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ABSTRACT

We analyze the spiral structure of 1725 nearby spiral galaxies with redshift less than 0.02. We use
the color images provided by the Sloan Digital Sky Survey. We determine the arm classes (grand design,
multiple-arm, flocculent) and the broad Hubble types (early, intermediate, late) as well as the bar types
(SA, SAB, SB) by visual inspection. We find that flocculent galaxies are mostly of late Hubble type
while multiple-arm galaxies are likely to be of early Hubble type. The fractional distribution of grand
design galaxies is nearly constant along the Hubble type. The dependence of arm class on bar type
is not as strong as that of the Hubble type. However, there is about a three times larger fraction of
grand design spirals in SB galaxies than in SA galaxies, with nearly constant fractions of multiple-arm
galaxies. However, if we consider the Hubble type and bar type together, grand design spirals are more
frequent in early types than in late types for SA and SAB galaxies, while they are almost constant
along the Hubble type for SB galaxies. There are clear correlations between spiral structures and the
local background density: strongly barred, early-type, grand design spirals favor high-density regions,
while non-barred, late-type, flocculent galaxies are likely to be found in low-density regions.
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1. INTRODUCTION

Spiral arms are the most prominent features of spiral
galaxies. Broadly speaking, there are two types of spi-
ral structures: grand design arms, and flocculent arms.
Grand design arms are characterized by long symmetric
arms, while flocculent arms are by chaotic, fragmented
arms. Some galaxies show grand design arms in the in-
ner parts, and multiple arms in the outer parts. Hence,
we can divide spiral galaxies into three classes: grand
design, multiple-arm, and flocculent spirals. The origin
of the differences in the spiral arm structure is believed
to be the different mechanisms of spiral arm formation.
Conventionally, grand design arms have been explained
in the framework of density wave theory (Lin & Shu
1964), in particular, the modal theory (Bertin et al.
1989a,b) described well how the spiral arm structure is
maintained and evolved. Instead, flocculent arms are
explained by the stochastic self-propagated star forma-
tion theory proposed by Gerola & Seiden (1978) and
Seiden & Gerola (1982).

There have been several studies on the correla-
tion between spiral arm morphology and internal and
external properties of spiral galaxies. Elmegreen &
Elmegreen (1982) introduced an arm classification sys-
tem based on the regularity of the spiral arm struc-
ture, in which arm classes (AC) 1-4 represent flocculent
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galaxies, AC 5-9 multiple-arm galaxies and AC 10-12
grand design galaxies, respectively. However, most pre-
vious correlation studies divided their sample galax-
ies into two broad classes, namely flocculent galaxies
(AC1-4) and grand design galaxies (AC5-12) because of
a larger sample size for better statistics. There seems to
be no correlation between the arm class and the Hub-
ble type except for the deficit of grand design galaxies
in Sd and Sm types (Elmegreen & Elmegreen 1982).
However, Elmegreen & Elmegreen (1982) found that
there is a correlation between the spiral arm structure
and galaxy environment from binary (Turner 1976) and
group galaxies (Turner & Gott 1976) together with field
galaxies selected from the RC2 (de Vaucouleurs, de
Vaucouleurs, & Corwin 1976). Elmegreen & Elmegreen
(1982) showed that the fraction of grand design galax-
ies in the field sample depends critically on the presence
of bar, whereas galaxies in binary and group samples
are not much affected by the presence of a bar. The
grand design fraction of non-barred galaxies in the field
sample is about one third, while that of barred galax-
ies is about two thirds, regardless of their environment.
However, the previous results have poor statistical sig-
nificance because the number of galaxies in each bin is
too small.

