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Ricci (PhD thesis, 2012) 
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Iron Kα line: 2 components with different origins	
  

Broad	
   Narrow	
  

Nandra et al. (2007) 
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The iron Kα line 
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The narrow core of the iron Kα line 

Narrow core of the iron Kα line is a tracer of dense material around the 
central engine	
  

Where is the bulk of the iron Kα 
 line emission produced?	
  

Gaskell, 2011 •  Molecular torus? 	
  

•  BLR? 	
  

•  Outer part of the accretion disk?	
  

Claudio Ricci 

From Chandra/HEG average FWHM rKα~3*RBLR (Shu et al. 2012)	
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Bianchi et al. (2007) 

The X-ray Baldwin effect 
E

W
 (e

V
)	
  

2-10 keV luminosity (1044 erg s-1)	
  

Decrease of the EW of the iron Kα line with the luminosity in type-I AGN 
(and the Eddington ratio λEdd)	
  

Iwasawa & Taniguchi (1993)	
  

€ 

log(EW ) = (1.73 ± 0.03) − (0.17 ± 0.03)log(LX 44 )
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Ricci et al. (2013c, in prep.) 

Detection of the X-ray Baldwin effect in type-II AGN  
using a Suzaku sample of 80 AGN	
  

Corrected for absorption using physical AGN models (photoelectric abs.+ Compton scatter)	
  

The X-ray Baldwin effect 

Type-II AGN have the same 
slope as type-I	
  

The mechanism at work is 
the same	
  

log L10-50	
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•  Related to continuum variability? (Jiang et al. 2006)	
  

•  Luminosity-dependent unification?  
(Page et al. 2004, Ricci et al. 2013a)	
  

The X-ray Baldwin effect 

Claudio Ricci 

•  Due to the dependence of the continuum with λEdd? 
(Ricci et al. 2013b)	
  

•  Due to variation of the relativistically broadened 
component? (Nandra et al. 1997)	
  

Possible 
explanations	
  



602 SHU, YAQOOB, & WANG Vol. 187

Figure 7. (a) Fe Kα core emission-line EW vs. the 2–10 keV luminosity. (b) As (a) for EW vs. (L2–10 keV/LEdd), a proxy for the accretion rate. Both (a) and (b)
were constructed from measurements made from individual observations. (c) As (a) but showing EW vs. L2–10 keV for measurements made from spectra combining
multiple observations for a given source, where relevant. (d) As (c) but showing EW vs. (L2–10 keV/LEdd). In (c) and (d) the average spectrum was not used for all
sources, for (b) and (d) reliable black hole mass estimates were not available for all sources (see Sections 4 and 5 for details). All of the measurements shown in
(a)–(d) utilize results from the spectral fitting in which the Fe Kα line intrinsic width was fixed at 1 eV. The statistical errors on the Fe Kα line EW correspond to 68%
confidence. The dotted lines show the correlations obtained by linear fits to log EW vs. log L2–10 keV (a) and (c), and log EW vs. log (L2–10 keV/LEdd) (b) and (d).
Note that observations with only upper limits on the EW were not included in the fits.

be interpreted literally since we do not know the form of the
functional relationship between EW and Lx. Table 4 also shows
that there is no significant difference in the χ2 analysis results
whether we examine the relation of EW between Lx or Lx/LEdd,
and that is true whether we consider the “per observation” or “per
source” results. Both our “per observation” and “per source”
results for the slope of the EW versus Lx relation are formally
consistent, within the uncertainties, with that found by Page
et al. (2004b) who reported EW ∝ L−0.17±0.08). In addition, our
results for the slope of the relation between EW and Lx/LEdd are
formally consistent with that obtained by Bianchi et al. (2007)
(EW ∝ (Lbol/LEdd)−0.19±0.05). We note that the latter study of
Bianchi et al. (2007) excluded sources with high radio loudness
and still found a significant Baldwin effect.

