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• Background
• New science of next generation EHT (ngEHT)

• Test general relativity
• Accretion flow / jet dynamics+radiation
• more black hole images
• supermassive black hole binaries detection

• China in ngEHT



image black hole array frequency publication

M87* Event Horizon 
Telescope (EHT) 230 GHz

EHTC et al. 
2019,2021, 

ApJL

SgrA* EHT 230 GHz
EHTC et al. 
2022, ApJL

M87*
Global 

Millimeter VLBI 
Array (GMVA)

86 GHz Lu et al. 2023, 
Nature

Current black hole images 



2017 
8-element-array
230GHz

2021 
11-element-array
230GHz (345GHz test)

2028 
next generation EHT(ngEHT)
11-element-array
+ ~8 new sites (10-15m)
86/230/345GHz

future 
ngEHT-space VLBI
86-690GHz

EHT -> ngEHT 



Test general relativity
visual evidence of BH

“Hear” black hole

2020 NOBEL PRIZE

2017 NOBEL PRIZE 

“Feel” black hole

“See” black hole
2020 BREAK THROUGH PRIZE



Dispute over black hole images



 EHT collaboration et al. 2022

Fundamental 

Physics
Testing GR in strong 

gravitational field

Astrophysics
dynamics+radiation of 

accretion flow/jet



mixture astrophysical 
features

gravitational 
features



Very Long Baseline 
Interferometry (VLBI)

angular 
resolution ∝

wavelength

baseline

GMVA 86 GHz 40 muas
EHT 230 GHz 20 muas (15 muas)
ngEHT 345 GHz 10 muas



(Johnson et al. 2020)

Test GR: Sub photon rings

ngEHT



inner shadow size
photon ring size
shades refer to 1μas, 0.5μas, 0.1μasM87*

(Chael, Johnson, & Lupsasca 2020)

Test GR: inner shadow / lensed horizon

ngEHT dynamic range 
improves 2 order than EHT



Black Hole

Jet

Accretion Flow

Study Accretion flow / jet 
dynamics+radiation



ngEHT will provide multi-frequency black hole images

M87* at 345 GHz (ngEHT?)

?

separate astrophysical ring (frequency-dependent) and gravitational ring (frequency-independent)



Blandford-
Payne jet

Blandford-
Znajek jet

Jet dynamics Accretion flow dynamics

EHT2017 observation of M87* prefer BZ jet, MAD model

Study Accretion flow / jet dynamics+radiation



(Yuan et al. 2003)

spectrum 

thermal

nonthermal

SgrA* source size

nonthermal

EHT 230 GHz

thermal

EHT 
230 GHz

Nonthermal electron radiation

(Ozel et al. 2000)

Study Accretion flow / jet dynamics+radiation



pure thermal 
electrons

230 GHz importance rank:
inclination > spin > scatter ≈ 
nonthermal

345 GHz importance rank :
inclination > nonthermal ≳ 
spin > scatter

(Zhao et al. 2022)

1.5% nonthermal 
electrons



Importance of the nonthermal electron radiation at 230/345 GHz

(EHTC+ 2022)

-> 4.4% uncertainty

• current 230 GHz: ~2% size difference, twice smaller than the ring size measurement uncertainty by EHT
• future 345 GHz: ~5% size difference, may detectable.

(Zhao et al. 2022)



number of observable black hole shadows

photon ring size

（Pesce et al. 2021）

• sensitivity<70mJy, EHT (20 μas) can find ~5 more black hole shadows 
• ≲1μas, ≪1mJy can observe a lot of black hole shadows
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More BH images
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EHTngEHT-GeongEHT-L2

(Ramakrishnan et al. 2023)

More BH images



bulge magnitude velocity dispersion
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black hole and galaxy co-evolution

（Kormendy & Ho 2013）

More BH images: independent mass measurement
black hole shadow measurements -> a sample of black hole mass 



