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Abstract

We examined the time evolution and the environmental effects on properties of 32,200 nearby galaxies in the
redshift range 0.025 < z < 0.1 extracted from the public SDSS data release 14 database. The galaxies are categorized
into four groups, isolated galaxy, high-density galaxy, low-density galaxy, and others in the viewpoints of distance
from the neighboring galaxy and local galaxy number density. We also found analogous effects to the Butcher-
Oemler effect and the morphological Butcher-Oemler effect also in the low galaxy density region not only in the high
density region. However, the correlation is weak in the low density region. Dependences of color and morphology on
the logarithmic galaxy number density showed almost linear decrease over 3-orders of density change. On the other
hand, color- and morphology-7;5, distance to the fifth nearest neighbor, plots suggested three characteristic density
regions. At r5 < 7 Mpc, the environmental effect is evident, whereas it is not so effective at 75 > 12 Mpc. There
is an intermediate region between these two regions. We also analyzed color and morphology of the galaxies in the
two-dimensional time (redshift)-environment (density) space. Both properties are governed by the combination of
the two variables, redshift and density. We may say one order density difference is equivalent to 0.6-0.8 Gyr-delay
in time evolution.
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Table 1. Summary of four subsamples.

subsample derfinition number of galaxies
EIG top 10% galaxies for d3, ;. 3217
HDG top 10% galaxies for Dj 3217
MDG galaxies neither HDG nor LDG 25766
LDG bottom 10% galaxies for D 3217

Table 2. Number of galaxies in each redshift bin.

redshift EIG LDG MDG HDG
0.0250-0.0375 119 119 952 119
0.0375-0.0500 207 207 1657 207
0.0500-0.0625 252 252 2022 252
0.0625-0.0750 518 518 4152 518
0.0750-0.0875 1140 1140 9128 1140
0.0875-0.1000 981 981 7855 981
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Fig. 1. Distribution of (a) dgg7 min @nd (b) D5 for the galaxies in the redshift range 0.025 < 2£0.0375.
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Fig. 2. Redshift dependence of fi14e for (a) all galaxies, (b) EIGs, (c) HDGs, and (d) LDGs in our sample. The vertical and the horizontal error bars
show 95% confidence interval and bin width, respectively. The dashed lines show linear fitting and R is the correlation coefficient.

Table 3. Statistical test on color and morphology for EIG and non-EIG.

u—r Cin
redshift median p-value median p-value
non-EIG EIG non-EIG  EIG
0.0250-0.0375 225 206 3.6x10"* 0345 038 1.8x1073
0.0375-0.0500 221 204 1.4x107° 0348 0364 28x10°*
0.0500-0.0625 244 225 14x107'? 0356 0383 54x10°7
0.0625-0.0750  2.18 194 18x107'% 0363 0394 1.1x10"'7
0.0750-0.0875  2.18 197 2.8x1072° 0367 0393 55x 10"
0.0875-0.1000  2.14 194 3.1x1072' 0372 0394 83x1071
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redshift, the box is drawn between the first- and third quartiles, and the whisker shows the range between the 10th- and 90th percentile values.
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Fig. 6. The box plot of (a) the color index v — r and (b) the morphology index Cj,, for LDG (sky blue), MDG (yellow), and HDG (orange) in each
redshift (binned). For each redshift, the box is drawn between the first- and third quartiles, and the whisker shows the range between the 10th- and 90th

percentile values.

Table 4. Statistical test on color and morphology for HDG, MDG, and LDG.

u—r Cin
redshift median p-value median p-value
HDG MDG LDG HDG MDG LDG
0.0250-0.0375 243 223 198 6.7x107'* 0332 0347 0379 6.5x107°
0.0375-0.0500 238 218 211 32x107' 0331 0351 0366 1.3x1078
0.0500-0.0625 229 217 195 3.1x107* 0345 0359 0376 4.2x1077
0.0625-0.0750 234 215 196 <22x107' 0350 0367 038 <2.2x107'6
0.0750-0.0875 235 216 198 <22x107'% 0355 0368 0390 <2.2x107'6
0.0875-0.1000 226 212 197 <22x107'% 0359 0375 0394 <22x107'6
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Fig. 7. (a) 3D scatter plot of f,1ue in the z — log D5 space and the best-fit plane by the multiple regression analysis for all the galaxies in our sample.
(b) Contour map of the best-fit plane. Az is the redshift difference corresponding to the one-order difference of D5. (c) Scatter plot of fi1ye against the

transformed axis 1.91z — 0.1191log D5 .
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Fig. 8. (a) 3D scatter plot of fiate in the z — log D5 space and the best-fit plane by the multiple regression analysis for all the galaxies in our sample.
(b) Contour map of the best-fit plane. Az is the redshift difference corresponding to the one-order difference of Ds. (c) Scatter plot of f,¢ against the

transformed axis 1.96z — 0.0851og D5 .
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