The arm classification system was slightly modified
by Elmegreen & Elmegreen (1987) to remove AC 10
and 11, namely barred galaxies and galaxies with com-
panions, respectively. Elmegreen & Elmegreen (1987)
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showed that grand design galaxies are larger than floc-
culent galaxies from an analysis of 762 spiral galax-
ies (selected from RC2) that are larger than 1’ with
inclination less than 60°. They confirmed the prefer-
ence of grand design galaxies to reside in dense groups
found by Elmegreen & Elmegreen (1982). Elmegreen &
Elmegreen (1989) applied a statistical correction to the
Elmegreen & Elmegreen (1987) sample. They showed
that the grand design fraction is affected by the pres-
ence of the bar for early-type spirals, while for interme-
diate and late-type galaxies the grand design fraction
is marginally affected by the presence of a bar, namely,
nearly constant grand design fractions ~ 0.7 and ~ 0.05
for intermediate and late type galaxies, respectively.

There is only a small difference in neutral hydro-
gen content (Romanishin 1985), star formation rate
(Elmegreen & Elmegreen 1986), supernova rate (Mc-
Call & Schmist 1986), CO surface brightness (Stark,
Elmegreen, & Chance 1987), and radio and X-ray emis-
sions (Giuricin, Mardirossian, & Mezzetti 1989) be-
tween grand design galaxies and flocculent galaxies;
instead, there is a significant difference in the rota-
tion curves of those two types of galaxies: grand design
galaxies tend to have flat rotation curves while floccu-
lent galaxies are likely to have steep rotation curves
(Elmegreen 1990; Biviano et al. 1991). The depen-
dence of arm classes on the shape of the rotation curve
is due to the dependence of the arm multiplicity on
the disk-to-halo ratio (Athanassoula, Bosma, & Pa-
paionnou 1987). Hence, it seems likely that arm struc-
tures do not depend significantly on internal properties,
which are closely related to star formation rates, but
instead on the disk-to-halo mass ratio.

The purpose of the present study is to understand
the correlations between spiral arm classes and physi-
cal properties of galaxies, as well as global morpholo-
gies represented by Hubble types and bar types: this
is achieved using a homogeneous flux limited sample
of nearby galaxies provided by the SDSS DR7. Since
the number of galaxies in the present analysis is more
than twice larger than previous studies, we expect a
better statistics for the frequency distribution and for
correlation studies. We briefly discuss the environment
dependence of the spiral arm morphology using the lo-
cal background density derived from the nearest neigh-
bor method. This issue will be addressed in detail in
a forthcoming paper (Ann 2013). In Section 2, we de-
scribe the observational data and the method for the
arm classification. The internal and external proper-
ties of spiral galaxies in relation with the spiral arm
morphology is examined in Section 3. Summary and
conclusions are provided in the last section.

2. DATA AND MORPHOLOGY

2.1 Observational Sample

We use a sample of nearby galaxies (z < 0.02) ex-
tracted from the Korea Institute for Advanced Study

Value Added Galaxy Catalog (KIAS VAGC) which
provides some physical parameters such as the mor-
phological types determined by an automated classifier
(Park & Choi 2005) and the concentration index along
with coordinates, redshift, magnitudes and colors, etc.
(Choi, Han, & Kim 2010). Since the KIAS VAGC is
based on the SDSS DRY7, the sky coverage is 2.584 sr.

We expect the catalog to be almost complete up
to M, ~ —16.1 for galaxies with redshift less than
z=0.02, because it includes most of the bright galax-
ies excluded in the spectroscopic target galaxies. The
number of galaxies extracted from the KIAS VAGC is
13762. From those, we selected a flux-limited sample
of 1912 spiral galaxies with a Petrosian radius in 7-
band greater than 10” and inclination less than 65°.
Since the flux-limited sample is biased (i.e., Malmquist
bias), we made a volume-limited sample of 1725 spi-
ral galaxies brighter than M, = —16.1 by considering
the observation limit of the SDSS, r = 17.7. Because
most of the spiral galaxies are known to be brighter
than M, ~= —16, the present sample of galaxies in-
cludes most of the spiral galaxies within z = 0.02. We
used the previous volume-limited sample in the follow-
ing analyses, except for the color-magnitude diagram
(Fig. 3) in order to show which arm class is most af-
fected by the Malmquist bias.

