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[abstract] 
渦巻銀河における bar 構造が、銀河中心領域における星形成(SF) quenching とAGNの活性化にどのような効果を与えるかを調べた。中心部SFR-σ平面にお
いて、サンプル銀河(SDSSより取得)が bar を有する割合 fbarや AGNを有する割合 fAGNの分布を調べることで、SF quenching と AGN活動の関係性を明らか
にした。その結果、massive BH か abundant gas のいずれかが不足している銀河がAGNを発生させるには、bar 構造が重要であることが示せた。 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[goal] AGNが銀河進化プロセス内でどのように発生するかを明らかにする。 
[originality] bar 構造の有無とAGN活動の関係性を、より高いS/N のデータで、銀河の中心領域の物理量に着目して、調査した。 
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[comment] 
・bar 構造は inflow と outflow の両方を発生さ
せられるのか？ (勉強不足？) 
・「AGNが存在しない」と「AGNが観測できない」
の区別が曖昧になっているかも？ 
 
 

[logic] 
・bar 構造とAGNの関係 
図 1:銀河の数密度が三峰分布を示す→SFRの大小で分布を3つに分けられる(破線)。 
  上段:bar 有り銀河の方が、高SFR領域まで分布が達している→bar が inflowを発生させ、中心SFを促進する。 
  中段: AGN無しと比べて、AGN有り銀河のSFRの値が小さく、特に bar 有り銀河でその差が大きい。 
 →bar が SFを抑制し、SF quenching およびAGNの発生へと銀河を加速的に進化させる。 
図 2:bar がある方が全体的にAGNの比率 fAGNが高い→bar がAGNの発生に効果的。 
σが大きいなら barが無くてもAGNが発生しやすいが、σが小さいと bar の存在がAGNの発生に大きく関わる。 
 (σが大きい→massive BHが存在する→AGNの発生に bar 構造は不要。) 
・bar 構造と outflowの関係 
図 4:outflowは bar 構造がある方が強い。また outflowの強さとAGNの光度には正の相関がある。 
図 6:outflowの有無でAGN-bar の関係が変わるかどうか調べた。 
 outflowがあると、σが小さい範囲でAGNが発生しやすい=bar の効果が大きいことが分かる。 
・bar 構造とバルジの種類 
図 7:全体的に、pseudo バルジの方が、barの効果が(相対的に)強い。 
特に、SFRが小さい(=SF quenching が発生している)ほど fbarが大きいという顕著な特性が見られる。 
一方で classical バルジの fbarはほぼ一定で、bar 効果に関係無くSF quenching が発生済の銀河も多い。 
 
 

図 1 σ-SFR 平面におけるbar 構造の分布。 
左右で bar 無し/有り銀河のカラーu-r の分布を示す。灰色の背景は AGN
無し銀河の数密度、黒線は AGN有り銀河の数密度を表す。 
※u-r は銀河の年齢・進化段階の指標となる。 
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Figure 1. Distributions of bar fraction (left) and median u � r colour of barred (middle) and non-barred galaxies (right) in SFRfib-�
space. Each distribution is plotted with coloured thick solid line contours. The grey thin line contours in the left panel denote constant
galaxy number densities. The grey filled and dark grey line contours in the middle and right panels denote constant number densities of
non-AGN and AGN host galaxies in each sample, respectively. Non-AGN galaxies include all those excluding AGNs defined by emission
line ratios without S/N cut. The bin sizes are �log� = 0.013 and �logSFRfib = 0.090. The galaxy density contours enclose 0.5�, 1�, and
2� of each sample.

SF quenching process. The barred galaxy exhibits higher
central SFR at a given colour and is more likely found at
lower SFRfib at a given �; the features are evident in galaxies
with � < 130 km s�1, suggesting that bars e↵ectively accel-
erate central gas consumption as long as there is no further
inflow of gas from outside, particularly in small-� galaxies.
It also means that bars can contribute to rapid SF quench-
ing in the galactic central region (see, Gavazzi et al. 2015;
Consolandi et al. 2017; Rosas-Guevara et al. 2020).

Finally, let us focus on low-SFRfib galaxies below the sec-
ond diagonal line having a red colour of u � r > 2.4. Out of
the barred galaxies, about 40% reside in this location, while
this percentage for non-barred galaxies is 27%. The fbar dis-
tribution shows that barred galaxies with � > 130 km s�1

are suddenly quenched compared to their non-barred coun-
terparts.

3.2 Bar E↵ect on AGN

The previous section indicated that barred galaxies evolve
more rapidly than non-barred galaxies through accelerated
gas consumption by bars, implying that bars accelerate the
SF quenching process in the central region. Then, how ef-
ficiently do bars lead to inflows to the nuclear region while
they accelerate starbursts?

