Virtual Reality Experience

VRisan;almost perfect.avenue for this approach; since it’has been surging in.popularity
as both-entertainment.and an.educational tog29]

Using MAGIC telescopes.and NASA's Fermi-spacecraft; aninternational team of
astronomers’'has/discovered -a new source of very: high engammaray emission
around the supernovaremnant.(SNR) G24.7+0.6./[28]

In 1973,/Russian physicist/A.B..Migdal predicted the phenomenon of pion-condensation
above a critical cextremely high several times; higher/than'that for normal matter
nuclear density/ [27]

Owir first glimpses ind the physics/that exist-near the center.of a black-hole are being
made possible using loop quantum gravity'a theory that uses gquantum:mechanics to
extend. gravitational physics beyond Einstein's-theory of general relativity. [26]

In the shadowy regions of black hadwo fundamental theories describing our.world
collide. Can theserproblems be resolved and do/black:holes really exist?.First; we may
have tossee onerand scientists-are/trying to;do just. tfi5s)

The authors:suggest that this virtual-reality simulation could be-useful for
studying HYRPERLINK/'https://phys.org/tags/black+holes/" black hole§24]

Every galaxy is/thought to harbor a:supermassive black-hole’in the centeruoleus, of
the galaxy,-and in active galaxies this black hole:is fed by/infalling/matter; [23]

A new:study by researchers atthe University of Colorado/Boulder finds:that:violent
crashes:may be:more effective at activating: black holes than more peaceful mergers. [22]

For the first ime, @ team of astronomers has observed:several pairs:of galaxies in the
final stages of:merging together.into single; larger galaxies! [21]

In a cluster.of;some /of the most: massive’and luminbMPERLINK
"https://phys.org/tags/stars/" starsn our galaxy, about 5,000 light years from Earth,
astronomers detected particles being accelerated by a rapidly rotating-neutron:star. as
it passed by thermassive stait iorbits only once every 50 years. [20]

Fortheffirst time-astronomers-have detected gravitational waves from amerged;-hygpssive
neutron star. [19]



A group-of:scientists from the Niels:Bohr: Institute (NBI) :at the University of Copenhagen
will soon start developing a new:line’ ¢échnical equipment in orderto' dramatically
improve gravitational wave detectors./[18]

A global team of scientists, including two University of Mississippi physicists, has found
that the same instruments used in the historic discovery of gravitational wsawaused

by colliding black holes could help unlock the secrets of dark matter, a mysterious and
asyet-unobserved component of the universe. [17]
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By reproducing the complexity of the cosmos through unprecedented simulations, a new
study highlights the importance of the possible behaviour of very hagtergy photons.

In their journey through intergalactic magnetic fields, such photons could be

transformed into axions and thus avoid being absorbed. [15]

Scientists have detected a mysteriousay signal that could be caused by dark matter
OOOAATETC 1TO0 T /&£ 100 30180 Al OAs

Hidden photons are predicted in some extensions of the Standard Model of particle
physics, and unlike WIMPs they would interact electromagnetically with normal matter.

In particle physics and astrophysics, weakly interacting massive particles, or WIMBEs, a
among the leading hypothetical particle physics candidates for dark matter.

The gravitational force attracting the matter, causing concentration of the matter in a
small space and leaving much space with low matter concentration: dark matter and
energy.

There is an asymmetry between the mass of the electric charges, for example proton and
electron, can understood by the asymmetrical Planck Distribution Law. This

temperature dependent energy distribution is asymmetric around the maximum

intensity, whee the annihilation of matter and antimatter is a high probability event.

The asymmetric sides are creating different frequencies of electromagnetic radiations
being in the same intensity level and compensating each other. One of these
compensating ratioss the electrory proton mass ratio. The lower energy side has no
compensating intensity level, it is the dark energy and the corresponding matter is the
dark matter.
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The Big Bang

The Big Bang caused acceleration created radial currents of the matter, and since the matter is
composed of negative and positive charges, these currents are creating magnetic field and
attracting forces between the parallel moving electric currents. iBtise gravitational force
experienced by the matter, and also the mass is result of the electromagnetic forces between the
charged patrticles. The positive and negative charged currents attracts each other or by the
magnetic forces or by the much strongsectrostatic forces!?



The gravitational force attracting the matter, causing concentration of the matter in a small space
and leaving much space with low matter concentration: dark matter and energy.

