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The dusty torus in NGC 1068 

1 pc 

Jaffe et al. 2004 

Torus consistent with a two-component dust distribution: 

o  an inner (0.7±0.2 pc) hot (T > 800 K) component; 
o  a more extended (~3-4 pc) colder component (T~320 K). 

q  Interferometric mid-infrared observations of NGC 1068 
Ø  spatial resolution of the dust structures 

Dust emission components in the nucleus of NGC 1068	
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Unveiling the nucleus of NGC 1068 

The broadband cold reflected 
emission of NGC 1068 is due 

to multiple reflectors with three 
distinct column densities. 

NH,1 ~ 1025 cm-2 

NH,2 = (1.4±0.1)×1023 cm-2 

NH,3 ~ (4-10)×1024 cm-2 

Bauer et al. 2015 

q  NGC 1068 in X-rays 
Ø  multi-epoch X-ray observations until 2012 

X-ray observations (until 2012)	
  

Bauer et al. 2015 
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Remember 

talk by F. 
Bauer

 



flux excess 
above 20 keV 

F20-80keV = 2.45×10-11 erg cm-2 s-1 
F20-80keV = 3.37×10-11 erg cm-2 s-1 

F20-80keV = 2.49×10-11 erg cm-2 s-1 
F20-80keV = 2.45×10-11 erg cm-2 s-1 

Unveiling the nucleus of NGC 1068 
q  NGC 1068 in X-rays 

Ø  2014-2015 XMM-Newton & NuSTAR joint campaign 

Marinucci et al. 2016 

R ≤ 2 pc !! 

Compton-thick 
unveiling event 

(ΔNH ≥ 2.5×1024 cm−2) 

q XMM-Newton 

q NuSTAR 
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August 2014 

December 2012 

December 2012 

February 2015 



The 2017-2018 NuSTAR monitoring 

Zaino et al. in prep. 
a. F3-5.5keV increases by 
    ~35% in Feb 2018 
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Swift image	
  

July 2017 
Aug 2017 

Nov 2017 
Feb 2018 

b.  No evidence of 
   Fe lines variation 

Feb  2018 
Nov 2017 

L2-10keV ~ 4×1040 erg s-1 

L2-10keV < 1039 erg s-1 



The 2017-2018 NuSTAR monitoring 

Feb 2015 
Feb 2018 

Feb 2015: 0.025±0.001 cts/s 
Feb 2018: 0.028±0.001 cts/s 

Countrate 20-80 keV 
 

Aug 2014 
Aug 2017 

Aug 2014: 0.032±0.001 cts/s 
Aug 2017: 0.033±0.001 cts/s 

Countrate 20-80 keV 
 

NGC 1068 shows a behaviour similar to that observed three years ago  

But now, we have two more observations… 

Zaino et al. in prep. 
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Results 
We adopt the Bauer +15 model leaving only the obscuring NH 

and flux of the primary component free to vary. 

NH ~1025 cm-2 
 

norm ≤ 1.4 ph cm-2 s-1 keV-1 

Feb 2018 Nov 2017 

NH = (4.7-1.2 )×1024 cm-2  
 

norm = 0.13-0.09 ph cm-2 s-1 keV-1 

+1.4 
+0.30 

Aug 2017 

NH = (6.4-1.1 )×1024 cm-2 

norm = 0.9-0.6  ph cm-2 s-1 keV-1 

+1.3 
+1.7 

July 2017 

NH ≥ 7.4×1024 cm-2 
 

norm = 5.0-4.5 ph cm-2 s-1 keV-1 +2.3 
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Results 

July 2017 
Aug 2017 

Nov 2017 
Feb 2018 

χ	
   ~1.08 r 2
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To break the NH-norm degeneracy, we assume the same 
intrinsic X-ray luminosity during the whole monitoring… 
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We obtain an intrinsic X-ray luminosity of 3.5×1043 erg/s, fully consistent 
with those inferred using other proxies (e.g. mid-IR and [OIII]). 



Results 
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To break the NH-norm degeneracy, we assume the same 
intrinsic X-ray luminosity during the whole monitoring… 

We observe two unveiling events due to Compton-thick material 
located in the innermost part of the torus or even more inside. 

