Simulating the Early Universe

The Big/Bang has captured ourimagination:like no-other-theory.in-science: the
magnificent, explosive birth of our Universg6]

Scientists from the /Niels Bohr Institute, University .of  Copenhagen, and their.colleagues
from the international ALICE collaborationremtly collided xenom nucleiinithe
superconducting Large /Hadron Collider in-order to gaininew insights into the;properties
of the quarkgluon plasma (QGP)25]

OnOctober 16,201 7anrinternational group of astronomers’and:physicists excitedly
reported the first simultaneous detection of light.and gravitational waves from the:same
source>-a mergerof two neutron stars.’[24]

Researchers at Oregon State Universigvie confirmed that last fall's; union of two
neutron stars.did in fact cause a short:gamnnay burst.[23]

Quark matterz an extremely.dense/phasé matter made: up of subatemic particles
called quarksz may exist at the:heart of neutron stars. [22]

Whenamassiveastrophysical object; such:as a boson star.or black hole; rotates, it can
cause' the surrounding spacetime torotate along with it due'to the effecrarie
dragging. [21]

Rotating black/holes and.computers that use.quanttmechanical phenomenato:process
information are topics/that'have fascinated science lovers for.decades; but eventhe most
innovative thinkers rarely, put them togethef20]

If someone were toventure into.one of these relatively benign black:-holes, they could
survive,'but their pastiwould be/obliterated and they:could have aninfinite :number of
possible futures. [19]

The group explains their theory in a paper published in the journal Physical Review
Letters? it involves the ideaof primordial black holes (PBHSs) infesting the centers of
neutron stars and eating them from the inside out. [18]
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and extraordinary things can happen, and these extrdmary possibilities are the focus
of a new paper in the American Physical Society journal Physical Review Letters. [17]

Astronomers have constructed the first map of the universe based on the positions of
supermassive black holes, which reveals the &sgale structure of the universe. [16]



Astronomers want to record an image of the heart of our galaxy for the first time: a
global collaboration of radio dishes is to take a detailed look at the black hole which is
assumed to be located there. [15]

A team of researchers from around the world is getting ready to create what might be
the first image of a black hole. [14]

"There seems to be a mysterious link between the amount of dark matter a galaxy holds
and the size of its central black hole, even thbutye two operate on vastly different
scales," said Akos Bogdan of the HarvéBchithsonian Center for Astrophysics (CfA). [13]

If dark matter comes in both matter and antimatter varieties, it might accumulate inside
dense stars to create black holes. [12]

For a long time, there were two main theories related to how our universe would end.

These were the Big Freeze and the Big Crunch. In short, the Big Crunch claimed that the
universe would eventually stop expanding and collapse in on itself. This collapséd
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claimed that the universe would continue expanding forever, urtiétcosmos becomes a

frozen wasteland. This theory asserts that stars will get farther and farther apart, burn

out, and (since there are no more stars bring born) the universe will grown entirely cold

and eternally black. [11]
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Newly published research reaés that dark matter is being swallowed up by dark
energy, offering novel insight into the nature of dark matter and dark energy and what
the future of our Universe might be. [10]

The gravitational force attracting the matter, causing concentration of tmeatter 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 Distributicenwv. This temperature
dependent energy distribution is asymmetric around the maximum intensity, where the
annihilation of matter and antimatter is a high probability event. The asymmetric sides
are creating different frequencies of electromagnetic radiatis being in the same

intensity level and compensating each other. One of these compensating ratios is the
electronz proton mass ratio. The lower energy side has no compensating intensity level,
it is the dark energy and the corresponding matter is therdanatter.
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Researchers reveal the story of the oldest stars and galaxies, compiled

from 20 years of simulating the early univers e
The Big Bang has captured our imagination like no other theory in science: the magnificent,
explosive birth of our Universe. But do you know what came next?

Around 100 million years of darkness.

When the cosmos eventually lit up its very first stars, tiveye bigger and brighter than any that

have followed. They shone with UV light so intense, it turned the surrounding atoms into ions. The
Cosmic Dawn from the first star to the completion of this ‘cosmic reionization’, lasted roughly one
billion years.

"Where did these stars come from? And how did they become the gataitiesUniverse teeming
with radiation and plasmathat we see today? These are our driving questions,” says Professor
Michael Norman, Director of the San Diego Supercomputer Center andlgiadr of a new review
published inFrontiers in Astronomy and Space Sciences

The Universe in a Box
Researchers like Professor Norman solve mathematical equations in a/ctiAC universe.

"We have spent over 20 years using and refining this software, to better understand the Cosmic
Dawn."

To start, code was created which allowed formation of the first stars intihesrse to be

modeled. Thesequations describe the movement and chemical reactions inside gas clouds in a
universe before light, and the immengeavitational pull of a much larger but invisible mass of
mysteriousdark matter.

"These clouds of pure hydrogen and helium collapsed under gravity to ignite single, massive stars
hundreds of times heavier than our Sun," explains Norman.

The very first heavy elements formed in the ggarecooker cores of the first stars: just a smidgen
of lithium and beryllium. But with the death of these shbvied giants collapsing and exploding
into dazzling supernovaemetals as heavy as iron were created in abundance and sprayed into
space.
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Equatons were added to the virtual Universe to model enrichment of gas clouds with these newly
formed metals which drove formation of a new type of star.

"The transition was rapid: within 30 million years, virtually all new stars were raatathed."

This igdespite the fact that chemical enrichment was local and slow, leaving more than 80% of the
virtual Universe metalree by the end of the simulation.

"Formation of metaffree giant stars did not stop entiralysmall galaxies of these stars should exist
wherethere is enough dark matter to cool pristine clouds of hydrogen and helium.

"But without this huge gravitational pull, the intense radiation from existing stars heats gas clouds
and tears apart their molecules. So in most cases, the Hiietalgas collapess entirely to form a
single, supermassive black hole."

From stars to galaxies
"The new generations of stars that formed in galaxies are smaller and far more numerous, because
of the chemical reactions made possible with metals,” Norman observes.

The incrased number of reactions as clouds allowed them to fragment and form multiple
stars via 'metal line cooling': tracts of decreased gas density, where combining elements gain room
to radiate their energynto space instead of each other.

At this stage we have the first objects in the universe that can rightfully be called galaxies: a
combination of dark matter, metanriched gas, and stars.

"The first galaxies are smaller than expected because intensati@dfrom young, massive stars
drives dense gas away from sfarming regions.

"In turn, radiation from the very smallest galaxies contributed significantly to cosmic reionization."

These hardo-detect but numerougyalaxies can therefore account for the predicted end date of
the Cosmic Dawni.e., when cosmic reionization was complete.

Thinking outside the box

Norman and colleagues explain how some groups are overcoming computing limitations in these
numerical simulations by importing their readyade results, or by simplifying parts of a model less
relevant to the outcomes of interest.

"These semanalytical méhods have been used to more accurately determine how long massive
metakHree early stars were being created, how many should still be observable, and the
contribution of these as well as black holes and me&adrichedstarst to cosmic reionization."

The authors also highlight areas of uncertainty that will drive a new generation of simulations, using
new codes, on future higherformance computing platforms.

"These will help us to understand the role of magnéatds, Xrays and space dust in gas cooling,
and the identity and behavior of the mysterious dark matter that drives star format[@g]"
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The state of the early universe: The beginning was fluid

Scientists from the Niels Bohr Institute, University of Copenhagen, and their colleagues from the
international ALICE collaboration recently collided xenon nuclei isdperconducting Large

Hadron Collider in order to gain new insights into the properties of the gglagn plasma (QGP).

The QGP is a special state consisting of quarks and the gluons that bind the quarks together. The
results were published iRhysics L&trs B

The researchers replaced the lead ions usually used for collisions with xenon ions. Xenon is a
smaller atom with fewer nucleons in its nucleus. When colliding ions, scientists create a fireball that
recreates the initial conditions of the univeraetemperatures in excess of several thousand billion
degrees. In contrast to the universe, the lifetime of the droplets of QGP produced in the laboratory
is ultrashort, a fraction of a second (about3{seconds). Under these conditions, the density of
quarks and gluons is very high, and a special state of matter forms in which quarks and gluons are
guastfree, in the strongly interacting QGP state. The experiments reveal that in the instant before
atoms formed in the universe, primordial matter behavie a liquid that can be described in

terms of hydrodynamics.

"One of the challenges we are facing is thatyéavy ion collisions, only the information of the

final state of the manyarticles which are detected by the experiments are directly availaldet

we want to know what happened in the beginning of twlision and first few moments

afterward," says You Zhou, postdoc in the research group Experimental Subatomic Physics at the
Niels Bohr Institute. "We have developed new and powerful tools to investigate the properties of
the small droplet of QGP that we created in the experiments."”

The reseechers studied the spatial distribution of the many thousands of particles that emerged
from the collisions when the quarks and gluons were trapped into the particles that the universe
consists of today. This reflects not only the initial geometry of tiilisoon, but is sensitive to the
properties of the QGP. It can be viewed as a hydrodynamical flow. "The transport properties of
the quark-gluon plasma will determinghe final shape of the cloud of produced particles after the
collision, so this is our way of approaching the moment of QGP creation itself,” You Zhou says.

The degree of anisotropic particle distributiorthe fact that there are more particles in certain
directiong reflects three main pieces of information: The first is the initial geometry of the

collision. The second is the conditions prevailing inside the colliding nucleons. The third is the shear
viscosity of thequark-gluon plasma itself. Shear viscosity expresses the liquid's resistance to flow,

a key physical property of the matter created. "It is one of the most important parameters to define
the properties of theguark-gluon plasma," You Zhou explains, " because it tells us how strongly

the gluons bind the quarks together."

