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We have conducted a 22 GHz very long baseline 
interferometry (VLBI) survey of 281 local (z < 0.05) 
active galactic nuclei (AGNs) selected from the 
Swift Burst Alert Telescope (BAT) 70-month ultra 
hard X-ray (14-195 keV) catalog. The main goal is 
to investigate the relation between the strengths of 
black hole accretion and the parsec-scale nuclear 
jet, which is expected to tightly correlate but has 
not been observationally confirmed yet. The BAT 
AGN Spectroscopic Survey (BASS) provides the 
least biased AGN sample against obscuration 
including both Seyfert types, hence it makes an 
ideal parent sample for studying the nuclear jet 
properties of an overall AGN population. Using the 
Korean VLBI Network (KVN), the KVN and VERA 
Array (KaVA), and the Very Long Baseline Array 
(VLBA), we observed 281 objects with a 22 GHz flux 
> 30 mJy, detecting 11 targets (~4% of VLBI 
detection rate).  This implies that the fraction of 
X-ray AGNs which are currently ejecting a strong 
nuclear jet is very small. Although our 11 sources 
span a wide range of pc-scale morphological types, 
from compact to complex, they lie on a tight linear 
relation between accretion luminosity and nuclear 
jet luminosity. Our finding may indicate that the 
power of nuclear jet is directly responsible for the 
amount of black hole accretion. We also have 
probed the fundamental plane of black hole 
activity in VLBI scale (e.g., few milli-arcsecond). 
The results from our high-frequency VLBI radio 
study support that the change of jet luminosity and 
size follows what is predicted by the AGN evolution 
scenario based on the Eddington ratio (ƛEdd) – 
column density (NH) plane, proposed by a previous 
study.
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We present the observed relationship between 
Eddington ratio (λEdd) and optical 
narrow-emission-line ratio ([NII] λ6583/Hα) of 
X-ray-selected unobscured active galactic nuclei 
(AGN) at 0.6 < z < 1.7 using 27 near-infrared 
spectra from the Fiber Multi-Object Spectrograph 
mounted on the Subaru telescope along with 26 
additional sources from the literature. We show 
that the λEdd and [NII] λ6583/Hα ratio at 0.6 < z < 
1.7 exhibits a similar distribution of λEdd−[NII] λ
6583/Hα anti-correlation that has been found for 
local (⟨z⟩ = 0.036), hard X-ray selected AGN. The 
observed anti-correlation suggests that [N II] λ
6583/Hα optical narrow-line ratio in the AGN host 
galaxy may carry important information about the 
accretion state of the central supermassive black 
hole, suggesting the observational hint of 
consistent relationship from local to z ∼ 1.7. 
Further study is necessary to determine whether 
the λEdd−[N II] λ6583/Hα correlation in 
high-redshift still holds at logλEdd < −2 compared 
to local AGN. 
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Using VLT/MUSE and ALMA data, we present a 
spatially-resolved analysis of the central part of 
NGC 5728.  We find enhanced star formation (∼1.8 
M⊙/yr/kpc2) at a region where AGN gas outflows 
intersect the star formation ring. In contrast, 
significantly weaker CO emission (∼3.5 times) is 
found at the same region compared to other 
regions in ring, suggesting positive AGN feedback 
on star formation. On the other hand, we detect 
gas outflows outside of the spiral arms, implying 
that the inflowing gas in the arms is removed (i.e., 
negative feedback). Even though the positive and 
negative feedback are expected at the central part 
of NGC 5728, the impact of the AGN feedback in 
galaxy scale may be insignificant.
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Feedback process is one of the most important 
topics in the study of AGNs since it plays a key 
role in linking the SMBHs and their host galaxies. 
In order to further understand the co-evolution of 
SMBHs and their host galaxies, we probe the 
feedback process in local type-2 AGNs with a 
series of integral-field-spectroscopy observations. 

