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INTRODUCTION

• Observations indicate that 60% of bright disk galaxies have bar 
structures (Knapen et al. 2000; Barazza et al. 2008)

• Bar can be a channel of gas inflow to galactic center (Combes & Gerin 1985; 
Friedli, Benz & Kennicutt 1994; Englmaier et al. 1997)

• Galactic bars are thought to be related to star formation and AGN

Kraft et al. (2002);  Weiss et al.; ESO/WFI; SDSS; Englmaier, & Gerhard (1997)



OBSERVATIONAL EVIDENCES

• Barred galaxies show enhanced radio and 
far-infrared emissions and higher SFR(e.g., 
Hummel 1990; Martin 1995; Huang et al. 1996; Hawarden et al. 1986;  
Ellison et al. 2011)

• Several studies have found an excess of bar  
in starburst galaxies (e.g., Huang 1996; Ho, Filippenko, & 
Sargent 1997; Hunt & Malkan 1999; Hao et al. 2009)

• Some studies reported higher frequency of 
bars among AGN (Arsenault 1989; Moles, Ma ́rquez, & Pe ́rez 

1995; Knapen, Sholsman, & Peletier 2000; Laurikainen, Salo, & Buta 2004), 
but other studies did not (Mulchaey & Regan 1997; 
Hunt & Malkan 1999; Martini et al. 2003, Lee et al. 2012)

Ellison et al.  2011
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MOTIVATION

• Previous statistical tests are performed 
by comparing bar fractions between 
active and inactive galaxies

• The bar fraction is non-monotonic and 
varies with change of galaxy properties 
(Odewahn 1996; Elmegreen, Elmegreen, & Hirst 2004; Giordano et 
al. 2010; Nair & Abraham 2010; Masters et al. 2011; Oh et al. 2012; 
Lee et al. 2012)

6 K.L. Masters et al.
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Figure 4. The strong bar fraction as a function of (a) gas fraction, (b) optical (g − r) colour and (c) stellar mass for 2090 Galaxy Zoo
galaxies detected in HI by α40. Strong bars are identified from GZ2 classifications using pbar > 0.5 (as discussed in Section 2.2). Figure
4 shows that the strong bar fraction increases as atomic gas content decreases and as optical colour and stellar mass increase. The errors
shown are Poisson counting errors on the fractions – these are underestimates for the fractions close to zero (i.e. very gas rich, and
blue galaxies, see Cameron 2011). The horizontal lines show the strong bar fraction for all HI detected galaxies of 22 ± 1%. Galaxies
undetected in HI in the sample have a strong bar fraction of 32 ± 1%.

bulge) spirals than previous Galaxy Zoo studies of the bar
fraction (Masters et al. 2011; Skibba et al. 2012), which also
use a more luminous volume limit to z = 0.06.

While the trends for more strong bars to be found in
massive, optically red and gas poor disc galaxies is the most
obvious feature of the plots in Figure 4, it can also be seen
that a small peak in strong bar fraction is seen in lower mass
(log(M!/M!) < 10.0), bluer, and more gas rich galaxies.
That the trends of bar fraction are not monotonic across the
Hubble sequence and seems to have a minimum at around
log(M!/M!) = 10.0 has been noted previously (e.g. in the
RC3: Odewahn 1996, and more recently, Nair & Abraham
2010b, Masters et al. 2011), and most likely indicates a dif-
ference in evolution for bars in different mass galaxies.

Example images, of high and low stellar and HI mass
galaxies with and without bars are shown in Figure 5 6.

3.2 Breaking Degeneracies with Gas Content,

Stellar Mass and Colour

It is well known (e.g. most recently seen in ALFALFA data
by Toribio et al. 2011a,b, Catinella et al. 2010, Fabello et
al. 2011, Huang et al. 2012) that the atomic gas content of
galaxies correlates with both stellar mass and optical colour,
which are of course also correlated via the colour-magnitude
relation. We illustrate these correlations in Figure 6 showing
the locations of HI detected galaxies in our sample as a
function of stellar mass, gas fraction and (g − r) colour.
The best fit to the trends are shown as solid lines.

Given these correlations and the fact that the strong

6 More example images can be see at
http://www.icg.port.ac.uk/∼mastersk/GZ ALFALFAImages.

bar fraction increases towards higher stellar mass, redder
disc galaxies (Nair & Abraham 2010b, Masters et al. 2011,
Skibba et al. 2012) we must ask if all, or part, of the correla-
tion between gas fraction and bar fraction can be explained
by the combination of the correlations between gas fraction
and stellar mass and those between stellar mass/colour and
bar fraction.

The bar fraction is indicated in Figure 6 by the grey
scale contours which show strong bar fractions of between
10-40%. From this we observed that the bar fraction peaks
most strongly among the higher stellar mass disc galaxies
which are both redder and less gas rich than is typical for
their stellar mass. This already demonstrates that the corre-
lations between gas fraction and stellar mass/colour cannot
explain the full increase of bar fraction with decreasing gas
fraction.

3.2.1 Bar Fraction with Gas Deficiency

In this section we will use the relationship between stellar
mass and gas fraction observed in Figure 6 to calculate the
expected gas fraction for a galaxy of a given stellar mass.
We find a trend of

〈log(MHI/M!)〉 = −0.31− 0.86(log(M!/M!)− 10.2) (4)

with a typical scatter of σlog(MHI/M!) = 0.27 dex. Clearly
the selection function plays a role in shaping the trends,
and will reduce the observed scatter by preferentially remov-
ing gas poor galaxies at a given stellar mass. However, we
point out that the deeper HI observations of the GASS sur-
vey (GALEX-Arecibo SDSS Survey) which targeted galax-
ies with M! > 1010M!; (Catinella et al. 2010) demonstrate
that there are few galaxies at 10.0 < log(M!/M!) < 10.5

c© 2012 RAS, MNRAS 000, 1–16
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Figure 4. The strong bar fraction as a function of (a) gas fraction, (b) optical (g − r) colour and (c) stellar mass for 2090 Galaxy Zoo
galaxies detected in HI by α40. Strong bars are identified from GZ2 classifications using pbar > 0.5 (as discussed in Section 2.2). Figure
4 shows that the strong bar fraction increases as atomic gas content decreases and as optical colour and stellar mass increase. The errors
shown are Poisson counting errors on the fractions – these are underestimates for the fractions close to zero (i.e. very gas rich, and
blue galaxies, see Cameron 2011). The horizontal lines show the strong bar fraction for all HI detected galaxies of 22 ± 1%. Galaxies
undetected in HI in the sample have a strong bar fraction of 32 ± 1%.
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galaxies detected in HI by α40. Strong bars are identified from GZ2 classifications using pbar > 0.5 (as discussed in Section 2.2). Figure
4 shows that the strong bar fraction increases as atomic gas content decreases and as optical colour and stellar mass increase. The errors
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Figure 2. The optical bar fractions as a function of spectral classes defined
in Figure 1 are shown in the upper panel. Galaxies with spectral class of −1
are inactive galaxies, 0 to 3 can be considered as star-forming galaxies, and 4
to 6 as AGNs. In the lower panel, we show the optical bar fraction for galaxies
of the three broad classifications. The numbers at the top of each figure are
the total number of moderately inclined disk galaxies in each spectral class.

Our result suggests that AGNs have an excess optical bar fraction compared
with the inactive galaxies, but show no excess compared with the starburst galax-
ies. Therefore accurate and consistent spectroscopic classification of both the
AGN sample and the control sample is important in evaluating the excess of
bars in AGNs. Many previous studies have overlooked this issue. Among three
studies (Ho et al. 1997; Hunt & Malkan 1999; Laurikainen et al. 2004b) where
we can clearly decide the dominant spectral classes of the comparing sample,
our result agrees with two of them. The comparing sample in Ho et al. (1997)
is mainly composed of star-forming galaxies and they found no excess optical
bar fraction in AGNs, which agrees with our result. Based on the classification
in NED, Laurikainen et al. (2004b) divide galaxies into Seyferts, LINERs, star-
bursts, and inactive galaxies. They found a similar NIR bar fraction for Seyfert
galaxies, LINERS, and HII/starburst galaxies at 72%, compared to 55% in non-
active galaxies. The pattern also agrees with our result. The absolute values of
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SAMPLE

• Late-type galaxies in the SDSS DR7Table 2.4. Summary of sample selection

Criterion Explanation

0.01 < z < 0.05 Redshift range for reliable morphological

classification without saturation

Mr < −19. The absolute r -band magnitude cut

for volume limited sample

Isophotal B/A ratio ≥ 0.7 Exclude edge-on galaxies

Visual inspection A selection of late-type galaxies

which enable to classify their morphology

Sb type in Hubble type. Sample selection unrelated to the galaxy morphology

is essential to this research, and the importance of sampling strategy will be

discussed in Chapter 5.