"With the new xenon collisions, we have put very tight constraints on the theoretical models that
describe the otcome. No matter the initial conditions, lead or xenon, the theory must be able to
describe them simultaneously. If certain properties of the viscosity of the quark gluon plasma are
claimed, the model has to describe both sets of data at the same timgs"™6au Zhou. The
possibilities of gaining more insight into the actual properties of the "primordial soup" are thus
enhanced significantly with the new experiments. The team plans to collide other nuclear systems
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to further constrain the physics, but thigll require significant development of new LHC beams.
[25]

All in the family: Kin of gravitational wave source discovered

On October 16, 2017, an international group of astronomers and physicists excitedly reported the
first simultaneous detection of ligg and gravitational waves from the same sourcee merger of

two neutron stars. Now, a team that includes several University of Maryland astronomers has
identified a direct relative of that historic event.

The newly described object, named GRB150101B, eymsted as aygamma-ray burst localized by
NASA's Neil Gehrels Swift Observatory in 2015. Falfpabservations by NASA's Chandiax
Observatory, the Hubble Space Telescope (HST) and the DischaanelTelescope (DCT) suggest
that GRB150101B shares remarkable similarities with the neutron star merger, named GW170817,
discovered by the Laser Interferometer Gravitationalve Observatory (LIGO) and observed by
multiple lightgathering telescopes i2017.

A new study suggests that these two separate objects may, in fact, be directly related. The results
were published on October 16, 2018 in the jourNature Communications

"It's a big step to go from one detected object to two," said study leati@uEleonora Troja, an
associate research scientist in tid1D Department of Astronomyith a joint appointment at
NASA's Goddard Space Flight Center. "Our discovery tells us that events like GW170817 and
GRB150101B could represent a whole new class @tiagiobjects that turn on and affand

might actually be relatively common."

Troja and her colleagues suspect that both GRB150101B and GW170817 were produced by the
same type of event: a merger of twutron stars. These catastrophic coalescences each
generated a narrow jet, or beam, of higimergy particles. The jets each produced a short, intense
gammaray burst (GRB)a powerful flash that lasts only a few seconds. GW170817 also created
ripples in spae-time calledgravitational waves, suggesting that this might be a common feature
of neutron star mergers.

The apparent match between GRB150101B and GW170817 is striking: both produced an unusually
faint and shortlived gamma ray burst and both were a source of bright, blue optical light and long
lasting Xray emission. The host galaxies are also remarkably similar, based on HST and DCT
observations. Both are bright elliptical galaxies with a pajareof stars a few billion years old that
display no evidence of new star formation.

"We have a case of cosmic leakkes," said study eauthor Geoffrey Ryan, a postdoctoral
researcher in the UMD Department of Astronomy and a fellow of the Joint SgEeace Institute.
"They look the same, act the same and come from similar neighborhoods, so the simplest
explanation is that they are from the same family of objects."

In the cases of both GRB150101B and GW170817, the explosion was likely vievesds"dffat is,
with the jet not pointing directly towards Earth. So far, these events are the only twaxiffshort
GRBs that astronomers have identified.
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The optical emission from GRB150101B is largely in the blue portion of the spectrum, providing an
important clue that this event is another kilonova, as seen in GW170817. A kilonova is a luminous
flash of radioactive light that produces large quantities of important elements like silver, gold,
platinum and uranium.

While there are many commonalities been GRB150101B and GW170817, there are two very
important differences. One is their location: GW170817 is relatively close, at about 130 million light
years from Earth, while GRB150101B lies about 1.7 billion light years away.

The second important differexe is that, unlike GW170817, gravitational wave data does not exist
for GRB150101B. Without this information, the team cannot calculate the masses of the two
objects that merged. It is possible that the event resulted from the merger of a black hole and a
neutron star, rather than two neutron stars.

"Surely it's only a matter of time before another event like GW170817 will provide both

gravitational wave data and electromagnetic imagery. If the next such observation reveals a merger
between a neutron starrad a black hole, that would be truly groundbreaking," said studsigbor
Alexander Kutyrev, an associate research scientist in the UMD Department of Astronomy with a
joint appointment at NASA's Goddard Space Flight Center. "Our latest observations give u
renewed hope that we'll see such an event before too long."

It is possible that a few mergers like the ones seen in GW170817 and GRB150101B have been
detected previously, but were not properly identified using complementary observations in
different wavdengths of light, according to the researchers. Without such detectiongarticular,

at longer wavelengths such asags or optical light it is very difficult to determine the precise
location of events that produce gamnnay bursts.

In the case of GRB0101B, astronomers first thought that the event might coincide with -aayX
source detected by Swift in the center of the galaxy. The most likely explanation for such a source
would be a supermassive black hole devouring gas and dust. However -figlobservations with
Chandra placed the event further away from the center of the host galaxy.

According to the researchers, even if LIGO had been operational in early 2015, it would very likely
not have detected gravitational waves from GRB150101B becdubke event's greater distance

from Earth. All the same, every new event observed with both LIGO and multiplgdititering
telescopes will add important new pieces to the puzzle.

"Every new observation helps us learn better how to identify kilonovake sgectral fingerprints:
silver creates a blue color, whereas gold and platinum add a shade of red, for example," Troja
added."We've been able identify this kilonova without gravitational wave data, so maybe in the
future, we'll even be able to do this thibut directly observing a gamrray burst.”

The research paper, "A luminous blue kilonova and aiaxif jet from a compact binary merger at
z=0.1341," Eleonora Troja, Geoffrey Ryan, Luigi Piro, Hendrik van Eerten, S. Bradley Cenko, Yongmin
Yoon, Seongook Lee, Myungshin Im, Takanori Sakamoto, Pradip Gatkine, Alexander Kutyrev and
Sylvain Veilleux, was published in the joudature Communicationsn October 16, 201§24]



Research shows short gamma-ray bursts do follow binary neutron star

mergers
Researchers at Oregon State University have confirmed that last fall's union of two neutron stars
did in fact cause a short gammnay burst.

The findings, published today Rhysical Review Lettergpresent a key step forward in
astrophysicists' understaling of the relationship between binary neutron star
mergersgravitational waves and shortgamma-ray bursts.

Commonly abbreviated as GRBammaray bursts are narrow beams of electromagnetic waves of
the shortest wavelengths in the electromagnetic spectrum. GRBs are the universe's most powerful
electromagnetic events, occurring billions of light years from Earth and able to release as much
energy in a few seconds as the sun will in its lifetime.

GRBs fall into two categories, long duration and short duration. Long GRBs are associated with the
death of a massive star as its core becomes a black hole and can last from a couple of seconds to
seeral minutes.

Short GRBs had been suspected to originate from the merger afidwton stars, which also
results in a new black halea place where the pull of gravity from supggnse matter is so stran
that not even light can escape. Up to 2 seconds is the time frame of a short GRB.

The term neutron star refers to the gravitationally collapsed core of a large star; nesttionare
the smallest, densest st known. According to NASA, neutron stars' matter is packed so tightly
that a sugaicubesized amount of it weighs in excess of a billion tons.

In November 2017, scientists from U.S. and European collaborations announced they had detected
an Xray/gammaray flash that coincided with a blast of gravitational waves, followed by visible
light from a new cosmic explosion called a kilonova.

Gravitational waves, a ripple in the fabric of tirsgace, were first detected in September 2015, a
red-letter event in plysics and astronomy that confirmed one of the main predictions of Albert
Einstein's 1915 general theory of relativity.

"A simultaneous detection of gamma rays and gravitational waves from the same place in the sky
was a major milestone in our understandiofthe universe," said Davide Lazzati, a theoretical
astrophysicist in the OSU College of Science. "The gamma rays allowed for a precise localization of
where the gravitational waves were coming from, and the combined information from gravitational
and ekctromagnetic radiation allows scientists to probe the binary neutron star system that's
responsible in unprecedented ways."

Prior to Lazzati's latest research, however, it had been an open question as to whether the
detectedelectromagnetic waves were "a short gammaay burst, or just a short burst of gamma
rays the latter being a different, weaker phenomenon.
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In summer 2017, Lazzati's team of theorists had published a paper predicting thagrgdot

earlier estimates by the astrophysics community, short gamnayabursts associated with the
gravitational emission of binary neutron star coalescence could be observed even if the gaynma
burst was not pointing directly at Earth.

"X- and gamma rgs are collimated, like the light of a lighthouse, and can be easily detected only if
the beam points toward Earth,"” Lazzati said. "Gravitational waves, on the other hand, are almost
isotropic and can always be detected."

Isotropic refers to being evenlyansmitted in all directions.

"We argued that the interaction of the short gamray burst jet with its surroundings creates a
secondary source of emission called the cocoon," Lazzati said. "The cocoon is much weaker than
the main beam and is undetectakifehe main beam points toward our instruments. However, it
could be detected for nearby bursts whose beam points away from us."

In the months following the November 204vavitational wave detection, astronomers continued
to observe the location from which the gravitational waves came.

"More radiation came after the burst glamma rays: radio waves and-Kys," Lazzati said. "It was
different from the typical short GRB afterglow. Usually there's a short burst, a bright pulse, bright X
ray radiation, then it decays with time. This one had a weak ganapnaulse, and the afterglow

was faint, brightened very quickly, kept brightening, then gdroff."

