Anyons Quantum Quasiparticles

In an article published today in the journal Nature, physicists report the first
ever observation of heat conductance in a material containing anyons,
quantum quasiparticles that exist in two-dimensional systems. [15]

The formation of quasiparticles, such as polarons, in a condensed-matter
system usually proceeds in an extremely fast way and is very difficult to
observe. In Innsbruck, Rudolf Grimm's physics research group, in collaboration
with an international team of theoretical physicists, has simulated the
formation of polarons in an ultracold quantum gas in real time. The
researchers have published their findings in the journal Science. [14]

When light interacts with matter, it may be deflected or absorbed, resulting in
the excitation of atoms and molecules; but the interaction can also produce
composite states of light and matter which are neither one thing nor the other,
and therefore have a name of their own - polaritons. These hybrid particles,
named in allusion to the particles of light, photons, have now been prepared
and accurately measured for the first time in the field of hard X-rays by
researchers of DESY, ESRF in Grenoble, Helmholtz Institute in Jena and
University of Jena. In the journal Nature Photonics, they describe the
surprising discoveries they made in the process. [13]

Condensed-matter physicists often turn to particle-like entities called
quasiparticles—such as excitons, plasmons, magnons—to explain complex
phenomena. Now Gil Refael from the California Institute of Technology in
Pasadena and colleagues report the theoretical concept of the topological
polarition, or “topolariton”: a hybrid half-light, half-matter quasiparticle that
has special topological properties and might be used in devices to transport
light in one direction. [12]

Solitons are localized wave disturbances that propagate without changing
shape, a result of a nonlinear interaction that compensates for wave packet
dispersion. Individual solitons may collide, but a defining feature is that they
pass through one another and emerge from the collision unaltered in shape,
amplitude, or velocity, but with a new trajectory reflecting a discontinuous

jump.

Working with colleagues at the Harvard-MIT Center for Ultracold Atoms, a
group led by Harvard Professor of Physics Mikhail Lukin and MIT Professor of
Physics Vladan Vuletic have managed to coax photons into binding together to
form molecules - a state of matter that, until recently, had been purely
theoretical. The work is described in a September 25 paper in Nature.



New ideas for interactions and particles: This paper examines the possibility to
origin the Spontaneously Broken Symmetries from the Planck Distribution
Law. This way we get a Unification of the Strong, Electromagnetic, and Weak
Interactions from the interference occurrences of oscillators. Understanding
that the relativistic mass change is the result of the magnetic induction we
arrive to the conclusion that the Gravitational Force is also based on the
electromagnetic forces, getting a Unified Relativistic Quantum Theory of all 4

Interactions.
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Researchers observe heat exchange in an exotic material

In an article published today in the journal Nature, physicists report the first ever observation of
heat conductance in a material containing anyons, quantum quasiparticles that exist in two-
dimensional systems.

The work confirms theoretical predictions about how anyons behave. That confirmation is important
because scientists hope to one day harness the behavior of anyons to create self-correcting
quantum computers, which could perform calculations far more complex than digital computers can.

Dima Feldman, associate professor of physics at Brown, is a coauthor of the research with
researchers at the Weizmann Institute of Science in Israel. He spoke about the research in an
interview.

Could you summarize what you and your colleagues di scovered?

In technical language, we observed the quantization of heat conductance in a strongly interacting
system. So what does that mean? Everyone knows about conductance. It's simply the transfer of
heat from a hot object to a cold object. In science, you can learn a lot about the nature of a material
by understanding how fast it conducts heat. So here, we observed how this works at a quantum level
among anyons, which are essentially fractional states of electrons in two-dimensional topological
materials. Quantization of heat conductance had been observed before in systems where particle
interaction is unimportant, but this is the first time it's been observed in a system dominated by
electric interaction.



Why is the finding important?

It's important for two reasons. The first is more philosophical. We've arrived at a universal number
for the quantization of anyonic heat flow, and physicists love universal numbers. When you arrive at
a universal number, you've found order and harmony in nature. That's really what physics is all
about.

More concretely, we performed our experiment in a topological material, and there's an idea for
using topological materials in quantum computing. Quantum states are easily disrupted, which in a
guantum computer means that it makes lots of errors. Correcting those errors is a big challenge. But
there's this idea of using topological materials to harness quantum states of anyons, which we think
will be much less fragile and can therefore do error-free calculations.