There is an asymmetry between the mass of the eledhiarges, for example proton and electron,
can understood by the asymmetrical Planck Distribution Law. This temperature dependent energy
distribution is asymmetric around the maximum intensity, where the annihilation of matter and
antimatter is a high proeability event. The asymmetric sides are creating different frequencies of
electromagnetic radiations being in the same intensity level and compensating each other. One of
these compensating ratios is the electrgproton mass ratio. The lower energy siaas no
compensating intensity level, it is the dark energy and the corresponding matter is the dark matter.

A virtual reality experience of being inside an exploded star

Cassiopeia A, the youngest known supernova remnant in the Milky Way, is the remains of a star
that exploded almost 400 years ago. The star was approximately 15 to 20 times the mass of our sun
and sat in the Cassiopeia constellation, almost 11,000igats from earth.

Though stunningly distant, it's now possible to step insigdetaal-reality (VR) depiction of what
followed that explosion.

A team led by Kimberly Kowal Arcand from the Han&mathsamian Center for Astrophysics (CfA)

and the Center for Computation and Visualization at Brown University has made it possible for
astronomers, astrophysicists, space enthusiasts, and the simply curious to experience what it's like
inside a dead star. Thedfforts are described in a recent paper in Communicating Astronomy with
the Public.

The VR project believed to be the first of its kind, usingay data from NASA's Chandraiay
Observatory mission (which is headquartered at CfA), infrared data froi8gheer Space
Telescope, and optical data from other telescopesids new layers of understanding to one of the
most famous and widely studied objects in the sky.

"Our universe is dynamic andC3 but we don't get that when we are constantly looking at ¢jsih
in two dimensions, said Arcand, the visualization lead at CfA.

The project builds on previous research done on Cas A, as it's commonly known, that first rendered
the dead star into a-® model using the-Kay and optical data from multiple telescopégcand

and her team used that data to convert the model into a VR experience by using MinVR and VTK,
two data visualization platforms. The coding work was primarily handled by Brown computer
science senior Elaine Jiang, aatthor on the paper.

The VR experience lets users walk inside a colorful digital rendering of the stellar explosion and
engage with parts of it while reading short captions identifying the materials they see.

"Astronomers have long studied supernova remnants to better undadséxactly how stars
produce and disseminate many of the elements observed on Earth and in the cosmos at large,"
Arcand said.


https://phys.org/tags/virtual+reality/

When stars explode, they expel all of their elements into the universe. In essence, they help create
the elements of life, from tl iron in our blood to the calcium in our bones. All of that, researchers
believe, comes from previous generations of explodeuts.

In the 3D model of Cas A, and now in the VR model, elements such aslicam, sind sulfur are
represented by different colors. Seeing it iD3hrows Cas A into fresh perspective, even for
longtime researchers and astronomers who build models of supernova explosions.

"The first time | ever walked inside the same data set thatve been staring at for 20 years, | just
immediately was fascinated by things | had never noticed, like how various bits of the iron were in
different locations," Arcand said. "The ability to look at something in three dimensions and being
immersed int just kind of opened up my eyes to think about it in different ways."

The VR platforms also opens understanding of the supernova remnant, which is the strongest radio
source beyond our solar system, to new audiences. VR versions of Cas A are avaitahledsiyfor

a VR cave (a specially made room in which the floors and walls are projection screens), as well as on
Oculus Rift, a VR computer platform. As part of this project, the team also created a version that
works with Google Cardboard or similar stpaone platforms. In a separate but related project,

Arcand and a team from CfA worked with the Smithsonian Learning Lab to create a bbawsdy
interactive, 3D application and 36@egree video of Cas A that works with Google Cardboard and
similar plaforms.

Wearing VR goggles Kim Arcand viewdar8presentation of the Cassiopeia A supernova remnant

at the YURT VR Cave at Brown. Credit: NASA/CXC/SAQO; NASA/CXREwlente career has

been looking at data and how we take data and make it accessible or visualize it in a way that adds
meaning tot that's still scientific," Arcand said


https://phys.org/tags/stars/
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VR is an almost perfect avenue for this approach, since it has been surging in popularity as both
entertainment and an educational tool. It has been used to help medical staff prepare for surgeries,
for example, andiideo game companies have used it to add excitement and immersion to popular
games.

Arcand hopes to make Cas A accessible to even more people, such as the visually impaired, by
adding sound elements to the colors in the model.

Reaction to the VR experiemtas been overwhelmingly positive, Arcand said. Experts and non
experts alike are hit by what Arcand calls "awe moments" of being inside and learning about
something so massive and far away.

