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* Background

* New science of next generation EHT (ngEHT)
» Test general relativity
» Accretion flow / jet dynamics+radiation
* more black hole images
e supermassive black hole binaries detection

e China in ngeHT
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EHT -> ngEHT

2017 2021 2028 | future

next generation EHT(ngEHT) ngEHT-space VLBI
8-element-array 11-element-array 11-element-arra 86-690GHz
230GHz 230GHz (345GH?z test) Y

+ ~8 new sites (10-15m)
86/230/345GHz



“Hear” black hole
2017 NOBEL PRIZE
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Test general relativity
visual evidence of BH
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“Feel” black hole
2020 NOBEL PRIZE

“See” black hole
2020 BREAK THROUGH PRIZE




Dispute over black hole images

PHYSICAL REVIEW D 103, 024023 (2021)

Can the EHT MS87 results be used to test general relativity?

Samuel E. Gralla®
Department of Physics, University of Arizona, Tucson, Arizona 85721, USA

® (Received 28 October 2020; accepted 21 December 2020; published 12 January 2021)

No. All theoretical predictions for the observational appearance of an accreting supermassive black hole,
as measured interferometrically by a sparse Earth-sized array at current observation frequencies, are
sensitive to many untested assumptions about accretion flow and emission physics. There is no way to
distinguish a violation of general relativity from the much more likely scenario that the relevant
“gastrophysical” assumptions simply do not hold. Tests of general relativity will become possible with
longer interferometric baselines (likely requiring a space mission) that reach the resolution where

astrophysics-independent predictions of the theory become observable.

DOI: 10.1103/PhysRevD.103.024023



Fundamental . . Astrophysics

dynamics+radiation of

Physics

Testing GR in strong

accretion flow/jet
gravitational field

EHT collaboration et al. 2022
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Very Long Baseline
Interferometry (VLBI)

resolution X baseline

GMVA 86 GHz 40 muas
EHT 230 GHz 20 muas (15 muas)
NngEHT 345 GHz 10 muas
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Black Hole Shadow

Photon Ring
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Test GR: Sub photon rings
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Test GR: inner shadow / lensed horizon

inner shadow size
| photon ring size
M87* shades refer to 1pas, 0.5uas, 0.1pas
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Study Accretion flow / jet
dynamics+radiation



ngEHT will provide multi-frequency black hole images

M87* at 86 GHz (GMVA) M87* at 230 GHz (EHT) M87+ at 345 GHz (ngEHT?)

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



Study Accretion flow / jet dynamics+radiation

Jet dynamics Accretion flow dynamics

EHT2017 observation of M87* prefer BZ jet, MAD model



Study Accretion flow / jet dynamics+radiation

Nonthermal electron radiation
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Impact of nonthermal electron radiation effects on the horizon scale image
structure of Sagittarius A*
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Importance of the nonthermal electron radiation at 230/345 GHz

Al (%) AR (%) Ayr (%) AT (%)
230 GHz 345GHz 230GHz 345GHz 230GHz 345GHz 230GHz 345 GHz

inclination 38.29 52.47 1257 15.41 33.23 30.2 108.8 186.9
spin 39.92 24.94 15.81 11.07 28.8 22.30 52.47 34.9
scatter 0 0 5.882 4.044 25.08 16.23 23.98 17.67
nonthermal electrons 17.9 32.63 2.001 4.806 4.767 6.351 27.99 50.75
Table 1

Measured Parameters of Sgr A*

Parameter EHT Estimate

Emission ring:*
Diameter, d 51.8 +23 uas -> 4.4% uncertainty
Fractional width, W/d ~30-50

(EHTC+ 2022)

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)
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More BH images

number of observable black hole shadows
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Table 1
Population Characteristics at 230 GHz
Properties
Target Population How many? 1 (pas) S, (Jy)
MS87 40 0.5
1 (12.8, 24.5) (3.8, 16.5) x 1072
Black hole shadows 102 (3.1, 5.4) (1.6, 5.5) x 1072
10* (0.81, 1.1) (79, 17.0) x 107>
10° (0.15, 0.23) (1.9, 4.9) x 107°

sensitivity<70mJy, EHT (20 pas) can find ~5 more black hole shadows
<1pas, <<1mJy can observe a lot of black hole shadows

( Pesce et al. 2021 )