3.2.1 Bar E↵ect on AGN Fraction

To estimate how e↵ectively bars a↵ect AGN, we measure
a bar e↵ect as the ratio between the AGN fractions in the
barred and the non-barred galaxies on the SFRfib-�. A ra-
tio greater than 1.0 indicates a positive bar e↵ect on AGN
triggering. The AGN fraction fAGN is calculated as the ratio
between AGN hosts and all galaxies.

The result is plotted with coloured thick solid lines in
the right panel of Figure 2. The violet thick solid line denotes
a constant median u � r colour of 2.2 of each sample. Grey
filled contours in the left and middle panels show that the

trimodal number distribution over SFRfib-� space is more
pronounced in barred galaxies.

The fAGN increases as galaxies leave the SF sequence.
These results remind us that starbursts and AGNs co-
evolve (e.g., Di Matteo et al. 2005; Hopkins et al. 2005).
In barred galaxies, evolution from SFGs to AGNs occurs
more abruptly, leading to more significant increase in fAGN
in the intermediate SFRfib location. The SFG and AGN host
populations are better isolated from each other in barred
galaxies. Even when leaving the AGN phase and entering
the quiescent phase, barred galaxies evolve more quickly.

The bar e↵ect in the right panel shows the features more
clearly. The bar e↵ects are positive overall. The fAGN in
barred galaxies is higher than that in non-barred galaxies
across overall space, which is consistent with previous stud-
ies (Oh et al. 2012; Galloway et al. 2015).

The most significant bar e↵ect on AGN activity occurs
when leaving the SF sequence. The bars are a great help for
AGN triggering in many galaxies with a smaller � (i.e., less
massive BHs), accelerating galaxy evolution; while many of
the non-barred counterparts seem to be slowly quenched by
simple depletion of gas supply through SF without AGN
triggering due to the di�culty in gas transport into the nu-
clear region. In contrast, in galaxies with a larger �, the bar
e↵ect on AGN triggering is relatively smallest but the fAGN
is largest. Consequently, all AGN occurrences and rapid SF
quenching are closely related to each other, which requires
a massive BH or an e�cient gas transport mechanism into
the nuclear region such as bars.

There is another notable feature that AGN hosts are
most frequently found at an almost constant colour of u�r ⇠
2.2, regardless of � and bar presence or absence. Among
the non-barred galaxies with a small �, a small fraction ex-
perience the AGN phase, but their fAGN peaks at about
u � r = 2.2, as with that of the barred counterparts. We
infer that in our sample galaxies with � > 70 km s�1 and
Mr < �19.5, once an AGN is triggered by any quenching
event, the host galaxy quickly evolves into a green valley.

Considering that gas outflows are prevalent among lo-
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Figure 2. Distributions of AGN fractions of barred (left) and non-barred (middle) galaxies in SFRfib-� space. Bar e↵ect on AGN
triggering (the ratio between the fAGNs in barred and non-barred galaxies) is plotted with coloured solid lines at the right panel and is
only calculated when the AGN fractions of barred and non-barred galaxies are both valid. A ratio greater than 1.0 indicates a positive
bar e↵ect on AGN activity. Grey filled contours represent the number density distribution of each sample. Each contour encloses 0.5�,
1�, and 2� of each sample. The violet thick solid line denotes a constant median u � r colour of 2.2 of each sample.

cal Type II AGNs (Woo et al. 2016), our findings support
a negative AGN feedback scenario in which outflows from
the AGN can push away cold gas, hindering SF activity in
the host galaxy (Silk & Rees 1998; Di Matteo et al. 2005;
Hopkins et al. 2006; Scannapieco et al. 2012).

We again find the positive bar e↵ect on AGN triggering
in low-SFRfib galaxies having a red colour of u� r > 2.4. The
quite sudden SF quenching led by bars is seen in the left
panel in Figure 1 above, and the fAGN increase led by bars
is seen in the right panel in Figure 2. Even in this case of
galaxies lacking cold gas fuel, Bars can produce rapid SF
quenching and BH feeding.

Meanwhile, we divided galaxies into the spectral classes
of SFGs, starburst-AGN composites, and pure AGNs, which
are expected to be at di↵erent evolutionary stages. We ex-
amine how bars a↵ects the evolutionary stages; the result is
shown in Figure 3. Spectral classes of SFG, starburst-AGN
composite, and pure-AGN are shown in the top, middle, and
bottom panels, separately.

