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I – Context 

 

    There are still important unanswered questions 

about Active Galactic Nuclei: how a fraction of the gas 

is transported until reaching the accretion disk around 

the supermassive black hole? How is its growth 

regulated and how it affects the evolution of their host 

galaxies?  

 

 To answer such questions, the use of current 

imaging-spectroscopy techniques are quite important 

to peer the central parsecs of these galaxies with high 

spatial resolution, provided by adaptive optics in the 

near-infrared. 

      

III – Methods  

 

 PCA Tomography (Steiner et al. 2009): 

   
 The matrix in which the PCA is applied is constructed 

from the covariance between the variables 

(wavelengths) and the observables (intensities of each 

spaxel). Before the PCA analysis, we performed the 

following procedures: 

 

 1 – Differential Atmospheric Refraction Correction 

 2 – Re-sampling and interpolation; 

 3 -  Flux Calibration; 

 4 – Telluric absorption removal. 

 5 – Butterworth filtering (high spatial frequencies 

           removal); 

 6 – Richardson-Lucy deconvolution; 

 7 – STARLIGHT; 

 

   STARLIGHT (Cid Fernandes 2007): 

 
 Performs the spectral synthesis decomposition of an 

observed spectrum in terms of superposition of a base 

of simple stellar populations of various ages and 

metallicities. 

 

 

 

 

 
      

Figure 1 - NGC 4051 from the SDSS. 
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II – Goals 

 

     1) We re-analyze (Riffel et al 2008) 

          the data cube of NGC 4051 with 

          the NIFS-  GEMINI NORTH in 

          the K band, with a field of  

          view of 3,0” x 3,0” 

 

 2) Performing the Principal 

         Component Analysis  (PCA)  

         of the data cube subtracted 

         from the stellar components, 

 

      3) Characterize the molecular gas 

          emission as its distribution and  

          kinematics. 

Table 2 – Variance explained for the first 3 

eigenvectors. 

Figure 3 – The first 3 tomograms and eigenspetra of the PCA. The 

bulge center is marked in red and the white line defines the PA=73° 

at 1,658 GHz (Christopoulou et al., 1997).  

 

IV – Concluding remarks 
 

  Figure 3)  Top: the correlation of H2 lines, showing 

a ring-shaped structure, where the emission is twice as 

intense than the centre. Compared to the simulation on 

the right, one may seen that this emission can be 

related with a thick torus surrounding the AGN, with a 

radius of ~ 5 pc and an inclination of  ~ 5°, with the 

galaxy being ~ 30°. 

 

 Center: The eigenspectrum shows a clear 

anticorrelation between the blue and red wings of the  

H2, lines, indicating a kinematic phenomenon of the gas 

from the unresolved core. The image on the right shows 

a RGB (the AGN in green) of the H2 line 2,1218 μm, 

revealing the gas rotation with v = 218 (+145 -62) km s-

1. In a simple rotating disc this would produce a time-

scale of  1 – 2 x 105 years. 

 

  Bottom: A more complex correlation can be seen 

between the same lines, with kinematic features similar 

to the second eigenspectrum. Interestingly, the structure 

in the corresponding tomogram is perpendicular to the 

gas disk/torus; one can check if it is related to the 

ionization cone comparing it with previous radio 

observations. The figure on the right shows a RGB with 

the tomogram 2 in green and the tomogram 3 in 

blueshift and redshift, and an image in 8,4 GHz 

superimposed with a PA = 78° (Jones et al., 2011). This 

strengsthens the interpretation of na ionization cone 

collimated by the structure in H2.   

 

 

Table 1 – Properties of  NGC 4051. 

 

Morphology...........SAB(rs)bc 

Distance.................14.6 Mpc 

z..............................0.002336 

AGN………………NLS1 

σ.............................88.4(+/-3.1) km/s 

i..............................30.2˚ 

Vrot .........................213(+/-7) km/s 

MBH........................5.0x106 Mo 

RBH (influence).......2.6 pc   or   0.038” 
 

Figure 2 - Left: central NGC 4051 spectrum; right: spectrum 

subtracted from stellar components and continuum. 