2.2 Spiral Arm Classification

We determined the morphology of the galaxies by
visual inspection, using color images provided by the
SDSS. We divided the spiral arms into three types:
flocculent (F), multiple-arm (M), and grand design (G).
We used the definition of arm classes of Elmegreen &
Elmegreen (1982, 1987) to determine the arm types.
We assigned AC 1-4 to flocculent galaxies, AC 5-9
to multiple-arm galaxies, and AC 12 to grand design
galaxies.

Flocculent galaxies (AC 1-4) are characterized by
fragmented arms with no symmetry. A typical exam-
ple is NGC 2841, classified as AC 3, which shows a
fleece-like appearance of spiral patches. Grand design
galaxies are characterized by two symmetric arms like
those in M81. Multiple-arm galaxies are distinguished
from grand design galaxies by the additional multiple
arms (up to ~ 10) in the outer parts with two short
symmetric arms in the inner parts. A good example
of multiple-arm galaxies is M101. The Milky Way is
also thought to be a multiple-arm galaxy since it has
at least four long arms, with two arms connected to the
end of the bar.

We distinguished barred galaxies (SAB and SB)
from non-barred galaxies (SA). We used bright galaxies
from NED as a training sample for visual inspection.
We also determined the early, intermediate, and late
stage of Hubble type by visual inspection. We pre-
sented the catalog of arm classes for 1912 spiral galax-
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Fig. 1.— Fractional frequency distribution of arm classes

as a function of the Hubble type. Solid, dotted, and short-
dashed lines represent the grand design, multiple-arm, and
flocculent arm, respectively.

ies on the web*. In Table 1, we present the number of
galaxies and the relative frequency of arm types as a
function of the Hubble type. We designated the early
types of 0/a to ab as ‘e’, b to cd as V', and d to m
as ‘I, respectively. Since galaxies in the present paper
constitute a volume-limited sample (M, < —16.1), we
did not apply the distance correction for the relative
frequencies as done in Elmegreen & Elmegreen (1989).

3. RESULTS

3.1 Frequency Distribution of the Arm Classes

Fig. 1 shows the relative frequency of spiral arm
classes as a function of the Hubble type. Grand de-
sign spirals show nearly constant fractions along the
Hubble type with a slight decrease in late-type spi-
rals, whereas the fractions of multiple-arm and floc-
culent galaxies vary greatly. About 70% of early-type
spirals have multiple arms and this fraction becomes
~ 5% for late-type galaxies, whereas the fraction of
flocculent arms is ~ 10% in early-type galaxies and
increases monotonically along the Hubble type. It be-
comes ~ 80% for late type galaxies. Hence, late-type
spirals are dominated by flocculent spirals.

As shown in Fig. 1, the relative frequency of
multiple-arm and flocculent galaxies is very similar for
intermediate-type galaxies. The dependence of the arm
classes on Hubble type is in agreement with the results
of Elmegreen & Elmegreen (1989) but there are some
differences in the distributions.

On the opposite, the dependence of arm classes on
bar type, as shown in Fig. 2, is considerably different
from the one shown in Fig. 1. Here, it is clear that floc-
culent arms are the most preponderant types of spiral
structures, and that grand design arms are the rarest
ones, especially in late type spiral galaxies. The frac-
tion of flocculent galaxies decreases from SA to SAB to
SB while that of grand design galaxies increases from

*http://earth.es.pusan.ac.kr/hbann/jkas/v46/AC
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Fig. 2.— Fractional frequency distribution of arm classes

as a function of bar type. Solid, dotted, and short dashed
lines represent grand design, multiple-arm, and flocculent
arm, respectively.

SA to SAB to SB. Multiple-arm galaxies show nearly
constant fractions, regardless of the bar type.

