First Sight of a Black Hole

-

Recent Results from the
Event Horizon Telescope









A Problem

The deflection of starlight is small:

2GMsq
‘Newtonian” prediction: 8y = ——— = 0.825 arcsec
C*Rgyn
5, = 25, = M sun
Einstein’s prediction: E = 20y =
C*Rgyr

= 1.75 arcsec
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Solar eclipses over South America « 1;01 —1950

1947 May 20
1919May 29

1934 August 10

Solar eclipses over Africa » 1901—1950

A total solar path) occurs when the sun
and the corona becomes visible:

An annular solar eclipse (orange path) occurs when the moon's disk is just
smaller than the sun'sdisk and the sun appears as a ring.

otal in the middle

partof the path and annular at one or both ends.
Map by Michael Zeiler, December 2010 www.eclipse-maps.com

Eclipse paths by Xavier Jubier - juberfree r

b when the moon's disk
covers the sun and the corona becomes visible.

Anannular solarecipse (orange path) occurs when the moon'
ks ustsmaller thathe sun'ciskan the sun appears . ring,
b0

During a hybrid solar eclipse (purple path), the eclipse s total in
the middle part of the path and annular at one or both ends.

Map by Michael Zeiler, December 2010 - www.eclipse-maps.com

Eclipse paths by Xavier Jubier - xjubierfree.fr
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Gravitational displacement at the Sun’s limb in seconds of arc

Determination
Predicted from Einstein's Theo 1.75

4-inch plates reduced by Dyson et al. 198 +0.18
4-inch plates measured on the Zeiss 190 +0.11
Astrographic plates reduced by Dysoneral. |0.93

Astrographic plates measured on the Zeiss 1.55+0.34

Men of Science More or Less
Agog Over Results of Eclipse




Solar eclipses
from 2021 to 2041
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Annular eclipse
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Black Holes
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The event horizon 1s "a perfect unidirectional membrane: causal
influences can cross it in only one direction”. —D. Finkelstein 1958






OPTICAL IMAGE OF THE MILKY WAY GALAXY BY E. SLAWIK

.-

CHANDRA X-RAY IMAGE OF SAGITTARIUS AT




In the 1970’s Jim Bardeen, Jean-Pierre Luminet and others
make first theoretical images of a Black Hole




Imaging Black Holes:
a Much Worse Problem

We characterize the size of a black hole with the radius
of its event horizon, known as the Schwarzschild radius:

2GM
RS —

Cc2

BH Sun Ry =3 km
Sag A" Ry=12x10%km

*

M87 Ry =19.5 % 10° km




Imaging Black Holes:
a Much Worse Problem

=

Sun 5 =0.53°=1913 asecs
BH Sun 6 = 8251 uyasecs

Sag A" 5 =20 pasecs

*

M87 0 = 16 yuasecs
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Event Horizon Telescope (EHT)

A Global Network of Radio Telescopes

Observing
in 2020

Atacama Large Millimeter/
submillimeter Array
CHAJNANTOR PLATEAU, CHILE

Atacama Pathfinder EXperiment
CHAJNANTOR PLATEAU, CHILE

IRAM 30-M Telescope
PICO VELETA, SPAIN

James Clerk Maxwell Telescope
MAUNAKEA, HAWAII

Large Millimeter Telescope
SIERRA NEGRA, MEXICO

Submillimeter Array
MAUNAKEA, HAWAII

Submillimeter Telescope
MOUNT GRAHAM, ARIZONA

South Pole Telescope
SOUTH POLE STATION

The Greenland Telescope
THULE AIR BASE, GREENLAND,
DENMARK

Kitt Peak 12-meter Telescope
KITT PEAK, ARIZONA, USA

NOEMA Observatory
PLATEAU DE BURE, FRANCE




Signals from the telescopes are recorded locally and time
stamped using extremely precise and stable atomic clocks
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The data are collected and compared carefully; they use both
time stamp and predicted time delays to align the signals



Combined coverage over the 4 nights of observing

LMT-SMT %,

ampy \LMT-SMA
ALMA-APEX

o
JCMT-SMA




The collaboration split into 4 teams that each independently
reconstructed images from the interferometry data

www.ted.com/talks/
katie_bouman_what_does_a_black_hole look_like?
language=en
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Tonight at 10pm

L - Cepheus, Casslopela
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Centaurus

https://in-the-sky.org



The image is consistent with a spinning black hole




These images are consistent with a spinning black hole.
How is it spinning?

a, >0, i > 90° a, <0, 7> 90°

Vm gy

accretion flow

ax < 0,1 <90° ax >0, 1< 90°

‘0}—( 1




Why is the image blurry?

p
0~ —
D

A=1.3mm
D = 2R = 12741 km

—> 60 =21 uasecs
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We are waiting for images of our own black hole Sag A*

OPTICAL IMAGE OF THE MILKY WAY GALAXY BY E. SLAWIK X2 .

o CHANDRA X-RAY IMAGE OF SAGITTARIUS A®

,




We want to see a movie of black holes eating
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We want to know how supermassive black holes dr




Are there quantum effects near the event horizon?
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In the last few years the door has opened to study black
holes throughout the skies and at a variety of length scales
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Figure 6. Mass distribution of compact objects in X-ray binaries.
Arrows indicate lower limits to BH masses. Figure reproduced from

(Casares (2007).




Figure 4.3.2. A summary of 20 of the ~ 30 S-star orbits delineated by the most recent
orbital analysis of Gillessen et al. (2009b) °.

ITracking orbiting stars at the center of the Milky Way
accurately established the mass of Sag A* at 4.3 x 10°M .
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Known Neutron Stars
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LIGO-Virgo Neutron Stars



They offer a remarkable laboratory for thermal physics,
strong gravity and one day, | hope, for guantum gravity



The End