"But that behavior is expected when you're seeing it from ara&f§ observation point, when

you're not staring down the barrel of the jet," he said. "The observation is exactly the behavior we
predicted. We haven't seen the murder weapon, we ‘tibiave a confession, but the circumstantial
evidence is overwhelming. This is doing exactly what we expected-arisfiet would do and is
convincing proof that binargeutron star mergers and short gammray bursts are indeed related

to each other.'[23]

Neutron stars cast light on quark matter

Quark matterc an extremely dense phase of matter made up of subatomic particles called quarks
may exist at the heart of neutron stars. It can also be createthfief moments in particle colliders

on Earth, such as CERN's Large Hadron Collider. But the collective behaviour of quark matter isn't
easy to pin down. In a colloquium this week at CERN, Aleksi Kurkela from CERN's Theory
department and the University @tavanger, Norway, explained how neutrstar data have

allowed him and his colleagues to place tight bounds on the collective behaviour of this extreme
form of matter.

Kurkela and colleagues used a neutsiar property deduced from the first observatitwy the

LIGO and Virgo scientific collaborations of gravitational wavisples in the fabric of spacetimeg
emitted by the merger of twameutron stars. This property describes the stiffness of a atar

response to stresses caused by the gravitational pull of a companion star, and is known technically
as tidal deformability.
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To describe theollective behaviour of quarkmatter, physicists generally employ equations of
state, which relate the pressure of a state of matter to other state properties. But they have yet to
come up with a unique equation of state for quark matter; they have derived only families of such
equations. Bylugging tidaldeformability values of the neutron stars observed by LIGO and Virgo
into a derivation of a family of equations of state for neutrgtar quark matter, Kurkela and
colleagues were able to dramatically reduce the size of that equation fagulh a reduced family
provides more stringent limits on the collective properties of quark matter, and more generally

on nuclear matterat high densities, than were previously available.

Armed withthese results, the researchers then flipped the problem around and used the-quark
matter limits to deduce neutrorstar properties. Using this approach, the team obtained the
relationship between the radius and mass of a neutron star, and found that thermaaxradius of

a neutron star that is 1.4 times more massive than the Sun should be between about 10 and 14 km.
[22]

How a particle may stand still in rotating spacetime

When a massive astrophysical object, such as a boson star or black hole, libt@rag;ause the
surrounding spacetime to rotate along with it due to the effect of frame dragging. In a new paper,
physicists have shown that a particle with just the right properties may stand perfectly still in a
rotating spacetime if it occupies a "si@orbit"t a ring of points located a critical distance from the
center of the rotating spacetime.

The physicists, Lucas G. Collodel, Burkhard Kleihaus, and Jutta Kunz, at the University of Oldenburg
in Germany, have published a paper in which they propbeexistence of static orbits in rotating
spacetimes in a recent issueifiysical Review Letters

"Our work presents with extreme simplicity a loiggored feature of certain spacetimes that is
quite counterintuitive,” Collodel toléhys.org"General elativity has been around for a bit more
than a hundred years now and it never ceases to amaze, and exploring the ways that different
distributions of energy can warp the geometry of spacetime in atnigial way is key to a deeper
understanding."

In therr paper, the physicists identify two criteria for a particle to remain at rest with respect to a
static observer in a rotating spacetime. First, the particle's angular momentum (basically its own
rotation) must have just the right value so that it perfgathncels out the rotation due to frame
dragging. Second, the particle must be located precisely in the stétic a ring around the center
of the rotating spacetime at which the patrticle is neither pulledidod the center nor pushed

away.

A key point is that not all astrophysical objects with rotating spacetimes have static orbits, which in
the future may help researchers distinguish between different types of astrophysical objects. As the
physicists explainn order to have a static orbit, a rotating spacetime’'s metric (basically the

function that describes spacetimes in general relativity) must have a local minimum, which
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corresponds to the critical distance at which the static orbit is located. In a semseticle may
then be "trapped" at rest in this local minimum.

The physicists identify severatrophysical objects that have static orbits, including boson stars
(hypothetical stars made dfosonic matter that, likéolack holes, have immense gravity but do not

emit light), wormholes, and hairy black holes (black holes with unique properties, such as additional
charge). On the other hand, Kdaack holes (thought to be the most common kind of black hole)

do not have metrics with local minima, and so do not have static orbits. So evidence for a static
orbit could provide a way to distinguish between Kerr black holes and some of the less common
objects with static orbits.

While thephysicists acknowledge that it may be unlikely to expect a particle with just the right
angular momentum to exist at just the right place in order to remain at rest in

rotating spacetime, it may still be possible to detect the existence of static orbits due to what
happens nearby. Particles initially at rest near the static orbits are predicted to move more slowly
than those located further away. So even if researchers never observe a particle standing still, they
may observe slowly movirgarticles in the vicinity, indicating the existence of a nearby static

orbit.

"Acknowedging the existence of the static ring helps us appreciate better what to plan and expect
from future observations," Collodel said. "For instance, we can search for the ring in order to
identify possible exotic objects, such as the boson star, or ev&measvith confidence (upon

observing the ring) that an AGN [active galactic nucleus] is not powered by a Kerr black hole. In the
future we plan to investigate how the presence of the ring might affect accretion disks, which are at
this stage much easier tabserve, and if it could shield some objects from infalling mat{erd}

Black holes, curved spacetime and quantum computing

Rotating black holes and computers that use quartuechanical phenomena to process

information are topics that have fascinatedience lovers for decades, but even the most

innovative thinkers rarely put them together. Now, however, theoretical physicist Ovidiu Racorean
from the General Direction of Information Technology, Bucharest, Romania suggests that powerful
X-rays emittednear these black holes have properties that make them ideal information carriers for
guantum computing. This work was recently publisheNéw Astronomy

The term 'black holes' is widely known, but not everyone knows exactly what they are. When stars
come to the end of their lives, they can collapse in on themselves under their own weight,
becoming denser and denser. Some may collapse into a point withtedseno volume and

infinite density, with a gravitational field that not even light can escape from: this is a black hole. If
the star that forms it rotates, as most stars do, the black hole will also spin.

Material that gets close to a rotating blackla but does not fall into it will aggregate into a circular
structure known as an accretion disk. Powerful forces acting on accretion disks raise their
temperature so they emit-Xays, which can act as carriersgufantum information.

The photons that make up therdys have two properties: polarisation antbital angular
momentum. Each of thesean encode a qubit (quantum bit) of information, the standard
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information unit in quantum computing. "Latased researchers already use beam splitters and
prisms to entangle these properties irray photons and process quantum information,” says
Racorean’It now seems that the curvature of spacetime around a black hole will play the same
role as this apparatus.”

Thus far, however, this process is only a prediction. The final proof will come when the properties
of Xrays near spinning black holes are obset, which could happen in the next decade.

Two space probes with the same mission will be launched around 2022: the Imaging X
Polarimetry Explorer (IXPE) by NASA, and ftay Xmaging Polarimetry Explorer (XIPE) by the
European Space Agency. Theskimvestigate the polarisation of allédys found in space,
including those emitted close to black holes. "If we find that th@ypolarisation changes with
distance from the black hole, with those in the central region being least polarised, weawdll h
observed entangled states that can cagyantum information," says Racorean.

This topic may seem esoteric, but it could have practical applications. "One day, we may even be
able to use rotatig black holes as quantum computers by sendir@X photons on the right
trajectory around these ghostly astronomical bodies," Racorean concludes. Additionally, scientists
believe that simulation of unusual states of matter will be an important eanbfiegtion

of quantum computing, and there are few more unusual states of matter than those found in the
vicinity ofblack holes. [20]

Some black holes erase your past
In the real world, your past uniquely determines your future. If a physicist knows how the universe
starts out, she can calculate its future for all time and all space.

But a UC Berkeley mathematician has found some typbkok holes in which this law breaks
down. If someone were to venture into one of these relatively benign black holes, they could
survive, but their past would be obliterated and they could have an infinitaber of possible
futures.

Such claims have been made in the past, and physicists have invoked "strong cosmic censorship" to
explain it away. That is, something catastrophtgpically a horrible deatlg would prevent

observers from actually entering agion of spacetime where their future was not uniquely

determined. This principle, first proposed 40 years ago by physicist Roger Penrose, keeps
sacrosanct an ideadeterminismg key to any physical theory. That is, given the past and present,

the physichlaws of theuniverse do not allow more than one possible future.

But, says UC Berkeley postdoctoral fellow Peter Hintz, mathematical calculations show that for
some specific types of black holes in a ursedike ours, which is expanding at an accelerating rate,
it is possible to survive the passage from a deterministic world into adetgrministic black hole.
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What life would be like in a space where the future was unpredictable is unclear. But theyfindin
does not mean that Einstein's equationsgeineral relativity, which so far perfectly describe the
evolution of the cosmos, are wrong, said Hintz, a Clay Research Fellow.

"No physicist is going tiavel into a black hole and measure it. This is a math question. But from
that point of view, this makes Einstein's equations mathematically more interesting," he said. "This
is a question one can really only study mathematically, but it has physicastgbhilosophical
implications, which makes it very cool."

b¢KAa X 02y Ofdzairizy O2NNBalLRyRa (2 I aSOSNB Tl Af dzNJ
be taken lightly in view of the importance in modern cosmology" of accelerating expansiohjssaid

colleagues at the University of Lisbon in Portugal, Vitor Cardoso, Jodo Costa and Kyriakos Destounis,

and at Utrecht University, Aron Jansen.

As quoted byPhysics WorldGary Horowitz of UC Santa Barbara, who was not involved in the
research, said thahe study provides "the best evidence | know for a violation of strong cosmic
censorship in a theory of gravity and electromagnetism."

Hintz and his colleagues published a paper describing these unusual black holes last month in the
journalPhysical Rewe Letters

A reasonably realistic simulation of falling into a black hole shows how space and time are
distorted, and how light is blue shifted as you approach the inner or Cauchy horizon, where most
physicists think you would be annihilated. Howeveld@Xmore

Beyond the event horizon

Black holes are bizarre objects that get their name from the fact that nothing can escape their
gravity, not even light. If you venture too close and cross thealed event horizon, you'll never
escape.