To see the detailed dependence of the frequency of
arm classes on Hubble and bar type in Table 1, we
present the number and fraction of arm classes as a
function of Hubble and bar types. The highest fraction
of grand design arms is observed in SB galaxies with
intermediate Hubble type, while the lowest grand de-
sign fraction is observed in late-type SA galaxies. On
the other hand, flocculent arms are most preponderant
in late-type SA galaxies, while they are least observed
in early-type SB galaxies. In case of multiple arms,
regardless of the bar type, they are predominant in
early-type spirals, while their fraction is lowest (~ 5%)
in late type spirals.

The fractions of bar types in the present sample
are 0.35, 0.30 and 0.35 for SA, SAB, and SB, respec-
tively. They are similar to values in previous studies
based on visual classification of galaxies using photo-
graphic plates (Elmegreen & Elmegreen 1989; de Vau-
couleurs, de Vaucouleurs, & Corwin 1991). The frac-
tion of strongly barred galaxies (SB) is also similar to
that in the Revised Shapley-Ames Catalog of Bright
Galaxies (Sandage & Tammann 1981). However, as

Table 1.

Relative frequency of arm classes for SA, SAB and SB
galaxies

Hubble type number fraction

F M G F M G

SA e 23 7710 0.21 0.70 0.09
i 148 144 48 0.44 042 0.14
1 109 8 3 091 0.07 0.03
SAB e 7 47 18 0.10 0.65 0.25
i 91 118 52 0.35 045 0.20
1 123 9 19 081 0.06 0.13
SB e 8 123 51 0.04 0.68 0.28
i o1 8 70 025 042 0.34
1 132 10 50 0.69 0.05 0.26
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Fig. 3.— M, versus u-r diagram of 1912 spiral galaxies.
Early type galaxies are represented by solid circles, while
intermediate and late type galaxies are plotted as triangles
and rectangles, respectively. The top panel shows grand
design galaxies, middle and bottom panels display multiple-
arm and flocculent galaxies, respectively.

discussed by Lee et al. (2012), the fractions of barred
galaxies in the literature are quite different if one con-
siders studies of nearby galaxies in optical wave-bands.
The reason for the discrepancy is partly due to the
different methods of bar identification (visual or auto-
mated), and to different criteria for bar types. For ex-
ample, the definition of strong bars in the Third Refer-
ence Catalogue of Bright Galaxies (de Vaucouleurs, de
Vaucouleurs, & Corwin 1991, hereafter RC3) is slightly
different from those of Nair & Abraham (2010) and Lee
et al. (2012). Our definition of strong bar is close to
that of RC3, because we used bright galaxies in the
NED as a training sample with morphological types
mostly adopted from the RC3. This is the reason for
the slight difference in the bar fractions between our
catalog and those which include the bar fractions de-
rived from the SDSS galaxies by visual inspection (Nair
& Abraham 2010; Lee et al. 2012).

3.2 Luminosity and Color

Fig. 3 shows the u —r versus M, diagram for a flux-
limited sample of spiral galaxies brighter than r=17.7,
with redshift less than z = 0.02. M, is the r-band
absolute Petrosian magnitude normalized to z=0.1 us-
ing co-moving distances with €,, = 0.26, Q) = 0.74,
and H=100km/s/Mpc (see Choi, Han, & Kim 2010, for
a detailed description). Grand galaxies (G), multiple-
arm galaxies (M), and flocculent galaxies (F) are plot-
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Fig. 4.— Luminosity of spiral galaxies. The top panel
shows the luminosity distribution as a function of spiral arm
types, the middle panel shows the luminosity distribution as
a function of the openness of the spiral arm (Hubble type),
and the bottom panel shows the luminosity distribution as
a function of bar type.