"Who doesn't want to walk inside a dead star?" Arcand §a@].

New source of very high energy gamma -ray emission detected in the

neighborhood of the supernova remnant G24.7+0.6

Using MAGIC telescopes and NASArmi spacecraft, an international team of astronomers has
discovered a new source of very high energy gamayeemission around the supernova remnant
(SNR) G24.7+0.6. The detection of the new source, designated MAGIQO&EBB3S detailed in a
paper piblished December 12 on the arXiv gpant server.

Supernova remnants are basically leftovers of massive stars that ended their lives in huge
explosions called supernovae. Astronomers generally distinguish three types of SNRs, one of which
is the compositeSNR these having rapidly expanding shells from the supernova blast wave
accompanied by wind nebulae powered by young pulsars formed in the explosions.

Observations show that composite SNRs are known to accelerate particles to very high energies
(VHE), upo hundreds of TeV or beyond, in their expanding shocks or the relativistic wind
surrounding the energetic pulsar. Therefore, such objects are excellent targets for observations
focused on finding new sources of Vét&ission.

Located about 16,300 light years away, SNR G24.7+0.6 is an example of sagédid{around

9,500 years old) radio and gamsay composite SNR. A group of astronomers have carried out a

study of this remnant using the MAGIC (Major AtmasjdhiGamma Imaging Cherenkov

Telescopes) system at the Roque de los Muchachos Observatory in the Canary Islands and the Large
Area Telescope (LAT) onboard NASA's Fermi Gaayr&pace Telescope.

Data provided by these telescopes allowed the team to idgmati¥/HE emission from an extended
source located 0.34 degrees away from the center of G24.7+0.6, which received designation MAGIC
J183%069.

"In this paper, we study the interesting region centered around SNR G24.7+0.6 withLASFrim

the energyrange between 60 MeV and 500 GeV. We also explore with the MAGIC telescopes the
region around it to investigate the spectral behavior above 150 GeV in order to constrain the
emission region observed by FerbAT around the SNR," the researchers wrote englaper.


https://phys.org/tags/emission/

The emission from MAGIC J18869 was found at energies above 150 GeV and has been detected
up to 5 TeV. The spectrum of this source iswagresented by a powelaw function with spectral
index of 2.74.

The emission from MAGIC J18869 also ha a projected size of approximately Bt years and
showcases an extended morphology. The newly found source lies between two known extended
sources detected above 10 GeV by Fdriil, namely FGES J1886652 and the FGES J1834.1
0706.

The origin of VHE gamnnay emission from MAGIC J18859 remains uncertain due to the
complexity of the neighboring region of G24.7+0.6. However, the authors of the paper suggest that
it could be explained by cosmic sagccelerated within the remnant interacting weoton-proton
collisions with the carbon monoxideich surrounding medium.

"The detected gammaeay emission can be interpreted as the resultpmton-proton interaction
between the supernova and the @@h surrounding," the researchers concludgzB]

New insights into pion condensation and the formation of neutron stars

In 1973, Russian physicist A.B. Migdal predicted the phenomenon of@iaiensation above a
critical, extremely high several times higher than that for normal mattemuclear density.

Although this condensation has never been observed, it is expected to play a key role in the rapid
cooling process of the core of neutron staffiese citysize heavy stellar objects are so dense that
on Earth, one teaspoonful would weigh a billion tons.

Recently, researchers from the RIKEN Nishina Center for AcceiBaged Science and Kyushu
University, performing an experiment at the RIKE®&am Factory on a vengutron-rich tin

isotope, investigated whether this process could really occur in neutron stars having the mass of
about 1.4 times that of our sun. Similar investigations were condlpteviously orstable

isotopes, such as 90Zr or 208Pb, but this time the researchers decided to study the case of 132Sn,
an isotope of tin. This doubly magic unstable nucleus has a fairly simplaustrtltat makes the
theoretical calculations easily compared to otligstopes with similar mass. Furthermore, 132Sn

with its large neutron excess (it consists of 50 protons and 82 neutrons) provides l@ithtiens

than the stable isotopes for extending this study toward the pure neutron matter iméugron

stars.

A secondary cocktail beam containing 132Sn was produced by profeagieentation of a

uranium primary beam colliding with thick a beryllium target. Then, a liquid hydrogen target was
irradiated with 132Sn. Resulting in the collective excitation of the neutrons and protons of the tin
nuclei, with the neutron spin and protospin oscillating out of phase. This excitation mode, called
"giant resonance," is suitable for studying the sh@mge interactions that, while being crucial in
the onset of piorcondensation, are comgex and extremely difficult to measure.