For small black holes, you'd never survive such a close approach anyway. The tidal forces close to
the event horizon are enough to spaghettify anytlr that is, stretch it until it's a string of atoms.

But for large black holes, like the supermassive objects at the cores of galaxies like the Milky Way,
which weigh tens of millions if not billions of times the mass of a star, crossing the evennhorizo
would be, well, uneventful.

Because it should be possible to survive the transition from our world to the black hole world,
physicists and mathematicians have long wondered what that world would look like, and have
turned to Einstein's equations of gemdrelativity to predict the world inside a black hole. These
equations work well until an observer reaches the center or singularity, where in theoretical
calculations the curvature of spacetime becomes infinite.

Even before reaching the center, howevamlack hole explorer who would never be able to
communicate what she found to the outside wogdould encounter some weird and deadly
milestones. Hintz studies a specific type of black h@estandard, nosrotating black hole with an
electrical chage ¢ and such an object has a-salled Cauchy horizon within tleent horizon.
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The Cauchy horizon is the spot where determinism breaks down, where the past no longer
determines the future. Physicistsicluding Penrose, have argued that no observer could ever pass
through the Cauchy horizon point because they would be annihilated.

As the argument goes, as an observer approaches the horizon, time slows down, since clocks tick
slower in a strong gravitainal field. As light, gravitational waves and anything else encountering
the black hole fall inevitably toward the Cauchy horizon, an observer also falling inward would
eventually see all this energy barreling in at the same time. In effect, all the ethergfack hole

sees over the lifetime of the universe hits the Cauchy horizon at the same time, blasting into
oblivion any observer who gets that far.
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A spacetime diagram of the gravitational collapse of a charged spherical star to form a charged
blackhole. An observer traveling across the event horizon will eventually encounter the Cauchy
horizon, the boundary of the region of spacetiddenore

You can't see forever in an expanding universe

Hintz realized, however, that this may not apply in an expanding universe that is accelerating, such
as our own. Because spacetime is being increasingly pulled apart, much of the distant unillerse
not affect the black hole at all, since that energy can't travel faster than the speed of light.
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In fact, the energy available to fall into the black hole is only that contained within the observable
horizon: the volume of the universe that the blaoble can expect to see over the course of its
existence. For us, for example, the observable horizon is bigger than the 13.8 billion light years we
can see into the past, because it includes everything that we will see forever into the future. The
acceleréing expansion of the universe will prevent us from seeing beyond a horizon of about 46.5
billion light years.

In that scenario, the expansion of the universe counteracts the amplification caused by time
dilation inside the black hole, and for certain sitions, cancels it entirely. In those cages
specifically, smooth, nerotating black holes with a large electrical chargecatied Reissner
Nordstromde Sitter black holes an observer could survive passing through the Cauchy horizon
and into a nordeterministic world.

"There are some exact solutions of Einstein's equations that are perfectly smooth, with no kinks, no
tidal forces going to infinity, where everything is perfectly well behaved up to this Cauchy horizon
and beyond," he said, noting thaté passage through the horizon would be painful but brief.

"After that, all bets are off; in some cases, such as a Reidorelstromde Sitter black hole, one

can avoid the central singularity altogether and live forever in a universe unknown."

Admittedly, he said, charged black holes are unlikely to exist, since they'd attract oppositely
charged matter until they became neutral. However, the mathematical solutions for charged black
holes are used as proxies for what would happen inside rotating black,vatéch are probably

the norm. Hintz argues that smooth, rotating black holes, calledKewmande Sitter black holes,
would behave the same way.

"That is upsetting, the idea that you could set out with an electrically charged star that undergoes
collapse to a black hole, and then Alice travels inside this black hole and if the black hole
parameters are sufficiently extremal, it could be that she can just cross the Cauchy horizon, survives
that and reaches a region of the universe where knowing the cetahitial state of the star, she

will not be able to say what is going to happen,” Hintz said. "It is ho longer uniquely determined by
full knowledge of the initial conditions. That is why it's very troublesome."

He discovered these types of black hdiggeaming up with Cardoso and his colleagues, who
calculated how a black hole rings when struck by gravitational waves, and which of its tones and
overtones lasted the longest. In some cases, even the longest surviving frequency decayed fast
enough to preent the amplification from turning the Cauchy horizon into a dead zone.

Hintz's paper has already sparked other papers, one of which purports to show that mast well
behaved black holes will not violate determinism. But Hintz insists that one instantsation is
one too many.

"People had been complacent for some 20 years, since the mid '90s, that strong cosmological
censorship is always verified," he said. "We challenge that point of vi29]."



New theory suggests heavy elements created when primordial black

holes eat neutron stars from within

A team of researchers at the University of California has come up with a new theory to explain how
heavy elements such as metals came to exist. The ggrplains their theory in a paper published

in the journal Physical Review Letter involves the idea of primordial black holes (PBHS)

infesting the centers of neutron stars and eating them from the inside out.

Space scientists are confident that thewbdound explanations for the origins of light and

medium elements, but are still puzzling over how the heavier elements came to exist. Current
theories suggest they most likely emerged during what researchers capiracess as in rapid.

As part of theprocess, large numbers of neutrons would come under high densities, resulting in
capture by atomic nucleiclearly, an extreme environment. The most likely candidate for creating
such an environment is a supernova, but there seem to be too few of thenctuatfor the

amounts of heavy elements that exist. In this new effort, the researchers offer a new idea. They
believe it is possible that PBHs occasionally collide with neutron stars, and when that happens, the
PBH becomes stuck in the center of the stmnce there, it begins pulling in material from the star's
center.

PBHs are still just theory, of course. They are believed to have developed shortly after the Big Bang.
They are also believed to roam through the galaxies and might be tied to dark niattieis new

theory, if a PBH happened to bump into a neutron star, it would take up residence in its center and
commence pulling in neutrons and other material. That would cause the star to spin rapidly, which
in turn would fling material from its outernsd layer into space. The hurled material, the

researchers suggest, would be subjected to an environment that would meet the requirements for
an r-process, leading to the creation of heavy metals.

The theory assumes a certain number of such collisiongl@nd did occur, and also that at least
some small amount of dark matter is made up of black holes, as well. But it also offers a means for
gathering realworld evidence that it is correttby analyzing mysterious bursts of radio waves that
could be neutrorstars imploding after internal consumption by a PBH. [18]

Spinning Black Holes Could Create Clouds of Mass
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happen, and these extraordinary possibilities are the focus of a new paper in the American Physical
Sogety journal Physical Review Letters.

The study reports simulations of a phenomenon called superradiance, where waves and particles
passing in the vicinity of a spinning black hole can extract some of its rotational energy. The
authors propose that hypotttical ultralight particles, with masses far lower than that of a

neutrino, could get caught in orbit around such a black hole, sapping away some of its angular
momentum and being accelerated in the process. Because energy, like the black hole's rotational



energy, can give rise to matter, this phenomendermed a superradiant instabilityconverts the
of O]l K2tSQa |y3dz I NJ Y2YSy(dihtparticle2 + YI aaA@0S Of 2dz

The reason these particles would have to be so much lighter than anytleivg ever seen has to

do with a quantity called the Compton wavelength. While electrons, protons, neutrinos, and other
bits of matter usually behave like particles, they have wavelike properties as arelljust like

with photons, the energy of the partis is related to their wavelength. The longer an
electromagnetic wave is, the less energy it carries, and it's the same for massive particles; for
instance, protons have a shorter Compton wavelength than electrons, because protons have more
massenergy.

For a particle to get caught in this special type of resonant;amiblifying orbit around a spinning
black hole, it has to have a Compton wavelength roughly equal to the size of the event horizon.
Even the smallest black holes are at least 15 miles gondesh means that each particle would
have to carry an extremely small amount of masgrgy; for comparison, the Compton
wavelength of an electron at rest is something like two trillionths of a meter.

Each individual particle would have an extremelygnia I Y2 dzy i 2F Sy SNHe&> odzi GKS
simulations showed that, for particles with the right mass around a black hole spinning with close
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extracted into thesurrounding cloud. The process only stops when the black hole has spun down

to the point where its rotation matches the rate at which the particles orbit it.

Although it's unclear how such a massive and energetic cloud of ultralight particles would interact
with ordinary matter, the study's authors predict that we may be able to detect them via their
gravitational wave signature. If a black hole that plays tmsine of these clouds is involved in a
collision that's detected by LIGO or some future gravitational wave detector, the cloud's presence
might be visible in the gravitational wave signal produced by the merger.

Another possibility would be the direcetection of gravitational waves from this oscillating cloud

of particles as they orbit the black hole. Gravitational waves are only produced by asymmetrical
arrangements of mass in motion, so a spherical mass rotating wouldn't produce a strong signal.
Neither does a geometric arrangement like the rings of Saturn. But the moon orbiting the earth, for
example, does. (Richard Feynman's "Sticky Bead" thought experiment is a great tool for developing
an intuition on this.) According to the new article, some sg@s could produce a highly coherent
cloud of these particlas meaning they would orbit the black hole in phase, oscillating as a large
clump that should release a noticeable gravitational wave signal (especially given that these clouds
could theoreticallycontain up to ~10% of a black hole's initial effective mass).

The paper may have implications for our study of the supermassive black holes that lie at the
center of nearly every galaxy, and might serve to draw a link between them and the swaths of dark
matter that seem to envelop us. Although such ultralight particles are purely hypothetical for the
moment, they could share many of the properties of dark matter, which means that looking for
evidence of clouds like this is one possible way to test foetigtence of certain dark matter
candidates.



