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Credit: L. Petrov (http://astrogeo.org)

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)



Coherence Function

Coherence Time

Coherence

Errors coming from the ATMOSPHERE are still remain the most 
serious difficulty which significantly degrade the sensitivity and 
imaging capability of mm and sub-mm VLBI observation

(A. Roy)Pico Veleta – Onsala baseline 
Source : BL Lac
Frequency : 86 GHz

Frequency (GHz) 2 8 15 22 43 86 129

Coherence Time 
(sec)*

800 200 100 73 37 19 12

*Typical value of atmospheric phase stability ~ 10-13

VLBI Sensitivity



VLBI Phase Referencing

(Y. Asaki)

Antenna Nodding (Switching)

1. Increase coherence time

2. Astrometry

Without Phase Referencing With Phase Referencing

Distribution of the H2O masers and 
the measured position of H2O 
masers in VY CMa (Choi et al. 2008)

Weak source 
detection



cm VLBI  vs  mm-VLBI

cm-VLBI mm-VLBI

Instrument & 
Technology Good performance

Relatively poor 
performance 

Atmospheric condition Relatively stable 
(longer coherence)

Rapid change 
(short coherence)

Sensitivity ~ micro Jy 
(e.g. Garret 2005) > 100 mJy

# of Sources >10,000 
(e.g. Petrov, RFC) ~ 160 @ 3mm (86GHz)

Phase Referencing Well established 
(e.g. Beasely 1995)

Not very successful 
(mostly < 43GHz)

Astrometry  tens of micro  arcsec 
(Reid & Honma 2014)

Limited success  
> 40 GHz



• 3 Telescopes (D = 21m) 

• 22/43/86/129GHz ( 2.6 ~ 18mm) 

• Baseline 300 - 500 km 

• 𝚯 = 1 - 6 mas



22GHz

43GHz

86GHz

129GHz

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





22 43
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Multi-Frequency
System

Target

30min

22 GHz

43 GHz

86 GHz

129 GHz

KVN Multi-Frequency System (Han et al. 2008)

(Jung, 2012)
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Non-dispersive nature of troposphere

• No observing time loss 
• No Calibrator (target = calibrator) 
• No coherence loss 

VLBI Phase Referencing Techniques

• Lower frequency detection needed 





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





Continuum Studies
• Weak sources
• Astrometry
• Faraday rotation studies
• Opacity core-shifts, γ-ray flares, and nature of the VLBI core

Spectral Studies
Multi-frequency VLBI observations of maser emission in evolved starts

Massive star formation

http://www.sciencedirect.com/science/article/pii/S1387647317300209



See more details —> Seog-Tae Han’s Talk tomorrow



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



First Fringes of KaVA+Yebes (Spain) 
Simultaneous 22/43GHz VLBI Observation



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 : 18 - 250GHz  (+ 8GHz)  
▪ Compact Triple band Receiver (18 - 115GHz) 
▪ 2-Channel SIS Mixer Receiver (125 - 250GHz) 
▪ X-band Receiver (6-12GHz) 

❖ 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��

(S-T Han)



230GHz VLBI Test Experiment with SRAO 
on behalf of EAVN-hi campaign

Orion CO 2-1
Simultaneous  
86/230 GHz 
(on-going)



Simultaneous  
86/230/345 GHz 
(pre-study)

See more details —> Seog-Tae Han’s Talk tomorrow



Expected UV-coverages with Extended EAVN at 3mm

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

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



Simultaneous MF Rx System with RA/Millimetron
• Mm-VLBI à unique sciences 

at the highest angular resolution in astronomy

• Simultaneous Multi-Frequency System (SMFS)
is the ideal for mm-VLBI
à more sources available, unique sciences 
(e.g. MFS, Astrometry etc.)

• More stations are coming with SMFS
è Synergies with Millimetron !!



An ideal mm-VLBI system for Earth and Space

Thank you for your attention! 

The Most Powerful Eyes 
in the Universe