For late-type galaxies, we checked bar structures from optical images, and

classified late-type galaxies into barred or unbarred galaxies. Galaxies which

have blurred image are excluded through visual inspection. Moreover we exclude

ambiguous objects in terms of bar, because main results of this study come

out by comparing properties of barred and unbarred galaxies, and we wish our

sample to be representative. We present change of galaxies according to our

sampling criteria in Table 2.5. There are 94,519 galaxies in the redshift range

0.01 < z < 0.05 in the SDSS DR7. Finally, 6,658 late-type galaxies are selected

to be our sample. Among them 2,422 galaxies have bar structure.

12

Table 2.5. Sampling criteria and change of galaxies

Criterion Number of galaxies

0.01 < z < 0.05 94519

Mr < −19. 37578

isoBr/isoAr ≥ 0.7 28008

Visual inspection 6658

barred galaxies 2422

unbarred galaxies 4236

14

Table 3.1. Results of Spectral line Classification

Classification Total (6658) Barred (2422) Unbarred (4236)

Weak Emission galaxies 40.91% (2724) 31.59% (765) 46.25% (1959)

Strong Emission galaxies 59.09% (3934) 68.41% (1657) 53.75% (2277)

Star-formation 38.10% (2537) 38.89% (942) 37.65% (1595)

AGN 20.98% (1397) 29.52% (715) 16.10% (682)

galaxies (AON > 3.0), and half of them show star-forming activity. When we

compare fractions of emission galaxies in barred and unbarred galaxies, we found

that 68% of barred galaxies show strong emission lines. In comparison with this,

53% of unbarred galaxies are classified as significant emission galaxies. Among

barred galaxies, 38% of galaxies are classified as star-forming galaxies, and 37%

are AGN. Fractions of star-forming galaxies and AGN become 29% and 16%

in unbarred galaxies, respectively. Barred galaxies show more strong emission

galaxies compared with unbarred galaxies. There is no discernible difference

in the fractions of star-forming activity between barred and unbarred galaxies,

but it seems that barred galaxies contain more AGN than unbarred galaxies.

However, these fractions are insufficient to explain the relation between nuclear

activities and large-scale bars. We will analyze nuclear activities of barred and

unbarred galaxies in Chapter 4.

21

Any morphology indicators are not used



SAMPLE IMAGES

Figure 2.1. The sample SDSS color-composite images of our late-type sample.

Three images at left in each line are examples of barred galaxies while ones at

right are examples of unbarred galaxies. Each image covers 50�� × 50��.
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BAR FRACTION

 Stellar mass                      log (M/L)r ~ - 0.306 + 1.097 (g-r)                                Bell 2003
 BH mass            Bar         log MBH ~ 8.15 + 3.89 * log (σe / 200)            Graham et al. 2011
                         Unbar     log MBH ~ 8.03 + 3.94 * log (σe / 200)

Figure 4.4. The bar fractions as a function of galaxy parameters. The dashed

line shows the mean bar fraction for our sample. Sampling errors are denoted

as error bars. The bar fractions are plotted as a function of (a) g − r color, (b)

concentration index, (c) stellar mass, and (d) black-hole mass. The bar fraction

shows the non-monotonic increase for galaxy parameters.
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CENTRAL ACTIVITIES

• Spectral Line data measured by using GANDALF (Kyuseok Oh et al. 2011)

• Diagnostic(BPT) Diagram

• Demarkation Line (Kauffmann et al. 2003)
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FRACTIONS OF CENTRAL ACTIVITIES

• Bars increase both star-formation and AGN activities for overall colors

• Bar effect is higher on low stellar mass or low black-hole mass among star-
forming galaxies

• Bar enhances AGN activities on intermediate stellar mass or low black-hole 
mass among AGNs

Figure 4.5. Fractions of nuclear activities for galaxy parameters. The blue and

red lines represent fractions of star-forming galaxies and AGN, and the solid

and dotted lines indicate barred and unbarred galaxies, respectively. It is shown

as a function of g − r color (top), stellar mass (middle), and black-hole mass

(bottom). Poisson errors are denoted as error bars.
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STAR-FORMING GALAXIES

g - r color

log M*

Figure 4.6. The mass-color grid diagram for star-forming galaxies. There are

two numbers in a grid. The top values are fractions of galaxies which show star-

forming activity in barred galaxies, and the bottom ones are that in unbarred

galaxies in a grid. The color bar indicate the normalized fraction which indi-

cates bar effect in the number of nuclear activities. The 1-σ and 0.5-σ contours

for galaxies showing star-formation activity are shown as dotted lines. (a) The

stellar mass - color grid diagram for star-forming galaxies. (b) The black-hole

mass - color grid diagram for star-forming galaxies.
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Figure 9. Stellar (a) and black hole (b) mass–color grid diagram for star-forming galaxies. Each grid has two numbers, indicating the fraction of star-forming activity
in barred (top) and unbarred (bottom), respectively. The color key on the right indicates fnorm which shows the bar effect in the number of galaxies with central star
formation or AGN activity. Dotted lines indicate the 0.5σ and 1σ contours for galaxies with star formation activity.

Figure 10. Same as Figure 9, but for AGNs.

Bar effects on AGN fractions appear to be significant only in
intermediate-property galaxies. On the other hand, bar effects
on central star formation are clear throughout the whole color
range (panel a) but only in the low-mass range (panels b and c).
One may wonder why bar effects on central star formation are
clear in red (e.g., g−r ≈ 0.65) galaxies but not in massive (e.g.,
log M/M# ≈ 10.7) ones considering the general correlations
between optical colors and stellar/black hole mass. To answer
this question, we have devised grid diagrams that illustrate bar
effects in the two-dimensional parameter space. We define a
new index fnorm which quantitates bar effects, as follows:

fnorm =
factivity,bar

factivity,unbar
, (6)

where factivity,bar/unbar is the fraction of each activity for
barred/unbarred galaxies. An fnorm greater than 1.0 indicates
a positive bar effect.

Figure 9 shows the grid diagram of color against
stellar/black hole mass. In each pixel, the upper and lower

values are the galaxy fractions with (significant) central star
formation in barred and unbarred galaxies, respectively. The
dotted lines show 0.5σ and 1.0σ contours for the galaxy dis-
tribution. The color of each grid indicates fnorm. It is apparent
that the color dependence (horizontal sequence) is clearer than
the stellar/black hole mass dependence both in the monotonic
trend and in amplitude (numerals in each pixel). This is proba-
bly why bar effects are more clearly visible in the whole range
of color, whereas it is not the case with stellar/black hole mass
in Figure 8.

For a fixed stellar/black hole mass, bar effects are stronger
in redder galaxies. For fixed colors, mass effects are visible but
less clear.

The grid diagrams for AGNs are shown in Figure 10. The
distribution of AGNs in these figures suggests that late-type
AGNs are more massive and redder compared with galax-
ies showing central star formation. Further, they are present
in a smaller area on the color–mass plane. The fractions of
central star formation and AGN activity are clearly higher

7



STAR-FORMING GALAXIES

• Bar enhanced central star-formation on red galaxies 
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dotted lines show 0.5σ and 1.0σ contours for the galaxy dis-
tribution. The color of each grid indicates fnorm. It is apparent
that the color dependence (horizontal sequence) is clearer than
the stellar/black hole mass dependence both in the monotonic
trend and in amplitude (numerals in each pixel). This is proba-
bly why bar effects are more clearly visible in the whole range
of color, whereas it is not the case with stellar/black hole mass
in Figure 8.

