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Alternative diagnostic diagrams for galactic nuclei classification
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Abstract. Diagnostic diagrams are used to distinguish between the photoionizing sources in galaxies based on ratios of emission
lines, differentiating mainly star-forming regions from active galactic nuclei (AGN). However, the three traditional diagrams
(BPT, VO-S and VO-O) are known to be ambiguous in some cases. This work proposes alternative diagnostic diagrams and new
classification schemes that are based on combinations of standard emission line ratios commonly accessible. We use the new
diagrams together with data from the Sloan Digital Sky Survey to show that they are also able to distinguish between ionizing sources
and are sensitive to the main parameters in star-forming nuclei and AGN.

Resumo. Diagramas diagnósticos são utilizados para distinguir fontes de fotoionização em galáxias baseados em razões de linhas
em emissão, diferenciando principalmente regiões de formação estelar de núcleos ativos de galáxias (AGN). Entretanto, os três
diagramas tradicionais (BPT and VO-S e VO-O) possuem um problema conhecido de ambiguidade para alguns casos. Este trabalho
propõe diagramas diagnósticos alternativos e novos esquemas de classificação que são baseados em combinações das razões de linhas
em emissão comumente acessíveis. Nós utilizamos os novos diagramas com dados do Sloan Digital Sky Survey para mostrar que
eles são capases de distinguir entre as fontes de ionização e que são sensíveis aos principais parâmetros em núcleos com formação
estelar e AGN.
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1. Introduction

Gas in the central regions of galaxies may be ionized by stellar
sources or by the accretion of supermassive black holes. These
mechanisms can be identified by taking an optical spectrum of
the galactic nuclei and analyzing the ratios of certain prominent
emission lines. The BPT (Baldwin, Phillips & Terlevich 1981)
and VO (Veilleux & Osterbrock 1987) diagnostic diagrams of-
fer schemes for recognizing the physical mechanisms responsi-
ble for the different spectra. They have been adapted in order
to classify objects into star-forming galaxies, Seyferts and Low
Ionization Nuclear Emission-line Regions (LINERs; Heckman
1980). Analysis of the BPT diagram furthermore introduced an
important intermediate class of transition objects that have spec-
tral characteristics of both star-formation and AGN activity. The
three traditional diagrams (BPT, VO-S and VO-O) sometimes
give ambiguous results. In this work we therefore evaluate alter-
native diagnostic diagrams and new classification schemes based
on combinations of the emission line ratios used by the stan-
dard diagrams for the purpose of better constraining the domi-
nant sources of ionization (Aydar 2021).

2. Procedure

We use data from the Main Galaxy Sample of the
Seventh Release of the Sloan Digital Sky Survey from
MPA-JHU (SDSS; York et al. 2000; Abazajian et al.
2009). We apply a redshift cut of z < 0.016 and we
use only objects that have errors smaller than 0.1 dex
in the emission line ratios log([O iii]λ5007/Hβ) (O3Hb),
log([N ii]λ6583/Hα) (N2Ha), log(([S ii]λ6716+[S ii]λ6731)/Hα)
(S2Ha), and log([O i]λ6300/Hα) (O1Ha). In Figures 1 and 2, the
star-forming nuclei are color-coded in green, transition objects
in black, Seyferts in blue, and LINERs in red, according to the
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Kewley et al. (2006) and Cid Fernandes et al. (2010) criteria for
the BPT diagram.

3. Results

With the classifications according to the traditional BPT dia-
gram, we can test how these objects behave in the alternative
diagrams. Figure 1 shows two diagrams that use linear combi-
nations of all emission line ratios used in the BPT and VO dia-
grams. On the top we show (O3Hb+O1Ha) vs. (N2Ha+S2Ha),
and on the bottom we show (O3Hb−O1Ha) vs. (N2Ha+S2Ha).
Our results show that these diagrams cleanly distinguish be-
tween Seyferts, LINERs, and star-forming nuclei.