Our results seem to confirm the X-ray Baldwin effect. There
are several factors that could produce an anti-correlation of
the EW of the Fe Kα line and the intrinsic X-ray continuum
luminosity. A decrease of covering factor and/or the column
density of line emitting with increasing X-ray continuum
luminosity likely are the most important factors. Another
possibility is that the line-emitting material becomes more
and more ionized as the X-ray luminosity increases, leaving
less low-ionization material to produce the Fe Kα line at

∼6.4 keV. Unfortunately the data cannot yet distinguish between
these scenarios. A complete understanding of the Baldwin
effect should also take into consideration the fact that the Fe
Kα line EW in individual sources can vary by more than a
factor of 2 (if the line intensity does not respond to large-
amplitude continuum variations), although simulations based
on the simplest assumptions yield an anti-correlation between
EW and continuum luminosity weaker than observed ones and
with a large scattering (EW∝ L−0.05±0.05; Jiang et al. 2006).

6. SUMMARY

We have presented an empirical and uniform analysis of
the narrow core of the Fe Kα emission line in a sample of
82 observations of 36 AGNs with low to moderately low X-
ray absorption (NH < 1023 cm−2), using Chandra HEG data.
The Fe Kα line was detected in 33 sources, and its centroid
energy was measured in 32 sources (68 observations). The
distribution in the centroid energy is strongly peaked around
∼6.4 keV, with over 80% of the measurements lying in the range
6.38–6.43 keV. Including the statistical errors and utilizing the
best measurements for each source, the line centroid energy lies
entirely in the range 6.35–6.47 keV for 30 out of 32 sources.

5/16/13 9 

Shu et al. (2011) 

The X-ray Baldwin effect 

High quality XMM-Newton/EPIC and Chandra/HEG data 
confirmed that X-ray Baldwin effect is due to the 

 narrow component  	
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The X-ray Baldwin effect 
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Possible 
explanations	
  

•  Related to continuum variability? (Jiang et al. 2006)	
  

•  Luminosity-dependent unification?  
(Page et al. 2004, Ricci et al. 2013a)	
  

•  Due to the dependence of the continuum with λEdd? 
(Ricci et al. 2013b)	
  

•  Due to variation of the relativistically broadened 
component? (Nandra et al. 1997)	
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The X-ray Baldwin effect 

Shu et al. (2011) 

Most studies use all available observations for all sources of the sample  
  Fit per observation:	
  

€ 

log(EW )∝ −(0.22 ± 0.03)log(LX 44 )

The correlation is significantly 
attenuated when the values are 
averaged over different 
observations  
(Shu et al. 2010, 2012) 

 Fit per source:	
  

€ 

log(EW )∝ −(0.13 ± 0.04)log(LX 44 )

Claudio Ricci 

Monte Carlo simulations showed 
that variability fails to explain the 
whole trend	
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Possible 
explanations	
  

The X-ray Baldwin effect 
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•  Related to continuum variability? (Jiang et al. 2006)	
  

•  Luminosity-dependent unification?  
(Page et al. 2004, Ricci et al. 2013a)	
  

•  Due to the dependence of the continuum with λEdd? 
(Ricci et al. 2013b)	
  

•  Due to variation of the relativistically broadened 
component? (Nandra et al. 1997)	
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The photon index increases with the Eddington ratio 	
  

For increasing values of the Eddington ratio the number of photons in the iron 
region decreases	
  

Simulating the X-ray Baldwin effect 

Shemmer et al. (2008) 

Γ∝0.31logλEdd

Claudio Ricci 

λEdd
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Physical torus models 

Recently several works have carried out montecarlo simulations to 
understand the contribution of the torus to the X-ray spectrum	
  

à Murphy & Yaqoob (2009)	
  

à Ikeda et al. (2009)	
  

à Brightman & Nandra (2011)	
  

Ikeda et al. (2009) 

Parameters	
  

€ 

NH

€ 

θ i

€ 

θoa = π /2 −σ

Eq. column density	
  

Observer’s inclination angle	
  

Opening angle	
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Ricci et al. 2013b 
(submitted to MNRAS) 

The X-ray Baldwin effect 

We simulated the spectra of unabsorbed AGN populations using three different 
geometries for the reflecting material	
  

Slopes obtained not steep enough	
  

Claudio Ricci 

Only using a steeper dependence of Γ on λEdd we obtained slopes consistent with 
the observed value à	
   (Risaliti et al. 2009, Jin et al. 2012)	
  Γ∝0.58logλEdd
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Possible 
explanations	
  