For a fixed stellar/black hole mass, bar effects are stronger
in redder galaxies. For fixed colors, mass effects are visible but
less clear.

The grid diagrams for AGNs are shown in Figure 10. The
distribution of AGNs in these figures suggests that late-type
AGNs are more massive and redder compared with galax-
ies showing central star formation. Further, they are present
in a smaller area on the color–mass plane. The fractions of
central star formation and AGN activity are clearly higher
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Figure 11. Same as Figure 10, but for AGNs with higher W (Hα) than 3 Å.

in barred galaxies than in unbarred galaxies; but bar ef-
fects are not always clearly visible if degenerate correlations
between bar effects and galaxy properties are not properly
broken.

Our BPT-based AGN classification allows a fair number of
LINERs but might be contaminated by LINER-like emission
galaxies powered by old stars (Sarzi et al. 2010; Cid Fernandes
et al. 2011). According to the classification established by Cid
Fernandes et al. (2011) where the equivalent width of Hα of
a true AGN exceeds 3 Å, 23% of our AGNs are classified
as AGN-like. Excluding them from our analysis, we tested
our main results (Figure 11), and found that the change of
the AGN criterion does not affect the overall conclusion. We
adopt the BPT diagnostics throughout this study; but it will
be appropriate to consider the new stricter classifications when
confirmed through more definite tests.

4.4. Bar Effects on Emission-line Strengths

We compared Hα, [N ii], and [O iii] emission-line luminosi-
ties (hereafter “emission luminosities”) of barred and unbarred
galaxies. The Hβ emission-line strength is determined from
Hα based on the concept of Balmer decrement, so we ex-
clude Hβ in this analysis. Emission luminosities naturally cor-
relate with the stellar mass of galaxies. So, direct compari-
son of line strength can be biased to this obvious mass trend.
To show the difference in emission luminosity between barred
and unbarred galaxies free from the mass–luminosity relation,
we use specific emission luminosities defined as the emission
luminosities divided by the fiber luminosity in the r band.
Fiber flux for the SDSS 3′′ aperture is provided by the SDSS
database.

Figure 12 shows the specific Hα, [O iii], and [N ii] emission
luminosities against g−r, stellar mass, and black hole mass
of star-forming galaxies. Mean specific luminosities for each
emission line with respect to galaxy properties (diamonds) and
68% probability distributions in luminosity (error bars) are
displayed. The first thing to note is that Hα and [N ii] show a
positive, although weak, correlation with galaxy properties. This
looks counterintuitive because redder galaxies are generally less
active in terms of star formation. In fact, our data are also
consistent with this expectation (Figure 8). Combining these
two empirical facts, we may conclude that redder and more

massive late-type galaxies are less likely to host (significant)
central star formation, but once they become significantly active,
their emission strengths become strong for their stellar/black
hole mass. This would imply that central star formation is more
bursty in redder late types.

Bar effects on the (specific) emission strengths are small
but ubiquitous in our parameter space, which probably means
that they are statistically significant. This is consistent with the
earlier work of Ellison et al. (2011), which found higher SFR in
barred galaxies compared with unbarred galaxies when stellar
mass of galaxies are higher than 1010M#.

AGNs display a slightly different result (Figure 13). The
trends against galaxy properties are not visible. On the other
hand, bar effects are even stronger than in the case of star
formation. If we may interpret the emission luminosities as
AGN strengths, these results would imply that AGN strength is
enhanced by the presence of a bar and linearly correlates with
stellar or black hole mass. Considering the Magorrian relation
(Magorrian et al. 1998), finding the same trend against stellar
mass and black hole mass is sensible.

In conclusion, bar effects are clearly visible in the emission-
line strengths, too.

4.5. Bar Lengths

Bar length is normalized to twice the r-band Petrosian radius
of the galaxy to negate the distance effect on the apparent
bar length. We call this “relative bar length.” It is known that
Petrosian radius is a good proxy for the optical light of a galaxy.

In Figure 14, we plot relative bar length as a function of
g − r color, stellar mass, and black hole mass to investigate
the correlation between bar length and galaxy morphology. We
found that relative bar length generally increases with g − r
color and stellar/black hole mass, which is in agreement with
theoretical expectations (e.g., Athanassoula & Martinet 1980)
and previous observational studies (Martin 1995; Laurikainen
et al. 2004; Erwin 2005; Elmegreen et al. 2007; Hoyle et al. 2011;
Gadotti 2011). Interestingly, when we break the sample into star-
forming and AGN galaxies, it is only star-forming galaxies that
show a tight correlation. The difference between star-forming
and AGN galaxies for given morphology (color or mass) in
relative bar length implies that they are in different stages of bar
evolution.
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STRENGTH OF CENTRAL ACTIVITIES

• Emission lines such as Hα, Hβ, and [O II] arise in H II regions and 
are indicators of the star formation

• [OIII] and [NII] emission lines are enhanced by higher ionization of 
AGN

• Emission lines can be an indicator of strengths of central activities

• Specific emission luminosity

• Emission luminosity / fiber luminosity
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Figure 12. Specific emission luminosities against galaxy properties for star-forming galaxies. The shaded contours show the total distribution of our sample, and red
(gray) and black points show the mean specific luminosity for barred and unbarred galaxies, respectively. The error bars show 68% probability distributions for each
bin.
(A color version of this figure is available in the online journal.)

We divide barred galaxies into two subgroups using the
relative bar length cut of LBar/2Rpet = 0.5. This cut yields
roughly the same number of long-barred (1191) and short-barred
(1231) galaxies. The two subgroups occupy different regions in
the CMD (Figure 15). Recalling the distribution of unbarred
galaxies shown in Figure 6, there is a gradual transition from
unbarred, through short-barred, to long-barred galaxies in this
diagram. This distinction on the CMD according to bar length
has recently been reported by Hoyle et al. (2011).

According to the BPT diagnostics discussed in Section 3.2,
34.3% of long-barred galaxies are classified as “significantly”
star-forming galaxies, 36.9% are AGNs, and the rest (28.8%)
do not show all four emission lines above our cut. Short-barred
galaxies are classified into star-forming galaxies (43.3%), AGNs
(22.3%), and the rest (34.4%). We have already discussed in
Section 4.3 that these simple-minded fractions are insufficient
for describing the bar effects.

We plot the galaxy fractions with central star formation and
AGNs for barred galaxies as a function of galaxy properties
in Figure 16. The overall trends are the same as in Figure 8.
Long-barred galaxies show higher fractions of both central
star formation and AGNs, compared with short-barred galaxies.
There is a gradual increase of both central star formation and
AGNs from unbarred galaxies, through short-barred galaxies,
to long-barred galaxies.

We have also compared specific Hα, [O iii], and [N ii]
emission luminosities for long- and short-barred galaxies, as
shown in Figures 12 and 13. Short-barred galaxies are very
similar to unbarred galaxies (not present in this figure) in
these diagrams, and long-barred galaxies show more enhanced
emission luminosities than barred galaxies.

In conclusion, we see a monotonic effect of bar length on
emission luminosities as well as on the galaxy fractions with
central star formation and AGN activity.

5. DISCUSSION

We have investigated the effect of bars on central star
formation and AGN activity using a large sample of galaxies
based on the SDSS DR7. With our selection criteria (Table 1),
6658 late-type galaxies are selected for our sample, and among
them 2442 (36%) galaxies are visually classified as barred
galaxies. Our visual inspection may have missed galaxies with
a weak bar, in which case our results would be more applicable
to strong-bar galaxies.

We tried our best to avoid sampling biases. First, we adopted
a volume-limited sampling approach. However, our final sample
after visual inspection exhibits a mild mass bias, mainly because
visual inspection tends to reject smaller galaxies at higher
redshifts. Hence, we restricted ourselves to the small redshift
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Figure 12. Specific emission luminosities against galaxy properties for star-forming galaxies. The shaded contours show the total distribution of our sample, and red
(gray) and black points show the mean specific luminosity for barred and unbarred galaxies, respectively. The error bars show 68% probability distributions for each
bin.
(A color version of this figure is available in the online journal.)

