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Abstract. In this study, we analysed active galactic nuclei in the “green valley” by comparing
active and non-active galaxies using data from the COSMOS field. We found that most of our
X-ray detected active galactic nuclei with far-infrared emission have star formation rates higher
than the ones of normal galaxies of the same stellar mass range.
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1. Introduction

In optical colour-magnitude diagrams (CMDs) galaxies predominantly lie along either
the “red sequence,” characterised with red colours and elliptical or spheroidal mor-
phologies, or in the “blue cloud,” characterised by blue colours and disk or irregular
morphologies. The differences between these two groups create a bimodality in the color-
magnitude distribution of galaxies. The two populations have a nontrivial region of
overlap between them termed the “green valley” (Wyder et al. 2007; Salim et al. 2009),
through which past attempts have been made to place a quantitative divider that splits
the two populations on the basis of colour.

Previous works that studied green valley galaxies suggested that they are a transitional
phase between the blue cloud and red sequence in terms of star formation, colours, stellar
mass, luminosity, and different morphological parameters (Pović et al. 2012; Schawinski
et al. 2014; Salim 2014; Lee et al. 2015; Phillipps et al. 2019).

Interestingly, the rate of active galactic nuclei (AGN) detection is high in green valley
galaxies, whether AGN are selected by deep X-ray surveys (Nandra et al. 2007; Coil et al.
2009; Pović et al. 2012) or by optical line-ratio diagnostics (Salim et al. 2007).

Previous works proposed that AGN negative feedback plays a key role in the galaxies’
process of quenching star formation (SF) and galaxy transformation. In this work, we
went one step further by looking at the transition processes from the blue cloud to the
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red sequence on one side, and at AGN triggering mechanisms and their connection with
normal galaxies on the other, by using AGN and normal galaxies in the green valley.

2. Data

In this work, we used the data from COSMOS survey, aimed at studying the forma-
tion and evolution of galaxies as a function of both, cosmic time and the local galaxy
environment (Scoville et al. 2007).

Our main catalogue was taken from the Tasca et al. (2009). In order to select AGN we
used the ratio between the X-ray flux (Fx) in the hard 210 keV band and the optical i
band flux (Fo) (Bundy et al. 2007; Trump et al. 2009). Non-AGN galaxies were selected
by removing sources selected as AGN, which is explained in Mahoro et al. (2017).

There have been many ways of defining the green valley galaxies, all being based on
the bimodal distribution of galaxies when using different colours. In this work, we used
the U-B rest-frame colour and criteria 0.8�U− B� 1.2 (e.g. Nandra et al. 2007). To
obtain U-B rest-frame colours, we first run KCORRECT code (Blanton & Roweis 2007)
to apply the k-correction on both CFHT u and Subaru B bands. The far-infrared data
was obtained by cross-matching the previously obtained sample with Herschel/PACS
data as explained in Mahoro et al. (2017).

3. Star formation rates (SFR)

We determine the SFRs of the FIR selected green valley AGN and non-AGN galaxies
using the spectral energy distribution (SED)-fitting method the LEPHARE code (Ilbert
et al. 2006) and by assuming that all the FIR luminosity is due to star formation for non-
activate galaxies. To measure SFRs we use Kennicutt et al. (1998) relation, as explained
in Mahoro et al. (2017). To fit AGN we use Kirkpatrick et al. (2015) templates with known
AGN contribution to the IR luminosity. Non-AGN galaxies were fitted using Chary &
Elbaz (2001) libraries.

In Fig. 5 we present the relation between SFR and stellar mass (e.g. Netzer et al. 2016;
Pović et al. 2016), and study the location of our AGN and non-AGN sources in relation
to the main sequence of star-forming galaxies taken from Elbaz et al. (2011).

Our sample of FIR green valley AGN do not show signs of SF quenching (as suggested
in the majority of previous studies of X-ray detected AGN) since 68% and 14% of of
sources are located on and above the MS of SF, respectively. On the other hand we have
70% of non-AGN FIR green valley galaxies on the MS, with 9% being above it.

4. Morphological classification and analysis

We also carried out the morphological analysis of selected FIR AGN and FIR non-
AGN green valley galaxies to understand better their location with respect to the main
sequence of star formation obtained in Mahoro et al. (2017). By using the HST/ACS
F814W images, we did visual morphological classification of all FIR AGN and non-AGN
galaxies samples. Classification was done by three independent classifiers, separating all
galaxies into:
• class 1: elliptical, S0 or S0/S0a,
• class 2: spiral,
• class 3: irregular,
• class 4: peculiar and
• class 5: unclassified.

Fig. 2 shows the normalised distribution for final visual classification. We can clearly see
a difference in class 4, with 38% for FIR AGN and 19% of non-AGN galaxies being pecu-
liar, with clear signs of interactions and mergers. On the other hand, we also obtained
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Figure 1. SFR vs. stellar mass. AGN are represented by blue squares, while non-AGN are
represented by red triangles. The solid black line shows the Elbaz et al. (2011) fit for the MS,
while the dashed lines represent the MS width of ±0.3 dex. Top and right histograms show
the normalised distributions of stellar mass and SFR respectively, and comparison between the
AGN (blue dash lines) and non-AGN (red solid lines) samples.
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Figure 2. Normalised distributions of visually classified morphological types of FIR green
valley AGN (blue dashed lines) and non-AGN (red solid lines).
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Figure 3. Normalised distributions of SFR of FIR AGN (blue dashed histograms) and non-
AGN (red solid histograms) for a fixed stellar mass range of logM* = 10.6M� − 11.6M� in
relation to morphology.

an important difference in class 2, finding higher fractions of FIR non-AGN (46%) in
comparison to AGN (26%). We compared our visual classifications with available non-
parametric classifications in COSMOS, and we did more analysis of the distributions of
different morphological parameters by comparing FIR AGN and FIR non-AGN green val-
ley galaxies. We found the standard behaviour of morphological parameters, as explained
in Mahoro et al. (2019).

5. Discussion

We found that FIR AGN have higher SFRs in comparison to FIR non-AGN green val-
ley galaxies. Fig. 3 shows the comparison of SFRs of AGN and non-AGN samples for the
same stellar mass ranges taking into account morphology. In all cases the AGN sample
shows higher SFRs in comparison to non-AGN galaxies, independently of morphology
(Mahoro et al. 2019). In case of class 4, interactions and mergers could explain higher
values of SFRs observed in AGN. However, taking into account higher SFRs in the rest
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of AGN green valley sample (e.g., in 26% and 25% of class 1 and class 2 galaxies, respec-
tively), we suggested that interactions and mergers alone cannot explain the results of
Mahoro et al. (2019). Therefore, if there is an impact of AGN feedback on star formation
in case of selected FIR emitters it looks to be rather positive than negative.
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