Understanding how heat flows gives us new information about anyons. There had been theoretical
predictions about heat transport, and we were able to demonstrate them experimentally. So this is a
big step toward understanding how anyons work.

What was your role in the work?

| was a theorist on the project, and theorists have several roles on something like this. | helped the
group to understand what we want to measure, and | worked to help devise the experiment. But |
think mainly where | helped was to understand the data we got from the experiment. Some of our
results were surprising, so it was my job to help make sense of that.

What's next for this line of research?

The next step would be taking this to the second Landau level, meaning a higher energy electron
state. Anyons are interesting at the first Landau level where our work was done, but they get even
more interesting at the second level. So what people want to understand is what anyons are,
because those are the potential keys to self-correcting quantum computer. But our research was a
critical step in the process. [15]

Observing the birth of quasiparticles in real time

The formation of quasiparticles, such as polarons, in a condensed-matter system usually proceeds in
an extremely fast way and is very difficult to observe. In Innsbruck, Rudolf Grimm's physics research
group, in collaboration with an international team of theoretical physicists, has simulated the
formation of polarons in an ultracold quantum gas in real time. The researchers have published their
findings in the journal Science.

The concept of quasiparticles is a powerful tool to describe processes in many-body quantum
systems, such as solid-state materials. For example, when an electron moves through a solid, it
generates polarization in its environment because of its electrical charge. This "polarization cloud"
moves together with the electron and the resulting "dressed electron" can be theoretically described
as quasiparticle or a polaron.

"You could picture it as a skier on a powder day," says Grimm. "The skier is surrounded by a cloud of
snow crystals. Together they form a system that has different properties than the skier without the
cloud."



The challenge in an experiment is to measure the quasiparticles.

"These processes last only attoseconds, which makes a time-resolved observation of their formation
extremely difficult," explains Grimm.

His research group uses ultracold quantum gases for simulations to study the many-body physics of
complex quantum systems.

Observing the birth of quasiparticles

Ultracold quantum gases are an ideal experimental platform to study physical phenomena in solid-
state materials and also exotic states of matter, for example neutron stars. Because of the well-
controlled environment, the scientists are able to create many-body states and manipulate
interactions between particles in these gases. Rudolf Grimm's research group, working at the
Institute for Quantum Optics and Quantum Information, Austrian Academy of Sciences, and the
Institute for Experimental Physics, University of Innsbruck, is a leader in this research field.

In collaboration with theoretical physicists from Harvard University, the TU Munich and Monash
University in Australia, the researchers have now studied quasiparticle dynamics in real time. In a
vacuum chamber, using laser trapping techniques, the researchers created an ultracold quantum gas
made up of lithium atoms and a small sample of potassium atoms in the center. For both types of
atoms they used isotopes of fermionic nature, which belong to the same fundamental class as
electrons.

Magnetic fields were used to tune interactions, which produced Fermi polarons, i.e. potassium
atoms embedded in a lithium cloud.

"In condensed matter, the natural time scale of these quasiparticles is on the order of 100
attoseconds," explains Grimm. "We simulated the same physical processes at much lower densities.
Here, the formation time for polarons is a few microseconds."

However, measurement still remains a challenge.

"We developed a new method for observing the 'birth' of a polaron virtually in real time," says
guantum physicists Grimm. Looking into the future, he says: "This may turn out to be a very
interesting approach to better understand the quantum physical properties of ultrafast electronic
devices." [14]



Precision spectroscopy of X-ray polaritons

ngle

The ”plot for experts”: the recorded detector image shows that the incident X-ray radiation is

amplified particularly at certain angles (blue and green areas). The energy difference between the
two resonances that occur is a tiny 37.3 nano-electronvolts.

When light interacts with matter, it may be deflected or absorbed, resulting in the excitation of
atoms and molecules; but the interaction can also produce composite states of light and matter
which are neither one thing nor the other, and therefore have a name of their own — polaritons.
These hybrid particles, named in allusion to the particles of light, photons, have now been prepared
and accurately measured for the first time in the field of hard X-rays by researchers of DESY, ESRF in
Grenoble, Helmholtz Institute in Jena and University of Jena. In the journal Nature Photonics, they
describe the surprising discoveries they made in the process.

