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10th Anniversary of 
Korean VLBI Network

• First three-baseline fringes  
- 2009 OCT 16 (22GHz) NRAO150 
- 2009 OCT 22 (43GHz) ORION-KL 

• 2019 OCT 16 
KVN special session  
during the KAS fall meeting 

• 2019 OCT 21 
10th anniversary celebration at KASI
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Beams from antenna

Multi-Frequency 
Receiving System

4Ch Receiver @ Yonsei

Han et al. (2008)

Band K Q W D

Freq. Range 21.25-23.25 42.11-44.11 85-95 125-142

Trx (K) 30-40 70-80 
(40-50 KUS) 80-100 50-80

Full Polarization





• VLBI ~ 3300h/yr (+ SD 550 h/yr) (total # of obs: 363) 
• KVN : 1800h 
• KaVA : 500h 
• EAVN/EVN/GMVA : 800h  
• Etc: 200h 

• KVN Key Science Projects : 1000h/yr 
• Evolved Star(1) & AGN (2) 

• EAVN Large Programs : 500h/yr 
• AGN, Star formation, Evolved stars, Galactic astrometry 

KVN Operation Status 2019



KVN Key Science Projects

1. Interferometric Monitoring of Gamma-Ray Bright 
AGN  : iMOGABA 

2. Simultaneous Monitoring of KVN 4 Bands 
towards Evolved Stars 

3. The Plasma Physics of AGN with KVN : PaGAN 

• KVN Institute Program:  
Multi-Frequency AGN Survey with KVN (MASK)





Credit: L. Petrov (http://astrogeo.org)
At present, 16,845 sources 

http://astrogeo.org


Dhanya+ 2018

162 sources at 3 mm

Number of VLBI sources at mm-wavelengths are very limited

Only ~5% of RFC is available at 7 mm (43 GHz) 
Only ~1% of RFC is available at 3 mm (86 GHz) 
How about 1 mm (230 GHz) ?? 

Lee+ 2007  (108 sources at 3 mm)



KVN’s Simultaneous Multi-Frequency VLBI System
• Excellent calibration of atmosphere

à Pefect calibration on troposphere (non-dispersive delays)
à Superb calibration on Ionosphere (dispersive)

• Exceptional improvement on coherence time 
à The largest VLBI source detections at 2-3 mm ever!

MASK: Multi-frequency AGN Survey with the KVN

•To date, 
1273 sources were observed and analyzed 

•Detection Statistics: 
22GHz (1157, ~91%), 43GHz (950, ~75%),  
86GHz (611, ~48%), 130GHz (308, ~24%)

Total 1533 srcs





•  4 ADC (4 x 16Gsps) 
•  Input Freq. 8 - 16GHz
•  Digital Down Conversion
•  Digital Filtering
•  4 x 10GbE output
•  VDIF format 

Bandwidth 
(MHz)

Max Num  
of Channels

Max Data Rate 
(Gbps)

8192 1 32

4096 2 32

2048 4 32

1024 8 32

512 16 32

256 16 16

128 16 8

64 16 4

32 16 2

16 16 1

• 16Gbps recording 
• 4 disk modules with  

8 HDDs each 
• 4 10GbE input

OCTAD

Mark 6

KVN 4-Frequency Full Polarization

K-DAS (4 CH)+ OCTAD (4 CH) or 
OCTAD (8 CH) with Mark6 

22/43/86/129 w/ full polarization 
Data rate: 1, 2, 4, 8, 16, 32 Gbps 



32Gbps mode & 16Gbps Fringes
KYS-KUS with 22/86GHz Dual-Pol (f18324 & f18362)

512 MHz x 8 Channels x 2 Pols 1024 MHz x 4 Channels x 2 Pols 2048 MHz x 2 Channels x 2 Pols

RR                      LL 

RL                      LR

RR                      LL 

RL                      LR

RR                      LL 

RL                      LR

• On December 28, 2019, 
We have detected simultaneous 22/43/86/129GHz fringes at full-polarization 
(16Gbps recording mode, 512MHz x 8 channel) for the first time !! 

2 GHz 2 GHz2 GHz

f18362 fringe test  
32Gbps setup in simultaneous K/W observation —> W-band fringes (16Gbps) detected!



