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Sizes
M87* Event Horizon: 

𝐷"#$ = 16.8	×10-pc

𝑀"#$ = 6	×101𝑀⊙ 𝑅4,"#$ = 1.8×1067	km ≈ 120	AU

𝜃4,"#$ ≈ 8	𝜇as	

Sgr A* Event Horizon: 

𝑀BCD	E = 4	×10-𝑀⊙

𝐷BCD	E = 8	×10Gpc

𝑅4,BCD	E = 1.2	×10$	km ≈ 0.08	AU

𝜃4,BCD	E ≈ 10	𝜇as	



A quick note on units

𝐺𝑀⊙
𝑐J ≈ 1.5	km ≈ 10L#AU

Use Fancy Units:
𝐺 = 𝑐 = 1

Express things in terms of Mass:

𝑅M =
2𝐺𝑀⊙

𝑐J
𝑅M = 2𝑀

Note:



𝑅4NOPQR = 27� 𝑀
≈ 5.2𝑀

𝑅UNQVQW = 3𝑀

𝑅YZ = 2𝑀
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What is Required?

1.Angular Resolution

2.Fourier Coverage

3.Atm Transparency

4.Optically Thin Accretion

𝜃 ∼
𝜆
𝑑 ∼ 20𝜇as	

𝜆
1.3	mm

𝑑
12,800	km

Global VLBI

𝜆 ∼ mm



The Event Horizon Telescope



First EHT Results:  Six Papers

Summary Paper (9 Pages)

The EHT (22 Pages)

Calibration (28 Pages)

Deconv/Imaging (47 Pages)

Accretion + Jet  (25 Pages)

Parameter Est. (39 Pages)



Paper I:  Summary of Results
Measure shadow of M87* 
at 1.3 mm (230 GHz)

𝜃D^WC = 42 ± 3	𝜇as	

Determine mass of BH:
𝑀`a = 6.5 ± 0.7 ×101𝑀⊙

Pretty circular:

𝜃bOcQD
𝜃b^WQD

≤
4
3

Completely consistent with 
Kerr BH predicted by GR



Paper II:  Array + Instrumentation
8 Telescopes in 6 Places

𝜆 = 1.3	mm	

Huge Data Rates:

Extremely Impressive 
Technical Achievement 

𝜈 = 230	GHz	

64	Gbps	×	8	stations = 240	TB	hrL6

Spatial Scales Sampled:

𝜃 = 25 − 160	𝜇as	



Paper III:  Data Proc + Calibration

Heterogeneous Data Set

Three Pipelines:

1) AIPS
2) CASA
3) HOPS

Robust Calibration!



Paper IV: Imaging

Probably the most robust 
interferometric image ever created





Paper V: Astrophysics
GRMHD Simulations + Ray 
Tracing 

Simulate “observed” images 
and compare to actually 
observed image

Two General Classes:

MAD –
Magnetically Arrested Disk

SANE –
Standard And Normal Evolution





Paper VI: Parameter Extraction

How to get info out of the 
image?

Measure shadow size

Use this to set mass of BH 
assuming Kerr




