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low density regions tend to harbor only faint galaxies. Blanton et al. [10] reported

that local density is a strong function of luminosity: the most luminous galaxies

tend to reside in the densest regions of the universe. Blanton et al. [11] demonstrated

that galaxy color and luminosity jointly comprise a pair of properties most predictive

of the local environment. Zandivarez et al. [12] computed the luminosity function

for several subsamples of galaxies in groups, and observed that the characteristic

magnitude is 50.  magnitudes brighter than those obtained for field galaxies. The

above-mentioned conclusion is consistent with hierarchical models of galaxy for-

mation which predict that bright galaxies should be more strongly clustered than

faint galaxies (e.g., White et al. [13]; Kauffmann et al. [14]).

However, the environmental dependence of luminosity is rather complicated.

For example, Norberg et al. [15] showed that the clustering amplitude increases

slowly with absolute magnitude for galaxies fainter than 719log5 10 .hMbJ 

(Folkes et al. [16]), but rises more strongly at higher luminosities. Deng et al.

[17] demonstrated that the galaxy luminosity strongly depend on local environ-

ments only for galaxies above the value of 520.M r   found for the overall

Schechter fit to the galaxy luminosity function (Ball et al. [18]), but this

dependence is very weak for galaxies below the value of 

rM . Applying different

statistical methods, Deng & Zou [19] and Deng [20] explored the environmental

dependence of u-, g-, r-, i- and z -band luminosities in the Main galaxy sample

(Strauss et al. [21]) of the SDSS, and demonstrated that the environmental

dependence of galaxy luminosities does not follow a single trend for different

bands. They paid special attention to the abnormal environmental dependence of

u-band luminosity: luminous galaxies in the u-band exist preferentially in low

density regions, while faint galaxies in the u-band are located preferentially in high

density regions.

The primary goal of this study is to explore the environmental dependence

of u-, g-, r-, i- and z -band luminosities of active galactic nucleus (AGN) host

galaxies. The outline of this paper is as follows. In Section 2, we describe the

AGN host galaxy sample. We present statistical result in Section 3. Our main

results and conclusions are summarize in Section 4.

In calculating the distance, we used a cosmological model with a matter density

of 300 . , a cosmological constant of 70. , and a Hubble constant of

H
0 
=

 
70

 
km

 
s-1

 
Mpc-1.

2. Data. Data Release 12 (DR12) (Alam et al. [22]) of the SDSS is the

final public release of spectroscopic data from the SDSS-III BOSS. In this work,

the data of the Main galaxy sample [21] was downloaded from the Catalog Archive

Server of SDSS Data Release 12 [22] by the SDSS SQL Search (with SDSS

flag: LEGACY_TARGET1 & (64 | 128 | 256) > 0). We extract 631968 Main galaxies
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with the spectroscopic redshift 20020 .z.  .

The galSpecExtra table contains estimated parameters for all galaxies in the

MPA-JHU spectroscopic catalogue. BPT classification in this table is based on the

methodology of Brinchmann et al. [23]:

All. The set of all galaxies in the sample regardless of the S/N of their

emission lines.

SF. The star-forming galaxies. These are the galaxies with S/N > 3 in all four

BPT lines that lie below lower line in Fig.1 of Brinchmann et al. [23]. This

lower line is taken from equation (1) of Kauffmann et al. [24].

C. The composite galaxies. They are the objects with S/N > 3 in all four BPT

lines that are between the upper and lower lines in Fig.1 of Brinchmann et al.

[23]. The upper line has been taken from equation (5) of Kewley et al. [25].

AGN. The AGN population consists of the galaxies above the upper line in

Fig.1 of Brinchmann et al. [23]. This line corresponds to the theoretical upper

limit for pure starburst models.

Low S/N AGNs. They have   60H6584NII .  (and S/N > 3 in both lines)

(e.g. Kauffmann et al. [24]), and still are classified as an AGN even if their [OIII]

5007 and/or H  have too low S/N. Miller et al. [2] called such AGNs the "two-

line AGNs".

Low S/N SF. The remaining galaxies with S/N > 2 in H  are considered

low S/N star formers.

Unclassifiable. Those remaining galaxies that are impossible to classify using

the BPT diagram. This class is mostly made up of galaxies with no or very weak

emission lines.

Deng & Wen [26] selected C, AGN and Low S/N AGN populations and

constructed an apparent magnitude-limited AGN sample which contains 122923

AGN host galaxies. In this work, we use this AGN sample.

3. Statistical results. Following [20], we measure the projected local density
2
55 dN   (Galaxies Mpc-2), where d

5
 is the distance to the 5th nearest neighbor

within ±1000 km s-1 in redshift (e.g., [27-29]) and divide this AGN sample into

subsamples with a redshift binning size of 010.z  . In each subsample, we

arrange galaxies in a density order from smallest to largest, select approximately

5% of the galaxies, construct two samples at both extremes of density, and compare

the distribution of u-, g-, r -, i- and z -band luminosities of AGN host galaxies

in the lowest density regime with those in the densest regime.