ted in the top panel, middle panel and bottom panel,
respectively. We distinguish the Hubble types by three
colors, red (early-type), green (intermediate type) and
blue (late-type). There seems to be a correlation be-
tween M, and uw — r; the brighter the luminosity of
a galaxy, the redder the color. However, the correla-
tion between luminosity and color of a galaxy breaks
down for flocculent arms if we only consider galaxies
brighter than M, =~ —18. The faint spiral galaxies
with flocculent arms have a narrow range of u — r
colors, i.e., 1 < u —r < 2 and show a large spread
in luminosity for a given color. Most of the galax-
ies fainter than the limiting magnitude of the volume-
limited sample (M, = —16.1) are flocculent. Hence, if
we use flux-limited sample, the relative frequencies of
arm classes are affected by the Malmquist bias although
the mean luminosity and colors of both grand design
and multiple-arm galaxies are almost unaffected.

The correlation between luminosity and color of spi-
ral galaxies shown in Fig. 3 is a general property of
galaxies, related to their formation history. As shown
in Fig. 3, early-type spirals are likely to have redder
colors while late-type spirals tend to have blue colors,
regardless of their arm classes. This correlation be-
tween morphology and color can be extended to lentic-
ular and elliptical galaxies, and makes the color of a
galaxy a good proxy of morphology. The previous cor-
relation seems to be closely related to the morphology-
density relation of galaxies (Dressler 1980) because the
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Fig. 5.— wu — r versus r — ¢ diagram of spiral galaxies.

star formation rate depends on the collapsing time scale
7 ~ (Gp)~'/2, which is inversely proportional to the
local background density. Galaxies formed in dense re-
gions are likely to have high star formation rate in the
early stage of evolution due to short collapsing time.
This leads to the formation of bulge-dominated spiral
or elliptical galaxies in dense regions, and of bulgeless
spirals or irregular galaxies in less dense regions.

Fig. 4 shows the mean luminosity (M, ) of spiral
galaxies sorted by arm class (top panel), Hubble type
(middle panel), and bar type (bottom panel), respec-
tively. The error bars represent the standard deviations
of the mean absolute magnitudes. It is clear that the lu-
minosity of spiral galaxies does not depend much on the
bar type, but there is a strong correlation between the
luminosity and Hubble type. The luminosity depen-
dence of arm classes is not as strong as that of the Hub-
ble type. However, flocculent spirals are fainter than
grand design and multiple-arm spirals and, on average,
multiple-arm spirals are more luminous. The origin of
the luminosity dependence of arm classes, i.e., higher
luminosities of multiple-arm galaxies and lower lumi-
nosity of flocculent galaxies, is not well-understood.

If we consider the arm class, Hubble type, and bar
type together, the most luminous galaxies are those
classified as early, multiple-arm, and barred, while the
faintest galaxies are those classified as late, flocculent,
non-barred. The presence of bars does not affect the
luminosity of a galaxy significantly except for late type
flocculent arms; for this case SB galaxies are ~ 1 mag
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Fig. 6.— Petrosian radius of spiral galaxies. Top, middle,
and bottom panels show the fractional distribution of the
Petrosian radius for arm classes, Hubble types, and bar
types, respectively.

brighter than SA galaxies. Multiple-arm galaxies are
always brighter than the other types, except for late
type SAB galaxies; grand design are ~ 0.1 mag brighter
than multiple-arm galaxies.

Fig. 5 shows the u —r versus r — ¢ diagram of spiral
galaxies sorted by arm class, grand design spirals are in
the top panel, multiple-arm spirals in the middle panel,
and flocculent spirals in the bottom one. There is not
much difference in the color range between the grand
design spirals and multiple-arm spirals. However, for
flocculent spirals, the majority of galaxies has colors
u—r7r < 22 and r —¢ < 0.3. The preponderance of
flocculent spirals with bluer colors seems to be related
to the fact that the majority of flocculent spirals are
late-type spirals which are thought to have more gas
content than early-type spirals. Since galaxy colors re-
flect the star formation history, as well as the current
star formation rate, flocculent spirals are supposed to
have a formation history different from that of grand
design and multiple-arm galaxies.