According to Masaki Sasano from RIKEN Nishina Center, who is one of the first authors of this study,
their result, which was published in tlihysical Review Lettgmirnal, shows that the pion

condensation shouldazur at around two times normal nuclear density, which can be realized in a
neutron star with a mass of 1.4 times that of the sun. Sasano said that in order to understand the
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possibility of the pion condensation fully, they plan to extend these uniquaedtiuaf giant
resonances to other neutrarich nuclei that are far beyond the stability line, having large neutron
proton asymmetry[27]

Beyond the black hole singularity

Our first glimpses into the physics that exist near the center of a black holkearg made possible
using "loop quantum gravity" a theory that uses quantum mechanics to extend gravitational
physics beyond Einstein's theory of general relativity. Loop quantum gravity, originated at Penn
State and subsequently developed by a large nuntbescientists worldwide, is opening up a new
paradigm in modern physics. The theory has emerged as a leading candidate to analyze extreme
cosmological and astrophysical phenomena in parts of the universe, like black holes, where the
equations of generaklativity cease to be useful.

Previous work in loop quantum gravity that was highly influential in the field analyzed the quantum
nature of the Big Bang, and now two new papers by Abhay Ashtekar and Javier Olmedo at Penn
State and Parampreet Singh at lssaina State University extend those results to black hole

interiors. The papers appear as "Editors' suggestions” in the jouphgisical Review Letteasd

Physical Review on December 10, 2018 and were also highlighted in a Viewpoint article in the
journd Physics

"The best theory of gravity that we have today&neral relativity, but it has limitations," said
Ashtekar, Evan Pugh Professor of Physics, holder of the Eberly Family Chair ingPtolydiosgtor

of the Penn State Institute for Gravitation and the Cosmos. "For example, geslatality predicts
that there are places in the universe where gravity becomes infinitesaade-time simply ends.

We refer to these places as 'singularities.' But even Einstein agreed that this limitation of general
relativity results from the fact that it ignoregguantum mechanics."

At the center of a black hole the gravity is so strong that, according to general relativity;tspace
becomes so extremely curved that ultimately the curvature becomes infinite. This results iR space
time having a jagged edgbeyond whiclphysics no longer exists the singularity. Another

example of a singularity is the Big Bang. Asking what happened before the Big Bang is a
meaningless question in general relativity, becausesgiane ends, and there is no before. But
modifications to Einstein's equations that incorporated quantum mechanics through loop quantum
gravity allowed researchers to extend physics beyond the Big Bang and make new predictions. The
two recent papers havaccomplished the same thing for the black hole singularity.

"The basis of loop quantum gravity is Einstein's discovery that the geometry oftap&cis not

just a stage on which cosmological events are acted out, but it is itself a physical entitsritz ¢
bent," said Ashtekar. "As a physical entity the geometry of sgiaoe is made up of some

fundamental units, just as matter is made up of atoms. These units of geameditied 'quantum
excitationst are orders of magnitude smaller than we can deteithwoday's technology, but we

have precise quantum equations that predict their behavior, and one of the best places to look for
their effects is at the center of a black hole." According to general relativity, at the center of a black
hole gravity becomg infinite so everything that goes in, including the information needed for
physical calculations, is lost. This leads to the celebrated ‘information paradox' that theoretical
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physicists have been grappling with for over 40 years. However, the quantuattons of loop
guantum gravity allow for a repulsive force that can overwhelm even the strongest pull of
classicafravity and therefore physics can continue to exist. This opens an avenue to show in detalil
that there is no loss of information at the center of a blackhole, which the researchers are now
pursuing.

Interestingly, even thougloop quantum gravity continues to work where general relativibyeaks
downt black hole singularities, the Big Banigs predictions match those of general relativity quite
precisely under less extreme circumstances away from the singularity. "It is hightgiviahto

achieve both," said Singh, associate profess@hgfics at Louisiana State. "Indeed, a number of
investigators have explored the quantum nature of the black hole singularity over the past decade,
but either the singularity prevailed or the mechanisms that resolved it unleashed unnatural effects.
Our nav work is free of all such limitationg26]

Will we ever see a black hole?

In the shadowy regions of black holes two fundamental theories describing our world collide. Can
these problems be resolved and do black holes really exist? First, we may fs@eedone and
scientists are trying to do just this.

Of all the forces in physics there is one that we still do not understand at all: Gravity.