In the first part of my talk, I will introduce our 
GMOS observations of luminous type-2 AGNs at z < 
0.1, which are selected using the integrated [O III] 
kinematics. Based on the dedicated emission-line 
diagnostics and kinematic studies, we identify the 
signatures of AGN-driven outflows and quantify the 
outflow size in the targets with extreme [O III] 
kinematics. For the targets without extreme [O III]  
kinematics, we find the presence of weak 
AGN-driven outflows, which are indicated by the 
significant differences between the kinematics of 
gas and stars. 

Then, I will present our recent study of 40 
type-2 AGNs based on the SNIFS IFU. By 
comparing the radial profile of velocity dispersion 
of gas and stars, we measure the size of 
AGN-driven outflows in these targets and extend 
the outflow size-AGN luminosity relation in our 
previous GMOS studies. We also discuss the 
feedback effect of AGN-driven outflows by 
connecting the outflow velocity and host galaxy 
properties. These results highlight the importance 
of spatially-resolved observation in investigating 
gas kinematics and identifying the signatures of 
AGN-driven outflows. 
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The faint quasars with M1450 > -24 mag are 
known to hold the key to the determination of the 
ultraviolet emissivity for the cosmic reionization. 
But only a few have been identified so far because 
of the limitations on the survey data. Here we 
present the first results of the z ~ 5 faint quasar 
survey with the Infrared Medium-deep Survey 
(IMS), which covers ∼100 deg2 areas in J band to 
the depths of JAB ∼ 23 mag. To improve selection 

methods, the medium-band follow-up imaging has 
been carried out using the SED camera for 
QUasars in Early uNiverse (SQUEAN) on the Otto 
Struve 2.1 m Telescope. The optical spectra of the 
candidates were obtained with 8 m class 
telescopes. We newly discovered 10 quasars with 
-25 < M1450 < -23 at z ∼ 5, among which three 
have been missed in a previous survey using the 
same optical data over the same area, implying the 
necessity for improvements in high-redshift faint 
quasar selection. We derived photometric redshifts 
from the medium-band data and found that they 
have high accuracies of 〈|Δz|/(1 + z)〉 = 0.016. The 
medium-band-based approach allows us to rule 
out many of the interlopers that contaminate ≳
20% of the broadband-selected quasar candidates. 
These results suggest that the medium-band-based 
approach is a powerful way to identify z ∼ 5 
quasars and measure their redshifts at high 
accuracy (1%–2%). It is also a cost-effective way to 
understand the contribution of quasars to the 
cosmic reionization history.

[구 GC-13] Assembling the bulge from 
globular clusters: Evidence from sodium 
bimodality

Young-Wook Lee, Jenny J. Kim, Chul Chung, 
Sohee Jang, Dongwook Lim
Center for Galaxy Evolution Research & 
Department of Astronomy, Yonsei University, 
Seoul 03722, Korea

Recent investigations of the double red clump in 
the color-magnitude diagram of the Milky Way 
bulge cast serious doubts on the structure and 
formation origin of the outer bulge. Unlike 
previous interpretation based on an X-shaped 
bulge, stellar evolution models and CN-band 
observations have suggested that this feature is 
another manifestation of the multiple stellar 
population phenomenon observed in globular 
clusters (GCs). This new scenario requires a 
significant fraction of the outer bulge stars with 
chemical patterns uniquely observed in GCs. Here 
we show from homogeneous high-quality 
spectroscopic data that the red giant branch 
stars in the outer bulge ( >5.5° from the Galactic 
center) are clearly divided into two groups 
according to Na abundance in the [Na/Fe] - 
[Fe/H] plane. The Na-rich stars are also 
enhanced in Al, while the differences in O and 
Mg are not observed between the two Na groups. 
The population ratio and the Na and Al 
differences between the two groups are also 
comparable with those observed in metal-rich 
GCs. Since these chemical patterns and 
characteristics are only explained by stars 
originated in GCs, this is compelling evidence that 
the outer bulge was mostly assembled from 


