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1. Introduction



  

Active Galaxies
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➢ Highly variable and very energetic processes in their nucleus

➢ Most of the energy has non-stellar origin

➢ Accretion of circumnuclear material onto a super massive black 
hole (SMBH)

Credits: ESA / ATG medialab Artist’s Concept



  

Interest in AGNs
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➢ Correlation between the SMBH mass 
and the properties of the host galaxy

   Interpretation: 

   Co-evolution (Di Matteo et al. 2005)

➢ Simulations of galaxy formation: 
• overestimation of massive galaxies 

(without feedback) 

● AGN feedback: affect the star formation
● heats, disturbs, consumes and/or 

remove gas

Credits: K. Cordes, S. Brown
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Internal structure
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➢ Unified Model (Antonucci 1993):
✔ optically thick dusty torus
✔ The AGN type depends on 

the orientation

➢ Seyfert torus size ~10 pc 
(e.g. García-Burillo et al. 2016)

➢ The nuclear dust absorbs part of the intrinsic AGN radiation and, then, re-
emits it in the infrared (IR), peaking in the mid-IR (MIR)

Credits: Brooks/Cole 
Thomson Learning
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Tristram et al. 2007

Clumpy torus
Submm counterpart

7 pc

NLR

BLR

Polar dust

Corona

Ramos Almeida & Ricci 2017, Nature Astronomy Review 

Torus

García-Burillo+16



  

Importance of the Angular Resolution

Importante observar con alta resolución angular
Hernán-Caballero et al. (2015)

 Nuclear Spectrum Host Galaxy Spectrum

Spitzer = Nuclear + Host Galaxy

Nuclear
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➢ High angular resolution is key to 
correctly separate the nuclear emission 
from the foreground galaxy emission: 

● To be able to characterize the 
properties of the nuclear obscurer



  

2. Torus model properties of an ultra-hard X-ray 
selected sample of Seyfert galaxies

García-Bernete, I., et al., 2019, MNRAS, 486, 4917.



  

Sample Selection of Seyfert Galaxies

8 µm Spitzer/IRAC ➢ 9 Months Swift/BAT  AGN catalog (Tueller et al. 2008)

• Ultra-hard X-ray band: 14-195 keV

• One of the most complete to date
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N-band Gemini/MICHELLE

2. Torus model properties 
of Seyfert galaxies

García-Bernete, et al., 2016



  

Sample Selection of Seyfert Galaxies
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N-band Gemini/MICHELLE

8 µm Spitzer/IRAC ➢ 9 Months Swift/BAT AGN catalog (Tueller et al. 2008)

• Ultra-hard X-ray band: 14-195 keV

• One of the most complete to date

➢ Seyfert galaxies and distance limit

• 8-10 m-class ground-based telescopes

✔ Resolution ~0,3’’ at 10 µm

✔ Resolution element < 50 pc → DL < 40 Mpc 

• 24 Seyfert galaxies; BCS40 Sample

García-Bernete, et al., 2016 2. Torus model properties 
of Seyfert galaxies



  

Sample Selection of Seyfert Galaxies
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N-band Gemini/MICHELLE

8 µm Spitzer/IRAC ➢ 9 Months Swift/BAT AGN catalog (Tueller et al. 2008)

• Very hard X-ray band: 14-195 keV

• One of the most complete to date

➢ Seyfert galaxies and distance limit

• 8-10 m-class ground-based telescopes

✔ Resolution ~0,3’’ at 10 µm

✔ Resolution element < 50 pc → DL < 40 Mpc 

• 24 Seyfert galaxies; BCS40 Sample

García-Bernete, et al., 2016 2. Torus model properties 
of Seyfert galaxies
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Nuclear IR SEDs

➢ We constructed the nuclear IR SEDs of our BCS40 Sample 

Nuclear MIR fluxes

AGN

Spitzer spectra

High angular 
resolution

nuclear spectra

30 µm nuclear fluxes
(e.g. SOFIA or AGN 

component)

Nuclear NIR fluxes
(e.g. GTC/CIRCE, 

VLT/NACO, HST/NICMOS)

2. Torus model properties 
of Seyfert galaxies
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High angular (subarcsecond) resolution

 NIR-to-MIR ( 1–30 µm)∼  data: → Torus models
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Nuclear NIR-to-MIR SED Modelling

➢ Examples of clumpy torus fits using high angular resolution data:
➢ CLUMPY models (Nenkova et al. 2008a,b) provide good fits (χ2/dof <2.0) of the nuclear IR SEDs. 