We divide barred galaxies into two subgroups using the
relative bar length cut of LBar/2Rpet = 0.5. This cut yields
roughly the same number of long-barred (1191) and short-barred
(1231) galaxies. The two subgroups occupy different regions in
the CMD (Figure 15). Recalling the distribution of unbarred
galaxies shown in Figure 6, there is a gradual transition from
unbarred, through short-barred, to long-barred galaxies in this
diagram. This distinction on the CMD according to bar length
has recently been reported by Hoyle et al. (2011).

According to the BPT diagnostics discussed in Section 3.2,
34.3% of long-barred galaxies are classified as “significantly”
star-forming galaxies, 36.9% are AGNs, and the rest (28.8%)
do not show all four emission lines above our cut. Short-barred
galaxies are classified into star-forming galaxies (43.3%), AGNs
(22.3%), and the rest (34.4%). We have already discussed in
Section 4.3 that these simple-minded fractions are insufficient
for describing the bar effects.

We plot the galaxy fractions with central star formation and
AGNs for barred galaxies as a function of galaxy properties
in Figure 16. The overall trends are the same as in Figure 8.
Long-barred galaxies show higher fractions of both central
star formation and AGNs, compared with short-barred galaxies.
There is a gradual increase of both central star formation and
AGNs from unbarred galaxies, through short-barred galaxies,
to long-barred galaxies.

We have also compared specific Hα, [O iii], and [N ii]
emission luminosities for long- and short-barred galaxies, as
shown in Figures 12 and 13. Short-barred galaxies are very
similar to unbarred galaxies (not present in this figure) in
these diagrams, and long-barred galaxies show more enhanced
emission luminosities than barred galaxies.

In conclusion, we see a monotonic effect of bar length on
emission luminosities as well as on the galaxy fractions with
central star formation and AGN activity.

5. DISCUSSION

We have investigated the effect of bars on central star
formation and AGN activity using a large sample of galaxies
based on the SDSS DR7. With our selection criteria (Table 1),
6658 late-type galaxies are selected for our sample, and among
them 2442 (36%) galaxies are visually classified as barred
galaxies. Our visual inspection may have missed galaxies with
a weak bar, in which case our results would be more applicable
to strong-bar galaxies.

We tried our best to avoid sampling biases. First, we adopted
a volume-limited sampling approach. However, our final sample
after visual inspection exhibits a mild mass bias, mainly because
visual inspection tends to reject smaller galaxies at higher
redshifts. Hence, we restricted ourselves to the small redshift
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Figure 13. Same as Figure 12, but for AGNs.
(A color version of this figure is available in the online journal.)

range adopted for this study to minimize such a bias. Second,
we inspect bar effects for fixed stellar mass and/or black hole
mass in order to avoid any complex side effect from such
biases. To test the impact of the bias from the size effect,
we have performed all tests in this paper by dividing our
sample into two equal-number groups by redshift cut and found
that our results are robust against the size bias. Our analysis
is further subject to uncertainties in the AGN/star formation
classification scheme. Different classifications will result in
different samples, and conclusions may be fairly dependent
on the details in the classification scheme. For example, the
current, incomplete understanding on transition objects adds
uncertainties, and AGN-like optical emissions can mislead the
analysis (Sarzi et al. 2010; Cid Fernandes et al. 2011). We
have inspected on the impact of a stricter AGN classification on
several tests (Figures 10, 13, and 16) and found it does not alter
our conclusion.

Barred galaxies are generally earlier in morphology, opti-
cally redder, and more massive than unbarred galaxies. Con-
sequently, the criterion used to construct an initial sample is
a key issue for studying barred galaxies. Since galaxy colors
and concentration indices are correlated with galaxy morphol-
ogy, they are often used for initial sample selection. How-
ever, these parameter-based selections can miss a significant
number of barred galaxies, for example, those with earlier
morphology.

A large-scale bar can be a channel of gas inflow, and
the infalling gas activates both central star formation and
AGNs under certain conditions. Our results provide quantitative
support for the theoretical predictions of the bar fueling scenario
in central star formation and AGNs. Central star formation is
common in blue and/or low-mass galaxies and the presence of
a bar does not seem to affect much the incidence of intensity
of such activity. On the other hand, bars can significantly boost
the small fraction of red spiral galaxies showing signs of star
formation, leading to central starbursts that are more intense
than those observed in blue spirals.

Most of the barred galaxies with blue colors and/or low mass
have a shorter bar. We have found that central star formation is
more pronounced with increasing bar length. The simulations
and observations expect longer bars to be stronger, particularly
in their ability to supply gas to the circumnuclear region.
Therefore, the result that bars activate central star formation
more in redder galaxies might have been caused by the fact that
redder galaxies tend to have a longer bar.

The amount of gas could be another reason for the el-
evated bar effect on redder star-forming galaxies. Galaxies
with bluer optical colors are expected to have sufficient gas,
and that may be enough to maintain star formation. How-
ever, as galaxy color gets redder, the amount of gas is sig-
nificantly reduced, and so central star formation is naturally
reduced in redder galaxies. Therefore, infalling gas through
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Figure 13. Same as Figure 12, but for AGNs.
(A color version of this figure is available in the online journal.)

range adopted for this study to minimize such a bias. Second,
we inspect bar effects for fixed stellar mass and/or black hole
mass in order to avoid any complex side effect from such
biases. To test the impact of the bias from the size effect,
we have performed all tests in this paper by dividing our
sample into two equal-number groups by redshift cut and found
that our results are robust against the size bias. Our analysis
is further subject to uncertainties in the AGN/star formation
classification scheme. Different classifications will result in
different samples, and conclusions may be fairly dependent
on the details in the classification scheme. For example, the
current, incomplete understanding on transition objects adds
uncertainties, and AGN-like optical emissions can mislead the
analysis (Sarzi et al. 2010; Cid Fernandes et al. 2011). We
have inspected on the impact of a stricter AGN classification on
several tests (Figures 10, 13, and 16) and found it does not alter
our conclusion.

Barred galaxies are generally earlier in morphology, opti-
cally redder, and more massive than unbarred galaxies. Con-
sequently, the criterion used to construct an initial sample is
a key issue for studying barred galaxies. Since galaxy colors
and concentration indices are correlated with galaxy morphol-
ogy, they are often used for initial sample selection. How-
ever, these parameter-based selections can miss a significant
number of barred galaxies, for example, those with earlier
morphology.

A large-scale bar can be a channel of gas inflow, and
the infalling gas activates both central star formation and
AGNs under certain conditions. Our results provide quantitative
support for the theoretical predictions of the bar fueling scenario
in central star formation and AGNs. Central star formation is
common in blue and/or low-mass galaxies and the presence of
a bar does not seem to affect much the incidence of intensity
of such activity. On the other hand, bars can significantly boost
the small fraction of red spiral galaxies showing signs of star
formation, leading to central starbursts that are more intense
than those observed in blue spirals.

Most of the barred galaxies with blue colors and/or low mass
have a shorter bar. We have found that central star formation is
more pronounced with increasing bar length. The simulations
and observations expect longer bars to be stronger, particularly
in their ability to supply gas to the circumnuclear region.
Therefore, the result that bars activate central star formation
more in redder galaxies might have been caused by the fact that
redder galaxies tend to have a longer bar.

The amount of gas could be another reason for the el-
evated bar effect on redder star-forming galaxies. Galaxies
with bluer optical colors are expected to have sufficient gas,
and that may be enough to maintain star formation. How-
ever, as galaxy color gets redder, the amount of gas is sig-
nificantly reduced, and so central star formation is naturally
reduced in redder galaxies. Therefore, infalling gas through
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range adopted for this study to minimize such a bias. Second,
we inspect bar effects for fixed stellar mass and/or black hole
mass in order to avoid any complex side effect from such
biases. To test the impact of the bias from the size effect,
we have performed all tests in this paper by dividing our
sample into two equal-number groups by redshift cut and found
that our results are robust against the size bias. Our analysis
is further subject to uncertainties in the AGN/star formation
classification scheme. Different classifications will result in
different samples, and conclusions may be fairly dependent
on the details in the classification scheme. For example, the
current, incomplete understanding on transition objects adds
uncertainties, and AGN-like optical emissions can mislead the
analysis (Sarzi et al. 2010; Cid Fernandes et al. 2011). We
have inspected on the impact of a stricter AGN classification on
several tests (Figures 10, 13, and 16) and found it does not alter
our conclusion.

