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Burke-Spolaor et al. (2018)
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VLBI detectability depends on :
• sensitivity
• angular resolution
• proper motion precision 

Motivation



~1 muas/yr

Advantages of (sub)millimeter VLBI:
• directing tracking black holes without jet morphology model
• in-beam source-frequency phase-referencing (SFPR)  -> ~1muas/yr during one/several year(s)

A successful example:

New VLBI results of 
0402+379
see Wu Jiang’s talk



resident timescale of 4 phases 
(example SMBHB with M=1e9Msun, q=1, z=0.05)

Method: SMBHB orbital evolution

orbital evolution ( separation 
decreasing) by different mechanism:

1. 10kpc to ~10pc, dynamical friction
2. ~10pc to ~1pc, stellar hardening
3. ~1pc to ~0.1pc, gas accretion
4. < ~0.1pc, gravitational waves

(Zhao et al. 2024)



probability distribution function (PDF) of a AGN has a detectable SMBHB system 
(D'Orazio & Loeb  2018)
 

integral resident timescale of all detectable cases

integral resident timescale of all physically possible cases
PDF = 

Fraction of AGNs 
triggered by 
SMBHBs

X

0.05 (Pulsar Timing Array upper limits on GW background) 

radio luminosity function
(Butler et al. 2019)

(partly base on Plotkin et al. 2012)

mass-luminosity model

Method: detectable number estimation

orbital evolution 
model

minimum detectable angular velocity, 
angular separation, flux density

M: total mass
q: mass ratio
a: separation

theory

observational capability

(Zhao et al. 2024)



Results: detectable number estimation

By using simultaneous multi-frequency technique, 
(sub)millimeter VLBI can achieve 

• 1 muas/yr proper motion precision
• 10 mJy sensitivity 
• better than 40 muas resolution

=> ~20 SMBHB systems can be detected

(Zhao et al. 2024)

, �min = 40/15/10/5�as, at 86/230/345/690 GHz



1muas/yr, 10 mJy and 
best resolution 
~20 detectable SMBHBs

the most detectable systems are in 
the AGN sources with 
• high mass (1e9-11 Msun)
• relatively low redshift (z<0.1)
• large separation (>0.1 pc)
• relatively insensitive to mass ratio

Results: physical parameters of detectable SMBHBs
total mass redshift

separation mass ratio

(Zhao et al. 2024)



Results: compare with current capability

(Zhao et al. 2024)



ALMA

Tibet

Worldwide March Precipitable Water Vapor (PWV) for altitude above 2000 m 

China (sub)millimeter VLBI

(Raymond et al. 2021)

1. West China has very good site condition for sub-millimeter observation
2. Advantage for 24h-observation to capture SgrA* movie

Reconstructed  image
w/o Tibet

Reconstructed  image
with TibetEHT E8h 

+ Tibet

(Yu et al. 2023)



Shigatse, Tibet
Shanghai

Shigatse 40m telescope
2024 X band
2027 K/Q/W band 

proposed 15m sub-mm 
telescope
86/230/345 GHz
searching site now

Tianma 65m 
2025 K/Q/W band
(Weiye Zhong’s talk)

5m prototype of 
sub-mm telescope

(sub)millimeter telescopes
in Tibet



Searching best site for sub-mm telescope in Shigatse, Tibet
SHAO + Tibet University



Promising candidate site for sub-mm: Jiuwa 
• Altitude 4600m, very dry, concrete road built in 2024
• Weather data monitoring 2024.11-now



Outreach in Tibet & cultural experience 



Thank you very much!