KVN Baseline/Image Sensitivity

• Note:   (baseline) / (image) sensitivity in the unit of mJy 
• Big improvement on the baseline sensitivity when FTP is applied (i.e., ~30 min)

Frequency 22 GHz 43 GHz 86 GHz 129 GHz

SEFD (Jy) 1500 1800 3400 5000

Sensitivity 
(mJy, 1-sigma)

T_int=100s 
/ T_int=1hr

T_int=60s 
/ T_int=1hr

T_int=30s 
/ T_int=1hr

T_int=30s 
/ T_int=1hr

1 Gbps 
(Max 256 MHz)

9.6 / 1.28 14.9 / 1.53 39.8 / 2.89 58.5 / 4.25

2 Gbps 
(Max 512 MHz)

6.8 / 0.90 10.5 / 1.08 28.1 / 2.05 41.3 / 3.01

4 Gbps 
(Max 1024 MHz)

4.8 / 0.64 7.4 / 0.77 19.9 / 1.45 29.2 / 2.13

8 Gbps 
(Max 2048 MHz)

3.4 / 0.45 5.3 / 0.54 14.1 / 1.02 20.7 / 1.50

16 Gbps 
(Max 4096 MHz)

2.4 / 0.32 3.7 / 0.38 9.9 / 0.72 14.6 / 1.06

32 Gbps 
(Max 8192 MHz)

1.7 / 0.23 2.6 / 0.27 7.0 / 0.51 10.3 / 0.75



60cm

60
cm

~200cm

Compact Triple-band Receiver (CTR)
20
0c
m

Installed on Sep. 2~3 at KYS

RF: 18-116GHz





Simultaneous Multi-Freq. VLBI System in GlobeKVN (K/Q/W/D) 
VERA (K/Q) 
Sejong (K/Q/W)

Yebes 40m (Spain, K/Q/W) Nobeyama 45m (Japan, K/Q/W)

Sardenia 64m, Noto 32m, Medicina 32m (Italia, K/Q/W)

Metsahovi 14m  
(Finland, K/Q/W)

Mopra 22m (Australia, K/Q/W)

E-KVN  
(K/Q/W/D+230GHz)

ATCA 22m x5  
(Australia, Q/W)

Tianma 65m  
(China, K/Q)

VLBA MK 25m  
(USA, K/Q/W)

“Standard 
System” 
in mm-VLBI



E-KVN Project: Construction of A New Telescope

❖Almost same Telescope ( D = 21m) 
▪ Kangwon Province ( ~130 km E-W baseline) 
▪ better surface accuracy (~80 um) for 230GHz operation



❖ Target Frequency Range : 6/8 & 18 - 250GHz   
▪ C/X-band Receiver (6-12GHz) 
▪ Compact Triple band Receiver (18 - 115GHz) 
▪ 2-Channel SIS Mixer Receiver (125 - 250GHz) 

❖ Recording Bandwidth 
▪ 64Gbps (2GHz x 8 IFs) 

❖ Two times more baselines from 3 to 6 
❖ Amplitude self-calibration 
❖ M/F Image Synthesis

E-KVN Project (2020 - 2023)

Simulation assuming flat spectrum over 18- 150GHz

Simultaneous  
MF receiver 
(18 - 230 GHz)

KVN�초기�사업계획��

See details  
(Dr. Han’s Talk) 

model Current KVN E-KVN



Baselines, Synthetic beams and UV coverages 



속초 - 경동대
속초 – 잼보리

양양 – 송이밸리

평창 - 서울대

영월 - 봉래산

KVN서울

KVN탐라

KVN울산

EKVN 
Candidate Site

세종

YangYang

PyeongChang

YoungWol



Atmospheric Conditions (5 years, daily averaged)



Atmospheric Conditions (5 years, daily averaged)



서울대학교 평창캠퍼스 - 2019년 8월

 PyeongChang Campus as a candidate site 

❖ Good Baselines 
❖ Enough Space 
❖ Less Groundwork 
❖ Easy to Access (KTX) 
❖ Weather Condition 
▪ ~600m above sea level 
▪ low Temp /mild Wind 
▪ daily Temp variation 

❖ Active User Group 
❖ Sky Line
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Expected UV-coverages with Extended EAVN at 3mm

<<1mm>> 
• EKVN 
• SRAO 
• JCMT 
• GLT 
• SMA 
• SPART

 <<3mm>> 
• SEJONG 
• NRO 
• QTT 
• KVN 
• SRAO



The Most Powerful Eyes 
in the Universe

Thank you !


