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Polar dust emission in AGN

NGC 3783
(Hönig et al. 2013)

VLTI/MIDI interferometry results

Significant fraction of the mid-IR emission 
along the polar directions
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Mrk 509 (Kaastra+12)

Warm absorbers at the dusty torus region and beyond

Warm-absorber winds in AGN

 Multiple ionisation and 
velocity components

 NH ~ 1020-1022 cm-2

    vout ~ 102-103 km s-1

 Location derived from 
time-dependent 
photoionisation modelling  
or density-sensitive lines 
(SPEX code)

 Located at pc-scale 
distances from the black 
hole e.g. Arav+15, 
Silva+17, Mehdipour+18



Open questions about dust and winds

 Physical structure of the dusty nucleus?

 Properties and chemistry of dust grains?

 What is the dust extinction law in AGN? 

 Are dusty winds ubiquitous in AGN?

 Role of dust in driving the winds?

 Impact of the winds on their host galaxy?

High-resolution X-ray spectroscopy with Athena 
can help towards answering these questions 



X-ray spectral signatures of dust

 X-ray absorption fine 
structures (XAFS)

 Dust modifies the K 
edge of O, Mg, Si, Fe, 
and the LII and LIII 
edges of Fe

 High-resolution X-ray 
spectroscopy 

➡ column density and 
chemical composition

See poster of 
Daniele Rogantini 
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Multi-wavelength signatures of AGN dust

Mehdipour & Costantini (2018)
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Multi-wavelength signatures of AGN dust
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Mehdipour & Costantini (2018)
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Multi-wavelength spectroscopy of AGN dust



Prospects with Athena X-IFU

 High-resolution coverage of all the key X-ray 
absorption edges to detect the fine structures of dust 

 Constraining all the absorption components (winds, 
ISM) and disentangling them from dust

 Distinction between different chemical compositions 
of dust

 Measuring depletion of elements from gas to dust 
form

 Extending the X-ray study of dust from a few bright 
AGN to more objects to find a general picture

  



X-IFU (100 ks)

X-IFU enables X-ray 
spectroscopy of strongly-
absorbed AGN

Dust in highly-inclined 
Seyfert 1.8/1.9s can be 
studied

FX ~ 10-11–10-10 erg cm-2 s-1

NH ~ 1022 cm-2

X-IFU can constrain 
different dust components

Prospects with Athena X-IFU

RGS+HETGS (100 ks)
X-IFU (100 ks)

90% confidence contour



 The nuclear environment of AGN is dusty including 
the warm-absorber winds

 High-resolution X-ray spectroscopy is a useful tool 
for deriving properties and extent of dust in AGN

 Advances in lab measurements and models are 
needed to correctly interpret the Athena spectra

 
 Synergy between Athena and infrared 

observatories for the study of dust in AGN

 Athena will advance and extend the wind studies  
to a larger population of AGN

  

Conclusions


