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Impact of active galactic nuclei on ionised gas and stellar velocity dispersions

Physical effect on Δσ - AGN  

 

Partial Least Squares (PLS) regressionGas and stellar velocity dispersions (σgas and σ∗) 

 

We investigate spaxel-based measurement of gas and stellar velocity dispersions (σgas and σ∗) of 1090 galaxies 
from the SAMI galaxy survey. σ∗ (derived from absorption lines) tends to be higher than σgas (measured using 
emission lines) suggesting stars are in general dynamically hotter than ionised gas. The ratio of σgas and σ∗ 
(Δσ = log σgas/σ∗) correlates to various galaxy properties. We find that Δσ is strongly correlated with the 
difference in the velocity gradient (log (∇Vgas/∇V*) with 𝜌 = 0.55) and the AGN contribution fraction 
measured from the BPT diagram (fAGN with 𝜌 = 0.52). Moderate correlations are also detected from the 
relations with the other parameters (|𝜌| = 0.27 − 0.41).

The dependence of Δσ on 
various galaxy 
parameters. We present a 
linear fit to each relation 
on the top and Pearson 
coefficient 𝜌 on the bottom 
of each panel. Δσ 
correlates to various 
galaxy parameters 
showing |𝜌| = 0.27 − 0.55. 
The data are colour-coded 
by fAGN which is an 
orthogonal departure from 
the star-forming sequence 
in the emission line 
diagnostics.

We employ partial least squares (PLS; Wold 1966) regression, a 
multivariate data analysis technique, to investigate parameters 
having a causal connection to Δσ. The PLS algorithm solves the 
regression model, Y = XB, generalising a few principal components 
that summarise the variance of independent variable X (galaxy 
parameters) and are also highly correlated with dependent variables 
Y (∆σ). We decomposed the variance in Y (∆σ) into the contribution 
of each X component. We found that the AGN contribution fraction 
(fAGN), the difference in the velocity gradients (log (∇Vgas/∇V*)), the 
relative size to PSF (log (Re/RPSF)), are the top two parameters that 
explain most Δσ variances.

Observational effect on Δσ - Beam smearing σgas
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We suspect beam smearing inflates σgas significantly, introducing a dependence of 
Δσ on Re/RPSF and ∇Vgas/∇V*. That is, large RPSF and/or high ∇V can boost the 
impact of beam smearing, artificially inflating (deflating) the measured velocity 
dispersions (rotation velocities). A gas disk supported by star formation is 
considered thinner and rotate faster than a stellar disk, making gas kinematics more 
vulnerable to beam smearing. As a result, σgas more strongly correlates to both Re/
RPSF and ∇Vgas/∇V*  than σ*. 

The connection between Δσ and fAGN implies σgas is sensitive to 
the power source of ionised gas. Gas outflows and shocks driven 
by AGN are effective ways to change Δσ, having a bigger impact 
on the gas kinematics than the stellar kinematics. σgas may reflect 
the overall kinematics of the region emitting ionised gas. AGNs 
may have more centrally-concentrated ionised regions than star-
forming galaxies and reflect dynamically hot kinematics at the 
galactic centre.
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