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The Chandra X-ray Spectrum of the CT AGN ESO 428-G014 

 

Soft line emission 
OVII, OVIII, NeIX, 
MgXI, SiXIII, etc. 

Hard continuum Fe K lines 
Neutral and Fe XXV 

The full Chandra ACIS 
spectrum of a CT AGN 

Fabbiano et al 2017, 2018a, 2018b, ApJ  
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Soft line emission 
OVII, OVIII, NeIX, 
MgXI, SiXIII, etc. 

Hard continuum Fe K lines 
Neutral and Fe XXV 
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The 
‘ionization 
cone’ 
Our analysis 
favors a mixed 
spectrum mostly 
photoionized 
with some 
thermal emission 

The Chandra X-ray Spectrum of the CT AGN ESO 428-G014 
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Fabbiano et al 2017, 2018a, 2018b, ApJ  
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ESO 428-G014 – The ‘ionization cone’ doesn’t look conical 

ESO 428-G014 
150 ks, Chandra 
Soft line dominated emission  
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Soft line emission 
OVII, OVIII, NeIX, 
MgXI, SiXIII, etc. 

Hard continuum Fe K lines 
Neutral and Fe XXV 

G. Fabbiano  

 Hard and Fe Ka emission  
‘photons interacting with the nuclear CT clouds 
/ torus’ 

The Chandra X-ray Spectrum of the CT AGN ESO 428-G014 
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Fabbiano et al 2017, 2018a, 2018b, ApJ  



• Large scale ~2 kpc hard and Fe line emission 
~30% of >3 keV emission is extended 

• LX of extended hard emission is ~5 x 1039 erg s-1, a few % of estimated intrinsic LX 

(AGN) 

– If Thomson scatter, the column density NH~3 x 1021 cm-2 

– Over 1kpc, density ~1 cm-3, typical ISM 

 

 

 

ESO 428-G014 – ~2 kpc-scale hard continuum and Fe Ka 

6.1-6.6 keV 3.0-6.0 keV 

Hard continuum Fe Ka line 

G. Fabbiano  

 counts in extended component (1’’.5 – 8’’ annulus) 
are 30 %  of counts in r < 1”.5 

10/1/2018 



Within r=1”.5  
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ESO 428-G014 – Fe Ka in the inner circumnuclear region  

Fabbiano et al 2018c, 
ApJ submitted 

• R < 1”.5  
C (extended) ~ 0.4 C (PSF) 

• R < 8” 
Total counts = 1.8 C (PSF) 
 

In a “typical” non-Chandra 
 spectral extraction region the 
large Fe K component contributes 
almost as much as the nuclear 
source 
i.e. XMM-Newton, NuStar, Athena 
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ESO 428-G014 –measuring the extent with radial profiles  

G. Fabbiano  

FWHM 
cone cross-cone 

cone cross-cone 

PSF 
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ESO 428-G014 – Cross-cone extent 

• E>1.5 keV, cross-cone/cone counts ~ 50% 
(excluding jet region) 

• E<1.5, cross-cone/cone counts = 84% (+/- 6%) 

Significant extended emission 
in the cross-cone direction up 
to 6 keV 

G. Fabbiano  

We have measured the extent (FWHM) of the emission in the ‘cone’ 
and ‘cross-cone’ directions as function of energy  
Fabbiano et al, ApJ submitted 
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in the cross-cone direction up 
to 6 keV 

• The torus is porous 
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We have measured the extent (FWHM) of the emission in the ‘cone’ 
and ‘cross-cone’ directions as function of energy  
Fabbiano et al, ApJ submitted 
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ESO 428-G014 – Cross-cone extent 

• E>1.5 keV, cross-cone/cone counts ~ 50% 
(excluding jet region) 

• E<1.5, cross-cone/cone counts = 84% (+/- 6%) 