2. IR emission of              
Sy galaxies 

BAYESCLUMPY 
(Asensio Ramos & Ramos Almeida+09,+13)
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Nuclear NIR-to-MIR SED Modelling

➢ Examples of clumpy torus fits using high angular resolution data:
➢ CLUMPY models (Nenkova et al. 2008a,b) provide good fits (χ2/dof <2.0) of the nuclear IR SEDs. 

➢ We found that 5/24 galaxies show a clear excess of emission in the NIR. However, the 
MIR emission is well fitted for practically all the SEDs.

● This likely indicates that an extra hot dust component is needed to
reproduce their IR SEDs (e.g.  Mor, Netzer,& Elitzur+09). 2. IR emission of              

Sy galaxies 

BAYESCLUMPY 
(Asensio Ramos & Ramos Almeida+09,+13)
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Global Posterior Distributions

➢ Hierarchical Bayesian approach to compare the global posterior distributions:
 Sy1, Sy1.8/1.9 and Sy2

σ = width of clouds   Y = torus radial extent i = inclination angle
angular distribution   of the torus (Ro/Rd)    of the torus

Figure from Ramos Almeida et al. 2014

Sy1 Sy1.8/1.9 Sy2

➢ Differences between distributions were quantified using statistical methods.

CLUMPY models (Nenkova et al. 2008a,b)

2. Torus model properties 
of Seyfert galaxies
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Global Posterior Distributions

➢ Hierarchical Bayesian approach to compare the global posterior distributions:
 Sy1, Sy1.8/1.9 and Sy2

σ = width of clouds   Y = torus radial extent i = inclination angle
angular distribution   of the torus (Ro/Rd)    of the torus

Figure from Ramos Almeida et al. 2014

➔ Sy2 have tori with larger widths than type 1/1.8/1.9.

➔ We find relatively compact torus sizes (Ro <15 pc) 

and with gas masses in the 104-106 M⊙ range.

The results are independent whether you are using 
an optical or X-ray classification.

Sy1 Sy1.8/1.9 Sy2

➢ Differences between distributions were quantified using statistical methods.

Good agreement with 
previous works: e.g.

Ramos Almeida+09,11
& Alonso-Herrero+11

CLUMPY models (Nenkova et al. 2008a,b)

2. Torus model properties 
of Seyfert galaxies
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Combined Probability Distribution
➢ Geometrical covering factors (CT)

CT is the fraction of sky covered by the obscuring material, as seen from the accreting SMBH.

2. Torus model properties 
of Seyfert galaxies

Sy1
Sy1.8/1.9

Sy2

➢ We confirm the results first reported by Ramos 
Almeida et al (2011), but now sing an ultra-hard 
X-ray sample of Sy galaxies.

➢ This result is in agreement with previous works 
such as e.g. Ramos Almeida+11, Alonso-
Herrero+11, Ichikawa+15, Mateos+16. 

➢ The torus covering factors (CT) of Sy2 are 
larger than those of Sy1 galaxies.

Sy2 → C
T
~0.95

Sy1 → C
T
~0.66 and Sy1.8/1.9 → C

T
~0.53

Optical classification
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Combined Probability Distribution
➢ Torus geometrical covering factors (CT)

CT is the fraction of sky covered by the obscuring material, as seen from the accreting SMBH.

2. Torus model properties 
of Seyfert galaxies

Sy1
Sy1.8/1.9

Sy2
absorbed

unabsorbed

➢ The torus covering factors (CT) of Sy2 are 
larger than those of Sy1 galaxies.

➢ The geometrical covering factor is likely the 
main parameter driving the Seyfert 

classification

Optical classification X-ray classification

➢ We confirm the results first reported by Ramos 
Almeida et al (2011), but now sing an ultra-hard 
X-ray sample of Sy galaxies.