The X-ray Baldwin effect 
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•  Related to continuum variability? (Jiang et al. 2006)	
  

•  Luminosity-dependent unification?  
(Page et al. 2004, Ricci et al. 2013a)	
  

•  Due to the dependence of the continuum with λEdd? 
(Ricci et al. 2013b)	
  

•  Due to variation of the relativistically broadened 
component? (Nandra et al. 1997)	
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Luminosity-dependent unification 

The fraction of absorbed AGN (fobs) 
decreases with increasing luminosities	
  

Is it related to a decrease of the 
covering factor of the obscuring torus 

with the luminosity?	
  

Lawrence (1991), Ueda et al. (2003), Simpson 
(2005), Maiolino et al. (2007),Hasinger (2008), 

Fiore et al. (2009), Beckmann et al. (2009),  
Mor et al. (2009), Burlon et al. (2011), 
Ueda et al. (2011), Hiroi et al. (2012)	
  

Hasinger (2008) 

2-10 keV	
  

€ 

fobs ∝ L−0.25
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Beckmann et al. 2009 

Decrease of the fobs with the luminosity: not only in the soft X-rays	
  

Maiolino et al. 2007 

Luminosity-dependent unification 

20-100 keV	
  IR	
  

Optical	
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Opening angle calculated from the decrease of  obscured sources with luminosity	
  

Ricci et al. (2013a, A&A 553, 29) 

€ 

fobs ⇒σ

Simulating the X-ray Baldwin effect 
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Simulating the X-ray Baldwin effect 
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Simulating the X-ray Baldwin effect 
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Simulating the X-ray Baldwin effect 
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Simulating the X-ray Baldwin effect 
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Simulating the X-ray Baldwin effect 
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Simulating the X-ray Baldwin effect 
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Simulating the X-ray Baldwin effect 
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Simulating the X-ray Baldwin effect 
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Simulating the X-ray Baldwin effect 
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5/16/13 40 

SMBH!

10
20

no
rm

al
iz

ed
 c

ou
nt

s 
s−

1  k
eV

−1

Energy (keV)

log Lx = 44.0

Energy (keV)	
  

E
qu

iv
al

en
t w

id
th

 (e
V

)	
  

log Lx	
  

N
or

m
al

iz
ed

 c
t s

-1
 k

eV
-1

 	
  

log Lx=44.0	
  

Claudio Ricci 

Simulating the X-ray Baldwin effect 



5/16/13 41 

SMBH!

10
20

no
rm

al
iz

ed
 c

ou
nt

s 
s−

1  k
eV

−1

Energy (keV)

log Lx = 44.1

Energy (keV)	
  

E
qu

iv
al

en
t w

id
th

 (e
V

)	
  

log Lx	
  

N
or

m
al

iz
ed

 c
t s

-1
 k

eV
-1

 	
  

log Lx=44.1	
  

Claudio Ricci 

Simulating the X-ray Baldwin effect 



5/16/13 42 

SMBH!
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Simulating the X-ray Baldwin effect 

Ricci et al. (2013a) 

  

€ 

θ i ∈ 0,ϑOA[ ]

NH
T =1023.2cm−2

Fits to the real data	
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Ricci et al. (2013a) 

Simulating the X-ray Baldwin effect 

Claudio Ricci 
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•  The narrow Fe Kα: the most important tracer of 
neutral material surrounding the supermassive black 
hole. 
 
•  First evidence of an X-ray Baldwin effect in type-II 
AGN, with the same slope as type-I, probably the 
same mechanism is at work in the two classes. 
 
•  The positive Γ-λEdd correlation fails to reproduce the 
slope of the X-ray Baldwin effect, unless a steeper 
trend (as found by Risaliti et al. 2009) is considered 
 
•  A torus with a luminosity-dependent covering factor 
is able to reproduce the slope of the X-ray Baldwin 
effect for a large range of values of the equatorial 
column density. 
 