The similarity of colors between grand design and
multiple-arm galaxies, and the dissimilarity between
flocculent galaxies and other types, are related to dif-
ferent driving mechanisms of the spiral structures. The
spiral structures of flocculent galaxies are caused by the
local gravitational instability propagated by stochas-
tic processes (Gerola & Seiden 1978; Seiden & Gerola
1982), whereas those of grand design and multiple-arm
galaxies by the global gravitational instability driven
by density waves (Lin & Shu 1964). Since grand de-
sign and multiple-arm spirals are brighter than floccu-
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Table 2.
Mean radii of spiral galaxies

arm class Hubble stage bar type
G M F e i | SA SAB SB
R (h~tkpc) 4.1 4.4 3.2 4.2 4.1 3.3 3.8 3.8 4.2
or (htkpe) +£2.2 +2.2 41.7 +£22 420 £1.9 +21 £1.9 +2.1
N 327 648 750 377 860 488 570 484 581
Table 3.
Concentration index of spiral galaxies
arm class Hubble stage bar strength
G M F e i 1 SA SAB SB
C 2.32 2.41 2.21 2.61 2.26 2.15 2.30 2.25 2.33
oc =£0.36 +£0.40 +0.30 =£0.41 +£0.31 +0.27 =£0.36 =+0.36 =+0.38

lent spirals, global density waves are driven in massive
disks. This is why dwarf spirals with grand design and
multiple arms are so rare in the local Universe. On the
other hand, a non-negligible fraction of flocculent spi-
rals, in particular those bluer than u — r &~ 2 are likely
to be dwarf spirals.

3.3 Size

In Fig. 6, we plot the fractional distribution of radii
of spiral galaxies sorted by arm class (top panels), Hub-
ble type (middle panels), and bar type (bottom panels).
We used the Petrosian radius (Rpet) provided by the
SDSS for the representative size of a galaxy. The gen-
eral shape of the frequency distributions is character-
ized by an asymmetric distribution with a well-defined
peak, i.e., steep declines to a smaller size and shal-
low declines to a larger size. However, there are some
differences in the distributions. For galaxies grouped
by arm class, the frequency distribution of flocculent
spirals shows a narrow peak with a marginal exten-
sion to larger galaxies. The fraction of galaxies larger
than Rpe;=7 h™'kpc is ~ 2% only. It is quite differ-
ent from the frequency distribution of grand design and
multiple-arm spirals, which shows considerable exten-
sions to a larger radius. Grand design and multiple-arm
spirals have ~ 10% of galaxies with R larger than 7
h~'kpc, The mean radii of grand design, multiple-arm,
and flocculent spirals are (3.6 £2.3) h~'kpc, (4.24:2.3)
h~lkpc, and (2.7 + 1.8) h~'kpc, respectively. Similar
distributions are found for galaxies divided by Hubble
type. Here, late-type galaxies show the narrowest dis-
tribution, with a mean radius of 2.9 £1.9 h~'kpc. The
frequency distributions of early and intermediate type
spirals show extensions to larger radii. In the case of
bar type, however, there is not much difference between
the frequency distributions of non-barred and barred
galaxies.

We summarize in Table 2 the values of radii and

standard deviations of spiral galaxies sorted by arm
class, Hubble type and bar type. It is clear that early-

>(IIIIIIIIIIIIIIIIII

0 5 10 15
Radius(h-lkpc)
Fig. 7.— Correlation between M, and Petrosian radius
(Rpet)-

type grand design galaxies seems to have the largest
radii, while late-type flocculent galaxies have the small-
est ones.

There seem to be some restrictions on the size of
a galaxy that drives the global density waves. A
large fraction of grand design galaxies is larger than
Rpet = 5h~'kpc while most of the flocculent galaxies
are smaller than Rpe; = 5h~1kpc.

