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2001년부터 총 230억원의 건설 예산을 투입한 한국우
주전파관측망(KVN) 건설 프로젝트는 2008년 KVN을 구성
하는 3개의 전파 망원경 건설을 마무리 하였고, 2009년 
22GHz와 43GHz에서 세 기선의 프린지 검출에 성공하였
다. 국내 최초 VLBI 관측망인 KVN은 2009년 프린지 검
출로 VLBI의 첫 걸음을 시작한 이 후 올해로 VLBI 관측 
역사의 10년에 이르렀다. 2009년부터 첫 4년간의 시험 관
측을 거쳐 2013년 세계 최초로 22,43,86,129GHz 4개 주
파수 동시 관측을 지원하는 본격적인 VLBI 관측 운영을 
시작하였다. 지난 10년간의 KVN을 활용한 연구 성과를 
통해 KVN 방식의 동시 다주파수 관측 시스템은 전 세계
적으로 mm-VLBI의 국제 표준으로 인정받고 있다. 본 발
표는 지난 10년간의 KVN의 운영 과정과 이를 통해 이룬 
주요 연구 성과를 되돌아보고 앞으로의 전망에 대해 소개
한다.

[구 KVN-02] Observational Studies on 
Evolved Stars Using KVN and KaVA/EAVN

Se-Hyung Cho1,2 , Youngjoo Yun2, Hiroshi Imai3 
and ES WG Members
1KASI, 2SNU, 3Kagoshima Univ.

At the commissioning phase of KVN from 2009 to 
2013, single-dish survey and monitoring 
observations were performed toward about 1000 
evolved stars and about 60 relatively strong SiO 
and H2O maser sources respectively. Based on 
these single-dish results and VLBI feasibility test 
observations at K/Q/W/D bands in 2014, KVN Key 
Science Project (KSP) has started from 2015 and 
will be completed in 2019 as KSP phase I. Here we 
present the overview of observational studies on 
evolved stars using KVN. In KSP phase I, we have 
focused on nine KSP sources which show a 
successful astrometrically registered maps of SiO 
and H2O masers using the source frequency phase 
referencing method. We aim at investigating the 
spatial structure and dynamical effect from 
43/42/86/129 GHz SiO to 22 GHz H2O maser 
regions associated with a stellar pulsation and 
development of asymmetry in circumstellar 
envelopes. 

  Using the combined network KaVA 
(KVN+Japanese VLBI network VERA), KaVA Large 
Program titled on “Expanded Study on Stellar 
Masers: ESTEMA Phase I” was performed from 
2015 to 2016. Based on ESTEMA Phase I, EAVN 
Large Program titled on “EAVN Synthesis of Stellar 
Maser Animations: ESTEMA Phase II” was also 
performed from 2018. The ESTEMA II project aims 
to publish composite animations of circumstellar 
H2O and SiO masers, which taken from up to 6 
long-period variable stars with a variety of the 
pulsation periods (333-1000 days). The animations 
will exhibit the three-dimensional kinematics of the 
maser gas clumps with complexity caused by 

stellar pulsation-driven shock waves and 
anisotropy of clump ejections from the stellar 
surface. Adding three EAVN telescopes (Tianma 
65m, Nanshan 26m and NRO 45m telescopes) with 
KaVA always secures the high quality of the maser 
image frames through the monitoring program.

[구 KVN-03] A KVN KSP - the iMOGAGBA 
and its future

Juan-Carlos Algaba
University of Malaya

As one of the Korean VLBI Network (KVN) Key 
Science Programs, the Interferometric Monitoring 
of Gamma-ray Bright AGNs (iMOGABA) aims to 
reveal the origins and nature of the gamma ray 
flares in active galactic nuclei (AGNi). Here we 
report a summary of activities and recent scientific 
results of the iMOGABA program, including 
statistical properties of the whole sample, as well 
as scientific highlights for the iMOGABA on specific 
sources. We also introduce future prospects and 
directions for the development and expansion of 
iMOGABA.

[구 KVN-04] KVN unveils the plasma physics 
of AGN

Sascha Trippe
SNU

Its ability to measure the polarization of light at 
four frequencies makes the KVN a "plasma physics 
observatory" that can probe the internal physics 
(e.g., magnetic fields, outflow geometries) of AGN 
radio jets and cores. We initiated a Key Science 
Program, the Plasma-physics of Active Galactic 
Nuclei (PAGaN) project, dedicated to polarimetric 
monitoring of 14 radio-bright AGN. We have been 
able to measure the Faraday rotation measure of 
the cores of our targets as function of frequency; 
the observed scaling relation is in good agreement 
with conically expanding outflows to first order. We 
are further probing a polarized hotspot in the jet 
of 3C84 and possible systematic differences in the 
Faraday rotation in BL Lacertae objects and flat 
spectrum radio quasars.