The SFG fraction fSFG has almost the same depen-
dency to that of the composite fraction fcomp, and as fSFG
decreases, fcomp increases, suggesting that AGN detection
occurs along with central SF quenching. The sudden and
rapid transitions from SFGs to the starburst-AGN compos-
ite hosts or to pure-AGNs are produced e↵ectively by bars,
which is obviously seen at smaller �s. At low SFRfib, there
is a significant positive bar e↵ect on pure-AGN triggering.

These results are contrary to the result of Lee et al.
(2012b) that pure-AGN activity is not enhanced by strong
bars at fixed u�r colour and �. The only di↵erence between
this study and Lee et al. is that they examined total u � r
colour instead of central SFR, which means that the central
SFR is more tightly coupled to AGN activity than the global
properties of a galaxy, such as total SFR and u�r colour. The
stronger link between AGN triggering and central SF better
reveals the role of strong bars. Hopkins (2012) argued that
negative AGN feedback actually acts on only a very small
fraction of remaining gas. Karouzos et al. (2016) performed
a spatially resolved kinematic analysis of moderate luminous
type II AGNs using Gemini Multi-Object Spectrograph IFU

data and claimed that negative feedback is confined to the
central kpc region of a galaxy.

3.2.2 Bar E↵ect on AGN Power

We next ask how the bar a↵ect AGN outflow itself? We
expect that, when gas fuel and BH mass are given, bars
induce e�cient gas-inflow, leading to stronger outflows.

To trace the outflow signature of AGN and AGN lumi-
nosity, we adopt �[OIII] and L[OIII], respectively. Woo et al.
(2016) argued that the highly ionized [O III] line is a good
tracer of AGN-driven gas outflow. Larger [O III] velocity
dispersion, �[OIII], compared to � indicates that the non-
gravitational component in �[OIII] is larger than the gravi-
tational component, presumably due to a stronger outflow
e↵ect. The � is used as a proxy for the kinetic component
in �[OIII] due to bulge gravitational potential.

In Figure 4, we plot the �[OIII]/� measurements as a
function of Eddington ratio for barred and non-barred AGN
hosts. The Eddington ratio is defined by L[OIII]/MBH. The
MBH is a BH mass calculated through the MBH �� relation
for spiral galaxies, as given by Gültekin et al. (2009).

The average ratio of �[OIII]/� is larger than 1 overall,
indicating that the non-gravitational component in �[OIII]
surpasses the gravitational component overall. For a barred
case, the e↵ect of the non-gravitational component is sig-
nificantly larger than that for non-barred hosts, excluding
AGNs with lowest L[OIII]/MBH. A positive relation of AGN
luminosity and outflow signature is also found.

In Figure 5, we plot the distributions of L[OIII]/MBH
(upper) and �[OIII]/� (lower) on the SFRfib and � space. For
comparison, the ratios for the barred and non-barred AGN
hosts are plotted in the right panels. The uncertainty of each
measurement is calculated by 1000 bootstrap resamplings.
The contours are plotted for bins with relative uncertainty
less than 1/3. Each right panel represents the ratio of mea-
surements for barred and non-barred AGN hosts.

The two distributions are very similar. At a given �, as
SFRfib increases, both L[OIII] and �[OIII] also increase. The
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図2 σ-SFR 平面におけるAGNの分布。 
左, 中央: bar 有り/無し銀河の AGNを有する銀河の割合 fAGNを色線で表す。 
右: bar 有り/無しでの fAGNの比の分布を色線で表す。 
灰色の背景は各銀河の数密度・黒太線はu-r=2.2 の等高線を表す。 
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Figure 3. Distributions of bar e↵ect in SFRfib-� space for di↵erent spectral classes of starburst(top), composite (middle), and pure-AGN
(bottom).

Figure 4. Outflow levels of barred (blue) and non-barred (red)
AGN hosts as a function of L[OIII]/MBH. The error bars are calcu-
lated using the bootstrap method with 1000 runs.

increase in �[OIII] indicates an increase in the e↵ect of its
non-gravitational component.

The right panels show that, since AGNs are rarely ob-

served at the beginning stage of the evolution from star-
bursts to AGNs, it is di�cult to compare the di↵erence in
L[OIII] (or �[OIII]) of barred and non-barred AGN hosts How-
ever, in the intermediate SFRfib region where most AGNs
are observable, the Eddington rate and outflow e↵ect of
the barred AGN hosts are obviously higher than those of
non-barred counterparts overall. Meanwhile, in galaxies with
larger � and higher SFRfib, the positive bar e↵ect on the
power of AGNs is not noticeable, which is consistent with
the results of Figure 2 of the smallest positive bar e↵ect on
AGN triggering in these galaxies.

