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Reconstructed

Courtesy of Kazunori Akiyama
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THE EHT IS DATA RICH
V(u) = [ da e?™a%/2 [(a)

Interferometric Quantities
(Visibility Magnitudes, Closure Phases, Closure Amplitudes, etc.)

Polarization (I, Q, U, V)
Frequency (230 GHz, 345 GHz)
Short Time (seconds)

Long Time (decades)

Targets (Sgr A*, M87, etc.)
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Black Hole

Ljer = E;‘etM("z Loy = Mc*
€Elet = 2 = Lff'f/cf('f,(l('('
Assumes:

* Reached steady state
(only logarithmically hard!)
* A notion of energy
conservation for test particles
* No “magic” at object
(but baryonic atmospheres!)
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History of accretion
AEB & Narayan (2007)
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http: / /www.cv.nrac.edu
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Excluded!

Inclination

Transparent gravastars?
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THE SHAPE OF SPACETIME:

Quasi-Kerr Metric:

HAIRY MULTIPOLES Parameterized Deviation

Some fine print ...
Solution to vacuum Einstein equations when |a| < M

Adds quadrupolar perturbation
(based on Hartle-Thorne metric for slowly spinning neutron stars!)

No-hair theorems = Quasi-Kerr metric must be sick! It is inside 2M.
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THE SHAPE OF SPACETIME:
HAIRY MULTIPOLES
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THE SHAPE OF SPACETIME:
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THE SHAPE OF SPACETRME.
HAIRY MULTIPOLES
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Ingredients:
* Covariant ADAF model

* Johannsen (2013) metric

Conclusion:

Even big gravitational

perturbations
>

Small changes in
accretion flow!

Done? No!

Quantum Black Holes, 10.11.2017
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THE SHAPE OF SPACETIME:
SPACETIME TOMOGRAPHY

Courtesy of Hotaka Shiokawa
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THE SHAPE OF SPACETIME:
SPACETIME TOMOGRAPHY

Courtesy of Hotaka Shiokawa
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THE SHAPE OF SPACETIME:
SPACETIME TOMOGRAPHY

Courtesy of Hotaka Shiockawa | Infrared
[ Meyer et al. (2006) /\.‘f.’f\\ﬁ" w‘;\.

224.1 GHz

| M \
I EA\/'”‘"\/" On Day 94 of 2011
I Sgr A"
w;&-v"ﬁ?

Calibrator

-

X-ray
Baganoff et al. (2001)

i ‘ . bhate
Tt paethaaatepbtpteg 1t gty 4

. Keck/UCLA Unlactic
Canter Group
it
’
bttt ¢

4
tatebengt Ta b, b it ety

Quantum Black Holes, 10.11.2017

Pirsa: 17110102 Page 49/74




THE SHAPE OF SPACETIME:
SPACETIME TOMOGRAPHY
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THE SHAPE OF SPACETIME:
SPACETIME TOMOGRAPHY
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THE SHAPE OF SPACETIME:
SPACET'ME TOMOGRAPHY Roman Gold & AEB

A

a=0
Hot-spot at ~ 6M
Period = 27 min.
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(g) vs. |g)
No! But ...

* Small Ny:

90
N, ~10'? but Ngapes~e ™

-2 Weak measurement limit!

* |Interactions:
€, » €y < A€

—> Transitions on M timescales from “accretion”
interactions (much less than astrophysical time scales)
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Innermost stable clreular orbit (SCO)

Event Horizon

ach, courtesy of Perimeter Institute

1. Separate source from black hole region

2. Source produces a sequence of identically prepared photons
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“Scattered” photon states in

terms of scattering eigenstates.
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“Screen”
Quantum Ix) or |k)

Source

Black Hole
Initial photon state Black hole state 1Va ) ‘ ajl j)lyj)

J)
2 2 “Scattered” photon states in
[(k) = [{k|ya, L)|* = Z'%l |(k|y;)| terms of scattering eigenstates.
J
= Z p; 1;(k)
J
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“Screen”
Quantum Ix) or |k)

Source

Black Hole
Initial photon state Black hole state 1Va ) ‘ ajl j)lyj)

J)
2 2 “Scattered” photon states in
[(k) = [{k|ya, L)|* = Z'%l |(k|y;)| terms of scattering eigenstates.
J
= Z p; 1;(k)
J

> Fuzzy image?
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Source Black Hole Screen
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Easy!
Vs (smaller N)
n VS. n

Hard!
(larger N)

= Natural basis is set by observation technique.
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* Mixed states: |[L) = pnm

(Voun D) = VB [ [ @y In(k)fm(k)r

n+Em

* Noise:
® (ydY o [y ?
- T~
(1) - lva)) IL) A5y

(lva, oo v L)Y o [ra))

Instrumental, backgrounds,
TV stations, ...
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* First imaging-quality observations of EHT in the can!

* Evidence for apparent horizons, how to get to event horizons?

* Generic gravitational features exist (photon ring), 10%-level tests of GR
* Astrophysical models yield sub-percent precision probes of gravity

* Variability offers a multitude of probes of Kerr (e.g. orbital dyn., etc.)

* Quantum gravity signatures are clear for extreme? QG pictures.
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