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It has been recognized that most of the galaxies have 
a supermassive black hole (SMBH) with mass in the 
range of 105–1010 M at their center. The mechanism to 
evolve the BHs up to 1010 M is still an open question. 
In order to deliver a large amount of matter to a 
compact region inside the BH, it is required to remove 
angular momentum efficiently from the matter. Several 
mechanisms have been proposed to explain the evolution 
of the BHs, such as the internal mechanism which relies 
on the secular evolution due to disk and/or bar instability, 
the external mechanism which includes the galaxy 
merger and the interaction with nearby galaxies, and the 
hot halo model in which quiescent gas accretion from the 
hot halo and/or recycled gas from evolving stars feeds 
the BHs. According to the numerical simulation, the 
secular evolution has a difficulty to evolve the BHs up 
to the most highest mass ranges ( > 109 M), thus large 
scale environmental effect may mainly contribute to the 
feeding to the most massive BHs. If this is the case, it 
could be observed that there is a relation between the BH 
mass and the properties of galaxies around them.

To investigate the existence of such a relation, we 
explored the dependence of galaxy clustering around 
AGNs on the BH mass, and found that there is a tendency 
that galaxies are more clustered around the most massive 
BHs than those around the lower mass BHs [1]. The 
aim of this work [2] is to reveal what kind of galaxies 
contributes to the increase of clustering, which can be a 
clue to the understanding the evolutionary history of the 
most massive BHs and also the surrounding galaxies. To 
measure the color of galaxies with good precision, we 
used two catalogs derived from UKIRT Infrared Deep 
Sky Survey (UKIDSS) Large Area Survey (LAS) and 
from SDSS DR8 for deriving galaxy samples. The AGN 
samples for which BH masses are measured are derived 
from two AGN catalogs [3,4].

By using the nature of galaxy clustering, it is possible 
to measure in a statistical way the color distribution 
of galaxies associated with AGNs without knowing 
the redshift of galaxies if redshifts of the AGNs are 
known. That is, by measuring the color distributions at 
high density region around AGN ( < 1 Mpc; on region) 
and at lower density region (3–5 Mpc; off region), 
and subtracting latter from former, we can obtain the 
color distribution of the clustering galaxies. The color 
was measured by fitting the galaxy’s spectral energy 
distribution (SED) to the synthesis model of SED 
calculated assuming its redshift to be the same as the 
AGN redshift.

The color distributions obtained in this way are 

shown in Figure 1. The larger color index (Dopt-IR) 
corresponds to redder color. The top panel is for lower 
mass BHs (log (MBH/M) = 7.5–9.0) and the bottom 
panel is for the most massive BHs (log (MBH/M) = 
9.0–10.0). The redshift range is 0.3–0.6 and the number 
of AGNs used to derive them is 289 for both. The color 
distribution is approximated by a double Gaussian 
distribution, and each Gaussian component is related to 
a red or blue galaxy. The vertical axis is proportional to 
the clustering strength, so the relative clustering strength 
of each component can be inferred from the area of the 
distribution. By measuring the mixing ratio of the two 
components, we have obtained the red galaxy fraction of 
~60±10 % for lower mass sample and > 90 % for the most 
massive sample. From this result, we revealed that the 
environment of the most massive BHs is enriched with 
red galaxies in which star formation is terminated, which 
indicates that there is a link between the termination of 
star formation and the growth of the most massive BHs.
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Color distributions of galaxies around AGNs.Figure 1:
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