Since it is well known that luminous galaxies are
larger than the fainter ones, the dependence of spiral
arm class on galaxy size seems to originate from the
correlation of spiral arm morphology with the luminos-
ity. Fig. 7 shows the distribution of M, as a function
of the Petrosian radius. As expected, there is a tight
correlation between luminosity and radius, but some
galaxies (~ 10%) show larger sizes for their luminosity.
There seems to be an upper limit for the galaxy size at
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Fig. 8.— Concentration index as a function of arm classes,
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a given luminosity.

3.4 Concentration Index

The concentration index C is a parameter which
quantifies the galaxy luminosity. We calculated the
value of C using two Petrosian radii, Rpet 90 and
Rpet,SOa as

C= Rpet,QO/Rpet,50 (1)

where Rpet 90 and Rpet 50 are the radii within which
90% and 50% of the galaxy flux is emitted. We list the
mean concentration index of galaxies divided by arm
class, Hubble type and bar type in Table 3. The mean
values are obtained with a 3-sigma rejection method
to suppress the effect of highly deviant values. The
concentration index decreases from early-type galaxies
to late types, but there is no distinct trend for the bar
type. The large C in early-type galaxies is due to their
large bulge. There is no strong correlation between
concentration index and spiral arm type. However, on
average, galaxies with grand design arms have a large
concentration index than those with flocculent arms.
The reason is due to the preponderance of flocculent
galaxies in the late-type sample.

3.5 Local Background Density

There are several ways to define a parameter which
measures the local background density which affects
the structure of a galaxy. For example, the local back-
ground density based on the distance to the nth nearest
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Fig. 9.— ractional distributions of arm class, Hubble type
and bar type as a function of the local background density.
The left panel shows the distributions of arm classes (G,
M, F), the middle panel displays those of bar types (SA,
SAB, SB), and the right panel plots the Hubble types (e, i,
1). The dotted lines indicate M in the left panel, SA in the
middle panel and 1 in the right panel, respectively.

neighbor has been widely used (see Park et al. 2007).
Following a recent analysis of the measures of galaxy
environment by Muldrew et al. (2012) who showed that
the local background density using the mth nearest
neighbor with small n is one of the best measures of
the local environment, we calculated the local back-
ground density p using the projected distance to the
5th nearest neighbor.

The local background density using the nth nearest
neighbor can be defined as

5

47ry?’ )
where 7, is the projected distance to the 5th nearest
galaxy brighter than M, = M™* with velocity differ-
ence between the target galaxy and neighbor (JAV)
less than AV* = 1000 km/s. The natural choice for
the luminosity constraint M* is the limiting magnitude
that defines the volume limited sample of the present
analysis. Since our sample is drawn from the SDSS, we
used M, = —16.12 as M* which corresponds to the M,
of a galaxy with » = 17.7 at z = 0.02. As the surface
number density depends on the number of stars to be
searched (n) along with M* and AV*, we used a nor-
malized quantity p/p for the local background density
of a target galaxy where p is the mean value of p.

Fig. 9 shows the fractional distributions of spiral
galaxies sorted by their spiral arm class (G, M, F), bar
type (SA, SAB, SB) and Hubble type (e, i, 1) as a func-
tion of the local background density. There seems to
be some dependence of the arm class, Hubble type and
bar type on the local background density although the
degrees of dependency are different. Among the three
morphological properties, the Hubble type shows the
strongest correlation with the local background den-
sity and the bar type the weakest. The fraction of
early type spiral increases steeply with increasing local
background density while that of intermediate and late
type galaxies decreases with density. This means that
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the morphology-density relation (Dressler 1980), well
established for the broad morphological types (ellipti-
cals, lenticulars, spirals), seems to hold within spiral
galaxies. It is worth mentioning that the morphology
of intermediate Hubble types (b, be, ¢, c¢d) is closer to
late Hubble types than early Hubble types with respect
to the morphology-density relation.