In fact, this finding combined with the observation of fapinning black holes has already helped
rule out certain possibilities. Astronomers have observed black holes rotating at speeds close to
their maximum angular velocity, which means they're clearly not susceptible to this kind of
instability, or else they'd have spun out their energy into a massive cloud and slowed down. This
means that, if we see a black hole spinning as fast as possible, ultraitiotgs with a Compton
wavelength similar to that black hole's size must not exist.
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possibilities exigt one of which is a bosenovaa fusion of the words boson andsernova (as

well as a pun on the musical style of bossa nova). In a bosenova scenario, the massive cloud would

be violently ejected from the vicinity of the black hole all at once after reaching a certain critical

point. [17]

Mapping super massive black h oles in the distant universe
Astronomers have constructed the first map of the universe based on the positions of
supermassive black holes, which reveals the lagme structure of the universe.

The map precisely measures the expansion history of tfieeuse back to when the universe was
less than three billion years old. It will help improve our understanding of 'Dark Energy', the
unknown process that is causing the universe's expansion to speed up.

The map was created by scientists from the SlogitddiSky Survey (SDSS), an international
collaboration including astronomers from the University of Portsmouth.

As part of the SDSS Extended Baryon Oscillation Spectroscopic Survey, (eB&fiSts measured

the positions of quasarsextremely bright discs of matter swirling around supermassive black

holes at the centres of distant galaxies. The light reaching us from these objects left at a time when
the universe was between three aiséven billion years old, long before the Earth even existed.

The map findings confirm the standard model of cosmology that researchers have built over the
last 20 years. In this model, the universe follows the predictions of Einstein's General Theory of
Relativity but includes components that, while we can measure their effects, we do not understand
what is causing them.

Along with the ordinary matter that makes up stars and galaxies, Dark Energy is the dominant
component at the present time, and it hagexial properties that mean that it causes the
expansion of the universe to speed up.

Will Percival, Professor of Cosmology at the University of Portsmouth, who is the eBOSS survey
scientist said: "Even though we understand how gravity works, we stilbtonderstand

everything- there is still the question of what exactly Dark Energy is. We would like to understand
Dark Energy further. Not with alternative facts, but with the scientific truth, and surveys such as
eBOSS are helping us to build up ourensthnding of the universe.”

To make the map, scientists used the Sloan telescope to observe more than 147,000 quasars. These
observations gave the team the quasars' distances, which they used to create alitmeesional
map of where the quasars are.



But to use the map to understand the expansion history of the universe, astronomers had to go a
step further and measure the imprint of sound waves, known as baryon acoustic oscillations
(BAOSs), travelling in the early universe. These sound waves trawdlktthe universe was much
hotter and denser than the universe we see today. When the universe was 380,000 years old,
conditions changed suddenly and the sound waves became ‘frozen’ in place. These frozen waves
are left imprinted in the threedimensional sucture of the universe we see today.

Using the new map, the observed size of the BAO can be used as a 'standard ruler' to measure
distances in our universe. "You have metres for small units of length, kilometres or miles for
distances between cities, drwe have the BAO for distances between galaxies and quasars in
cosmology," explained Pauline Zarrouk, a PhD student at the Irfu/CEA, Universi{$deais who
measured the distribution of the observed size of the BAO.

The current results cover a rangétimes where they have never been observed before, measuring
the conditions when the universe was only three to seven billion years old, more than two billion
years before the Earth formed.

The eBOSS experiment continues using the Sloan TelescogmciieAPoint Observatory in New

Mexico, USA, observing more quasars and nearer galaxies, increasing the size of the map produced.
After it is complete, a new generation of sky surveys will begin, including the Dark Energy
Spectroscopic Instrument (DESIahe European Space Agency Euclid satellite mission. These will
increase the fidelity of the maps by a factor of ten compared with eBOSS, revealing the universe

and Dark Energy in unprecedented detail. [16]

Astronomers hoping to directly capture image of a black hole

Astronomers want to record an image of the heart of our galaxy for the first time: a global
collaboration of radio dishes is to take a detailed look at the black hole which is assumed to be
located there. This Event Horizon Telescope lifdseovatories all over the world to form a huge
telescope, from Europe via Chile and Hawaii right down to the South Pole. IRAM&r@0

telescope, an installation efinanced by the Max Planck Society, is the only station in Europe to be
participating inthe observation campaign. The Max Planck Institute for Radio Astronomy is also
involved with the measurements, which are to run from 4 to 14 April initially.

At the end of the 18th century, the naturalists John Mitchell and Pierre Simon de Laplace were
already speculating about "dark stars" whose gravity is so strong that light cannot escape from
them. The ideas of the two researchers still lay within the bounds of Newtonian gravitational
theory and the corpuscular theory of light. At the beginning of2Béh century, Albert Einstein
revolutionized our understanding of gravitatiemand thus of matter, space and timevith his
General Theory of Relativity. And Einstein also described the concept of black holes.

These objects have such a large, extrencelypacted mass that even light cannot escape from
them. They therefore remain blagkand it is impossible to observe them directly. Researchers
have nevertheless proven the existence of these gravitational traps indirectly: by measuring
gravitational wave from colliding black holes or by detecting the strong gravitational force they
exert on their cosmic neighbourhood, for example. This force is the reason why stars moving at



great speed orbit an invisible gravitational centre, as happens at the heatrafalaxy, for
example.

It is also possible to observe a black hole directly, however. Scientists call the boundary around this
exotic object, beyond which light and matter are inescapably sucked in, the event horizon. At the
very moment when the mattepasses this boundary, the theory states it emits intense radiation, a
kind of "death cry" and thus a last record of its existence. This radiation can be registered as radio
waves in the millimetre range, among others. Consequently, it should be possibiiade the

event horizon of a black hole.

The Event Horizon Telescope (EHT) is aiming to do precisely this. One main goal of the project is the
black hole at the centre of our Milky Way, which is around 26,000 light years away from Earth and
has a mass umghly equivalent to 4.5 million solar masses. Since it is so far away, the object appears
at an extremely small angle.

One solution to this problem is offered by interferometry. The principle behind this technique is as
follows: instead of using one hugelescope, several observatories are combined together as if
they were small components of a single gigantic antenna. In this way scientists can simulate a
telescope which corresponds to the circumference of our Earth. They want to do this because the
larger the telescope, the finer the details which can be observed; theafled angular resolution
increases.

The EHT project exploits this observational technique and in April it is to carry out observations at a
frequency of 230 gigahertz, correspondingatavavelength of 1.3 millimetres, in interferometry

mode. The maximum angular resolution of this global radio telescope is around 26
microarcseconds. This corresponds to the size of a golf ball on the Moon or the breadth of a human
hair as seen from a dmtce of 500 kilometres!

These measurements at the limit of what is observable are only possible under optimum
conditions, i.e. at dry, high altitudes. These are offered by the IRAM observatory, partially financed
by the Max Planck Society, with its-Bfetre antenna on Pico Veleta, a 2806tre-high peak in

Spain's Sierra

Nevada. Its sensitivity is surpassed only by the Atacama Large Millimeter Array (ALMA), which
consists of 64 individual telescopes and looks into space from the Chajnantor plateautédtida a

of 5000 metres in the Chilean Andes. The plateau is also home to the antenna known as APEX,
which is similarly part of the EHT project and is managed by the Max Planck Institute for Radio
Astronomy.

The Max Planck Institute in Bonn is furthermoreolved with the data processing for the Event
Horizon Telescope. The researchers use two supercomputers (correlators) for this; one is located in
Bonn, the other at the Haystack Observatory in Massachusetts in the USA. The intention is for the
computersto not only evaluate data from the galactic black hole. During the observation campaign
from 4 to 14 April, the astronomers want to take a close look at at least five further objects: the M
87, Centaurus A and NGC 1052 galaxies as well as the quasarsds@d 287 and 3C279.

From 2018 onwards, a further observatory will join the EHT project: NOEMA, the second IRAM
observatory on the Plateau de Bure in the French Alps. With its terskeigsitivity antennas,



NOEMA will be the most powerful telescope of the collaboration in the northern hemisphere. [15]

Scientists readying to create first image of a black hole

A team of researchers from around the world is getting ready to create what might be the first
imageof a black hole. The project is the result of collaboration between teams manning radio
receivers around the world and a team at MIT that will assemble the data from the other teams
and hopefully create an image.

The project has been ongoing for approziely 20 years as project members have sought to piece
together what has now become known as the Event Horizon Telescope (EHT). Each of the 12
participating radio receiving teams will use equipment that has been installed for the project to
record data reeived at a wavelength of 230GHz during April 5 through the 14th. The data will be
recorded onto hard drives which will all be sent to MIT Haystack Observatory in Massachusetts,
where a team will stitch the data together using a technique called very lasgline array
interferometryt in effect, creating the illusion of a single radio telescope as large as the Earth. The
black hole they will all focus on is the one believed to be at the center of the Milky Waytgalaxy
Sagittarius A*.

A black hole cannot bghotographed, of course, light cannot reflect or escape from it, thus, there
would be none to capture. What the team is hoping to capture is the light that surrounds the black
hole at its event horizon, just before it disappears.

Sagittarius A* is appraxiately 26,000 lightears from Earth and is believed to have a mass
approximately four million times greater than the quit is also believed that its event horizon is
approximately 12.4 million miles across. Despite its huge size, it would still berstimatiea pin
prick against our night sky, hence the need for the array of radio telescopes.