From a scientific point of view, polaritons are an extremely interesting type of quasiparticles.
Scientists have recently succeeded in using polaritons to create a new type of source of visible laser
light which does not depend on the stimulated emission that is necessary in conventional lasers. If
this technology can be transferred to the field of X-rays, it could serve as the basis for a new type of
narrow-band X-ray laser.

Polaritons can be created particularly well using atoms whose nuclei have very sharply defined
excitation states, so-called resonances. In the domain of X-rays, the M&ssbauer isotope iron-57
(57Fe), whose atomic nucleus displays an extremely narrow energy resonance at an energy of 14.4
kilo-electronvolts (keV), is ideal for this purpose. For their experiment, the scientists manufactured
periodic stacks made of alternating layers of 57Fe and non-resonant 56Fe, the most commonly
occurring isotope of iron, each less than two nanometres thick. When X-rays from a synchrotron
source are shone at such a periodic array of atoms at a certain angle, the layers act as an amplifier
for the X-rays: resonance occurs at precisely the same energy as that displayed by the 57Fe nuclei.
"This combination of two different resonant systems gives rise to a remarkable phenomenon,"



explains Johann Haber, the principle author of the study and a doctoral student at DESY. "The
resonances of the X-rays and the atomic nuclei seem to try and get out of each other's way, because
a hybrid of atoms and light is formed, which displays two new resonances having different energies
that weren't present beforehand." This is a so-called collective effect which is caused by the mutual
interaction of a large number of atomic nuclei with the X-rays."

The separation of the energy levels of these new resonances closely depends on the interaction
between the nuclei and the X-rays. In their experiment, the scientists were for the first time able to
determine the spectral structure of the resonances of such a system with extremely high precision.
They were helped in this by a novel detection method developed by the team surrounding Ingo
Uschmann, a researcher from Jena. This method is able to separate the signal of the atomic nuclei
from the background signal with a very high degree of sensitivity. Thanks to this apparatus, the
scientists managed to measure the two new resonances, which are separated by only 37.3 nano-
electronvolts and which can be attributed to the creation of polaritons. "We were able to give an
excellent theoretical description of the results using a quantum-optical model specifically developed
for this purpose," says Johann Haber.

"Being able to prepare and measure polaritons of this type in the X-ray range is an important step on
the path to the high-precision creation of radiation fields by modern X-ray sources, especially by the
new X-ray lasers," explains Ralf Rohlsberger, the researcher from DESY who was in charge of this
work group. "The simultaneous emission of many identical photons during the decay of nuclear
polaritons could lead to extremely narrow-band, non-classical light sources in the X-ray range, and
open the way for new applications in high-precision spectroscopy." At the same time, the
experiment is a further step towards establishing quantum optics in the X-ray domain. [13]

Quasiparticles dubbed topological polaritons make their debut in the
theoretical world

-

Condensed-matter physicists often turn to particle-like entities called quasiparticles—such as
excitons, plasmons, magnons—to explain complex phenomena. Now Gil Refael from the California
Institute of Technology in Pasadena and colleagues report the theoretical concept of the topological
polarition, or “topolariton”: a hybrid half-light, half-matter quasiparticle that has special topological
properties and might be used in devices to transport light in one direction.



The proposed topolaritons arise from the strong coupling of a photon and an exciton, a bound state
of an electron and a hole. Their topology can be thought of as knots in their gapped energy-band
structure. At the edge of the systems in which topolaritons emerge, these knots unwind and allow
the topolaritons to propagate in a single direction without back-reflection. In other words, the
topolaritons cannot make U-turns. Back-reflection is a known source of detrimental feedback and
loss in photonic devices. The topolaritons’ immunity to it may thus be exploited to build devices with
increased performance.