➢ This result is in agreement with previous works 
such as e.g. Ramos Almeida+11, Alonso-
Herrero+11, Ichikawa+15, Mateos+16. 
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Is the Eddington ratio the key parameter determining the Ct?

➢ Relation between the CT and the Eddington ratio

2. Torus model properties 
of Seyfert galaxies

➢ Recently, it has been suggested 
that the λEdd is the key parameter 
determining the CT, instead of 
the bolometric luminosity (e.g. 
Buchner&Bauer+17; Ricci+17c).

 Ricci et al. (2017c): covering factor rapidly decreases at higher Eddington ratios (λEdd)

c T

log(λLEdd) cT
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Is the Eddington ratio the key parameter determining the Ct?

➢ Relation between the CT and the Eddington ratio

2. Torus model properties 
of Seyfert galaxies

➢ Recently, it has been suggested 
that the λEdd is the key parameter 
determining the CT, instead of 
the bolometric luminosity (e.g. 
Buchner&Bauer+17; Ricci+17c).

 Ricci et al. (2017c): covering factor rapidly decreases at higher Eddington ratios (λEdd)

●   Although we find higher values of the CT for lower λEdd, 
we do not find a statistically significant dependence of 
the  CT with the λEdd. 

●   This result suggests, at least for our nearby Sy sample, 
that the λEdd is not driving the geometrical  CT..

c T

log(λLEdd) cT



  

Conclusions
 We present a detailed modelling of the nuclear dust emission of an ultra-hard X-ray 

volume-limited (D
L
<40 Mpc) sample of Seyfert galaxies.

● We fitted the nuclear IR SEDs obtained with high angular resolution data with the CLUMPY models 
using a Bayesian approach.

● We compared the global posterior distribution of the torus model parameters, rather than focusing 
on the individual fits.

➔ We derived compact torus sizes (radius <15 pc), and gas masses in the 104 -106 M☉ range 
for both types. 

➔ We verified our previous results that Sy2s have tori with larger widths and more clouds 
than type 1/1.8/1.9s. 

➔ We found that the C
T
 is likely the main parameter driving the classification of Sy galaxies.

● We confirmed that Seyfert 2 galaxies have larger values of the geometrical covering factor than 
type 1s using, for the first time, an ultra-hard Xray selected sample of Seyferts. 

● These findings are independent of whether we use an optical or X-ray classification.

➔ We did not find clear dependence of the C
T
 with the Eddington ratio.



  

3. Multi-phase feedback processes of the Sy2 galaxy 
NGC 5643.

García-Bernete, I., Alonso-Herrero, A. et al., in preparation.
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Motivation

➢ ~100 regions along the ionized and 
molecular gas zones:

3. Multi-phase       
feedback 

Ionized and molecular gas profiles:

[OIII] Hα
Inflow?

CO (2-1)

MUSE+ALMA
~3 kpc

● In general, the CO(2-1) and 
[OIII] lines present two or more 
components:  the bright 
component of CO(2-1) and 
narrow component of [OIII] are 
associated to the rotating disk.

[OIII]

CO (2-1)

arcsec

arcsec

Positive 
Feedback (Cresci+15)
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Molecular/Ionized gas Velocity Relation

➢ CO (2-1) velocity profile

3. Multi-phase       
feedback 

➢ [OIII] velocity profile

Cleared molecular
Gas?

● The molecular phase, which has lower velocities, follow those of the ionized phase.

Distance [arcsec] Distance [arcsec]

V
 [

km
/s

]

V
 [

km
/s

]

Redshifted Redshifted

Blueshifted Blueshifted

East West
WestEast

Hollow ionization cone

Ionized outflow should be 
impacting in the galaxy disk

North

East

● This indicates that the molecular gas in the host 
galaxy disk is being entrained by the AGN wind.

● We find signatures of clearing/destruction of the 
molecular gas (AGN wind impacting in the host 
galaxy).

● The results suggest that even Seyfert-
like outflows can produce both positive 
and negative (mild) feedback 
processes.



  

Thank you!
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