The researchers believe the image that will be created will be based on a ring around a black blob,
but because of the Doppler effect, it should look to us likeescent. Processing at Haystack is
expected to take many months, which means we should not expect to see an image released to the
press until sometime in 2018. [17]

"Unsolved Link" --Between Dark Matter and Supermassive Black Holes

The research, releaddn February of 2015, was designed to address a controversy in the field.
Previous observations had found a relationship between the mass of the central black hole and the
total mass of stars in elliptical galaxies. However, more recent studies havesgaygdight

correlation between the masses of the black hole and the galaxy's dark matter halo. It wasn't clear
which relationship dominated.

In our universe, dark matter outweighs normal mattéhe everyday stuff we see all around -Usy

a factor of6 to 1. We know dark matter exists only from its gravitational effects. It holds together
galaxies and galaxy clusters. Every galaxy is surrounded by a halo of dark matter that weighs as
much as a trillion suns and extends for hundreds of thousands ¢fylesirs.

To investigate the link between dark matter halos and supermassive black holes, Bogdan and his
colleague Andy Goulding (Princeton University) studied more than 3,000 elliptical galaxies. They



used star motions as a tracer to weigh the galaxiestral black holes.-Xay measurements of hot
gas surrounding the galaxies helped weigh the dark matter halo, because the more dark matter a
galaxy has, the more hot gas it can hold onto.

They found a distinct relationship between the mass of the darken&ialo and the black hole
mass- a relationship stronger than that between a black hole and the galaxy's stars alone.

This connection is likely to be related to how elliptical galaxies grow. An elliptical galaxy is formed
when smaller galaxies merge giin stars and dark matter mingling and mixing together. Because
the dark matter outweighs everything else, it molds the newly formed elliptical galaxy and guides
the growth of the central black hole.

"In effect, the act of merging creates a gravitatiobkleprint that the galaxy, the stars and the
black hole will follow in order to build themselves," explains Bogdan. The research relied on data
from the Sloan Digital Sky Survey and the ROSAY satellite's alsky survey.

The image atthe top of thetpIS A& | O2YLIRAaAGS AYlI3ISay2F RIFEGE FNRY
Observatory (shown in purple) and Hubble Space Telescope (blue) of the giant elliptical galaxy, NGC

4649, located about 51 million light years from Earth. Although NGC 4649 contains one of the

biggest black holes in the local Universe, there are no overt signs of its presence because the black

hole is in a dormant state. The lack of a bright central point in either #tay Xr optical images

shows that the supermassive black hole does not appeéetrapidly pulling in material towards

its event horizon, nor generating copious amounts of light as it grows. Also, the very smooth

appearance of the Chandra image shows that the hot gas producingrdngsXas not been

disturbed recently by outburstfsom a growing black hole.

So, the presence and mass of the black hole in NGC 4649, and other galaxies like it, has to be
studied more indirectly by tracking its effects on stars and gas surrounding it. By applying a clever
technigue for the first time, @entists used Chandra data to measure a mass for the black hole of
about 3.4 billion times that of the Sun. The new technique takes advantage of the gravitational
influence the black hole has on the hot gas near the center of the galaxy. As gas sltiedy set
towards the black hole, it gets compressed and heated. This causes a peak in the temperature of
the gas right near the center of the galaxy. The more massive the black hole, the bigger the
temperature peak detected by Chandra. [13]
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Center

If dark matter comes in both matter and antimatter varieties, it might accumulate inside dense

stars to create black holes Dark matter may have turned spinning stars into blesknear the

center of our galaxy, researchers say. There, scientists expected to see plenty of the dense, rotating

stars called pulsars, which are fairly common throughout the Milky Way. Despite numerous

searches, however, only one has been found, giksegtotheseOF f f SR aYAaaAy3d Lz &l NJ
A possible explanation, according to a new study, is that dark matter has built up inside these stars,



causing the pulsars to collapse into black holes. (These black holes would be smaller than the
supermassie black hole that is thought to lurk at the very heart of the galaxy.)

The universe appears to be teeming with invisible dark matter, which can neither be seen nor
touched, but nonetheless exerts a gravitational pull on regular matter.

Scientists have several ideas for what dark matter might be made of, but none have been proved. A
leading option suggests that dark matter is composed of particles called weakly interacting massive
particles (WIMPs), which are traditionally thought to lmttbmatter and antimatter in one. The

nature of antimatter is important for the story. When matter and antimatter meet they destroy

one another in powerful explosionsso when two regular WIMPs collide, they would annihilate

one another.

But it is also pasble that dark matter comes in two varietiesnatter and antimatter versions, just

like regular matter. If this ideacalled asymmetric dark matteris true, then two dark matter

particles would not destroy one another nor would two dark antimatter partidhes if one of

each type met, the two would explode. In this scenario both types of dark matter should have been
created in abundance during the big bang (just as both regular matter and regular antimatter are
thought to have been created) but most of e particles would have destroyed one another, and
those that that remain now would be just the small excess of one type that managed to avoid
being annihilated.

If dark matter is asymmetric, it would behave differently from the vanilla version of WIRPs.

example, the dense centers of stars should gravitationally attract nearby dark matter. If dark

matter is made of regular WIMPS, when two WIMPs meet at the center of a star they would

destroy one another, because they are their own antimatter countagdut in the asymmetric

dark matter picture, all the existing dark matter left today is made of just one of its twotypes

either matter or antimatter. If two of these like particles met, they would not annihilate, so dark
matter would simply buildupow) GAYS AyaiARS GKS adlkN®» 9@Syildza tfex
too heavy to support itself, thereby collapsing into a black hole. This is what may have happened to
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Review Letters.

The scenario is plausible, says Raymond Volkas, a physicist at the University of Melbourne who was
not involved in the study, but the missing pulsar problem might easily turn out to have a mundane
explanation through known stellarefféca ® aL i ¢2dzZ R 2F O2dz2NES> 068
FaidNRLIK&aAOrt SPOARSYOS F2NJ FadYYSONRO RIFEN] Y
dark matter explanation, | would want to be convinced that no standard explanation is actually
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The authors of the study, Joseph Bramante of the University of Notre Dame and Tim Linden of the
Kavli Institute for Cosmological Physics at the University of Chicago, agree that it is too early to
jump to a dark matter conclusion. For example, eimdays, maybe radio observations of the

galactic center are not as thorough as scientists have assumed and the missing pulsars will show up
with better searches. It is also possible some quirk of star formation has limited the number of
pulsars that formd at the galactic center.



The reason nearby pulsars would not be as affected by asymmetric dark matter is that dark matter,

of any kind, should be densest at the cores of galaxies, where it should congregate under the force

of its own gravity. And even éhne it should take dark matter a very long time to accumulate

enough to destroy a pulsar because most dark particles pass right through stars without

interacting. Only on the rare occasions when one flies extremely close to a regular particle can it

collide, and then it will be caught there. In normal stars the regular particles at the cores are not

dense enough to catch many dark matter ones. But in superdense pulsars they might accumulate

Sy2dAK G2 R2 RIEYIFI3ISd a5 NJ VYiekly dt Sélder@er of @gularO2 f £ SOG |
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If this scenario is right, one consequence would k& pulsars should live longer the farther away

they are from the dark matteydense galactic center. At the far reaches of the Milky Way, for

example, pulsars might live to ripe old ages; near the core, however, pulsars would be created and

then quicklyde§s N2 @ SR 60SF2NB (KSeé O02dzZ R | 3Sd ab20KAyYy3a | &GN
NEBflFiA2y 60SGs6SSy GKS F13AS 2F | LlzZ aF N IFyR AdGa RAaG!
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not probable, that astronomers could observe a pulsar collapse into a black hole, verifying the

theory. But once the black hole is created, it would be near impossible to detect: As dark matter

and black holes are each unobservable, blagles made of dark matter would be doubly invisible.

[12]

Everything You Need to Know About Dark Energy

Present
PR

Time
(~15 billion years)

For a long time, there were two main theories related to how our universe would end. These were

the Big Freeze and the Big Crunch. In shortBigeCrunch claimed that the universe would

SoSyildz tte aiG2L) SELI YyRAY3I FYyR O2tftlLJAS Ay 2y AGaSH
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the Big Croch is. On the other hand, the Big Freeze claimed that the universe would continue

expanding forever, until the cosmos becomes a frozen wasteland. This theory asserts that stars will

get farther and farther apart, burn out, and (since there are no moresdtang born) the universe

will grown entirely cold and eternally black.



Now, we know that the expansion of the universe is not slowing. In fact, expansion is increasing.

Edwin Hubble discovered that the farther an object was away from us the fastas itegeding

from us. In simplest terms, this means that the universe is indeed expanding, and this (in turn)

means that the universe will likely end as a frozen, static wasteland. However, this can all change
GKSNB A& I NBJSNAI fpangich efledt. Bdund SonfBsmBreTQclearGhimeNG y i S E
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How We Discovered That The Universe Is Expanding:

The accelerating expansion of the universe was discovered when astronomers were doing research

on typela supernova events. These stellar explosions play a pivotal role in discerning the distance

between two celestial objects because all type 1a supernova explosions are remarkably similar in

brightness. So if we know how bright a star should be, we campamthe apparent luminosity

with the intrinsic luminosity, and we get a reliable figure for how far any given object is from us. To

get a better idea of how these work, think about headlights. For the most part, car headlights all

have the same luminosity { 2 AF 2y S OF NR&a KSIRfAIKGA FNB 2yfe wm
one car is twice as far away as the other.

Incidentally, along with helping us make these key determinations about the locations of objects in

the universe, these supernova explmss also gave us a sneak preview of one of the strangest

observations ever made about the universe. To measure the approximate distance of an object,

like a star, and how that distance has changed, astronomers analyze the spectrum of light emitted.