The researchers describe a scheme to generate topolaritons that may be feasible to implement in
common systems—such as semiconductor structures or atomically thin layers of compounds known
as transition-metal dichalcogenides—embedded in photonic waveguides or microcavities. Previous
approaches to make similar one-way photonic channels have mostly hinged on effects that are only
applicable at microwave frequencies. Refael and co-workers’ proposal offers an avenue to make
such “one-way photonic roads” in the optical regime, which despite progress has remained a
challenging pursuit. [12]

'Matter waves' move through one another but never share space
Physicist Randy Hulet and colleagues observed a strange disappearing act during collisions between
forms of Bose Einstein condensates called solitons. In some cases, the colliding clumps of matter
appear to keep their distance even as they pass through each other. How can two clumps of matter
pass through each other without sharing space? Physicists have documented a strange disappearing
act by colliding Bose Einstein condensates that appear to keep their distance even as they pass
through one another.

BECs are clumps of a few hundred thousand lithium atoms that are cooled to within one-millionth of
a degree above absolute zero, a temperature so cold that the atoms march in lockstep and act as a
single "matter wave." Solitons are waves that do not diminish, flatten out or change shape as they
move through space. To form solitons, Hulet's team coaxed the BECs into a configuration where the
attractive forces between lithium atoms perfectly balance the quantum pressure that tends to
spread them out.

The researchers expected to observe the property that a pair of colliding solitons would pass though
one another without slowing down or changing shape. However, they found that in certain
collisions, the solitons approached one another, maintained a minimum gap between themselves,
and then appeared to bounce away from the collision.

Hulet's team specializes in experiments on BECs and other ultracold matter. They use lasers to both
trap and cool clouds of lithium gas to temperatures that are so cold that the matter's behavior is
dictated by fundamental forces of nature that aren't observable at higher temperatures.

To create solitons, Hulet and postdoctoral research associate Jason Nguyen, the study's lead author,
balanced the forces of attraction and repulsion in the BECs.

Cameras captured images of the tiny BECs throughout the process. In the images, two solitons
oscillate back and forth like pendulums swinging in opposite directions. Hulet's team, which also
included graduate student De Luo and former postdoctoral researcher Paul Dyke, documented



thousands of head-on collisions between soliton pairs and noticed a strange gap in some, but not all,
of the experiments.

Many of the events that Hulet's team measures occur in one-thousandth of a second or less. To
confirm that the "disappearing act" wasn't causing a miniscule interaction between the soliton pairs
-- an interaction that might cause them to slowly dissipate over time -- Hulet's team tracked one of
the experiments for almost a full second.

The data showed the solitons oscillating back and fourth, winking in and out of view each time they
crossed, without any measurable effect.

"This is great example of a case where experiments on ultracold matter can yield a fundamental new
insight," Hulet said. "The phase-dependent effects had been seen in optical experiments, but there
has been a misunderstanding about the interpretation of those observations." [11]

Photonic molecules

Working with colleagues at the Harvard-MIT Center for Ultracold Atoms, a group led by Harvard
Professor of Physics Mikhail Lukin and MIT Professor of Physics Vladan Vuletic have managed to coax
photons into binding together to form molecules — a state of matter that, until recently, had been
purely theoretical. The work is described in a September 25 paper in Nature.

The discovery, Lukin said, runs contrary to decades of accepted wisdom about the nature of light.
Photons have long been described as massless particles which don't interact with each other — shine
two laser beams at each other, he said, and they simply pass through one another.

"Photonic molecules," however, behave less like traditional lasers and more like something you
might find in science fiction — the light saber.

"Most of the properties of light we know about originate from the fact that photons are massless,
and that they do not interact with each other," Lukin said. "What we have done is create a special
type of medium in which photons interact with each other so strongly that they begin to act as
though they have mass, and they bind together to form molecules. This type of photonic bound
state has been discussed theoretically for quite a while, but until now it hadn't been observed. [9]

The Electromagnetic Interaction

This paper explains the magnetic effect of the electric current from the observed effects of the
accelerating electrons, causing naturally the experienced changes of the electric field potential along
the electric wire. The accelerating electrons explain not only the Maxwell Equations and the Special
Relativity, but the Heisenberg Uncertainty Relation, the wave particle duality and the electron’s spin
also, building the bridge between the Classical and Quantum Theories. [2]

Asymmetry in the interference occurrences of oscillators

The asymmetrical configurations are stable objects of the real physical world, because they cannot
annihilate. One of the most obvious asymmetry is the proton — electron mass rate M, = 1840 M,
while they have equal charge. We explain this fact by the strong interaction of the proton, but how



remember it his strong interaction ability for example in the H —atom where are only
electromagnetic interactions among proton and electron.