Barred galaxies are generally earlier in morphology, opti-
cally redder, and more massive than unbarred galaxies. Con-
sequently, the criterion used to construct an initial sample is
a key issue for studying barred galaxies. Since galaxy colors
and concentration indices are correlated with galaxy morphol-
ogy, they are often used for initial sample selection. How-
ever, these parameter-based selections can miss a significant
number of barred galaxies, for example, those with earlier
morphology.

A large-scale bar can be a channel of gas inflow, and
the infalling gas activates both central star formation and
AGNs under certain conditions. Our results provide quantitative
support for the theoretical predictions of the bar fueling scenario
in central star formation and AGNs. Central star formation is
common in blue and/or low-mass galaxies and the presence of
a bar does not seem to affect much the incidence of intensity
of such activity. On the other hand, bars can significantly boost
the small fraction of red spiral galaxies showing signs of star
formation, leading to central starbursts that are more intense
than those observed in blue spirals.

Most of the barred galaxies with blue colors and/or low mass
have a shorter bar. We have found that central star formation is
more pronounced with increasing bar length. The simulations
and observations expect longer bars to be stronger, particularly
in their ability to supply gas to the circumnuclear region.
Therefore, the result that bars activate central star formation
more in redder galaxies might have been caused by the fact that
redder galaxies tend to have a longer bar.

The amount of gas could be another reason for the el-
evated bar effect on redder star-forming galaxies. Galaxies
with bluer optical colors are expected to have sufficient gas,
and that may be enough to maintain star formation. How-
ever, as galaxy color gets redder, the amount of gas is sig-
nificantly reduced, and so central star formation is naturally
reduced in redder galaxies. Therefore, infalling gas through
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Figure 14. Relative bar length with respect to galaxy properties. Relative bar
lengths are plotted as a function of (a) g − r color, (b) stellar mass, and (c) black
hole mass. Blue (triangles) and red (diamonds) symbols represent the median
values of relative bar lengths of star formation and AGNs, respectively. The
median value of relative bar lengths increases according to the galaxy color
and stellar/black hole mass, but star-forming galaxies and AGNs show different
trends.
(A color version of this figure is available in the online journal.)

large-scale bars may have a larger effect on gas-deficient red
galaxies.

There may be other reasons that bar effects on central star
formation are not visible in blue galaxies, for instance due to
fueling timescale arguments on the bar. “Fueling timescale”
in this study means the time it takes for gas to travel to
inner kiloparsec regions of a galaxy through bar effects. We
would not expect that bars younger than their associated fueling

Figure 15. Color–magnitude diagram for barred galaxies. The 0.5σ and 1σ
contours are shown for comparison. Long-barred galaxies are brighter and
redder.
(A color version of this figure is available in the online journal.)

timescales have an impact on central star formation and AGNs.
However, it is not easy to estimate the age of a bar from
observation. According to numerical calculations, bars grow
longer and stronger with dynamical age by losing their pattern
speed (e.g., Sellwood 1981; Athanassoula 2003). If fueling
time is, for example, linearly proportional to bar length while
bar length grows with time much more slowly, both of which
are reasonable, then long-barred galaxies would have a better
chance of having a larger bar age than the associated fueling
time and experiencing central star formation. Likewise, blue
galaxies with a short bar would not have enough time to supply
gas into the nuclear region.

AGNs are found mainly in red and massive galaxies, but bar
effects on AGNs are mainly found in galaxies with relatively
blue colors and low black hole mass. Contrary to central star
formation, bar effects on AGNs are not higher in galaxies with
earlier morphology. We attempt to explain this in terms of the
effect of central mass concentration on bar strength. Numerical
simulations suggest that central mass concentration such as
a massive black hole can significantly weaken bar structures
(Friedli & Pfenniger 1991; Hasan et al. 1993; Norman et al.
1996; Athanassoula et al. 2005). Observationally, Das et al.
(2003) also claimed that a central mass concentration could
affect bar strength. However, it is not so simple. It may be
reasonable to assume that a larger black hole has a negative
effect on the gas infall (“negative black hole mass effect”). But
we also found that early-type spirals generally have a longer
bar (“positive longer bar effect”), as well as a larger black hole,
which is expected to have a positive effect on the gas infall. In
this regard, the bar effect in early-type spirals is complex and
the net effect is a result of competition between these two.

We focus on the results on early-morphology spiral galaxies.
Relative bar length in galaxies with central star formation tightly
correlates with black hole mass (Figure 14(c)). In this subgroup
of galaxies, the positive longer bar effect seems to be dominant.
On the contrary the negative black hole mass effect seems to
be dominant in AGN-host galaxies probably because bar length
does not keep up with black hole mass in AGN-host galax-
ies, as shown in Figure 14(c). Again, the difference between
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Figure 4.13. Fractions of nuclear activities for galaxy parameters. The blue

and red lines represent star-forming and AGN activities, respectively. The solid

and dashed lines indicate Long and Short barred galaxies, respectively. Results

of unbarred galaxies are shown as dotted lines for comparison. It is shown as a

function of g−r color (top), stellar mass (middle), and black-hole mass (bottom).

Poisson errors are denoted as error bars.
57



SUMMARY

• Infalling gas through bar activates both central star-forming and 
AGN activities in a certain condition

• Bars mainly enhance central star formation in galaxies with red 
color

• Bar effects on AGN are shown in galaxies having low black-hole 
mass

• Bars also enhance strength of activities

• Longer bars are more efficient to supply gas to galactic center

What makes bar effect so complex?



WHY IMPACT ON RED STAR FORMING GALAXIES?

• Amount of Gas

• Blue - gas rich

• Red - gas deficient

• Blue late types already have SF w/o additional gas supply



WHY IMPACT ON RED STAR FORMING GALAXIES?

• Bar strength

• Long bars are more efficient to supply gas

• Large portion of red spirals have longer bars

g - r
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Figure 14. Relative bar length with respect to galaxy properties. Relative bar
lengths are plotted as a function of (a) g − r color, (b) stellar mass, and (c) black
hole mass. Blue (triangles) and red (diamonds) symbols represent the median
values of relative bar lengths of star formation and AGNs, respectively. The
median value of relative bar lengths increases according to the galaxy color
and stellar/black hole mass, but star-forming galaxies and AGNs show different
trends.
(A color version of this figure is available in the online journal.)

large-scale bars may have a larger effect on gas-deficient red
galaxies.

There may be other reasons that bar effects on central star
formation are not visible in blue galaxies, for instance due to
fueling timescale arguments on the bar. “Fueling timescale”
in this study means the time it takes for gas to travel to
inner kiloparsec regions of a galaxy through bar effects. We
would not expect that bars younger than their associated fueling

Figure 15. Color–magnitude diagram for barred galaxies. The 0.5σ and 1σ
contours are shown for comparison. Long-barred galaxies are brighter and
redder.
(A color version of this figure is available in the online journal.)

timescales have an impact on central star formation and AGNs.
However, it is not easy to estimate the age of a bar from
observation. According to numerical calculations, bars grow
longer and stronger with dynamical age by losing their pattern
speed (e.g., Sellwood 1981; Athanassoula 2003). If fueling
time is, for example, linearly proportional to bar length while
bar length grows with time much more slowly, both of which
are reasonable, then long-barred galaxies would have a better
chance of having a larger bar age than the associated fueling
time and experiencing central star formation. Likewise, blue
galaxies with a short bar would not have enough time to supply
gas into the nuclear region.

