper for stronger soft-excesses.
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Fig. 5. Stacked spectra for BAT: group 1 in black, group 2 in red, group
3 in green.

Fig. 6. Ratio of stacked spectra for BAT (group 2 over group 1)
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Fig. 7. Ratio of stacked spectra for BAT (group 3 over group 1)
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Fig. 8. Stacked spectra for INTEGRAL: group 1 in black, group 2 in
red, group 3 in green.

Fig. 9. Ratio of stacked spectra for INTEGRAL (group 2 over group 1)

4.3. Fit with pexrav

We fitted Swift/BAT spectra (ignoring the last channel) with a
pexrav, fixing the value of the photon index to the one find with

Fig. 10. Ratio of stacked spectra for INTEGRAL (group 3 over group
1)

XMM-Newton data. Abundances are fixed to the solar value,
cosIncl=0.45. The norm is free to vary, as well as the reflec-
tion factor (between 0 and 5) and energy cutoff (between 10 and
1000). After determining the best-fit model using the common
fit statistic χ2, we performed a Bayesian inference to get the re-
sulting energy cutoff and reflection factor presented in Fig. 11,
12 and 13.

Fig. 11. Energy cutoff as a function of the strength of the soft-excess.

5. Discussion
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We	   fit	   the	   BAT	   spectra	   with	   a	   pexrav	  
model	   (Magdziarz	   &	   Zdziarski	   1995),	   in	  
order	   to	   represent	   phenomenologically	  
the	   reflecFon	   (either	   neutral	   or	   ionized),	  
fixing	   the	   value	   of	   gamma	   to	   the	   one	  
obtained	  using	  XMM	  data.	  	  

CorrelaFon	  R-‐SE	  

Plowng	   the	   strength	   of	   the	   so9-‐excess	   q	   against	   the	  
power-‐law	   slope	   obtained	   with	   XMM-‐Newton	   data	  
reveals	  a	  posiFve	  correlaFon	   (see	  figure	  on	   the	  right).	  
Spearman	   rank	   analysis	   gives	   a	   correlaFon	   coefficient	  
of	  r=0.42	  with	  a	  null-‐hypothesis	  probability	  of	  2%.	  This	  
result	   is	  consistent	  with	   the	  one	  of	  Page	  et	  al.	   (2004),	  
who	   found	   a	   correlaFon	   with	   a	   4%	   null-‐hypothesis	  
probability	   with	   7	   objects	   observed	   with	   XMM-‐
Newton.	   This	   shows	   that	   the	   strength	   of	   the	   so9-‐
excess	  q	   is	   linked	  to	  the	  spectral	  index,	  and	  not	  to	  the	  
reflecFon.	   This	   suggests	   a	   connecFon	   between	   the	  
so9-‐excess	  and	  the	  cooling	  of	  the	  hot	  corona.	  	  
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lation between the flux in the optical/UV band and that in the
soft X-rays (E ! 1 keV), strongly suggesting a Comptonization
origin for the soft excess.

A possible new explanation to the origin of the soft excess
in objects accreting at high Eddington luminosities (such as the
NLS1s) has been recently proposed by Done et al. (2011). They
argue that in high accreting objects the radiation might thermal-
ize only at large distances from the SMBH, and thus the rela-
tionship T 4max ∝ (L/LEdd)/M does not hold close to the center of
the accretion disk. This implies that higher temperatures can be
reached, with the disk emission contributing to the X-ray emis-
sion below 1 keV. They also propose that this disc emission is
then Comptonized in the disk itself, leading to the observed soft-
excess.

Importance of soft excess for understanding the spin of the
SMBH (see intro Patrick+12)

Di Gesu et al. (2014) Ricci et al. (2011) Vasudevan et al.
(2014)

2. Sample
We use for this study a sample of 72 sources observed with
INTEGRAL/ISGRI (see Table 1). Their spectra (SED) have
been downloaded using the High-Energy Astrophysics Virtually
ENlightened Sky (HEAVENS) tool (Walter et al. 2010). We also
downloaded spectra from the Swift BAT 70-Month Hard X-ray
Survey catalog (Baumgartner et al. 2013), except for 3 sources
(IGR J16385-2057, IGR J18249-3243 and IGR J18559+1535)
for which observations with Swift are not available.

In order to study the soft part of these objects, we use XMM-
Newton observations (see Table 2). SAS (Gabriel et al. 2004)

3. Data analysis
We fitted the XMM-Newton observations for all the objects
with a simple power-law plus Galactic absorption, adding even-
tually absorption from a cold or ionized medium, and two
Bremsstrahlung models in order to measure the soft-excess if
present.

We also fitted the Swift/BAT and INTEGRAL spectra with
a simple power-law.

4. Soft excess and continuum emission
4.1. Correlation SE-Gamma

Page et al. (2004) 96% with seven objects observed by XMM-
Newton.
Plotting the strength of the soft-excess against the power-law
slope obtained with XMM-Newton (Fig. 1) and Swift/BAT
(Fig. 2) data reveals a positive correlation. Spearman rank
analysis gives a correlation coefficient of r=0.42 and 0.50 with a
probability of 98% and 99.4%, respectively, for XMM-Newton
and Swift/BAT data. Regarding INTEGRAL results (Fig. 3), we
get a correlation coefficient of r=0.11 with a probability of only
45%, due to the large error bars on the photon index values.

The positive correlation is represented by the solid lines in
Fig. 1, 2 and 3. The linear regression has been calculated using
the scipy.odrpack.odr function in Python, taking into account er-
rors in x and y axes.

Fig. 1. Plotting the strength of the soft-excess against the power-law
slope obtained with XMM-Newton data reveals a positive correlation.
Spearman rank analysis gives a correlation coefficient of r=0.42 with a
probability of 98%.

Fig. 2. Same plot as the previous one with Swift/BAT data. Spearman
rank analysis gives a correlation coefficient of r=0.50 with a probability
of 99.4%.

Figure 4, plotting the photon index obtained with Swift/BAT
data versus the gamma measured from XMM-Newton data,
shows a positive correlation (Spearman correlation coefficient:
0.56, with a probability of 99.9%). As in previous figures, the
linear regression has been calculated taking into account errors
in x and y axes.

As	  suggested	  in	  the	  case	  of	  MRK	  509	  (Petrucci	  et	  al.	  2013),	  one	  possible	  explanaFon	  is	  that	  the	  
so9-‐excess	   would	   consFtute	   a	   non-‐negligible	   part	   of	   the	   so9	   photons	   Comptonized	   in	   the	  
corona.	  
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Fig. 12. Reflection factor as a function of the strength of the soft-excess.
We see that some objects do not show any reflection.

Fig. 13. Reflection factor as a function of the cutoff energy. Spearman
correlation coefficient: r=0.39, p=0.038.

Power-‐law	  

Bremsstrahlung	  models	  
represenFng	  the	  SE	  