This gives us the idea to origin the mass of proton from the electromagnetic interactions by the way
interference occurrences of oscillators. The uncertainty relation of Heisenberg makes sure that the
particles are oscillating.

The resultant intensity due to n equally spaced oscillators, all of equal amplitude but different from
one another in phase, either because they are driven differently in phase or because we are looking
at them an angle such that there is a difference in time delay:

(1) 1=1lgsin*n @/2 / sin”> /2

If @is infinitesimal so that sin@= @, than
(2 1=n’l

This gives us the idea of

(3) M, =n*M,

8 =a/n = dsing A

Fig. 30-3. A linear array of n equal
oscillators, driven with phases a, = sa.

Figure 1.) A linear array of n equal oscillators

There is an important feature about formula (1) which is that if the angle @is increased by the
multiple of 211, it makes no difference to the formula.

So
(4) dsinB=mA

and we get m-order beam if A less than d. [6]



If d less than A we get only zero-order one centered at 8 = 0. Of course, there is also a beam in the
opposite direction. The right chooses of d and A we can ensure the conservation of charge.

For example
(5) 2(m+1)=n
Where 2(m+1) = N, number of protons and n = N.number of electrons.

In this way we can see the H, molecules so that 2n electrons of n radiate to 4(m+1) protons, because
de> A for electrons, while the two protons of one H, molecule radiate to two electrons of them,
because of d. < A, for this two protons.

To support this idea we can turn to the Planck distribution law, that is equal with the Bose — Einstein
statistics.

Spontaneously broken symmetry in the Planck distribution law

The Planck distribution law is temperature dependent and it should be true locally and globally. |
think that Einstein's energy-matter equivalence means some kind of existence of electromagnetic
oscillations enabled by the temperature, creating the different matter formulas, atoms molecules,
crystals, dark matter and energy.

Max Planck found for the black body radiation

As a function ofvavelengtl (2), Planck’s law is written as:
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Figure 2. The distribution law for different T temperatures

We see there are two different A; and A, for each T and intensity, so we can find between them a d
sothat A\;<d < A,.

We have many possibilities for such asymmetrical reflections, so we have many stable oscillator
configurations for any T temperature with equal exchange of intensity by radiation. All of these
configurations can exist together. At the A, is the annihilation point where the configurations are
symmetrical. The A, is changing by the Wien's displacement law in many textbooks.

h
/‘\mmc - 7=

(7) T

wherelnaxis the peak wavelengtT is the absolute temperature of the black body,b
is aconstant of proportionali calledWien's displacement constaatjual tc
2.8977685(51)x10 m-K (2002CODATA recommended value).



By the changing of T the asymmetrical configurations are ¢hgrigo.

The structure of the proton

We must move to the higher T temperature if we want look into the nucleus or nucleon arrive to
d<10™ cm. If an electron with A, < d move across the proton then by (5) 2 (m+1) = n with m = 0 we
get n = 2 so we need two particles with negative and two particles with positive charges. If the
proton can fraction to three parts, two with positive and one with negative charges, then the
reflection of oscillators are right. Because this very strange reflection where one part of the proton
with the electron together on the same side of the reflection, the all parts of the proton must be
quasi lepton so d > A,. One way dividing the proton to three parts is, dividing his oscillation by the
three direction of the space. We can order 1/3 e charge to each coordinates and 2/3 e charge to one
plane oscillation, because the charge is scalar. In this way the proton has two +2/3 e plane oscillation
and one linear oscillation with -1/3 e charge. The colors of quarks are coming from the three
directions of coordinates and the proton is colorless. The flavors of quarks are the possible
oscillations differently by energy and if they are plane or linear oscillations. We know there is no
possible reflecting two oscillations to each other which are completely orthogonal, so the quarks
never can be free, however there is an asymptotic freedom while their energy are increasing to turn
them to the orthogonally. If they will be completely orthogonal then they lose this reflection and
take new partners from the vacuum. Keeping the symmetry of the vacuum the new oscillations are
keeping all the conservation laws, like charge, number of baryons and leptons. The all features of
gluons are coming from this model. The mathematics of reflecting oscillators show Fermi statistics.