On the other hand, when most AGN hosts are observed
at intermediate SFRfibs, both their L[OIII] and �[OIII] have
been significantly reduced at a given �, which is consistent
with the result of (Woo et al. 2017). This suggests that the
negative feedback from observable AGNs today has already
declined significantly.

To verify the positive role of bars, we examine the bar
e↵ect on the strength of AGN outflow. We divide the AGNs
into two cases with and without strong outflow signature and
compare the bar e↵ects on AGN power, as in Figure 6. The
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図4 AGN光度と、銀河中心からのoutflowの関係。 
AGN の光度はEddington 比 L[OⅢ]/MBHとして表し、また
outflow量としては[OⅢ]輝線観測による速度分散σ[OⅢ]を
採用している。 
([OⅢ]輝線は AGNからの outflow から放出される波長と
して知られている) 
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Figure 6. Di↵erence in the bar e↵ect on AGN activity with two strengths of outflows for �[OIII] � 1.25� (top) and �[OIII] < � (bottom).
Distributions of AGN fraction of barred (left) and non-bared (middle) galaxies, and the bar e↵ect on AGN activity (right) on the space
are plotted for the two cases.

The most significant di↵erence between the bulge-types
is found in intermediate-SFRfib galaxies. The results from
panels (c) and (f) in Figure 8 demonstrate that bar-driven
evolution from starburst to AGN is more e↵ective in pseudo-
bulge cases, particularly ones with a lower �.

That can be explained by the classical-bulge tendency
to interrupt the bar-driven gas inflow into BH (see, Norman
et al. 1996). However, the explanation is ruled out because,
in barred galaxies, the classical bulge case has higher fAGN
values than the pseudo-bulge case (see the panels (a) and
(d)), which is also found in non-barred galaxies (see panels
(b) and (e)). The result clearly shows that well-developed
bulges are helpful for AGN triggering in galaxies with a lower
�.

The lower bar e↵ect found in classic bulge galaxies is
because AGN triggering in the non-barred case is relatively
easy compared to that in the pseudo-bulge counterparts (see
panels (b) and (e)).

3.4 Scaled Bar Lengths

Many previous studies have showed that bar length varies
with galaxy properties; for example, bars in early-type galax-
ies are clearly longer than bars in late-type galaxies (e.g.,
Elmegreen et al. 1996; Erwin 2005; Laurikainen & Salo
2017). The relative bar length of star-forming galaxies in-
creases with increasing � and is longer at higher � than that
of AGN hosts (Oh et al. 2012). Galaxies with classical-bulges
tend to have longer bars than ones with pseudo-bulges, and

relative bar lengths of galaxies with star-forming classical
bulges are largest (Cheung et al. 2013).

In this section, we explore how bar length is related to
evolutionary sequence. First, we list SDSS colour-composite
images of some sample galaxies with bar in the range of
0.03 < z < 0.04 in Figure 9. The SDSS images show how
much the area corresponding the finite size of the optical
fibre (300) covers the inner region of our sample galaxies.
Before looking at the results, it should be kept in mind that
the galaxies in our sample have relatively large � values of
70 km s�1 or more, so many disk-dominated and faint spi-
ral galaxies possibly are excluded, and only strong bars are
included in our bar selection.

As in Figure 9, it is di�cult to distinguish the relation-
ship between bar length and morphological characteristics
of its host galaxy by visual inspection. Nevertheless, we find
a notable feature that, at a given �, bars in galaxies with
higher SFRfib are longer.

Therefore, we adopt the bar length measurements pro-
vided by a galaxy zoo project (Hoyle et al. 2011). Out of
1,893 barred galaxies in our sample, 1,102 are matched with
the galaxy zoo sample. Most of the missing galaxies are
those with apparent r-band magnitudes greater than 17.0.
Bar length is normalized to two times the r�band Petrosian
radius 90 of the galaxy. In Table 3, we list the mean values
for the relative bar length for six subsamples with di↵erent
SFRfib and �. We also list the values when the morphological
type of galaxy bulge is fixed.

