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Abstract: The Event Horizon Telescope, global array of millimetre telescopes, has now enabled studies of nearby supermassive black holes on
sub-horizon length scales. This unprecedented access opens a window onto not only the high-energy astrophysics of black hole accretion and jet
formation, but also the nature of gravity in the heretofore unexplored strongly non-linear regime near the black hole horizon. | will summarize the
state of the Event Horizon Telescope, what results obtained over the past 7 years, and how a revolution in capability will produce precision tests of
strong gravity over the next 2-3 years.
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ASTRONOMY:
ACTIVE DRIVERS VS. PASSIVE ACTORS
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ASTRONOMY:
ACTIVE DRIVERS VS. PASSIVE ACTORS
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ASTRONOMY: o
ACTIVE DRIVERS VS. PASS
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[Com[;osite Image — Hubble and Chandra Image Credit: NASA, ESA, CXC,
STScl and B. McNamara (University of Wmerl?:o) / Very Large Array
Telescope Image Credit: NRAO, and L. Birzan and team (Ohio University))
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PHYSICS:
STRONG GRAVITY
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“COMPACT” OBJECTS
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“COMPACT” OBJECTS
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RESOLUTION AND
THE DIFFRACTION LIMIT
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BUILDING A BIGGER TELESCOPE
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(ventHorizonTelescope L P ROTO_EHT”

http://www.eventhorizontelescope.org/

* Earth-sized mm VLBI array

* Existing telescopes.

* Resolutions of ~10 uas
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FILLING IN THE HOLES:
SITES & PATIENCE

Adding ALMA
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RECONSTRUCTING IMAGES OF SGR A* (DISKS)

cattering Fish et al. (2014)
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DATA ZOO

VLBI Data Types: V(u) = [ da I(a)e?™ /A
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DATA ZO0O

VLBI Data Types: V() = [ da I(a)e?™a/2
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DATA ZOO
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DATA ZOO
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STATE OF EHT DATA

Multiple epochs of visibilities
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INCOMPLETENESS

Observational: Theoretical:

UV plane
Key known unknowns:

* Geometry & Dynamics
of emission region
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LESSONS FROM PRECISION COSMOLOGY

Pirsa: 15060021

Table 9. Parameter 68 % confidence levels for the base ACDM
cosmology computed from the Planck CMB power spectra, in
combination with the CMB lensing likelihood (“lensing”).

Parameter Planck TT+lowP+lensing

0.02226 + 0.00023
0.1186 £ 0.0020
1.04103 + 0.00046
0.066 +0.016
3.062 + 0.029
0.9677 + 0.0060
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LESSONS FROM PRECISION COSMOLOGY

Planck Collaboration: DifTese compooent separation: Foeeground maps

Summary of mun parametric signal models for the temperature analysis, For polarization, the same parametric functions

oyed, but oaly CMB, synchrotron, and thermal dust emission are included in the model, with spectral parameters fixed to

t of the temperature analysis. The symbol “~" implics that the respective parameter has a prioe as given by the right-hand

side distribution; Uni denotes a uniform distribution within the indicated limits, N denotes a (normal) Gaussian distribuotion
with the indicated mean and standand devation.
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DO EVENT HORIZONS EXIST?

\ & Accretion Luminosity = |

Surface Luminosity = Heat!

* Testing robust prediction
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DO EVENT HORIZONS EXIST?

Testing robust prediction
of GR and others!

Constrains alternatives
to surface of “no’ return
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THE SIZES OF ASTROPHYSICAL BLACK HOLES
Sgr A* M87
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EHT + INFRARED ASTRONOMY:
AT LEAST TWO HORIZONS DO EXIST! (see rine prinm

Blackbody Cavity
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EHT + INFRARED ASTRONOMY:
AT LEAST TWO HORIZONS DO EXIST! (see rine prinm

Blackbody Cavity
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BH Spin,
MODELING SGR A*: ACCRETION DISK S _mPIBKFAXiS
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MODELING SGR A*: ACCRETION D’
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CENTER STORY

To Sun
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PROBING ACCRETION WITH 7 YEARS OF EHT DATA
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PROBING ACCRETION WITH 7 YEARS OF EHT DATA
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PROBING ACCRETION WITH 7 YEARS OF EHT DATA
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SMALL-SCALE STRUCTURE BUDGET
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SMALL-SCALE STRUCTURE BUDGET

Refractive Scintillation

Galactic “Seeing”

Courtesy of Michael D Johnson
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EXPLOITING A DECADE OF EHT OBSERVATION:
HUNTING LENSE-THIRRING

Courtesy of Chris Fragile




EXPLOITING A DECADE OF EHT OBSERVATION:
HUNTING LENSE-THIRRING

Carlos Wang

Harmonics
of 1 yr

Time=474.641
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A MATTER OF MASS & DISTANCE:
CRITICAL TESTS OF STRONG FIELD GRAVITY

Johannsen et al. (2015)
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THE SHAPE OF SPACETIME I:
~ HAIRY MULTIPOLES
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THE SHAPE OF SPACETIME I:
HAIRY MULTIPOLES

Tim Johannsen
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ONE OF THESE THINGS IS NOT LIKE THE OTHERS!
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ONE OF THESE THINGS IS NOT LIKE THE OTHERS!
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THE SHAPE OF SPACETIME Il:
SPACETIME TOMOGRAPHY




THE SHAPE OF SPACETIME Il:
SPACETIME TOMOGRAPHY
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THE SHAPE OF SPACETIME lll:
SPACETIME TOMOGRAPHY WITH POLARIZATION

Total Intensity Polarized Intensity
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THE SHAPE OF SPACETIME lll:
SPACETIME TOMOGRAPHY WITH POLARIZATION

SMT—CARMA, with Baseline Evolution
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