AGNs are found mainly in red and massive galaxies, but bar
effects on AGNs are mainly found in galaxies with relatively
blue colors and low black hole mass. Contrary to central star
formation, bar effects on AGNs are not higher in galaxies with
earlier morphology. We attempt to explain this in terms of the
effect of central mass concentration on bar strength. Numerical
simulations suggest that central mass concentration such as
a massive black hole can significantly weaken bar structures
(Friedli & Pfenniger 1991; Hasan et al. 1993; Norman et al.
1996; Athanassoula et al. 2005). Observationally, Das et al.
(2003) also claimed that a central mass concentration could
affect bar strength. However, it is not so simple. It may be
reasonable to assume that a larger black hole has a negative
effect on the gas infall (“negative black hole mass effect”). But
we also found that early-type spirals generally have a longer
bar (“positive longer bar effect”), as well as a larger black hole,
which is expected to have a positive effect on the gas infall. In
this regard, the bar effect in early-type spirals is complex and
the net effect is a result of competition between these two.

We focus on the results on early-morphology spiral galaxies.
Relative bar length in galaxies with central star formation tightly
correlates with black hole mass (Figure 14(c)). In this subgroup
of galaxies, the positive longer bar effect seems to be dominant.
On the contrary the negative black hole mass effect seems to
be dominant in AGN-host galaxies probably because bar length
does not keep up with black hole mass in AGN-host galax-
ies, as shown in Figure 14(c). Again, the difference between
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WHY IMPACT ON RED STAR FORMING GALAXIES?

• Bar fueling time-scale

• Bars grow longer with dynamical age (e.g., Sellwood 1981; Athanassoula 2003)

• Bar-driven evolution is ~ Gyr scale (Athanassulra 1992; Combes 1999)
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Figure 14. Relative bar length with respect to galaxy properties. Relative bar
lengths are plotted as a function of (a) g − r color, (b) stellar mass, and (c) black
hole mass. Blue (triangles) and red (diamonds) symbols represent the median
values of relative bar lengths of star formation and AGNs, respectively. The
median value of relative bar lengths increases according to the galaxy color
and stellar/black hole mass, but star-forming galaxies and AGNs show different
trends.
(A color version of this figure is available in the online journal.)

large-scale bars may have a larger effect on gas-deficient red
galaxies.

There may be other reasons that bar effects on central star
formation are not visible in blue galaxies, for instance due to
fueling timescale arguments on the bar. “Fueling timescale”
in this study means the time it takes for gas to travel to
inner kiloparsec regions of a galaxy through bar effects. We
would not expect that bars younger than their associated fueling

Figure 15. Color–magnitude diagram for barred galaxies. The 0.5σ and 1σ
contours are shown for comparison. Long-barred galaxies are brighter and
redder.
(A color version of this figure is available in the online journal.)

timescales have an impact on central star formation and AGNs.
However, it is not easy to estimate the age of a bar from
observation. According to numerical calculations, bars grow
longer and stronger with dynamical age by losing their pattern
speed (e.g., Sellwood 1981; Athanassoula 2003). If fueling
time is, for example, linearly proportional to bar length while
bar length grows with time much more slowly, both of which
are reasonable, then long-barred galaxies would have a better
chance of having a larger bar age than the associated fueling
time and experiencing central star formation. Likewise, blue
galaxies with a short bar would not have enough time to supply
gas into the nuclear region.

AGNs are found mainly in red and massive galaxies, but bar
effects on AGNs are mainly found in galaxies with relatively
blue colors and low black hole mass. Contrary to central star
formation, bar effects on AGNs are not higher in galaxies with
earlier morphology. We attempt to explain this in terms of the
effect of central mass concentration on bar strength. Numerical
simulations suggest that central mass concentration such as
a massive black hole can significantly weaken bar structures
(Friedli & Pfenniger 1991; Hasan et al. 1993; Norman et al.
1996; Athanassoula et al. 2005). Observationally, Das et al.
(2003) also claimed that a central mass concentration could
affect bar strength. However, it is not so simple. It may be
reasonable to assume that a larger black hole has a negative
effect on the gas infall (“negative black hole mass effect”). But
we also found that early-type spirals generally have a longer
bar (“positive longer bar effect”), as well as a larger black hole,
which is expected to have a positive effect on the gas infall. In
this regard, the bar effect in early-type spirals is complex and
the net effect is a result of competition between these two.

We focus on the results on early-morphology spiral galaxies.
Relative bar length in galaxies with central star formation tightly
correlates with black hole mass (Figure 14(c)). In this subgroup
of galaxies, the positive longer bar effect seems to be dominant.
On the contrary the negative black hole mass effect seems to
be dominant in AGN-host galaxies probably because bar length
does not keep up with black hole mass in AGN-host galax-
ies, as shown in Figure 14(c). Again, the difference between
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WHY NO IMPACT ON AGN HAVING MASSIVE BH?

• Post-starburst phase?

• Gas might be already consumed by central star formation



WHY NO IMPACT ON AGN HAVING MASSIVE BH?

• The central concentration like massive black-hole can dissolve bar 
structures (Friedli et al. 1991; Hasan, Pfenniger, & Norman 1993; Norman, Sellwood, & Hasan 1996)

• Bar length   vs   BH negative effect 

• For SF,  bar length increase with BH mass

• For AGN,  bar length doesn’t change with BH increase
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Figure 14. Relative bar length with respect to galaxy properties. Relative bar
lengths are plotted as a function of (a) g − r color, (b) stellar mass, and (c) black
hole mass. Blue (triangles) and red (diamonds) symbols represent the median
values of relative bar lengths of star formation and AGNs, respectively. The
median value of relative bar lengths increases according to the galaxy color
and stellar/black hole mass, but star-forming galaxies and AGNs show different
trends.
(A color version of this figure is available in the online journal.)

large-scale bars may have a larger effect on gas-deficient red
galaxies.

There may be other reasons that bar effects on central star
formation are not visible in blue galaxies, for instance due to
fueling timescale arguments on the bar. “Fueling timescale”
in this study means the time it takes for gas to travel to
inner kiloparsec regions of a galaxy through bar effects. We
would not expect that bars younger than their associated fueling

Figure 15. Color–magnitude diagram for barred galaxies. The 0.5σ and 1σ
contours are shown for comparison. Long-barred galaxies are brighter and
redder.
(A color version of this figure is available in the online journal.)

timescales have an impact on central star formation and AGNs.
However, it is not easy to estimate the age of a bar from
observation. According to numerical calculations, bars grow
longer and stronger with dynamical age by losing their pattern
speed (e.g., Sellwood 1981; Athanassoula 2003). If fueling
time is, for example, linearly proportional to bar length while
bar length grows with time much more slowly, both of which
are reasonable, then long-barred galaxies would have a better
chance of having a larger bar age than the associated fueling
time and experiencing central star formation. Likewise, blue
galaxies with a short bar would not have enough time to supply
gas into the nuclear region.

AGNs are found mainly in red and massive galaxies, but bar
effects on AGNs are mainly found in galaxies with relatively
blue colors and low black hole mass. Contrary to central star
formation, bar effects on AGNs are not higher in galaxies with
earlier morphology. We attempt to explain this in terms of the
effect of central mass concentration on bar strength. Numerical
simulations suggest that central mass concentration such as
a massive black hole can significantly weaken bar structures
(Friedli & Pfenniger 1991; Hasan et al. 1993; Norman et al.
1996; Athanassoula et al. 2005). Observationally, Das et al.
(2003) also claimed that a central mass concentration could
affect bar strength. However, it is not so simple. It may be
reasonable to assume that a larger black hole has a negative
effect on the gas infall (“negative black hole mass effect”). But
we also found that early-type spirals generally have a longer
bar (“positive longer bar effect”), as well as a larger black hole,
which is expected to have a positive effect on the gas infall. In
this regard, the bar effect in early-type spirals is complex and
the net effect is a result of competition between these two.