Barred galaxies with large �s tend to have longer bars
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図6 σ-SFR 平面におけるAGN と outflow の関係。 
上段が outflow有り、下段がoutflow 無しの銀河の場合。 
左から bar 有り銀河の fAGN・bar 無し銀河の fAGN・bar の
有無による fAGNの比を表す。 
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Figure 7. Distributions of the bar fraction for the pseudo- (bot-
tom left) and classical bulge sample (bottom right). The coloured
thick solid line represent constant fractions and grey thin contours
or grey filled line contours represent constant number densities of
each sample, respectively.

overall. When a bulge-type is fixed, the � dependency of
the scaled bar length mostly disappears, indicating that
bar length is closely related to concentration. It is clear
that concentrated bulge galaxies have longer bars than less-
concentrated bulge ones. At a given �, bar length decreases
as SFRfib decreases, which is consistent with the results
of previous observational studies (Martinet & Friedli 1997;
Cheung et al. 2013). Oh et al. (2012) gave a similar result
that, at a given large �, the bars in galaxies with high cen-
tral SFR are longer. It is noteworthy that the low-SFRfib
galaxies tend to have much shorter bars than other galaxies.
Our observational findings demonstrate that a bar not only
accelerates the evolution of host galaxy, but a bar itself also
evolves along with the galaxy evolution.

4 SUMMARY AND CONCLUSION

We explored the significance of bars in AGN activities
and star formation quenching in galaxies using a volume-
limited face-on late-type galaxy sample with Mr < �19.5,
� > 70 km s�1, and 0.02 < z < 0.054 selected from SDSS
DR7. Out of 6,195 galaxies, 1,659 Type II AGNs are con-
servatively identified, and 1,893 strong-barred galaxies are
classified as barred galaxies using the bar classification vi-
sually inspected by Lee et al. (2012b). Our barred galaxy
sample is biased towards early-type morphology because of
the lower cut of �. The redshift range was determined so

that the spectroscopic fibre aperture could enclose the bulge
at a galactic center.

We found a distinct trimodal distribution of galaxies
in SFRfib and � space suggesting that SF quenching occurs
through two short-lived transition processes, which is par-
ticularly seen in barred galaxies.

The AGN fraction distribution on the same space shows
that the AGN fraction increases with decreasing SFG frac-
tion and peaks at the intermediate SFRfib region, suggesting
that SF quenching and AGN occurrence are accompanied.
Outcomes from barred galaxies support this scenario, show-
ing more sudden quenching and higher AGN fraction. This
also indicates that bars are very capable of transporting cold
gas fuel into the nuclear region.

Here, when most AGNs are observed behind the SF
sequence, their Eddington ratio and outflow strength have
already been reduced. In other words, the two phenomena
of central SF and AGN activity take place together without
a large delay. In this context, we postulate that a low AGN
fraction at high SFRfib is due to the di�culty in observing
the triggered AGNs in this optical survey rather than the
di�culty in inducing BH accretion itself. The dense dusty
gases surrounding the nuclear region obscure the AGNs (see
section 3.3 of Hickox & Alexander 2018, for a review). Chen
et al. (2015) found that the obscured quasar fraction among
far-IR quasars increases significantly with far-IR luminosity
increasing.

Our findings allow us to infer that powerful gas outflows
driven by AGNs lead to rapid galaxy quenching. The gas
outflows, which are prevalent among local Type II AGNs
(Woo et al. 2016), push out the gas and dust enshrouding a
BH and negate future gas fuel supply to the BH, resulting
in SF quenching and AGN unveiling.

When most AGNs are detected, the role of bars as an
inducer of AGN activity is markedly large when galaxies
have smaller �s, i.e., less massive BHs. The positive role is
also prominent even in galaxies lacking cold gas fuel, even
in galaxies with massive BHs.

Galaxies without a bar, particularly those having a less
massive BH, seem to be slowly quenched by simple deple-
tion of gas supply through SF, resulting in relatively smooth
transition during the evolutionary sequence. A smaller frac-
tion of galaxies experience the AGN phase which is weak.

In conclusion, the abundant gas fuel and massive BH are
paramount to galaxy evolution. If these two su�cient con-
ditions are satisfied, galaxies evolve quickly without great
help from bars. It is obvious that bar instability accelerates
the entire process of galaxy evolution by facilitating gas con-
sumption through SF and gas inflow into BH, which, how-
ever, is greatly helpful in galaxies where either of the two
conditions is not su�cient.

In addition to bar instability, external processes such
as continuous interactions, minor merger (e.g., Sancisi et al.
2008), tidal interaction, and so on are responsible for another
e↵ective gas transport mechanism. This provides a signifi-
cant source of fuel for gas accretion to maintain long-lived
bars or reform bars (Bournaud & Combes 2002). The bar
reformation can be also triggered by tidal interaction (Gerin
et al. 1990; Berentzen et al. 2004) or a strong tidal field in
a cluster (Byrd & Valtonen 1990). In a future paper, we
will assess the importance of the external process on galaxy
evolution in addition to bar instability.
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図7 バルジの種類によるbar 効果の違い。 
左が pseudo バルジ・右が classical バルジを有する
銀河の fbar分布を表す。 
背景の灰色は各銀河の数密度を示す。 


