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ABSTRACT

We propose a new soft clustering scheme for classifying galaxies in different activity classes
using simultaneously 4 emission-line ratios; log([N ii]/Hα), log([S ii]/Hα), log([O i]/Hα) and
log([O iii]/Hβ). We fit 20 multivariate Gaussian distributions to the 4-dimensional distribution of these lines obtained from the Sloan Digital Sky Survey (SDSS) in order to capture
local structures and subsequently group the multivariate Gaussian distributions to represent
the complex multi-dimensional structure of the joint distribution of galaxy spectra in the 4
dimensional line ratio space. The main advantages of this method are the use of all four
optical-line ratios simultaneously and the adoption of a clustering scheme. This maximises
the use of the available information, avoids contradicting classifications, and treats each class
as a distribution resulting in soft classification boundaries and providing the probability for an
object to belong to each class. We also introduce linear multi-dimensional decision surfaces
using support vector machines based on the classification of our soft clustering scheme. This
linear multi-dimensional hard clustering technique shows high classification accuracy with
respect to our soft-clustering scheme.
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INTRODUCTION

The production of electromagnetic radiation in galaxies is dominated by two main processes: star-formation and/or accretion onto
a supermassive central black-hole, the latter witnessed as an Active
Galactic Nucleus (AGN). The characterization of these processes
and the study of their interplay is key for understanding the demographics of galactic activity and the co-evolution of nuclear blackholes and their host galaxies (e.g. Kormendy & Ho 2013). One of the
most commonly used tools for characterising the type of activity in
galaxies is its imprint on the emerging spectrum of the photoionised
interstellar medium (ISM). AGN generally produce harder ionising
continua which result in spectra with stronger high-excitation lines
compared to the spectra we can obtain from photoionization by
young stellar populations (e.g. Ferland 2003).
The importance of characterising the ionising source of
emission-line regions was recognised early on and led to the first
systematic presentation of optical emission-line diagnostic tools
by Baldwin, Phillips & Terlevich (1981). This work introduced
two-dimensional diagrams involving the ratios of various optical emission lines (e.g. [Ne v] λ3426, [O ii] λ3727, [O iii] λ5007,
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[O i] λ6300, [N ii] λ6584 He ii λ4686, Hα, and Hβ) that can separate
emission-line regions excited by stellar photoionizing continuum,
power-law photoionizing continuum, or shocks. Therefore, these
diagrams, known as Baldwin-Phillips-Terlevich (BPT) diagrams,
were able to discriminate between star-forming galaxies (SFGs)
and galaxies dominated by AGN activity. At the same time, a third
class of galaxies was recognized by Heckman (1980) on the basis
of their relatively stronger lower-ionisation lines (Low-Ionisation
Nuclear Emission line Regions; LINERs). The format of the BPT
diagrams that are typically used today was refined by Veilleux &
Osterbrock (1987) to involve the log([O iii]λ5007/Hβ) emissionline intensity ratios plotted against one of the log([N ii]λ6584/Hα),
log([S ii]λλ6716, 6731/Hα), log([O i]λ6300/Hα) emission-line intensity ratios, and they can discriminate between all three classes of
objects (SFGs, LINERs, AGN).
However, the exact demarcation between SFGs and AGNs is
generally defined empirically and hence it is subject to considerable
uncertainty. Based on stellar population synthesis and photoinization models Kewley et al. (2001) introduced a maximum ’starburst’
line on the BPT diagrams which defines the upper bound for the
SFGs. Driven by the fact that AGN and SFGs observed in the Sloan
Digital Sky Survey (SDSS; York et al. 2000) show two distinct loci
extending below the demarcation line of Kewley et al. (2001), a new
empirical upper bound for the SFGs was put forward by Kauffmann