Fig.1-5 show u-, g-, r -, i- and z -band absolute magnitude distributions at both

extremes of density in different redshift bins for the apparent magnitude-limited

AGN sample. As seen form these figures, overall, all the five band luminosities of

AGN host galaxies are weakly correlated with the local environment.
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We further perform the Kolmogorov-Smirnov (KS) test which can show the

degree of similarity or difference between two independent distributions in a figure

by calculating a probability value. A large probability implies that it is very likely

that the two distributions are derived from the same parent distribution. Con-

versely, a lower probability value indicates that the two distributions are less likely

to be similar. The probability of the two distributions coming from the same

parent distribution is listed in Table 1, which is much larger than that obtained

by Deng (see Table 1 of [20]) and even is much larger than 0.05 (5%, is the

standard in a statistical analysis). Such a result shows that two independent

distributions in these two figures are very similar. This is in good agreement with

the conclusion obtained by the histogram figures.

The redshift ranges of the AGN sample in this work is the same as one of

the apparent-magnitude limited Main galaxy sample of the SDSS used by Deng

[20]. Using the same method, Deng [20] investigated the environmental depen-

dence of u-, g-, r -, i- and z -band luminosities in all redshift bins of the

apparent-magnitude limited Main galaxy sample. It was found that overall, all the

five band luminosities apparently correlate with the local environment. For r, i

and z  bands, luminous galaxies exist preferentially in the densest regions of the

Redshift bins Galaxy P(u-band) P(g-band) P(r-band) P(i-band) P( z -band)
number

0.02-0.03 3433 0.512 0.353 0.287 0.353 0.287
0.03-0.04 5105 0.239 0.683 0.683 0.464 0.464
0.04-0.05 6281 0.411 0.908 0.600 0.600 0.156
0.05-0.06 7757 0.385 0.385 0.096 0.0452 0.0550
0.06-0.07 10503 0.876 0.310 0.0472 0.0192 0.00873
0.07-0.08 13062 0.00619 5.840e-05 6.671e-07 4.913e-07 3.607e-07
0.08-0.09 12860 0.0820 0.840 0.661 0.567 0.357
0.09-0.10 9824 0.0113 0.0859 0.309 0.392 0.183
0.10-0.11 8186 0.702 0.156 0.0305 0.0103 0.00184
0.11-0.12 9109 0.203 0.487 0.981 0.903 0.389
0.12-0.13 8136 0.210 0.580 0.813 0.863 0.322
0.13-0.14 7650 2.838e-07 1.400e-06 0.0146 0.0525 0.330
0.14-0.15 6412 0.00734 0.00425 0.114 0.319 0.370
0.15-0.16 4787 0.00776 0.00411 0.0545 0.0695 0.251
0.16-0.17 3445 0.782 0.0476 0.782 0.782 0.693
0.17-0.18 2710 0.222 0.129 0.543 0.645 0.748
0.18-0.19 2190 0.619 0.0666 0.506 0.734 0.840
0.19-0.20 1473 0.616 0.879 0.879 0.994 0.879

Table 1

KS PROBABILITIES OF ALL THE FIVE BAND LUMINOSITIES THAT

TWO SAMPLES AT BOTH EXTREMES OF DENSITY ARE DRAWN

FROM THE SAME DISTRIBUTION
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Fig.1. u-band absolute magnitude distribution at both extremes of density in different redshift
bins: solid line for the sample at high density, dashed line for the sample at low density. The error

bars of dashed lines are 1  Poissonian errors. Error-bars of solid lines are omitted for clarity.
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Fig.2. As Fig.1 but for g-band absolute magnitude distribution at both extremes of density in
different redshift bins.
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Fig.3. As Fig.1 but for r-band absolute magnitude distribution at both extremes of density in
different redshift bins.
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Fig.4. As Fig.1 but for i-band absolute magnitude distribution at both extremes of density in
different redshift bins.
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Fig.5. As Fig.1 but for z -band absolute magnitude distribution at both extremes of density
in different redshift bins.

universe, while faint galaxies are located preferentially in low density regions,

which is consistent with the conclusion obtained by Deng & Zou [19]. Deng [20]
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also observed that the environmental dependence of all the five band luminosities

nearly are the strongest in the redshift bin 080070 .z.  , in which a super-large-

scale structure exists (Gott et al. [30]; Deng et al. [31]). It is noteworthy that

luminous galaxies in M
u
 (the u-band absolute magnitude) exist preferentially in

low density regions of the universe, while faint galaxies in M
u
 are located

preferentially in high density regions, especially in the redshift range 100050 .z.  ,

which is opposite to widely accepted conclusion.

