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lvuk arnyekarol?
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6,5 milliard naptomeg(
fekete lyuk

Event Horizon Telescope




Kép egy fekete lyukrol?

* Mirdl tudunk képet alkotni, ha ez egy fekete lyuk?
* Hogyan tudunk képet alkotni valamirél, ami ennyire kicsi?



Mirdl alkotunk kepet?

Photon sphere, where phdtons
get trappedin circular orbits

‘ Event Horizon, where
/ no photons canescape

/ Photons’paths are bent by the black hole’s gravity

Photons come from super-héated plasma of the accretion disk







Hubble-(rtavcso felvétele M&7

55 millié fényévre

Orias elliptikus galaxis a Virgo
halmazban

1918 - H.D. Curtis: ,furcsa
egyenes nyalab”

1950: Virgo A az egyik
legfényesebb radioforras az
egen

6,5 milliard naptomeg( fekete
lyuk

31 ivmasodperc = 8000 fényév

Black hole / ’

Accretion disk

Torus of neutral

Az eseményhorizont sugara =127 cs.e.




40 mikro-ivmasodperc = 0,01 fényév = 632 cs.e.

Osszehasonlitdsképp: A Voyager—1 (irszonda 150,5 cs.e. tdvolsdgban van a Féldtél
jelenleg




Atmérd: ~ @

Schwarzschild-sugar

55 millio fenyév tavolsagban,
40 milliomod ivmasodperc
szogmeretnek felel meg

Ennél nagyobb sz6gméretd ismert fekete lyuk arnyéek csak a
Tejutrendszer kb6zepén talalhato fekete lyukhoz tartozik:
Sagittarius A*, =4 millio naptémeg, =26700 fényévre a Foldtol

A Hold szogmérete 0,5 fok %
(45 milliészor nagyobb)




hullamhossz

Felbontoképesség D — | 4tméré




hullamhossz

Felbontokepesseg

KQI-13; I-band; N=15000 (no lucky) KOI-13; R-band; N=15000 (no lucky) KOI-13; V-band; N=15000 (no lucky)

KOI-13; bandl N=1000 (lucky 6.6%) KOI-13; R-band; N=500 (lucky 3.3%) KOI-13; V-band; N=100 (lucky 0.66%)




Hulldamhossz

Penetrates Earth's I Y Y =
Atmosphere?
Radiation Type Radio Microwave Infrared Visible Ultraviolet X-ray Gamma ray
Wavelength (m)  10° s $5 0.5%x10© 1078 10710 10712

Approximate Scale
of Wavelength

Buildings Humans  Butterflies Needle Point Protozoans Molecules  Atoms  Atomic Nuclei

Frequency (Hz)




Interferometria

hullomhossz

szogfelbontas =~ = o onalhossz
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Nagyon hosszu
interferometria

Very Long Baseline
Interferometry

Hosszabb bazisvonal (b) =
finomabb szogfelbontas

Hadlo

Révidebb hullamhossz (A) " . Wl stescops |
= finomabb .,
szogfelbontas e

Hydrogen maser clock r
(accuracy 1 sec in o—m—. sl Comelator
1 million years) ol

Magnetic Tape




b=10700 km = U = 25 pas
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ALMA — Atacama Large Millimeter/Submillimeter Array
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LMT — Large Millimeter Telescope




Large Millimeter Telescope (Mexico) Egy emberdltd alatt
altal mert adatok fele, 72 petabyte = készitett szelfik mennyisége

5000 ember esetén




IRAM — Pico Veleta (Spanyolorszag)




GLT — Greenland Telescope (varhatoan 2021-t6l kapcsolodik
be a meresekbe)
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INSTITUTE

Large Millimeter Telescope Alfonso Serrano
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M87 Black Hole - Event Horizon lelescope

ALMA image of the jet

-
!

EHT image of the
black hole shadow
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2Bof the Solar System

Evert horzon




Smas~04pc-TOOR,

0.01 pc ~ 0.1mas

Image Credits: NASA/HST (optical), NRAO (VLA),
Craig Walker (7mm VLBA), Kazuhiro Hada (VLBA+GBT 3mm),
EHT Collaboration (1.3 mm)
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Image by Paul Boven (boven@jive.eu). Satellite image: Blue Marble Next Generation, courtesy of Nasa Visible Earth (visibleearth.nasa.gov).
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3C 279 — 5 milliard fényévre

A7 mm | 3C 279

' ‘" \16Apr2017 |/ A1.3 mm

L "IN F; ‘ 11 Apr 2017

1000 pas

’

/A3 mm
‘@_ 1 Apr 2017

- 1 fényév

.\‘

| 250 pas —p

GMVA ‘ 3 @). Event Horizon Telescope

© J.Y. Kim et al. (2020)




EHT-val érhetd el a legfinomabb
szogftelbontas?




EHT-val érhetd el a legfinomabb
szOgfelbontas?

Ur-VLBI 2011-2019

Russia’s RadioAstron space observatory

The RadioAstron observatory-with an unprecedented high reselution «
capability will make it possible to observe remote objes&s in space

7 « Pe ngee SO0 Km
am antehnas } -— « Omiral penodt 8.2 ¢

Eroad-be

Parabolic antenna

«LNagmeter Jneters

This is the first Russian orbital
radio telescope

It will study

v Moot
» Galaxy nuchel - -
\
" g ’
« Black holes ¢ 600 km : v 130,000 xm ’ -
- - - - - - '
J L L 4 . '
« Neutron stars “ 362 000 km ' '
: L) - - ’f -t
« Interstellar plasma clouds . i
'
« The Earth’s gravitational field TN -7 '

« And many other abjects and
phenomena In the Universe

The RadioAstron observatery will operate with an inter-
national network of ground-based radio telescopes. This
huge ground- and space-based telescope system, also
called an interferometer, will provide the finest angular
resolution.

ig p
Mgh-capacity radio facility $
Sodar bafrees }—/

This will make it possible to obtain images of remote
objects with a resolution exceeding that of NASA's
Hubble orbital telescope a thousand times over

www.ria.ru
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0836+710 at 22 GHz
Color scale: Ground VLBI
Contours: Radioastron

Tavolsag: 230 millio féenyév

Relative Declination [mas]

15 fényév

L. Vega-Garcia és mtsai 2019

: L B
0.5 0.0 -0.5 : .
Right Ascension [mas]
Tavolsag: 10 milliard fényev ) &
0.3 light years

P. R. Platania (INAF/IRA)
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bispectrum, model 39, 1 month
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Millimetron Space Observatory



EHT, Nature
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