[구 KVN-05] Understanding high-mass star 
formation through KaVA observations of 
water and methanol masers

Kee-Tae Kim1, Tomoya Hirota2 and the KaVA SFRs 
WG
1KASI
2NAOJ
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We started a systematic observational study of 
the 22 GHz water and 44 GHz class I methanol 
masers in 87 high-mass young stellar objects 
(HM-YSOs) as a KaVA large program (LP). The 
primary goal is to understand dynamical evolution 
of HM-YSOs and their circumstellar structures by 
measuring spatial distributions and 3-dimensional 
velocity fields of multiple maser species. In the 
first-year observations (2016-2017), we made 
snap-shot imaging surveys of 25 water and 19 
methanol maser sources. In the second-year 
observations (2018-2019), we have carried out 
monitoring observations of 19 water and 3 
methanol maser sources that were selected on the 
basis of the first-year survey results. By combining 
follow-up observations with VERA (distances), 
JVN/EAVN (6.7 GHz methanol masers), and ALMA 
cycles 3 and 6 (thermal lines/continuum), we will 
provide novel information on physical properties 
(density, temperature, size, mass), 3D dynamical 
structures of disk/jet/outflow/infalling envelope, 
and relationship between evolutionary of HM-YSOs. 
In this presentation, we will report the current 
status and future plans of our KaVA large 
program.

[구 KVN-06] KaVA and EAVN large program 
on two Supermassive Black Holes, Sgr A* 
and M87

Bong Won Sohn1,2, Motoki Kino3 and KaVA/EAVN 
AGN WG
1KASI
2UST
3NAOJ/Kogakuin Univ.

Exploring the vicinity of super-massive black 
holes (SMBHs) is one of the frontiers in 
astrophysics. KaVA AGN Science WG has launched 
its Large Program in 2014 focusing on two SMBHs, 
Sgr A* and M87. They are selected based on their 
large apparent size. Sgr A* is the excellent 
laboratory for studying gas accretion process onto 
SMBH and M87 is well known as the best case for 
investigating plasma outflow ultimately driven by 
SMBH. For Sgr A*, KaVA and EAVN provides 
superb UV-coverage on its emitting region and its 
scattering medium. In the case of M87, we have 
conducted high cadence dual-frequency (22and 
43GHz )VLBI monitoring to clarify the global profile 
of the M87 jet velocity field and the spectral index 
map, which should reflect global structure of 
magnetic fields in the jet. From 2017, the AGN LP 
is recognized as multi-wavelength EHT project, 
conducting quasi-simultaneous coherent 
observations of M87 and Sgr A* with the Event 

Horizon Telescope (EHT) during its campaign 
observation periods. AGN WG is reviewing and 
revising its LP to convert it to EAVN LP. We will 
briefly report our scientific results and future plan 
which includes even broader international 
collaboration, namely East-Asia to Italy Nearly 
Global (EATING) VLBI to reach higher angular 
resolution.

우주론

[구 CD-01] Cosmology with Type Ia 
Supernova gravitational lensing

Jacobo Asorey
Korea Astronomy and Space Science Institute

In the last decades, the use of type Ia 
supernovae (SN) as standard candles has allowed 
us to understand the geometry of the Universe as 
they help to measure the expansion rate of the 
Universe, especially in combination with other 
cosmological probes such as the study of cosmic 
microwave background radiation anisotropies or 
the study of the imprint of baryonic acoustic 
oscillations on the galaxy clustering. Cosmological 
parameter constraints obtained with type Ia SN are 
mainly affected by intrinsic systematic errors. But 
there are other systematic effects related with the 
correlation of the observed brightness of 
Supernova and the large-scale structure of the 
Universe such as the effect of peculiar velocities 
and gravitational lensing. The former is relevant 
for SN at low redshifts while the latter starts being 
relevant for SN at higher redshifts. Gravitational 
lensing depends on how much matter is along the 
trajectory of each SN light beam. In order to 
account for this effect, we consider a statistical 
approach by defining the probability distribution 
(PDF) that a given supernova brightness is 
magnified by a given amount, for a particular 
redshift . We will show that different theoretical 
approaches to define the matter density along the 
light trajectory hugely affect the shape and width 
of the PDF. This may have catastrophic effects on 
cosmology fits using Supernova lensing as planned 
for surveys such as the Dark Energy Survey or 
future surveys such the Large Synoptic Survey 
Telescope.

[구 CD-02] Cosmological Information from 
the Small-scale Redshift Space Distortions

Motonari Tonegawa1, Changbom Park1, Yi Zheng1, 
Juhan Kim1, Hyunbae Park2, and Sungwook Hong2