Zaino et al. in prep. 
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ΔNH = (2.0-1.1)×1024 cm-2 

 

ΔNH ≥ (2.4-0.6)×1024 cm-2 

 

R = (0.06-0.03)M7 n10 pc 
+0.10 2 

R ≤ (0.46-0.14)M7 n10 pc 
2 

+1.2 

+0.36 

+0.5 

OBS1 –- OBS2 

OBS3 –- OBS4 



Ø  NASA SMEX mission 
Ø  NASA-ASI collaboration 
Ø  Launch: April 2021 
                    (now in phase C)  

Imaging X-ray Polarimetry Explorer (IXPE) 

A.Zaino – Investigating the nature and geometry of NGC 1068 through NuSTAR observations and future X-ray polarimetry – TORUS 2018, Puerto Varas, 2018.12.11 

Three polarization sensitive X-ray detector units (DUs), each paired 
with a corresponding grazing incidence mirror module assembly (MMA) 

Parameter Value 

Number of shells 
per mirror module 24 

Shell material nickel–cobalt alloy 

Effective area 
per mirror module 

230 cm2 (@ 2.3 keV) 
>240 cm2 (3–6 keV) 

Angular resolution (HPD) ≤ 25 arcsec 

Field of view 
(detector limited) 12.9 arcmin square 

q  MMA	
  
Parameter Value 

Sensitive area 15 mm×15 mm 

Fill gas and 
composition 

He/DME (20/80) 
@ 1 atm 

Detector window 50-μm thick beryllium 

Spatial resolution 
(FWHM) 

≤ 123 μm (6.4 arcsec) 
@ 2 keV 

Energy resolution 
(FWHM) 0.54 keV @ 2 keV 

q  DUs	
  

Energy band: 2-8 keV	
  



X-ray polarimetry of NGC 1068 
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²  Warm polarization 
Brown & McLean 1977 

Ghisellini, Haardt & Matt 1994 
²  Cold polarization 

Goosmann & Matt 2011 

accr. disc + equatorial torus (NH = 1025 cm-2) 

warm: P = 67% ; Ψ = 0° 	
  

I case (θ = 30°; i=75°)	
  
cold: P = 72% ; Ψ = 0° 	
  

warm: P = 28% ; Ψ = 0° 	
  

II case (θ = 60°; i=75°)	
  
cold: P = 6% ; Ψ = 0° 	
  

Warm reflection continuum from the cone: 
F2-8keV = 10-12 erg cm2 s-1	
  

Cold reflection continuum from the torus: 
F2-8keV = 1.8×10-12 erg cm2 s-1	
  
Emission lines (warm+cold): 
F2-8keV = 1.4×10-12 erg cm2 s-1	
  

Total flux: F2-8keV = 4.2×10-12 erg cm2 s-1	
  
²  Input model	
  

²  Geometry 
the ionization cone 
is perpendicular to 
the torus’ plane 



2.2 Ms IXPE simulation 
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High P well 
reproduced 
by the model	
  

Lower P, 
but greater 

than MDP=5%	
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2.2 Ms IXPE simulation 
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High P well 
reproduced 
by the model	
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PA variation	
  

High P well 
reproduced 
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①  θ=30°: high polarization degree and possibility to check 
the tilted cone hypothesis; 

②  θ=60°: lower polarization degree, but greater than MDP=5%. 

Summary and conclusions 
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q  Analysis of the latest NuSTAR monitoring of NGC 1068, composed of 4 
observations of ~50 ks each probing time-scales from 1 to 6 months. 

Source F2-8 keV 
(×10-12 erg/cm2/s) 

texp (MDP=5%) 
(ks) 

Circinus 15.0 600 

NGC 7582 6.5 1400 

Mrk 3 5 1800 

NGC 1068 4.2 2200 

q  2.2 Ms IXPE simulations for two different geometries of NGC 1068 

①  A brand new flaring ULX reaching a luminosity of ~ 4×1040 erg/s 
in three months and disappearing in the following four months; 

 

②  Two unveiling events due to Compton-thick material located 
in the innermost part of the torus or even more inside.  

Challenging (source complexity, high texp, …), 
but still possible measures 

The ideal source for this kind of 
analysis would seem to be Circinus 



Thank you for your attention! 

Any questions? 
Just ask! 

TORUS 2018 – Puerto Varas, 10-14 December 2018 
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