In faint volume-limited Main galaxy sample, galaxy age still strongly depend

on environment [32], but in the faint volume-limited AGN host galaxy sample,

the environmental dependence of the age is fairly weak (Deng & Wen [26]).

Zheng et al. [33] analysed the stellar age and metallicity distributions for 1105

galaxies on the SDSS-IV MaNGA (Mapping Nearby Galaxies at APO) (Bundy

et al. [34]) integral field spectra, and also observed that the galaxy age depends

on local density. Thus, Deng & Wen [26] believed that the environmental

dependence of the age of AGN host galaxies is likely different from the one of

genenal galaxies. Here, we again note that the environmental dependence of all

the five band luminosities of AGN host galaxies is different from the one of

genenal galaxies.

4. Summary. In this study, we use the apparent-magnitude limited AGN

sample of the SDSS DR12 [21] which contains 122923 AGN host galaxies and

investigate the environmental dependence of u-, g-, r -, i- and z -band luminosities

of active galactic nucleus (AGN) host galaxies. Following Deng [20], we divide the

whole apparent-magnitude limited AGN sample into many subsamples with redshift

binning size 010.z  , and analyse the environmental dependence of all the five

band luminosities of subsamples in each redshift bin. As shown by Figs.1-5, overall,

all the five band luminosities of AGN host galaxies are weakly correlated with

the local environment. We also perform the Kolmogorov-Smirnov (KS) test.

Statistical result is in good agreement with the conclusion obtained by the

histogram figures.

Acknowledgements. This study was supported by the National Natural

Science Foundation of China (NSFC, Grant  11533004, 11563005).

Funding for SDSS-III has been provided by the Alfred P. Sloan Foundation,

the Participating Institutions, the National Science Foundation, and the U.S.

Department of Energy. The SDSS-III web site is http://www.sdss3.org/.

SDSS-III is managed by the Astrophysical Research Consortium for the

Participating Institutions of the SDSS-III Collaboration including the University

of Arizona, the Brazilian Participation Group, Brookhaven National Laboratory,

University of Cambridge, University of Florida, the French Participation Group,

the German Participation Group, the Instituto de Astrofisica de Canarias, the



501ENVIRONMENTAL  DEPENDENCE  OF  AGN  HOST  GALAXIES

Michigan State/Notre Dame/JINA Participation Group, Johns Hopkins Univer-

sity, Lawrence Berkeley National Laboratory, Max Planck Institute for Astrophys-

ics, New Mexico State University, New York University, Ohio State University,

Pennsylvania State University, University of Portsmouth, Princeton University, the

Spanish Participation Group, University of Tokyo, University of Utah, Vanderbilt

University, University of Virginia, University of Washington, and Yale University.

School of Science, Nanchang University, Jiangxi,

China, e-mail: xinfadeng@163.com

ÇÀÂÈÑÈÌÎÑÒÜ ÑÂÅÒÈÌÎÑÒÅÉ ÐÎÄÈÒÅËÜÑÊÈÕ
ÃÀËÀÊÒÈÊ AGN Â ÏßÒÈ ÏÎËÎÑÀÕ ÎÒ

ÎÊÐÓÆÀÞÙÅÉ ÑÐÅÄÛ

ÞÍ ÑÈÍÜ, ÊÑÈÍ-ÔÀ ÄÝÍÃ

Èñïîëüçóÿ âûáîðêó ðîäèòåëüñêèõ ãàëàêòèê AGN ñ îãðàíè÷åííîé âèäèìîé

âåëè÷èíîé èç Sloan Digital Sky Survey Data Release 12 (SDSS DR12), ìû

èññëåäîâàëè çàâèñèìîñòü ñâåòèìîñòåé â u, g, r, i è z  ïîëîñàõ îò îêðóæàþùåé

ñðåäû ðîäèòåëüñêèõ ãàëàêòèê AGN. Ìû ðàçäåëèëè âñþ âûáîðêó AGN ñ

îãðàíè÷åííîé âèäèìîé âåëè÷èíîé íà ìíîæåñòâî ïîäâûáîðîê ñ ðàçìåðîì

áèííèíãà êðàñíîãî ñìåùåíèÿ 010.z   è àíàëèçèðîâàëè çàâèñèìîñòü

ñâåòèìîñòåé â ïÿòè ïîëîñàõ îò îêðóæàþùåé ñðåäû äëÿ ïîäâûáîðîê â êàæäîé

ÿ÷åéêå êðàñíîãî ñìåùåíèÿ. Îêàçàëîñü, ÷òî äëÿ âñåõ ïÿòè ïîëîñ ñâåòèìîñòè

ðîäèòåëüñêèõ ãàëàêòèê AGN ñëàáî êîððåëèðóþò ñ ìåñòíûì îêðóæåíèåì.

Êëþ÷åâûå ñëîâà: ãàëàêòèêè: ôóíäàìåíòàëüíûå ïàðàìåòðû - ãàëàêòèêè:

ñòàòèñòèêà
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