Based on the distribution of the objects in these alternative
diagrams, we can construct new classification schemes. For the
diagram in the top panel of Figure 1, we propose the following
division between star-forming objects and AGN:

(O3Hb + O1Ha) =

(
0.45

(N2Ha + S2Ha) − 0.2

)
− 0.1, (1)

The separation between Seyferts and LINERs is best de-
scribed by the relation:

(O3Hb + O1Ha) = 1.5 (N2Ha + S2Ha) − 0.2. (2)

The diagram in the bottom panel of Figure 1 follows
the method proposed by Heckman (1980) to distinguish be-
tween Seyferts and LINERs based on the difference between
the strengths of [O iii] and [O i]. The separation between star-
forming objects and AGN in this diagram is best described by:

(O3Hb − O1Ha) =

(
5.55

(N2Ha + S2Ha) − 1.05

)
+ 4.6, (3)

The distinction between Seyferts and LINERs is best de-
scribed by:

(O3Hb − O1Ha) = 0.65 (N2Ha + S2Ha) + 1.45. (4)
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Figure 1. Alternative diagnostic diagrams based on the linear
combination of standard emission line ratios. Top: The sum of
the emission line ratios can successfully separate all the classes.
This diagram is sensitive to the hardness of the radiation field.
Bottom: The difference between the oxygen line ratios traces the
ionization parameter, while the sum of the nitrogen and sulfur
line ratios is sensitive to the metallicity. This diagram is also
successful at separating the different classes.
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Figure 2. Alternative diagnostic diagram based solely on the
strong lines Hα, [N ii] and [S ii]. This diagram successfully dis-
tinguishes between star-forming nuclei and AGN and is mainly
sensitive to the metallicity. This diagram is more economic in
the sense that it uses lines from a very limited wavelength range.

In Figure 2, we show a more “economic” diagnostic diagram
that is based only on emission lines that are close in wavelength
(Hα, [N ii], and [S ii]), thereby minimizing uncertainties associ-
ated with reddening and flux corrections and requiring only a
limited wavelength range in the red optical. This diagram is sen-
sitive to the metallicity, and Seyfert galaxies lie closer to transi-
tion objects than LINERs due to the relation between mass and
metallicity. LINER hosts are typically more massive and metal-
rich than Seyfert hosts, and thus occupy the upper-right region
of the diagram. For this diagram, we propose the following ex-
pression for distinguishing star-forming nuclei from AGN:

S2Ha = −1.6 N2Ha − 0.7. (5)

Hence, the alternative diagrams are useful for classifying
galactic nuclei and avoid some of the issues of ambiguity that
may appear when considering the standard BPT/VO diagrams.
The new diagrams are also useful for an improved understanding
of the distribution of objects with regard to fundamental parame-
ters such as their metallicity, ionization parameter, and radiation
hardness.

4. Conclusions

Our alternative diagnostic diagrams successfully separate the
different classes of objects – star-forming and active – and also
distinguish between the two main classes of AGN – Seyferts and
LINERs. Based on these new diagrams, we have proposed new
schemes to facilitate the classification of the objects (Equations
1 to 5). The diagram shown in the top panel of Figure 1 is sensi-
tive to the hardness of the radiation field, while that in the bottom
panel of Figure 1 is more sensitive to the ionization parameter.
The diagram shown in Figure 2 is more sensitive to metallicity,
and is an economic alternative that requires only three lines in
the red optical. Although these diagrams are important for the
classification of objects according to their different sources of
ionization, it is important to emphasize that, when applied to
spatially unresolved data, diagnostic diagrams only determine
the dominant power source even though more than one ioniza-
tion mechanism may be acting simultaneously. By combining
the main emission line ratios in one diagnostic diagram, we can
assess all the information obtained with the traditional diagnos-
tic diagrams at once and largely without ambiguity. However,
we still recommend a more detailed investigation of the spectra
of objects that are positioned near the boundaries of the various
classification schemes.
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