More BH images

Predicted jet-base flux at EHT 230 GHz (Jy)
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More BH images: independent mass measurement

black hole shadow measurements -> a sample of black hole mass

black hole and galaxy co-evolution
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supermassive black hole binaries (SMBHBSs) detection
Coalescence,

Stellar Core ; . i
Bmary_ Formation Continuous GWs Memory & Recoil

Galaxy Merger
y g Merger :

O 4c3nn
NGC5331 ‘ NGC 17 » (ﬁ

E "%

D.ynamica] Dynamical friction Stellar and gas Gravitational radiation provides Post-coalescence system

friction drives less efficient as interactions may cfhmen( s, Ctlrcpmbma‘ry W SEAp——
disk may track shrinking orbit. gravitational recoil.

massive objects to SMBHs form a dominate binary inspiral?
central positions binary. ﬁ “ d’h

Orbital separation
0.0001 pe 0 pc

10 pe 0.1 |_

(Image credit: NASA’s Goddard Space

Flight Center/Jeremy Schnittman and
Brian P. Powell) The Lifecycle -
of Binary ;
Supermassive = :
Black Holes ; <0Myr | ~3days | BURST!

Time spent in phase

Burke-Spolaor et al. (2018)



SMBHBs binaries

detect SMBHBs

Indirected

directed

analyzing periodic
behaviours in light
curve

tracking motions
of one visible
source

resolving double-
peaked emission
lines

tracking motions
of both visible
sources

detecting
Gravitaional
Waves

VLBI detectability depends on :
e sensitivity

» angular resolution

e proper motion precision




How many SMBH binaries are detectable

through tracking relative motions by (sub)millimeter VLBI
Shan-Shan Zhao, Wu Jiang, Rusen Lu, Lei huang, Zhigiang Shen

103 86 GHz, 0., =40 pas

— 100

>
=
g
g
K

10

1
0.1 0.3 1 3

103 345 GHz, O =10 pas
— 100
>
e
&
8
KE

1

6.)min (;U'as yr— )

10°

100

10

0.1

0.3

230 GHz, O, =15 pas

1 3

103 .

100 1

10

690 GHz, 0,50 =5 pas

104

10°

102

10t

100

1071

number of detectable SMBHBs

number of detectable SMBHBs

;e Num. of detect. SMBHBs*
(pas/yr) 86 GHz 230 GHz 345 GHz 690 GHz
3 1 0 0 0
1 20 18 il 15
0.1 279 140 105 64
Fmin =11} mJy

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

e 1 muas/yr astrometry

o 10 mJy sensitivity

* Detter than 40 muas resolution
=> ~20 SMBHB systems can be detected

(Zhao et al. 2023, accepted)
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also see NngEHT white paper Applications of the Source-Frequency Phase-Referencing Technique for

(Jiang et al 2023) ngEHT Observations
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China’s role in ngeHT

Event Horizon Telescope 3 'y i ;El&ﬁ—_“ é: I/:l\ A i

e scientists

» telescope(s) more important role
« key techniques

EHT2017 EHT2023 ngeHT space ngEHT

8-element-array 11-element-array 86/230/345GHz 86-690GHz
230GHz 230GHz (345GHz test)



end of 2023
5m telescope in shanghai

In 5 years
. 15m sub-millimeter telescope in Tibet

| 86-345GHz
join ngEHT P
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China sub-millimeter VLBI: telescope(s)

1. West China has very good sites for sub-millimeter observation
2. Realize 24h-observation to capture SgrA* movie
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China sub-millimeter VLBI: telescope(s)
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China sub-millimeter VLBI: Key technigues

Simultaneous multi-frequency observation First 85/215GHz was done! (Nov. 22 2022)
* Reduce atmospheric errors

* Boost sensitivity
e Unlock high frequency Astrometry

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

Lunar Orbit VLBI EXperiment (LOVEX)
a 4.2m 8GHz telescope on Lunar orbit satellite (Quegiao 1)
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Summary

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

* new science of ngEHT:

o M87* & SgrA*: separate gravitational structure from astrophysical structure;
o other targets: capture more black hole images; detect SMBHBS;

e China in ngeHT:
o telescopes: build sub-millimeter telescopes in Tibet and join ngEHT,;
o technique: simultaneous multi-frequency observation;



Thank you very much!