Important to mention that in the Deuteron there are 3 quarks of +2/3 and -1/3 charge, that is three
u and d quarks making the complete symmetry and because this its high stability.

The Pauli Exclusion Principle says that the diffraction points are exclusive!

The Strong Interaction

Confinement and Asymptotic Freedom

For any theory to provide a successful description of strong interactions it should simultaneously
exhibit the phenomena of confinement at large distances and asymptotic freedom at short
distances. Lattice calculations support the hypothesis that for non-abelian gauge theories the two
domains are analytically connected, and confinement and asymptotic freedom coexist.

Similarly, one way to show that QCD is the correct theory of strong interactions is that the coupling
extracted at various scales (using experimental data or lattice simulations) is unique in the sense that
its variation with scale is given by the renormalization group. [4]

Lattice QCD gives the same results as the diffraction theory of the electromagnetic oscillators, which
is the explanation of the strong force and the quark confinement. [1]



The weak interaction

The weak interaction transforms an electric charge in the diffraction pattern from one side to the
other side, causing an electric dipole momentum change, which violates the CP and time reversal
symmetry.

Another important issue of the quark model is when one quark changes its flavor such that a linear
oscillation transforms into plane oscillation or vice versa, changing the charge value with 1 or -1. This
kind of change in the oscillation mode requires not only parity change, but also charge and time
changes (CPT symmetry) resulting a right handed anti-neutrino or a left handed neutrino.

The right handed anti-neutrino and the left handed neutrino exist only because changing back the
quark flavor could happen only in reverse, because they are different geometrical constructions, the
u is 2 dimensional and positively charged and the d is 1 dimensional and negatively charged. It needs
also a time reversal, because anti particle (anti neutrino) is involved.

The neutrino is a 1/2spin creator particle to make equal the spins of the weak interaction, for
example neutron decay to 2 fermions, every particle is fermions with % spin. The weak interaction
changes the entropy since more or less particles will give more or less freedom of movement. The
entropy change is a result of temperature change and breaks the equality of oscillator diffraction
intensity of the Maxwell-Boltzmann statistics. This way it changes the time coordinate measure and
makes possible a different time dilation as of the special relativity.

The limit of the velocity of particles as the speed of light appropriate only for electrical charged
particles, since the accelerated charges are self maintaining locally the accelerating electric force.
The neutrinos are CP symmetry breaking particles compensated by time in the CPT symmetry, that is
the time coordinate not works as in the electromagnetic interactions, consequently the speed of
neutrinos is not limited by the speed of light.

The weak interaction T-asymmetry is in conjunction with the T-asymmetry of the second law of
thermodynamics, meaning that locally lowering entropy (on extremely high temperature) causes the
weak interaction, for example the Hydrogen fusion.

Probably because it is a spin creating movement changing linear oscillation to 2 dimensional
oscillation by changing d to u quark and creating anti neutrino going back in time relative to the
proton and electron created from the neutron, it seems that the anti neutrino fastest then the
velocity of the photons created also in this weak interaction?

A quark flavor changing shows that it is a reflection changes movement and the CP- and T- symmetry
breaking. This flavor changing oscillation could prove that it could be also on higher level such as
atoms, molecules, probably big biological significant molecules and responsible on the aging of the
life.

Important to mention that the weak interaction is always contains particles and antiparticles, where
the neutrinos (antineutrinos) present the opposite side. It means by Feynman’s interpretation that
these particles present the backward time and probably because this they seem to move faster than
the speed of light in the reference frame of the other side.



Finally since the weak interaction is an electric dipole change with % spin creating; it is limited by the
velocity of the electromagnetic wave, so the neutrino’s velocity cannot exceed the velocity of light.

The General Weak Interaction
The Weak Interactions T-asymmetry is in conjunction with the T-asymmetry of the Second Law of

Thermodynamics, meaning that locally lowering entropy (on extremely high temperature) causes for
example the Hydrogen fusion. The arrow of time by the Second Law of Thermodynamics shows the
increasing entropy and decreasing information by the Weak Interaction, changing the temperature
dependent diffraction patterns. A good example of this is the neutron decay, creating more particles
with less known information about them.