The density dependence of bar type, as shown in
the middle panel of Fig. 9, is interesting. The fraction
of SA galaxies is nearly constant regardless of the lo-
cal background density, whereas SB and SAB galaxies
show opposite trend in the sense that the fraction of SB
galaxies increases with density. However, if we consider
the large errors of the fractions in the extreme densities
where the numbers of galaxies are too small for good
statistics, there is no significant correlation between the
bar strength and the local background density.

In case of arm classes, as shown in the left panel of
Fig. 9, there is a clear trend in the density dependence
of arm classes. The fraction of grand design galaxies
increase with the local background density while that
of flocculent galaxies decreases, with nearly constant
fractions for multiple-arm galaxies. Hence, our result
of the density dependence of arm classes agrees with
Elmegreen & Elmegreen (1982, 1987) who found that
grand design galaxies are more frequent in high den-
sity environment. The density dependence of spiral
arm classes is also consistent with that observed in the
cluster spirals (Choi & Ann 2011) which showed that
the fraction of flocculent spirals increases with increas-
ing cluster-centric radius.

4. SUMMARY AND CONCLUSIONS

We classified the arm class, Hubble type, and bar
type (SA, SAB, SB) of 1912 nearby galaxies (z < 0.02)
using the color images of the SDSS DR7 by visual in-
spections. We constructed the present sample from the
KIAS VAGC (Choi, Han, & Kim 2010). The sample
size of our analysis is more than twice larger than the
earlier ones (Elmegreen & Elmegreen 1982, 1987) and
almost complete to z = 0.02 for galaxies in the North-
ern hemisphere. We presented the basic statistics of the
arm classes, Hubble types and bar types along with a
complete catalog of arm classes, broad Hubble types,
and bar types.

The majority of early-type spirals has multiple arms
(~ 70%), while flocculent arms are most frequent in
late-type spirals (~ 80%). Grand design fractions are
nearly constant along the Hubble types. The depen-
dence of arm classes on the bar type is much different
from that on the Hubble types. The fraction of grand
design galaxies increases from SA to SAB to AB while
that of multiple-arm galaxies decreases from SA to SAB
to SB. Multiple-arm galaxies show nearly constant frac-
tion, regardless of bar type. If we consider the Hubble
and bar types together, the late-type non-barred galax-
ies with flocculent arms are most preponderant. They

constitute ~ 30% of nearby spirals. This fraction is
about three times larger than the mean fractions.

There are small differences in the mean absolute
magnitudes of the three arm classes: M, = —18.4+£1.2,
M, = —19.2 + 1.0, and M, = —18.0 & 1.1 for the
grand design, multiple-arm, and flocculent galaxies, re-
spectively. The fainter luminosity of flocculent galax-
ies is related to the preponderance of late-type spi-
rals in the flocculent galaxies since late-type spirals are
fainter and smaller than early types. If we consider
the arm class and Hubble type together, early-type
multiple-arm galaxies have the largest mean radius of
4.3 + 2.1)h~'kpc and late-type flocculent spirals have
the smallest mean radius of 3.24-1.8)h~'kpc. The frac-
tion of flocculent spirals larger than 7h~'kpc is ~ 0.03,
while that of grand design spirals is ~ 0.12. The frac-
tion of multiple-arm spirals is similar to that of grand
design spirals.

The color distribution of the flocculent galaxies is
much different from that of the grand design and
multiple-arm galaxies. On average, it is ~ 0.3mag
and ~ 0.6mag bluer than grand design galaxies and
multiple-arm galaxies, respectively, in u — r colors.

There is a clear difference in the environment of
galaxies that have different spiral structures, such as
arm class and Hubble type. Grand design galaxies and
early type galaxies are likely to be found in high den-
sity environment while flocculent galaxies and late type
galaxies are likely to be observed in the low-density en-
vironment. Hence, the density dependence of arm class
and Hubble type is in agreement with earlier findings
(Elmegreen & Elmegreen 1982, 1987). The density de-
pendence of bar type is weaker than that of arm class
and Hubble type with a tendency of strong bars in high
density regions.
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