Gravity is where fundamental physics and astronomy meet, and where the two most fundamental
theories describing ar worldt quantum theory and Einstein's theory of spacetime and gravity
(aka. the theory of general relativitg)clash head on.

The two theories are seemingly incompatible. And for the most part this isn't a problem. They both
live in distinct worlds, wher quantum physics describes the very small, and general relativity
describes the very largest scales.

Only when you get to very small scales and extreme gravity, do the two theories collide, and
somehow, one of them gets it wrong. At least in theory.

But there is once place in the universe where we could actually witness this problem occurring in
real life and perhaps even solve it: the edge of a black hole. Here, we find the most extreme gravity.
There's just one issuenobody has ever actually 'seemblack hole.

So, what is a black hole?
Imagine that the entire drama of the physical world unfolds in the theatre of spacetime, but gravity
is the only 'force' that actually modifies the theatre in which it plays.

The force of gravity rules the univerdaut it may not even be a force in the traditional sense.
Einstein described it as a consequence of the deformation of spacetime. And perhaps it simply does
not fit the standard model of particle physics.

When a very big star explodes at the end of fitiline, its innermost part will collapse under its
own gravity, since there is no longer enough fuel to sustain the pressure working against the force
of gravity (yes, gravity feels like a force after all, doesn't it!).
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The matter collapses and no forcenature is known to be able to stop that collapse, ever.

In an infinite time, the star will have collapsed into an infinitely small point: a singutasityo give
it another name, a black hole.

Of course, in a finite time the stellar core will haveamdied into something of a finite size and this
would still be a huge amount of mass in an insanely small region and it still is called a black hole!

Black holes do not suck in everything around them
Interestingly, it is not true that a black hole will intably draw everything in.

In fact, whether you are orbiting a star or a black hole that formed from a star, it does not make a
difference, so long as the mass is the same. The good old centrifugal force and your angular
momentum will keep you safe and gtgyou from falling in.

Only when you fire your giant rocket thrusters to brake your rotation, will you start falling inwards.

However, once you fall towards a black hole you will be accelerated to higher and higher speeds,
until you eventually reach the spd of light.

L
:'.

 (pnas)

Simulated image as predicted for the supermassive black in the galaxy M87 at the frequencies
observed with the Event Horizon Telescope (230 GHz). Credit: Moscibrodzka, Falcke, Shiokawa,
Astronomy & Astrophysics, V. 586, p. 15, 20&produced with permission © ESO
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Why are quantum theory and general relativity incompatible?
At this point everything goes wrong as, according to general relativity, nothing should move faster
than the speed of light.

Light is the substrate used in the quam world to exchange forces and to transport information in
the macro world. Light determines how fast you can connect cause and consequences.

If you go faster than light, you could see events and change things before they happen. This has two
consequenes:

At the point where you reach the speed of light while falling inwards, you would also need to fly out
at the speed of light to escape that point, which seems impossible. Hence, conventional physical
wisdom will tell you that nothing can escape a black hole, once it has passed that point, which we
call the 'event horizon."

It also means that suddenly basic principles of quantum information presenvate brutally
violated¢ conserved quantum quantities can simply disappear behind a wall of silence.

Whether that is true and whether and how the theory of gravity (or of quantum physics) needs to
be modified is a question of intense debate among pligtsicand none of us can say which way the
argument will lead in the end.

Do black holes even exist?
Of course, all this excitement would only be justified, if black holes really existed in this universe.
So, do they?

In the last century strong evidencesmounted that certain binary stars with intenseay
emissions are in fact stars collapsed into black holes.

Moreover, in the centres of galaxies we often find evidence for huge, dark concentrations of mass.
These might be supermassive versions of bla&s, possibly formed through the merger of many
stars and gas clouds that have sunk into the centre of a galaxy.

The evidence is convincing, but circumstantial. At lgastitational waves havelet us 'hear' the
merger of black holes, but the signature of the event horizon is still elusive and so far, we have
never actually 'seen’ a black hajehey simply tend to be too small and too far and, in most cases,
yes, black...

So, what would a black hole actually look like?
If you could look straight into a black hole you would see the darkest dark, you can imagine.

But, the immediate surroundings of a black hole could be bright as gasses spiral iggtave=d
down by the drag of magnetftelds they carry along.

Due to the magnetic friction the gas will heat up to enormous temperatures of up to several tens of
billion degrees and start to radiate tight and Xrays.
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Ultra-hot electrons interacting with the magnetic field in the gas wéttsproducing intense radio
emission. Thus, black holes can glow and could be surrounded by a ring of fire that radiates at many
different wavelengths.