We focus on the results on early-morphology spiral galaxies.
Relative bar length in galaxies with central star formation tightly
correlates with black hole mass (Figure 14(c)). In this subgroup
of galaxies, the positive longer bar effect seems to be dominant.
On the contrary the negative black hole mass effect seems to
be dominant in AGN-host galaxies probably because bar length
does not keep up with black hole mass in AGN-host galax-
ies, as shown in Figure 14(c). Again, the difference between
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QUESTIONS
• Why did you put transition objects to AGN

• Did you concerned about LINER-like emission which are not powered by AGN?

• Why did you compare AGN fractions in galaxies w/ or w/o bars 

• You might select only strong bars

• Bar fraction is also vary with wavelength.

• Bar length vs bar strength?

• Eddington ratio / accretion rate

• Recent studies Lee et al. 2012 

• different M-sigma relation for bar and unbar

• SDSS 3’’ fiber

• color image 



W/O TRANSITION OBJECTS



W(HA) > 3 Å
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Figure 11. Same as Figure 10, but for AGNs with higher W (Hα) than 3 Å.

in barred galaxies than in unbarred galaxies; but bar ef-
fects are not always clearly visible if degenerate correlations
between bar effects and galaxy properties are not properly
broken.

Our BPT-based AGN classification allows a fair number of
LINERs but might be contaminated by LINER-like emission
galaxies powered by old stars (Sarzi et al. 2010; Cid Fernandes
et al. 2011). According to the classification established by Cid
Fernandes et al. (2011) where the equivalent width of Hα of
a true AGN exceeds 3 Å, 23% of our AGNs are classified
as AGN-like. Excluding them from our analysis, we tested
our main results (Figure 11), and found that the change of
the AGN criterion does not affect the overall conclusion. We
adopt the BPT diagnostics throughout this study; but it will
be appropriate to consider the new stricter classifications when
confirmed through more definite tests.

4.4. Bar Effects on Emission-line Strengths

We compared Hα, [N ii], and [O iii] emission-line luminosi-
ties (hereafter “emission luminosities”) of barred and unbarred
galaxies. The Hβ emission-line strength is determined from
Hα based on the concept of Balmer decrement, so we ex-
clude Hβ in this analysis. Emission luminosities naturally cor-
relate with the stellar mass of galaxies. So, direct compari-
son of line strength can be biased to this obvious mass trend.
To show the difference in emission luminosity between barred
and unbarred galaxies free from the mass–luminosity relation,
we use specific emission luminosities defined as the emission
luminosities divided by the fiber luminosity in the r band.
Fiber flux for the SDSS 3′′ aperture is provided by the SDSS
database.

Figure 12 shows the specific Hα, [O iii], and [N ii] emission
luminosities against g−r, stellar mass, and black hole mass
of star-forming galaxies. Mean specific luminosities for each
emission line with respect to galaxy properties (diamonds) and
68% probability distributions in luminosity (error bars) are
displayed. The first thing to note is that Hα and [N ii] show a
positive, although weak, correlation with galaxy properties. This
looks counterintuitive because redder galaxies are generally less
active in terms of star formation. In fact, our data are also
consistent with this expectation (Figure 8). Combining these
two empirical facts, we may conclude that redder and more

massive late-type galaxies are less likely to host (significant)
central star formation, but once they become significantly active,
their emission strengths become strong for their stellar/black
hole mass. This would imply that central star formation is more
bursty in redder late types.

Bar effects on the (specific) emission strengths are small
but ubiquitous in our parameter space, which probably means
that they are statistically significant. This is consistent with the
earlier work of Ellison et al. (2011), which found higher SFR in
barred galaxies compared with unbarred galaxies when stellar
mass of galaxies are higher than 1010M#.

AGNs display a slightly different result (Figure 13). The
trends against galaxy properties are not visible. On the other
hand, bar effects are even stronger than in the case of star
formation. If we may interpret the emission luminosities as
AGN strengths, these results would imply that AGN strength is
enhanced by the presence of a bar and linearly correlates with
stellar or black hole mass. Considering the Magorrian relation
(Magorrian et al. 1998), finding the same trend against stellar
mass and black hole mass is sensible.

In conclusion, bar effects are clearly visible in the emission-
line strengths, too.

4.5. Bar Lengths

Bar length is normalized to twice the r-band Petrosian radius
of the galaxy to negate the distance effect on the apparent
bar length. We call this “relative bar length.” It is known that
Petrosian radius is a good proxy for the optical light of a galaxy.

In Figure 14, we plot relative bar length as a function of
g − r color, stellar mass, and black hole mass to investigate
the correlation between bar length and galaxy morphology. We
found that relative bar length generally increases with g − r
color and stellar/black hole mass, which is in agreement with
theoretical expectations (e.g., Athanassoula & Martinet 1980)
and previous observational studies (Martin 1995; Laurikainen
et al. 2004; Erwin 2005; Elmegreen et al. 2007; Hoyle et al. 2011;
Gadotti 2011). Interestingly, when we break the sample into star-
forming and AGN galaxies, it is only star-forming galaxies that
show a tight correlation. The difference between star-forming
and AGN galaxies for given morphology (color or mass) in
relative bar length implies that they are in different stages of bar
evolution.
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• AGN could be contaminated by LINER-like emission galaxies 
powered by old stars (Sarzi et al. 2010; Cid Fernandes et al. 2011)



COMPARING BAR FRACTIONS ?
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Figure 4. The strong bar fraction as a function of (a) gas fraction, (b) optical (g − r) colour and (c) stellar mass for 2090 Galaxy Zoo
galaxies detected in HI by α40. Strong bars are identified from GZ2 classifications using pbar > 0.5 (as discussed in Section 2.2). Figure
4 shows that the strong bar fraction increases as atomic gas content decreases and as optical colour and stellar mass increase. The errors
shown are Poisson counting errors on the fractions – these are underestimates for the fractions close to zero (i.e. very gas rich, and
blue galaxies, see Cameron 2011). The horizontal lines show the strong bar fraction for all HI detected galaxies of 22 ± 1%. Galaxies
undetected in HI in the sample have a strong bar fraction of 32 ± 1%.

bulge) spirals than previous Galaxy Zoo studies of the bar
fraction (Masters et al. 2011; Skibba et al. 2012), which also
use a more luminous volume limit to z = 0.06.

While the trends for more strong bars to be found in
massive, optically red and gas poor disc galaxies is the most
obvious feature of the plots in Figure 4, it can also be seen
that a small peak in strong bar fraction is seen in lower mass
(log(M!/M!) < 10.0), bluer, and more gas rich galaxies.
That the trends of bar fraction are not monotonic across the
Hubble sequence and seems to have a minimum at around
log(M!/M!) = 10.0 has been noted previously (e.g. in the
RC3: Odewahn 1996, and more recently, Nair & Abraham
2010b, Masters et al. 2011), and most likely indicates a dif-
ference in evolution for bars in different mass galaxies.

Example images, of high and low stellar and HI mass
galaxies with and without bars are shown in Figure 5 6.

3.2 Breaking Degeneracies with Gas Content,

Stellar Mass and Colour

It is well known (e.g. most recently seen in ALFALFA data
by Toribio et al. 2011a,b, Catinella et al. 2010, Fabello et
al. 2011, Huang et al. 2012) that the atomic gas content of
galaxies correlates with both stellar mass and optical colour,
which are of course also correlated via the colour-magnitude
relation. We illustrate these correlations in Figure 6 showing
the locations of HI detected galaxies in our sample as a
function of stellar mass, gas fraction and (g − r) colour.
The best fit to the trends are shown as solid lines.

Given these correlations and the fact that the strong

6 More example images can be see at
http://www.icg.port.ac.uk/∼mastersk/GZ ALFALFAImages.

bar fraction increases towards higher stellar mass, redder
disc galaxies (Nair & Abraham 2010b, Masters et al. 2011,
Skibba et al. 2012) we must ask if all, or part, of the correla-
tion between gas fraction and bar fraction can be explained
by the combination of the correlations between gas fraction
and stellar mass and those between stellar mass/colour and
bar fraction.