•  ASTRO-H (launch in 2015) will shed much light on 
the origin of the narrow Fe Kα line (FWHM 300 km/s @6.4keV) 

ASTRO-H, Credits:JAXA	
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The narrow core of the iron Kα line 
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Narrow core likely due to the contribution of several components	
  

Torus	
  

BLR	
  

Outer part of the disk	
  

ASTRO-H/SXS simulated spectrum	
  

The origin of the iron Kα line 
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The Baldwin effect 

Baldwin effect: inverse proportionality of the EW of CIV (λ1549) and the luminosity 
(Baldwin 1977)	
  

Xu et al. (2008) 

Sample redshift Slope 

Xu+ 08 
 

26223 1.5<z<5.1 -0.156±0.001 

Kinney+90 200 z<2.0 -0.17±0.04 

Dietrich+02 788 0<z<5.0 -0.14±0.02 

Possible explanations	
  
•  Change in ionizing continuum and gas metallicity? 
 
•  Change in the BLR covering factor? 

Also found for:  
Lyα, [CIII]λ1908, Si IVλ1396, MgIIλ2798 
(Dietrich et al. 2002), UV iron emission lines 
(Green et al. 2001), mid IR lines (Honig et al. 
2008), forbidden lines (Croom et al. 2002)	
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H	
  

R	
   € 

fobs = sinσ

Fraction of obscured 
sources	
  

Simulating the X-ray Baldwin effect 

Nenkova et al. (2008) 

Claudio Ricci 



5/16/13 50 

Study of the influence of 
variability	
  

€ 

Fvar ∝ LX
−0.135

The X-ray Baldwin effect 

Shu et al. (2012) 

Best fit to 
the data	
  

Only a very small percentage of their 
simulations (8%) can reproduce the 
observed X-ray Baldwin effect	
  

Markowitz & Edelson (2004)	
  

Shu et al. (2012) simulating 
spectra using 	
  

Variability alone cannot account for the 
whole correlation	
  

Average B=-0.03	
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Luminosity-dependent unification 

The fraction of absorbed AGN (fobs) decreases with increasing luminosities	
  

Is it related to a decrease of 
the covering factor of the 

obscuring torus 
with the luminosity?	
  

e.g., Lawrence (1991), Ueda et al. (2003), Simpson (2005), Maiolino et al. (2007),  
Hasinger (2008), Fiore et al. (2009), Beckmann et al. (2009),  

Mor et al. (2009), Burlon et al. (2011), Ueda et al. (2011), Hiroi et al. (2012)	
  

Claudio Ricci 

Ricci et al. 2013a, A&A 553, 29 	
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•  Related to continuum variability? (Jiang et al. 2006)	
  

•  Luminosity-dependent unification?  
(Page et al. 2004, Ricci et al. 2013a)	
  

The X-ray Baldwin effect 

•  Influence of radio-loud (RL) AGN ? 
(Jimenez Bailon et al. 2005) 	
  

Claudio Ricci 

•  Due to the dependence of the continuum with λEdd? 
(Ricci et al. 2013b)	
  

•  Due to variation of the relativistically broadened 
component? (Nandra et al. 1997)	
  

Possible 
explanations	
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The X-ray Baldwin effect 

Sample Observatory Slope 

Shu+ 12 
 

32 (RQ) Chandra/HEG -0.18±0.03 

Shu+ 10 33 (RQ+RL) Chandra/HEG 
 

-0.22±0.03 

Bianchi+ 07 157 (RQ) XMM-Newton/EPIC -0.17±0.03 

Jimenez Bailon+ 05 
 

38 (RQ) XMM-Newton/EPIC 
 

-0.06±0.20 
 

Zhou & Wang 05 66 (RQ+RL) XMM-Newton/EPIC 
 

-0.19±0.04 

Page+ 04 53 (RQ+RL) XMM-Newton/EPIC 
 

-0.17±0.08 
 

•  Studies of large radio-quiet (RQ) AGN samples have confirmed the X-ray 
Baldwin effect (Bianchi et al. 2007, Shu et al. 2012) 
 
•  X-ray Baldwin effect found also in RL AGN (Grandi et al. 2006)	
  

Most studies found a slope of 	
  

€ 

B ≅ −0.20
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