A ring of fire with a dark, dark centre
In their very centre, however, the event horizon still lurksl ¢ike a bird of prey it catches every
photon that gets too close.

Radio images of the jet in the radio galaxy M8bserved at lower resolution. The left frame is
roughly 250,000 light years across. Magnetic fields threading the supermassive blaclehdl&o
the formation of a highly collimated jemore

Since space is bent by the enormous mass of a black hole, light paths will also be bent and even
form into almost concentric circles arod the black hole, like serpentines around a deep valley.
This effect of circling light was calculated already in 1916 by the famous Mathematician David
Hilbert only a few months after Albert Einstein finalised his theory of general relativity.

After orbiting the black hole multiple times, some of the light rays might escape while others will
end up in the event horizon. Along this complicated light path, you can literally look into the black
hole. The nothingness you see is the event horizon.

If you were b take a photo of a black hole, what you would see would be akin to a dark shadow in
the middle of a glowing fog of light. Hence, we called this feature the shadow of a black hole .

Interestingly, the shadow appears larger than you might expect by simldlyg the diameter of
the event horizon. The reason is simply, that the black hole acts as a giant lens, amplifying itself.

Surrounding the shadow will be a thin '‘photon ring' due to light circling the black hole almost
forever. Further out, you would sewore rings of light that arise from near the event horizon, but
tend to be concentrated around the black hole shadow due to the lensing effect.
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Fantasy or reality?
Is this pure fantasy that can only be simulated in a computer? Or can it actually be geactice?
The answer is that it probably can.

There are two relatively nearby supermassive black holes in the universe which are so large and
close, that their shadows could be resolved with modern technology.

These are the black holes in the center of own Milky Way at a distance of 26,000 lightyears with
a mass of 4 million times the mass of the sun, and the black hole in the giant elliptical galaxy M87
(Messier 87) with a mass of 3 to 6 billion solar masses.

M87 is a thousand times further away, kalso a thousand times more massive and a thousand
times larger, so that both objects are expected to have roughly the same shadow diameter
projected onto the sky.

Like seeing a grain of mustard in New York from Europe

Coincidentally, simple theories of ration also predict that for both objects the emission

generated near the event horizon would be emitted at the same radio frequencies of 230 GHz and
above.

Most of us come across these frequencies only when we have to pass through a modern airport
scannerbut some black holes are continuously bathed in them.

The radiation has a very short wavelength of about one millimetre and is easily absorbed by water.
For a telescope to observe cosmic millimetre waves it will therefore have to be placed high up, on a
dry mountain, to avoid absorption of the radiation in the Earth's troposphere.

Effectively, you need a millimeti@ave telescope that can see an object the size of a mustard seed
in New York from as far away as Nijmegen in the Netherlands. That is a peestttousand times
sharper than the Hubble Space Telescope and for millimetees this requires a telescope the

size of the Atlantic Ocean or larger.

A virtual Earth -sized telescope

Fortunately, we do not need to cover the Earth with a single radig thistwe can build a
virtual telescope with the same resolution by combining data from telescopes on different
mountains across the Earth.

The technique is called Earth rotation synthesis and very longibaseterferometry (VLBI). The
idea is old and has been tested for decades already, but it is only now possible at high radio
frequencies.
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Layout of the Event Horizon Telescope connecting radio telescopes around the world (JCMT & SMA
in Hawaii, AMTO iArizona, LMT in Mexico, ALMA &APEX in Chile, SPT on the South Pole, IRAM
30m in Spain). The red lines are to a propoXetbre

The first successful experiments have already shown that eventmosizuctures can be probed at
these frequencies. Now higbandwidth digital equipment and large telescopes are available to do
this experiment on a large scale.

Work is already underway

| am one of the three Principal Investigators of the BlackHoleCajagbr&lackHoleCam is an-EU
funded project to finally image, measure and understand astrophysical black holes. Our European
project is part of a global collaboration known as the Event Horizon Telescope conspeium
collaboration of over 200 scientistom Europe, the Americas, Asia, and Africa. Together we want
to take the first picture of a black hole.

In April 2017 we observed the Galactic Center and M87 with eight telescopes on six different
mountains in Spain, Arizona, Hawaii, Mexico, Chile, an&tugh Pole.

All telescopes were equipped with precise atomic clocks to accurately synchronise their data. We
recorded multiple petabytes of raw data, thanks to surprisingly good weather conditions around
the globe at the time.
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