The bar fraction is indicated in Figure 6 by the grey
scale contours which show strong bar fractions of between
10-40%. From this we observed that the bar fraction peaks
most strongly among the higher stellar mass disc galaxies
which are both redder and less gas rich than is typical for
their stellar mass. This already demonstrates that the corre-
lations between gas fraction and stellar mass/colour cannot
explain the full increase of bar fraction with decreasing gas
fraction.

3.2.1 Bar Fraction with Gas Deficiency

In this section we will use the relationship between stellar
mass and gas fraction observed in Figure 6 to calculate the
expected gas fraction for a galaxy of a given stellar mass.
We find a trend of

〈log(MHI/M!)〉 = −0.31− 0.86(log(M!/M!)− 10.2) (4)

with a typical scatter of σlog(MHI/M!) = 0.27 dex. Clearly
the selection function plays a role in shaping the trends,
and will reduce the observed scatter by preferentially remov-
ing gas poor galaxies at a given stellar mass. However, we
point out that the deeper HI observations of the GASS sur-
vey (GALEX-Arecibo SDSS Survey) which targeted galax-
ies with M! > 1010M!; (Catinella et al. 2010) demonstrate
that there are few galaxies at 10.0 < log(M!/M!) < 10.5

c© 2012 RAS, MNRAS 000, 1–16
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Figure 2. The optical bar fractions as a function of spectral classes defined
in Figure 1 are shown in the upper panel. Galaxies with spectral class of −1
are inactive galaxies, 0 to 3 can be considered as star-forming galaxies, and 4
to 6 as AGNs. In the lower panel, we show the optical bar fraction for galaxies
of the three broad classifications. The numbers at the top of each figure are
the total number of moderately inclined disk galaxies in each spectral class.

Our result suggests that AGNs have an excess optical bar fraction compared
with the inactive galaxies, but show no excess compared with the starburst galax-
ies. Therefore accurate and consistent spectroscopic classification of both the
AGN sample and the control sample is important in evaluating the excess of
bars in AGNs. Many previous studies have overlooked this issue. Among three
studies (Ho et al. 1997; Hunt & Malkan 1999; Laurikainen et al. 2004b) where
we can clearly decide the dominant spectral classes of the comparing sample,
our result agrees with two of them. The comparing sample in Ho et al. (1997)
is mainly composed of star-forming galaxies and they found no excess optical
bar fraction in AGNs, which agrees with our result. Based on the classification
in NED, Laurikainen et al. (2004b) divide galaxies into Seyferts, LINERs, star-
bursts, and inactive galaxies. They found a similar NIR bar fraction for Seyfert
galaxies, LINERS, and HII/starburst galaxies at 72%, compared to 55% in non-
active galaxies. The pattern also agrees with our result. The absolute values of
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Table 1
Summary of Sample Selection

Criterion Explanation

0.01 < z < 0.05 Redshift range for reliable morphological
classification without saturation

Mr < −19. The absolute r-band magnitude cut for
volume-limited sample

IsoBr/IsoAr ! 0.7 Exclude edge-on galaxies
Visual inspection A selection of late-type galaxies

which enable to classify their morphology

3. ANALYSIS

3.1. Measurement of Bar Length

For barred galaxies, we directly measured bar lengths from
the SDSS color-composite images in units of 2 arcsec. We
believed that during the measurement exercise we could not
measure bar lengths any better than this. Although we eliminated
high-inclination galaxies through the initial sampling cut, we
cannot totally escape the effects of inclination on the bar length
measurement. We use the following formula of Martin (1995)
to correct for the projection effect:

LBar = lBar (cos2 θ + sec2 i sin2 θ )1/2, (1)

where lBar is the measured length of the bar, θ is the position
angle between the semimajor axis of the bar and the disk, and i
is the inclination of the galaxy.

The position angle of a bar is determined by using the
ELLIPSE task within the STSDAS package in Image Reduc-
tion and Analysis Facility (IRAF; http://iraf.noao.edu/). Ellipse
fitting is performed on the r-band SDSS FITS images for barred
galaxies. Using ra and dec information of each galaxy, we
set the center of ellipses and find parameters along ellipse an-
nuli. Typical barred galaxies show maximum ellipticity at the
end of the bar, and position angles are uniform within the bar
structure. We double-checked visually measured bar lengths by
using these constraints. In Figure 2, we compare bar lengths
that are determined from two different methods: visual mea-
surement and ellipse fitting. The agreement is good. We use the
bar lengths determined through visual measurement because the
ELLIPSE task occasionally fails to converge to a solution, while
visual measurement works even in complicated cases.

3.2. Spectral Line Data and Velocity Dispersion

The SDSS spectral database covers the wavelength range
of 3800–9200 Å. Oh et al. (2011) recently released new and
improved line measurements on the SDSS galaxies using
GANDALF routine (Gas AND Absorption Line Fitting; Sarzi
et al. 2006). Oh et al. (2011) measured the stellar kinematics
using the publicly available penalized pixel-fitting code (pPXF;
Cappellari & Emsellem 2004). Readers are referred to Oh et al.
(2011) for details.

GANDALF also made estimates of the central velocity disper-
sion, σap. Its improved algorithm allows for accurate measure-
ment even for galaxies with low (and thus difficult to detect)
velocity dispersions. SDSS provides velocity dispersion mea-
surements only for 33% of our sample galaxies, failing for the
rest. Oh et al.’s (2011) technique succeeds in measuring velocity
dispersions for most of our galaxies. We have decided, however,
to accept only the velocity dispersions that are greater than their
associated error. Out of 6658, 5255 (that is, 78%) satisfy this

Figure 2. Comparison of bar lengths derived from visual measurement and
ellipse fitting (in ′′). Both of them are corrected for the projection effect. The
diagonal line indicates one-to-one correlation. Vertical features are due to the
unit length of visual measurement, which is 2′′. Bar lengths from the two
different methods are in good agreement with each other.
(A color version of this figure is available in the online journal.)

condition. We used the following formula of Cappellari et al.
(2006) for aperture correction of the velocity dispersion:

σe =
(

Rap

Re

)0.066 ± 0.035

σap, (2)

where Re is the effective radius of the galaxy and Rap is the
aperture radius of the SDSS fiber (1.′′5). The effective radius
given by a de Vaucouleurs fit, which follows the light of the bulge
component, Rdev, is converted to an effective circular radius, Re,
using isophotal axes in the SDSS r band (Bernardi et al. 2003):

Re =
√

IsoBr/IsoAr Rdev. (3)

Note that this formula is mainly for early-type galaxies and thus
may cause a substantial uncertainty in measuring the effective
velocity dispersion.

Figure 3 shows effective velocity dispersion for our sample.
Despite similar overall ranges of velocity dispersion in barred
and unbarred galaxies, barred galaxies tend to have higher
velocity dispersion, as indicated by the 0.5σ contour. Stellar
velocity dispersion is often considered to be an indicator of
supermassive black hole mass and galaxy dynamical mass.

3.3. Emission-line Diagnostics

In order to study bar effects on central star formation
and AGN activity, we first attempt to classify our galaxies
into star-formation-dominant and AGN-dominant galaxies. We
use the “BPT diagnostics” (Baldwin et al. 1981), which are
based on emission flux ratios between Balmer and forbidden
lines (e.g., Kauffmann et al. 2003). In this analysis we use
[O iii] λ5007/Hβ λ4861 and [N ii] λ6583/Hα λ6563 emission
flux ratios. We apply GANDALF’s parameter “amplitude-over-
noise” (A/N) to select galaxies with strong emission lines.
A/N represents the strength of each emission line compared
to the noise level of the nearby continuum. Galaxies with
A/N above 3.0 in all four lines are classified as “significant-
emission” galaxies. Of our 6658 galaxies, 59% are classified as
“significant-emission” galaxies.
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Figure 4.14. The specific emission luminosities for barred star-forming galaxies.

The specific Hα, [OIII], and [NII] emission luminosities are plotted as a function

of g − r color, stellar mass, and black-hole mass. The mean specific luminosity

for Long (red) and Short (black) barred galaxies are shown in the figure. The

error bars show 68.27% probability distributions for each bin.
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Figure 4.15. The specific emission line luminosities for barred AGN. Details are

the same to Figure 4.14
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