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Introduction

● There is a co-evolution of galaxies 
and their central black hole

● It is possible that most galaxies 
experience nuclear activity for at 
least some part of their evolution

● Unveiling the mechanisms that triggering the active galactic 
nuclei (AGN) phase is crucial for understanding the formation and 
evolution of galaxies 

Gültekin et al (2009)
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Bulge velocity dispersion – Black hole 
mass relationship



● Traditionally, interactions and mergers have been suggested as the 
primary responsible for igniting nuclear activity

● Low-luminosity AGN would be driven by secular processes: disk 
instabilities, spiral structures, bars … 

● Import fraction of AGN in 
seemingly undisturbed 
galaxies

● Alternative mechanisms may 
be more important than 
previously thought.

● Dependence with the luminosity
Treister et al (2012)

Introduction

Fraction of AGN showing mergers as a 
function of the AGN bolometric luminosity



● AGN are also observed in unbarred 
galaxies

● The presence of stable bars are not 
indispensable 

Introduction

● Stellar bars → agents for driving gas to the central kpc

● Link between bars and nuclear activity is 
ambiguous

The main drivers for AGN triggering in 
isolated galaxies still remain unclear



● Study possible triggering mechanisms of isolated AGN

Aims



● Study possible triggering mechanisms of isolated AGN

– Identify large-scale key parameters which promote the triggering

Aims



● Public integral-field spectroscopy surveys

Aims: how?



● Public integral-field spectroscopy surveys

Aims: how?

● Combine image and spectroscopy

● 3D spectroscopy

● Data cube

– 2 spatial dimensions

– 1 spectral dimension

● Spatially resolved spectroscopic properties of galaxies



● Public integral-field spectroscopy surveys → identify isolated AGN

Aims: how?



● Public integral-field spectroscopy surveys → identify isolated AGN

Aims: how?

Kewley et al (2006)

● Fit the central spaxel

– PPXF → stellar component

– GANDALF → gaseous component

● Diagnostic diagrams 



● Public integral-field spectroscopy surveys → identify isolated AGN

● Large-scale almost identical pairs of isolated galaxies differing only 
in nuclear activity

Aims: how?

Twin galaxies



Twin galaxies

● Public integral-field spectroscopy surveys → identify isolated AGN

● Large-scale almost identical pairs of isolated galaxies differing only 
in nuclear activity

● Comparing the properties of these twins → difference connected to 
AGN triggering induced by secular processes

Aims: how?

Matched:

● Mass

● Magnitude

● Inclination

● Redshfit

● Bar length

● Hubble type

● Morphology



● Already observed and reduced public data 

● 667 galaxies in the local universe (0.005 < z < 0.03)

– 404 galaxies (Méndez-Abreu et al 2017) →excluded galaxies in 
pairs, interactions, very distorted ...

● Range of  morphological types

 

λ range:3700-7500A

R = 850 at 5000A

DATA: CALIFA Survey

FOV: 64” x 74”

PSF: 2.7”



Pilot study

● Aims: 

– outline the methodology with a small sample

– identify large-scale key parameters to  be  explored  in  a  
larger sample



● 2 active galaxies: NGC0214 (AGN-bar) and NGC2916 (AGN-nbar)

● 2 non-active galaxies: NGC2253 (SF-bar) and NGC0001 (SF-nbar)

● Matched in mass, magnitude, redshift, inclination, bar length and 
morphology

● Spatial scale 250 pc/′'∼

Barred twins

Unbarred twins

SF-nbar

AGN-barSF-bar

AGN-nbar

del Moral-Castro I., et al., 2019, MNRAS, 485, 3794

Pilot study: sample



Pilot study: 
methodologyPilot study: 
methodology



  

Pilot study: morpho-kinematic parameters

● Difference in inclination when fitting a simple rotating disk model 
to the approaching and receding sides for both AGN 

● Our active galaxies present more warped disks than their non-active 
twins



● Higher differences between the radial profiles in actives galaxies 
del Moral-Castro I., et al., 2019, MNRAS, 485, 3794

AGN

SF

SF

Pilot study: Stellar & ionised gas angular momentum

● Actives galaxies show larger stellar and ionised λ integrated within 
the effective radius than non-active galaxies

AGN AGN-nbar

SF-nbar

Angular momentum of the stars (left) and 
gas (right) versus the ellipticity.

Radial profiles



  

Pilot study: Stellar populations

● Both AGN show an older stellar population at the nuclear regions 
than non-active

Mean luminosity (blue) and mass (orange) weighted age gradients as a function 
of radius. Red dashed lines indicate the radius of the bar

del Moral-Castro I., et al., 2019, MNRAS, 485, 3794



  

Pilot study: Stellar populations

● Active galaxies -> lower contribution from young population in the 
central kpc.

● Spatial and radial 
distribution of stellar 
populations of different 
ages:

– Age<1.5Gy

– 1.5Gyr<Age<10Gyr

– Age>10Gyr
Seidel+15

Relative contribution of the different stellar populations. 

del Moral-Castro I., et al., 2019, MNRAS, 485, 3794
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Pilot study: key parameters
1) Difference in inclination derived from the approaching and receding 
sides

2) Stellar angular momentum integrated within the effective radius

3) Difference in the stellar angular momentum radial profiles

4) The relative contribution from young stellar populations in the 
central regions 

del Moral-Castro I., et al., 2019, MNRAS, 485, 3794



Disk 
instability

Gas towards 
the center

Angular momentum
transfer

Star formation 
reduction

Pilot study: interpretation
1) Difference in inclination derived from the approaching and receding 
sides

2) Stellar angular momentum integrated within the effective radius

3) Difference in the stellar angular momentum radial profiles

4) The relative contribution from young stellar populations in the 
central regions 

1 and 3

2

4

del Moral-Castro I., et al., 2019, MNRAS, 485, 3794
Email: imoralc@iac.es



Pilot study

● Aims: 

– outline the methodology with a small sample

– identify large-scale key parameters 

Larger sample



On-going work: complete the sample

19 isolated spiral active galaxies from the CALIFA Survey

         AGN                                        SF               



10  AGN  have two or more non-active twins

        AGN                               SF                              SF
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35 pairs of twin galaxies

On-going work: complete the sample

● Study the angular momentum of the expanded sample

● Study the kinematics and stellar populations of this sample

Email: imoralc@iac.es



● Observing proposal for MEGARA in GTC:

– 3 pairs of twins

– Higher spectral and spatial resolution

– Connecting the large-scale key parameters to a smaller scale

AGN

SF

On-going work: MEGARA proposal

FOV: 12.5”x11.3”

Spaxel size of 0.62”

R = 5500

λ range: 

LR-B 4332 – 5200

LR-V 5143 – 6168

LR-R 6096 – 7303

24.8 hrs



Thank you!

Email: imoralc@iac.es
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