Significant extended emission 
in the cross-cone direction up 
to 6 keV 

• The torus is porous 
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We have measured the extent (FWHM) of the emission in the ‘cone’ 
and ‘cross-cone’ directions as function of energy  
Fabbiano et al, ApJ submitted 
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• Hot cocoon from jet interaction with molecular 
clouds (e.g., simulations of Mukherjee et al 2018) 

G. Fabbiano  

ESO 428-G014 – Cross-cone extent 
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• Hot cocoon from jet interaction with molecular 
clouds (e.g., simulations of Mukherjee et al 2018) 
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ESO 428-G014 – Cross-cone extent 
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> 1.5 keV 

Cross-cone counts ~ 50% 
 of cone counts at all energies 

• Given a cross-cone volume 
~5-times larger than cone 
 
 
torus cross-cone 
transmission ~10% of cone 
transmission 

 

 

ESO 428-G014 – If Porous Torus, Cross-cone transmission 
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ESO 428-G014 - AGN emission and cold ISM clouds 

• E>1.5 keV, cross-cone/cone counts ~ 50% 
(excluding jet region) 

• E<1.5, cross-cone/cone counts = 84% (+/- 6%) 

• Extent of the emission 
(FWHM) decreases with E 
for E>1.5 keV 

• Extent is smaller at 
higher energies 

– Optically thicker 
clouds(NH~1024 cm -2) 
nearer to galactic 
center? 

– MW analogy 
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0.3 - 1.5 keV  

• FWHM cross-cone relatively 
larger  
(image is ‘rounder’ ) 

• cross-cone/cone count ratio 
increases: 84% (+/- 6%) 

• New component? 

– Hot ISM of the galaxy 

– LX~ 5 x 1038 erg s-1 

– tcooling ~ 109 yr 

– Etot~1055 erg 

 

 

 

ESO 428-G014 - Soft X-rays from hot ISM 
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Summary: The CT AGN ESO 628-G014 

1. Deep high-resolution spatial-spectral imaging with Chandra 
reveals complex extended kpc-size hard continuum and Fe 
Ka  

– These extended components bias ‘torus’ spectral modeling 

2. Cross-cone extent 

– The torus is porous, with 10% transmission cross-cone re. cone 

– Or, hot cocoon from radio jet / molecular disk interaction 

3. X-ray Image of the absorbing/scattering molecular clouds in 
the galaxy disk 

– Denser ISM clouds at smaller galactocentric radii – as in MW 
 

4. Synergy between Lynx and Athena is needed 

G. Fabbiano  10/1/2018 
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ESO 428-G014 – The inner ~500 pc 
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Extended % within r < 1”.5 and r<5” 
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Fe K 

Fabbiano et al 2018b  10/1/2018 
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ESO 428-G014 – The inner ~500 pc – X-ray emission lines 

Contours are Ha 
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ESO 428-G014 –X-ray emission line ratios and models 
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ESO 428-G014 – raw data Fabbiano et al 2017 

Hard continuum Fe Ka line 
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Case study: ESO 428-G014 

• Southern barred galaxy [SAB(r)] - J2000 RA = 7h16m31.2s, Dec = -29O19’28.6” 
•  D∼23.3Mpc (scale = 112pc/arcsec)  
• Highly obscured Seyfert 2 nucleus (CT, NH > 1025 cm-2)  

Maiolino et al. 1998 

• One-sided, curved, 5′′-long, 6 and 20 cm radio jet  
Ulvestad & Wilson 1989  

• Extended Hα and [O III] optical line emission  
Falcke et al. 1996, 1998 

• Extended soft X-ray component detected with  
30 ks Chandra exposure 
• David et al (2006) suggest thermal emission 
• Levenson et al (2006) advocate photoionization 

 
 

• We have obtained a cumulative exposure of 150 ks with Chandra ACIS 
Each photon individually detected  and tagged with position, energy and time of 
arrival 
 

6 cm 

Ha [O III] 
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ESO 428-G014 – Chandra hard band images – Fabbiano et al 2018 
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