Scientsts were able to tell that the universe is increasing in expansion because, as the light waves

make the incredibly long journey to Eartlbillions of lightyears away the universe continues to

expand. And as it expands, it stretches the light waves throughLIN2 0S&da O f f SR GNBRAKA
GNBR¢ A& 0SOFdzAaS GKS f2y3Said o6 @StSyadkK F2N € A3IKDG
spectrum). The more redshifted this light is, the faster the expansion is going. Many years of

painstaking observations (mady many different astronomers) have confirmed that this

expansion is still ongoing and increasing because (as previously mentioned) the farther away an

object is, the more redshifted it is, and (thus) the faster it is moving away from us.

How Do We Know That Dark Energy Is Real?

The existence of dark energy is required, in some form or another, to reconcile the measured

geometry of space with the total amount of matter in the universe. This is because of the largely

successful Planck satellite and Wilken Microwave Anisotropy Probe (WMAP) observations. The
aFiStftAGSQa 20aSNBIFGA2ya 2F GKS O02aYAO YAONRGI @S ¢
universe is geometrically flat, or pretty close to it.

All of the matter that we believe exists (based scientific data and inferences) combines to make

up just about 30% of the total critical density of the observed universe. If it were geometrically flat,

like the distribution suggests from the CMB, critical density of energy and matter should equal

100> 2 a!tQa aS@Sy @eSINJaie adaNBsSes FyR (G(KS Y2NB &z
both are very strong evidence of a flat universe. Current measurements from Planck put baryonic

matter (atoms) at about 4%, dark matter at 23%, and dark energy maigrihe remainder at 73%.
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energy hypothesis by its observations of large scale structures of the universe (such as galaxies,
guasars, galaxy clusters, etéfter observing more than 200,000 galaxies (by looking at their
redshift and measuring the baryonic acoustic oscillations), the survey quantitatively put the age of
when the universe started increasing its acceleration at a timeline of 7 billion ydesthis time

in the universe, the expansion started to speed up.

How Does Dark Energy Work?
I OO2NRAY3 (G2 hOOIYQE NIT2NJ 06KAOK LINRLR&SaA GKI G

GF

assumptions is the correct one), the scientific community has faverédy & G SAy Qa 02avY2f 23A0

constant. Or in other words, the vacuum energy density of empty space, imbued with the same
negative pressure value everywhere, eventually adds up with itself to speed up and suffuse the
universe with more empty space, acceleratthg entire process. This would kind of be similar to

0KS SySNHeé& LINBaadaNBE ¢KSy GFf{Ay3 o2dzi GKS &/ aixy;
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The Problem With Dark Energy:

/I FfftSR aGKS g2NRG LINSRAOUAZ2Y Ay it 2F LKeaArodasze
cosmological constant should be 1420 Planck units. According to dark energy equation, the

parameter value for w (for pressure @mdensity) must equall. But according to the latest findings

from PanSTARRS (short for Panoramic Survey Telescope and Rapid Response System), this value is

in fact-1.186. ParSTARRS derived this value from combining the data it obtained with the

obsenational data from Planck satellite (which measured these very specific type la supernovas,

150 of them between 2009 and 2011, to be exact).

GLT 6 KlFa dKA& @FfdzST AG YSIya GKFG GKS aAyYLX Sad
Armin Rest of th&Space Telescope Science Institute (STScl) in Baltimore. Armin Rest is the lead

author of the ParSTARRS team reporting these results to the astrophysics Web site arXiv (actual

link to the paper) on October 22, 2013.
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The Significance:

What exactly doethe discrepancy in the value in the cosmological constant mean for our
understanding of dark energy? At first glace, the community can dismiss these results as
experimental uncertainty errors. It is a well accepted idea that telescope calibration, swaerno
physics, and galactic properties are large sources of uncertainties. This can throw off the
cosmological constant value. Several astronomers have immediately spoken up, denying the
validity of the results. Julien Guy of University Pierre and Marie @uRaris say the PEBTARRS
researchers may have underestimated their systematic error by ignoring a source of uncertainty
from supernova lighturve models. They have been in contact with the team, who are looking into
that very issue, and others are cbing over the meticulous work on the R&TARRS team to see

if they can find any holes in the study.

Despite this, these results were very thorough and made by an experienced team, and work is
already on its way to rule out any uncertainties. Not onlt that this is third sky survey to now
produce experimental results that have dependencies for the pressure and density value of w
being equal to 1, and it is starting to draw attention from cosmologists everywhere. In the next
year or two, this result wiibe definitive, or it will be ruled out and disappear, with the
cosmological constant continue being supported.

Well, if the cosmological constant model is wrong, we have to look at alternatives. That is the
beauty of science, it does not care what weskwto be true: if something disagrees with
20aSNDIGA2yazs AGQa ogNRByYy3Ad tflAY YR aAYLE SO omms

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, theseeritsrare creating magnetic field and

attracting forces between the parallel moving electric currents. This is the gravitational force
experienced by the matter, and also the mass is result of the electromagnetic forces between the
charged patrticles. The pitive and negative charged currents attracts each other or by the
magnetic forces or by the much stronger electrostatic forces!?

The gravitational force attracting the matter, causing concentration of the matter in a small space
and leaving much spacetilow 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, where 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 compieigsaéch other. One of
these compensating ratios is the electrproton mass ratio. The lower energy side has no
compensating intensity level, it is the dark energy and the corresponding matter is the dark matter.

Study Reveals Indications That Dark Mat ter is Being Erased by Dark
Energy



Researchers in Portsmouth and Rome have found hints that dark matter, the cosmic scaffolding on
which our Universe is built, is being slowly erased, swallowed up by dark energy.

The findings appear in the journal Physical Review Letters, published by the American Physical
Society. In the journal cosmologists at the Universities of Portsmouth and Rome, argue that the
latest astronomical data favors a dark energy that grows aseitants with dark matter, and this
appears to be slowing the growth of structure in the cosmos.

G5FN] YFGGSNI LINPGARSAE | FNIYSE2N] F2N adNHzOG dzNB &
built on that scaffolding and what we are seeing here, irsthéndings, suggests that dark matter
Ad SOFLRNYGAY3IAS at2¢Ay3a GKIG INRgUGK 2F a0 NHzOG dzNB o

Cosmology underwent a paradigm shift in 1998 when researchers announced that the rate at

which the Universe was expanding was accelerating. The idea of a constaeinéagy throughout

AL OSGAYS 60GKS aOz2avYz2f23A0Ff O2yaidlyidaéo 6SOFYS (K
Portsmouth and Rome researchers believe they have found a better description, including energy

transfer between dark energy and dark matterOJ1

Evidence for an accelerating universe

One of the observational foundations for the big bang model of cosmology was the observed
expansion of the universe. [9] Measurement of the expansion rate is a critical part of the study, and
it has been foundhat the expansion rate is very nearly "flat". That is, the universe is very close to
the critical density, above which it would slow down and collapse inward toward a future "big

crunch". One of the great challenges of astronomy and astrophysics inakstaeasurement over

the vast distances of the universe. Since the 1990s it has become apparent that type la supernovae
offer a unique opportunity for the consistent measurement of distance out to perhaps 1000 Mpc.
Measurement at these great distances pided the first data to suggest that the expansion rate of

the universe is actually accelerating. That acceleration implies an energy density that acts in
opposition to gravity which would cause the expansion to accelerate. This is an energy density
which we have not directly detected observationally and it has been given the name "dark energy".

The type la supernova evidence for an accelerated universe has been discussed by Perlmutter and
the diagram below follows his illustration in Physics Today.
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The data summarized in the illustration above involve the measurement of the redshifts of the
distant supernovae. The observed magnitudes are plotted against the redshift parameter z. Note
that there are a number of Type 1la supernovae around z=.6, whtbhaviHubble constant of 71
km/s/mpc is a distance of about 5 billion light years.

Equation
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whereRandg describe the structure of spacetim€&pertains to matter and energy affecting that

structure, andGandc are conversion factors that arise from using traditional units of
measurement.

1
R,,u - iR gpu + i'x gpu = ruu:
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field equation describes empty space (the vacuum).

The cosmological constant has the same effect as an intrinsic energy density of the vaguum,

(and an associated pressure). In this context it is commonly moved onto thendgttside of the

equation,aR RSFAYSR 6AGK | LINE LI2MNIWher2 yhit dorvénBonstol OG 2 NJ 2F y-
general relativity are used (otherwise factors®andcwould also appear). It is common to quote

values of energy density directly, though still using the name "cogjiwabconstant".



A positive vacuum energy density resulting from a cosmological constant implies a negative
pressure, and vice versa. If the energy density is positive, the associated negative pressure will
drive an accelerated expansion of the univel@e pbserved. (See dark energy and cosmic inflation
for details.)

Explanatory models

Models attempting to explain accelerating expansion include some form of dark energy, dark fluid
or phantom energy. The most important property of dark energy is that it has negative pressure
which is distributed relatively homogeneously in space. Thelsshpxplanation for dark energy is
that it is a cosmological constant or vacuum energy; this leads to the La@biNamodel, which is
generally known as the Standard Model of Cosmology as o0f-2003, since it is the simplest

model in good agreement witha variety of recent observations.

