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Positions of stars in the Hyades cluster were measured



—ddington confirmed a prediction of
Albert Einstein’s Theory of General Relativity

Real Observed

The light from the star is bent by less
than 2" - yet twice the amount
bredicted by Newtonian theory

The mass of the sun changes space
and time In 1ts vicinity

pesieridelluniverso.blogspot.com
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ington’s result was a scientific milestone
a sensation of the early 20th century

d MmecC

LIGHTS ALL ASKEW,
"IN THE HEAVENS

Men of Science More or Less
Agog Over Results of Eclipse
Observations.

EINSTEIN THEORY TRIUMPHS

Stars Not Where They Seemed
or Were Calculated to he,
but Nobody Need Worry.

New York Times |0. Nov. 1919

Albert Einstein and Arthur Eddington



Not dreamed of Inl919:

the relevance of relativity to everyc

DONT WORRY OVER
NEW-LIGHT THEORY

' Physicists Agree That It Can Be
Disregarded for Practical
Purposes.

NEWTON'S LAW IS SAFE

New York Times | 6. Nov. [919

ay life

GPS navigation is possible with satellites and
atomic clocks in karth's gravitational potential

Foto: ESA



Also 100 years ago:
Mysterious observation in the nebula M 3/

Curtis, Pub. Lick
Obs 13,9, 1918

4486 12 25.8  +12 57 Exceedipgly bright; the sharp nueleus shows well in 5m exposure. The brighter

UJS Astronomer central portion is about 0’5 in diameter, and the total diameter about 2’;
| nearly round. No spiral structure is discernible. A curious straight ray
eber CUFJEIS |9 | 8 lies in a gap in the nebulosity in p.a. 20°, appareriiy econneetea with tne

nucleus by a thin line of matter. The ray is biiguvesv aviioitaier end, which
is 11” from the nucleus. 20 sn.-


http://articles.adsabs.harvard.edu/pdf/1918PLicO..13....9C
http://articles.adsabs.harvard.edu/pdf/1918PLicO..13....9C
http://articles.adsabs.harvard.edu/pdf/1918PLicO..13....9C

A glimpse of the
Universe with the
James Webb Space

lelescope

Galaxy Cluster SMACS |0/23.3—-7327/, released by
the James Webb Space Telescope
on July 12,2022
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Most astropnysicists agree:
Messier 8/ 1s hiding a giant black hole

| he black hole - characterized

Dy the

event horizon - Is fed with ma

of the galaxy

LLEr

from a hot, rotating disk in the centre

The "mysterious’” stray of mat

black hole.

Credit: Newsweek

6-/ Billion Solar Masses - concentrated In the size of our Solar System!
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A

Lo .°;,>’;;°3.3..°..7;The theory of general relativity leads to black hole paradigm

relativistic jet '

event horizon

photon ring

credit NASA



Nobel Price Physics 2020 to Ghez and Genzel:
Motion of the star 52 around the centre of the Milky Way

. Supermassive black hole
\ A {4 mdhon solar masses)

A
.

16 years , | _
o 20 biion kilometres -
| . 120 x Earth-Sun /

At ol 52

' Maximum speed
> 29 miibon kimyh

ESO/ M. Kornmesser



How can one see something that does not emit light!

French astrophysicist |.P Luminet, 1979
- done on a computer - drawn by hand




[ he bold goal:

Making a direct image of a black hole
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Der Photonenring des schwarzen Lochs

Center for Astrophysics, Harvard & Smithsonian
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Radioteleskope messen
Mikrowellen aus dem Al

Eifelsberg, Eifel

Max-Planck-Institut fUr Radioastronomie







1 he trick:
radio signals are recorded and combined (correlated) later

Quasas

The combined signals yield positions of the
source on the sky and eventually even images

\\
L )
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GPS works the other way: .;\'ﬁ

position of satellites and the arrival time of the signals. [

The location of the GPS receiver i1s computed from the & M'—‘*—-—“-




GMVA @ 3mm

o

Collage: H. Rottmann (MPIfR) -



Innovative "Big' technology at radio waves open a new finer view at the Universe

Galaxy M87

. : .
o 4

VLA =] HST.WFPC2
Radio winte o v Visible

The radio image I1s now |0,000x
sharper than the optical image

NASA, NRAD and J. Biretta (ST15cl) « STSCI-PRCYD 43

Hubble Space Telescope Institu



EVENT HORIZON TELESCOPE - EHT:
RADIO CAMERA TO IMAGE A BLACK HOLE

Event Horizon Telescope Collaboration



Challenge:
Organize a global collaboration

The ERT works like the
United Nations:

ooals and Interests are
negotiated

Autonomous observatories, different technology standards and scientists need to be
coordinated



Challenge:

Manage masses of C

One observation requires processing
> Petabyte = 5> million gigabytes

—ach telescope sends

/00 terabyte = /00 thousand gigabyte
to Bonn (even from South Pole)

for a total 500kg hard discs

The data link can do |6 gigabyte/s



Challenge:

Combine the ¢

ata ana

calculate the iImage

[he Bonn compute cluster:

68 Computer 2 processors each, each
with 10 cores = 360 cores

= 40 teraflops

[,3 million GB scratch space

Max-Planck-Institut fUr Radioastronomie
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Filling the UV plane
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MS8T7* April 11, 2017

500p0as ~ TOR.q, M 87
GMVA 86 GH

100 pas ~ 14R.,

Higher
resolution

J-Y. Kim el al, 2018

Kim et al. A&A 616 A188 (2018)

' S . -~ -
Brichtness Temperature (107 K)



Sgr A*:Variable on shortest timescales

10:38:57.11 UT

T. Do, Keck/UCLA Galactic Center Group Do, Witzel et al. 2019
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Ser A* 2017
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The Earth I1s not big enough for the telescope we need to builc

An antenna In space extends
the ground network to a
system of up to 350.000 km
N diameter.

observing wavelength and size
of the telescope are
mportant:

resolution = wavelength / diameter




There has not been a better time for experimental black hole research

Hanford, Washington (M1)
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LIGO/Nirgo

oravitational wave detection

B. P Abbott et al. 2016
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GRAVITY Interferometer;

Fvent Horizon lelescope

Sagittarius A* M8/
GRAVITY Collaboration 2018

EHT Collaboration 2019
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[he bvent Horizon lelescope:
A Complex Global Collaboration

| 3 stake holders with over 300 members
From over 60 Institutions In 20 countries & regions

@ stakeholders
working groups - management teams - task forces ¢ affiliated

science councll - board ® telescopes
W correlators

EHT Collaboration Meeting, Hilo HI;, USA Dec 2019
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Was uns schwarze Locher fiber
die Gehelmnisse des Universums verraten

IRTICEDK ARALT Wie viel Kapitalismus
q ! 1,1,7. 1 ¢ vertragt der Wohnungsmarkt?




EHT Cover Pages
M 87* - April 2019 Sgr A* - May 2022
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