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Diameter of the Black Hole Shadow
Non-spinning Black Hole

5.2 RsBH

Maximumly spinning BH

4.9 Rs
BH

(Courtesy of Hung-Yi Pu)

• Diameter of the “shadow” ~ 5 Rs
• It changes by only ~4% (4.84-5.2 Rs)  

(Bardeen 1973, Chan et al. 2013)
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Angular Sizes of Various Black Holes
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Angular Sizes of Various Black Holes

Radius: 0.7x106 km

Mass: 2 × 1030 kg

Sun

Shadow Diameter 
0.1 μas @ 1 pc

Stellar mass BH

Intermed. mass BH
@ Galactic Center

Supermassive BH

Sgr A*~ 52 uas (M=4x106 Msun, D=8 kpc)

M87 ~40 uas    (M=6.5x109 Msun, D=16.7 Mpc)
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Black Hole Mass Measurements
- Resolving the dynamics of gas or stars inside the sphere of the gravitational 

influence of the target black hole
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- VLBI observations of H2O mega masers 
- Optical spectroscopy of atomic lines  
- ALMA observations of cold molecular gas (CO, HCN+, etc)
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Black Hole Mass Measurements
- Resolving the dynamics of gas or stars inside the sphere of the gravitational 

influence of the target black hole

Sgr A*: spatially & timely resolved orbit of stars (Talk by Shoko Sakai)

Stellar-dynamical measurements: spatially resolve orbits of stars
Gas-dynamical measurements: spatially resolve dynamics of gas 

- VLBI observations of H2O mega masers 
- Optical spectroscopy of atomic lines  
- ALMA observations of cold molecular gas (CO, HCN+, etc)

Reverberation Mapping: spatially resolve orbits of BLRs using “echo” 
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Nearby Super Massive Black Holes
Known uas-size SMBHs  

(stellar, gas, maser, reverberation mapping)

Data are from van den Vosch 2006
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Nearby Super Massive Black Holes
Known uas-size SMBHs  

(stellar, gas, maser, reverberation mapping)

Data are from van den Vosch 2006

Extragalactic SMBHs 
with Dshadow > 5 uas (22 sources)

Dshadow > 1 uas: ~ 66 sources
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Expected Horizon-scale Flux Density

RIAF’s thermal emission
∝

(Mahadevan 1997)

Accretion rate would be 
an important factor

Data are from van den Vosch 2006



Kazu Akiyama, KISS Workshop ``Extracting Science from Black Hole Images’’, Caltech, CA, 2019/09/17 (Tue)

Expected Horizon-scale Flux Density

RIAF’s thermal emission
∝

Scaled from M87 (Mahadevan 1997)

Accretion rate would be 
an important factor

Data are from van den Vosch 2006



Kazu Akiyama, KISS Workshop ``Extracting Science from Black Hole Images’’, Caltech, CA, 2019/09/17 (Tue)

Expected Horizon-scale Flux Density

RIAF’s thermal emission
∝

Scaled from M87

Scaled from Sgr A*

(Mahadevan 1997)

Accretion rate would be 
an important factor

Data are from van den Vosch 2006
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Angular size of ground/space VLBI

Johnson et al. 2019, subm.
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Example space VLBI simulations: Sombrero Galaxy 

Hada, Doi et al. 2013, ApJ
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Example space VLBI simulations: Sombrero Galaxy 

Ground Truth

Ground EHT resolution5 µas

with MEO/GEO Satellites

Figure 5: (Left panel) Typical 230 GHz flux density versus predicted black hole shadow
diameter for a number of current and potential future EHT targets; the size of each point
scales with the estimated SMBH mass. The primary science targets, Sgr A* and M87, are
plotted in green. Nominal resolutions for a variety of possible EHT array configurations are
indicated using vertical lines. (Right panel) Simulated image reconstruction of the M104
black hole shadow with satellites in MEO and GEO orbits [22]. The yellow line indicates
a typical ground-array resolution (⇠ 20 µas), while the white ellipse shows the resolution
of an array with MEO/GEO satelites. Improvement in angular resolution with space-borne
elements would resolve horizon-scale structures in nearby radio-loud LLAGN.

Adding satellites in medium or geosynchronous Earth orbits (MEO and GEO, respectively)
would significantly expand the range of sources that can be probed at horizon-scale
resolution [22]. As shown in Figure 5, the black hole shadow may be resolved in nearby
radio-loud sources such as the Sombrero Galaxy (M104, NGC4594), IC1459 and M84
(NGC4374), which would fill the significant gap between Sgr A* and M87. Horizon-scale
observations of these new sources will provide further unique clues to understand the
nature of the black hole accretion and jet genesis. For instance, it is unknown whether the
stark difference in jet power is due to differences in the black hole spin, the accretion rate,
or other properties of the accretion flow.

6 Summary
Over the coming year, the first EHT results will clarify the state of the art in black hole
imaging on horizon scales, bringing into focus the full science potential of this new field.
Expected enhancements to the EHT would enable time-resolved videos of black hole jet
launching and accretion, with potential significant expansion of black hole physics in Sgr
A*, M87 and other sources that require high angular resolution.
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 Fish, Shea & Akiyama 2019, ASR

M104 (Sombrero Galaxy)

 Fish, Haggard & Akiyama+ in prep.

Shadow can be reconstructed at D > ~3 uasHada, Doi et al. 2013, ApJ