Dark Matter and Energy

Dark matter is a type of matter hypothesized in astronomy and cosmology to account for a large
part of the mass that appears to be missing from the universe. Dark matter cannot be seen directly
with telescopes; evidently it neither emits nor absorbs light or other electromagnetic radiation at
any significant level. It is otherwise hypothesized to simply be matter that is not reactant to light.
Instead, the existence and properties of dark matteriaferred from its gravitational effects on
visible matter, radiation, and the lareggeale structure of the universe. According to the Planck
mission team, and based on the standard model of cosmology, the totakeraegy of the known
universe contains.8% ordinary matter, 26.8% dark matter and 68.3% dark energy. Thus, dark
matter is estimated to constitute 84.5% of the total matter in the universe, while dark energy plus
dark matter constitute 95.1% of the total content of the universe. [6]

Cosmic microwave background

The cosmic microwave background (CMB) is the thermal radiation assumed to be left over from the
"Big Bang" of cosmology. When the universe cooled enough, protons and electrons combined to
form neutral atoms. These atoms could longer absorb the thermal radiation, and so the

universe became transparent instead of being an opaque fog. [7]

Thermal radiation

Thermal radiationis electromagnetic radiation generated by the thermal motion of charged
particles in matter. All mattewith a temperature greater than absolute zero emits thermal
radiation. When the temperature of the body is greater than absolute zero, interatomic collisions

cause the kinetic energy of the atoms or molecules to change. This results in-elcagjeration
and/or dipole oscillation which produces electromagnetic radiation, and the wide spectrum of
radiation reflects the wide spectrum of energies and accelerations that occur even at a single
temperature. [8]
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Electromagnetic Field and Quantum Theory

Nedlless to say that the accelerating electrons of the steady stationary current are a simple
demystification of the magnetic field, by creating a decreasing charge distribution along the wire,
maintaining the decreasing U potential and creating Aheector potential experienced by the
electrons moving by velocity relative to the wire. This way it is easier to understand also the time
dependent changes of the electric current and the electromagnetic waves as the resulting fields
moving by c velocity.

It could be possible something very important law of the nature behind the self mainteining
accelerating force by the accelerated electrons. The accelerated electrons created electromagnetic
fields are so natural that they occur as electromagnetic wavegliraywith velocity c. It shows

that the electric charges are the result of the electromagnetic waves diffraction.

One of the most important conclusions is that the electric charges are moving in an accelerated
way and even if their velocity is constatitey have an intrinsic acceleration anyway, the so called
spin, since they need at least an intrinsic acceleration to make possible they movement .

The bridge between the classical and quantum theory is based on this intrinsic acceleration of the
spin, eplaining also the Heisenberg Uncertainty Principle. The pagialave duality of the

electric charges and the photon makes certain that they are both sides of the same thing. Basing
the gravitational force on the accelerating Universe caused magnetie fond the Planck

Distribution Law of the electromagnetic waves caused diffraction gives us the basis to build a
Unified Theory of the physical interactions. [4]

Lorentz transformation of the Special Relativity

In the referential frame of the acceleiag electrons the charge density lowering linearly because
of the linearly growing way they takes every next time period. From the referential frame of the
wire there is a parabolic charge density lowering.



The difference between these two referential fin@s, namely the referential frame of the wire and
the referential frame of the moving electrons gives the relativistic effect. Important to say that the
moving electrons presenting the time coordinate, since the electrons are taking linearly increasing
wayevery next time period, and the wire presenting the geometric coordinate. The Lorentz
transformations are based on moving light sources of the Michelstorley experiment giving a
practical method to transform time and geometric coordinates without aixphg the source of

this mystery.

The real mystery is that the accelerating charges are maintaining the accelerating force with their
charge distribution locally. The resolution of this mystery that the charges are simply the results of
the diffraction patterns, that is the charges and tlectric field are two sides of the same thing.
Otherwise the charges could exceed the velocity of the electromagnetic field.

The increasing mass of the electric charges the result of the increasing inductive electric force
acting against the acceleragjrforce. The decreasing mass of the decreasing acceleration is the
result of the inductive electric force acting against the decreasing force. This is the relativistic mass
change explanation, especially importantly explaining the mass reduction in cesledty

decrease.

The Classical Relativistic effect

The moving charges are self maintain the electromagnetic field locally, causing their movement and
this is the result of their acceleration under the force of this field.

In the classical physicseltharges will distributed along the electric current so that the electric
potential lowering along the current, by linearly increasing the way they take every next time

period because this accelerated motion.

Electromagnetic inertia and Gravitational att  raction
Since the magnetic induction creates a negative electric field as a result of the changing
acceleration, it works as an electromagnetic inertia, causing an electromagnetic mass.

It looks clear that the growing acceleration results the relafiwigtowing masslimited also with
the velocity of the electromagnetic wave.

Sinced TandE~m&Y [  Hhatiskh®m depends only on the frequency. It means that

the mass of the proton and electron are electromagnetic and the result of the electromagnetic
induction, caused by the changing acceleration of the spinning and moving charge! It could be that
the mpinertial mass is the result dfie spin, since this is the only accelerating motion of the electric
charge. Since the accelerating motion has different frequency for the electron in the atom and the
proton, they masses are different, also as the wavelengths on both sides of thettiffrpattern,

giving equal intensity of radiation.

If the mass is electromagnetic, then the gravitation is also electromagnetic effect caused by the
accelerating Universe! The same charges would attract each other if they are moving parallel by
the magneic effect.



The Planck distribution law explains the different frequencies of the proton and electron, giving
equal intensity to different lambda wavelengths! Also since the particles are diffraction patterns
they have some closeness to each oth@an beseen as a gravitational force.

Electromagnetic inertia and mass

Electromagnetic Induction
Since the magnetic induction creates a negative electric field as a result of the changing
acceleration, it works as an electromagnetic inertia, causing an efeeggnetic mass. [1]

Relativistic change of mass

The increasing mass of the electric charges the result of the increasing inductive electric force
acting against the accelerating force. The decreasing mass of the decreasing acceleration is the
result ofthe inductive electric force acting against the decreasing force. This is the relativistic mass
change explanation, especially importantly explaining the mass reduction in case of velocity
decrease.

The frequency dependence of mass

Sinced TlandE~mczY [ Hhat iskh®m depends only on the frequency. It means that

the mass of the proton and electron are electromagnetic and the result of the electromagnetic
induction, caused by the changing acceleration of the spinning and moving chargelditbe that

the meyinertial mass is the result of the spin, since this is the only accelerating motion of the electric
charge. Since the accelerating motion has different frequency for the electron in the atom and the
proton, they masses are differentisa as the wavelengths on both sides of the diffraction pattern,
giving equal intensity of radiation.

Electron z Proton mass rate

The Planck distribution law explains the different frequencies of the proton and electron, giving
equal intensity to differat lambda wavelengths! Also since the particles are diffraction patterns
they have some closeness to each oth@an be seen as a gravitational force. [1]

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, where the annihilation of matter and
antimatter is a high probability event. The asymmetric sides are ingdifferent 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 side has no
compensating intensity level, it isgldark energy and the corresponding matter is the dark matter.

Gravity from the point of view of quantum physics

The Gravitational force
The gravitational attractive force is basically a magnetic force.

The same electric charges can attract one anothethe magnetic force if they are moving parallel
in the same direction. Since the electrically neutral matter is composed of negative and positive



charges they need 2 photons to mediate this attractive force, one per charges. The Bing Bang
caused parallemoving of the matter gives this magnetic force, experienced as gravitational force.

Since graviton is a tensor field, it has spin = 2, could be 2 photons with spin = 1 together.

You can think about photons as virtual electppositron pairs, obtainig the necessary virtual
mass for gravity.

The mass as seen before a result of the diffraction, for example the pcagtectron mass rate
Mp=1840 Me. In order to move one of these diffraction maximum (electron or proton) we need to
intervene into the difraction pattern with a force appropriate to the intensity of this diffraction
maximum, means its intensity or mass.

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

The Graviton

In physics, the graviton is a hypothetical elementary particle that mediates the forcevitgjm

in the framework of quantum field theory. If it exists, the graviton is expected to be massless
(because the gravitational force appears to have unlimited range) and must be-2 lspgon. The
spin follows from the fact that the source of gratitm is the stres®nergy tensor, a secoagnk
tensor (compared to electromagnetism's sgdirphoton, the source of which is the feaurrent, a
first-rank tensor). Additionally, it can be shown that any masslessfigid would give rise to a
force indstinguishable from gravitation, because a massless2field must couple to (interact

with) the stressenergy tensor in the same way that the gravitational field does. This result suggests
that, if a massless spid particle is discovered, it must blee graviton, so that the only

experimental verification needed for the graviton may simply be the discovery of a massle&s spin
particle. [2]

Conclusions

If dark matter comes in both matter and antimatter varieties, it might accumulate inside dense
stars to create black holes. It is also possible, although perhaps not probable, that astronomers
could observe a pulsar collapse into a black hole, verifyiaghteory. But once the black hole is
created, it would be near impossible to detect: As dark matter and black holes are each
unobservable, black holes made of dark matter would be doubly invisible. [12]

For a long time, there were two main theories reldti® how our universe would end. These were

the Big Freeze and the Big Crunch. In short, the Big Crunch claimed that the universe would
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the Big Crunch is. On the other hand, the Big Freeze claimed that the universe would continue



expanding forever, until the cosmos becomes a frozen wasteland. This theorisdkagstars will

get farther and farther apart, burn out, and (since there are no more stars bring born) the universe
will grown entirely cold and eternally black. [11]

Newly published research reveals that dark matter is being swallowed up by dadyeoéering

novel insight into the nature of dark matter and dark energy and what the future of our Universe
might be. [10]

The changing temperature of the Universe will change the proportionality of the dark energy and
the corresponding dark matter e Planck Distribution Law, giving the base of this newly
published research.

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, waére 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 ratios the electrorn; 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.
The electric currents causing self maintaining electric potential is the source of tbialsped

general relativistic effects. The Higgs Field is the result of the electromagnetic induction. The
Graviton is two photons together. [3]
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