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O QUE E GRAVITACAO

Interacoes fundamentais

Forte Eletromagnetica Fraca Gravitacional
Atomic nuclei Atoms and molecules Neutron decay Solar system
Fission and fusion Chemical reactions Beta radioacuvity Galaxies
Quark structure of Light waves Muon and tau decay Curved spacetime

proton and neutron Electronics Neutrino interactions Black holes
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Tempo e espago nao sao independentes;

Eles sao influenciados pela materia nele
presente;
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Increasing mass
Decreasing size

Raio de Schwarzschild:
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The presence of mass distorts the local space-time

as if it were a rubber sheet, . BLACK HOLE Horizo nte de
/ / Eventos:
Ponto a partir do qual a
- luz nao pode escapar.
P> EVENT Singularidade:

If enough mass is concentrated at a point, a singularity is T Densidade infinita de
formed. Objects approaching the singularity pass through ;
an event horizon from which they can never return. energia.

— SINGULARITY
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Accretion disc

Singularity

At the very centre of a black hole, matter has collapsed

into a region of infinite density. called a singularityesss SIS
All the matter and energy that fall into the black hole"énds up hies
The prediction of infinite density by general refativity is thougk

the breakdown of the theory where quantum effects becol

Event horizon

This is the radius around a singularity where matter and energ)
cannot escape the black hole’s gravity: the point ofno return. 38
This is the “black” part of the black hole. \

Photon sphere

Although the black hole itself is dark, photons are emitted from nearby

hot plasma in jets or an accretion disc (see below). In the absence of g@vity.

these photons would travel in straight lines, but just outside the event horizon

of a black hole, gravity is strong enough to bend their paths so that we see

a bright ring surrounding a roughly circular dark “shadow’, \

The Event Horizon Telescope is hoping to see both the ring and the "shadow”, O\ \

Relativistic jets

When a black hole feeds on stars, gas or dust, the meal produces jets of p}n’cles \‘

and radiation blasting out from the black hole’s poles at near light speed. :
They can extend for thousands of light-years into space. The GMVA will study how these jets form

Innermost stable orbit

The inner edge of an accretion disc is the last place that material can
orbit safely without the risk of falling past the point of no retumn.

Accretion disc

A disc of superheated gas and dust whirls around a black hole at immense speeds,

producing electromagnetic radiation (X-rays, optical, infrared and radio) that reveal the

black hole's location. Some of this material is doomed to cross the event horizon, while other parts
may be forced out to create jets.

Relativistic Jet —\

Event horizon

-Sinqularit
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Sgr A* possui um raio de 1.000.000 km e esta localizado a d ~ 10!7 km;

Isso da uma razao r/d = |0-!l, equivalente a enxergar uma laranja na superficie da lua.

Limitacoes de Telescopios

Comprimento de onda

Tamanho do objeto =~
: Tamanho do telescopio
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The Event Horizon Telescope

Measurements
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Reconstructing an Image

Measurements

Infinite Number
of Possibilities



RECONSTRUCAO DA IMAGEM

Um algoritmo foi construido para reconstruir a imagem mais provavel a partir dos dados;
O programa age como um desenhista de retrato falado;

Varias imagens podem ser produzidas e classificadas entre mais provaveis e menos
provaveis;
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Um algoritmo foi construido para reconstruir a imagem mais provavel a partir dos dados;
O programa age como um desenhista de retrato falado;

Varias imagens podem ser produzidas e classificadas entre mais provaveis e menos
provaveis;

Mas como saber o que € mais parecido com a realidade se nunca vimos
um buraco negro?



RECONSTRUCAO DA IMAGEM

Results from Different “Puzzle Pieces”

Black Hole Astronomical Everyday
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Varios outros algoritmos de reconstrucao de
imagem foram utilizados;

4 times trabalharam individualmente, sem
nenhum contato, por / semanas;

O resultado final consiste de uma media das
imagens obtidas por cada time.
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Varios outros algoritmos de reconstrucao de
imagem foram utilizados;

4 times trabalharam individualmente, sem
nenhum contato, por / semanas;

O resultado final consiste de uma media das
imagens obtidas por cada time.

Aproximadamente 6 bilhoes de massas solares,

raio de 10!0 km e cerca de 50 milhoes de anos-
luz.

Mais um passo na evolucao do
conhecimento cientifico.
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