(Image credit: NASA’s Goddard Space 
Flight Center/Jeremy Schnittman and 
Brian P. Powell)

supermassive black hole binaries (SMBHBs) detection

Burke-Spolaor et al. (2018)



detect SMBHBs

indirected

analyzing periodic 
behaviours in light 

curve

tracking motions 
of one visible 

source

resolving double-
peaked emission 

lines

directed

tracking motions 
of both visible 

sources

detecting 
Gravitaional 

Waves

VLBI detectability depends on :
• sensitivity
• angular resolution
• proper motion precision 

SMBHBs binaries



How many SMBH binaries are detectable
through tracking relative motions by (sub)millimeter VLBI
Shan-Shan Zhao, Wu Jiang, Rusen Lu, Lei huang, Zhiqiang Shen

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

• 1 muas/yr astrometry
• 10 mJy sensitivity 
• better than 40 muas resolution

=> ~20 SMBHB systems can be detected

(Zhao et al. 2023, accepted)



also see ngEHT white paper
(Jiang et al 2023)

(Zhao et al. 2023, accepted)



China’s role in ngEHT 

EHT2017 
8-element-array
230GHz

EHT2023 
11-element-array
230GHz (345GHz test)

ngEHT 
86/230/345GHz

space ngEHT 
86-690GHz

• scientists
• telescope(s)
• key techniques

more important role



in 5 years
15m sub-millimeter telescope in Tibet
86-345GHz
join ngEHT

in 10 years
3 such telescopes
to form an array

Credit: C. Risache

One of the NOEMA 
dishes

STEP2

end of 2023
5m telescope in shanghai
for 86 GHz test

STEP3

STEP1

STEP4

in 20 years
space VLBI

THEZA concept

China sub-millimeter VLBI: develop plan

冷湖站
慕士塔格站

日喀则站

1600km

1600km

11
00

km



ALMA

Tibet

Worldwide March PWV for peaks above 2000 m between 60◦ S and 60◦ N latitude 

China sub-millimeter VLBI: telescope(s)

(Raymond et al. 2021)

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

Reconstructed  
image
w/o RKZ

Reconstructed  
image
with RKZ

EHT E8h 
+ RKZ

(Yu et al. 2023)



China sub-millimeter VLBI: telescope(s)

Shigatse
日喀则

15m diameter
sub-millimeter telescope

Shigatse, June, 2023

5m Demo Telescope 
in Shanghai, 2023



源频相位参考技术
Source Frequency Phase 

Reference

China sub-millimeter VLBI: Key techniques
First 85/215GHz was done! (Nov. 22 2022) 

Correlated at 
SHAO

Simultaneous multi-frequency observation
• Reduce atmospheric errors
• Boost sensitivity
• Unlock high frequency Astrometry

详见江悟的报告：Techniques and sciences for 
simultaneous multi-frequency VLBI observations

SMA 1mm
JCMT 3mm

Pico 
3mm/1mm



Lunar Orbit VLBI EXperiment (LOVEX)

载荷管理器

bo

中继馈源网络

固存和数传

通信设备

地面站

星务

氢原子钟

低温电子单元
（含制冷机） 制冷机电控箱

变频与数据
采集终端

VLBI馈源网络

卫星
地面

左右旋

电源 遥测遥控

10 MHz

X波段天线

VLBI波导组件

a 4.2m 8GHz telescope on Lunar orbit satellite (Queqiao II)

China space VLBI: first moon-earth cm-VLBI test



• ngEHT:
• ground ngEHT (in 5 years) : 86/230/345 GHz, ~10 muas angular resolution; 
• space ngEHT (in 20 years): ~1 muas;

• new science of ngEHT: 
• M87* & SgrA*: separate gravitational structure from astrophysical structure; 
• other targets: capture more black hole images; detect SMBHBs;

• China in ngEHT:
• telescopes: build sub-millimeter telescopes in Tibet and join ngEHT;
• technique: simultaneous multi-frequency observation;



Thank you very much!