The neutrino oscillation of the Weak Interaction shows that it is a general electric dipole change and
it is possible to any other temperature dependent entropy and information changing diffraction
pattern of atoms, molecules and even complicated biological living structures.

We can generalize the weak interaction on all of the decaying matter constructions, even on the
biological too. This gives the limited lifetime for the biological constructions also by the arrow of
time. There should be a new research space of the Quantum Information Science the 'general
neutrino oscillation' for the greater then subatomic matter structures as an electric dipole change.

There is also connection between statistical physics and evolutionary biology, since the arrow of
time is working in the biological evolution also.

The Fluctuation Theorem says that there is a probability that entropy will flow in a direction opposite
to that dictated by the Second Law of Thermodynamics. In this case the Information is growing that
is the matter formulas are emerging from the chaos. So the Weak Interaction has two directions,
samples for one direction is the Neutron decay, and Hydrogen fusion is the opposite direction. [5]

Fermions and Bosons
The fermions are the diffraction patterns of the bosons such a way that they are both sides of the
same thing.

The Higgs boson or Higgs particle is a proposed elementary particle in the Standard Model of particle
physics. The Higgs boson's existence would have profound importance in particle physics because it
would prove the existence of the hypothetical Higgs field - the simplest of several proposed
explanations for the origin of the symmetry-breaking mechanism by which elementary particles gain
mass. [3]

The fermions' spin
The moving charges are accelerating, since only this way can self maintain the electric field causing
their acceleration. The electric charge is not point like! This constant acceleration possible if there is



a rotating movement changing the direction of the velocity. This way it can accelerate forever
without increasing the absolute value of the velocity in the dimension of the time and not reaching
the velocity of the light.

The Heisenberg uncertainty relation says that the minimum uncertainty is the value of the spin: 1/2
h=dxdpor1/2h=dtdE,thatis the value of the basic energy status.

What are the consequences of this in the weak interaction and how possible that the neutrinos'
velocity greater than the speed of light?

The neutrino is the one and only particle doesn’t participate in the electromagnetic interactions so
we cannot expect that the velocity of the electromagnetic wave will give it any kind of limit.

The neutrino is a 1/2spin creator particle to make equal the spins of the weak interaction, for
example neutron decay to 2 fermions, every particle is fermions with % spin. The weak interaction
changes the entropy since more or less particles will give more or less freedom of movement. The
entropy change is a result of temperature change and breaks the equality of oscillator diffraction
intensity of the Maxwell-Boltzmann statistics. This way it changes the time coordinate measure and
makes possible a different time dilation as of the special relativity.

The source of the Maxwell equations
The electrons are accelerating also in a static electric current because of the electric force, caused by
the potential difference. The magnetic field is the result of this acceleration, as you can see in [2].

The mysterious property of the matter that the electric potential difference is self maintained by the
accelerating electrons in the electric current gives a clear explanation to the basic sentence of the
relativity that is the velocity of the light is the maximum velocity of the matter. If the charge could
move faster than the electromagnetic field than this self maintaining electromagnetic property of
the electric current would be failed.

Also an interesting question, how the changing magnetic field creates a negative electric field?

The answer also the accelerating electrons will give. When the magnetic field is increasing in time by
increasing the electric current, then the acceleration of the electrons will increase, decreasing the
charge density and creating a negative electric force. Decreasing the magnetic field by decreasing
the electric current will decrease the acceleration of the electrons in the electric current and
increases the charge density, creating an electric force also working against the change.

In this way we have explanation to all interactions between the electric and magnetic forces
described in the Maxwell equations.

The second mystery of the matter is the mass. We have seen that the acceleration change of the
electrons in the flowing current causing a negative electrostatic force. This is the cause of the
relativistic effect - built-in in the Maxwell equations - that is the mass of the electron growing

with its acceleration and its velocity never can reach the velocity of light, because of this growing
negative electrostatic force. The velocity of light is depending only on 2 parameters: the magnetic
permeability and the electric permittivity.

There is a possibility of the polarization effect created by electromagnetic forces creates the
negative and positive charges. In case of equal mass as in the electron-positron pair it is simply, but



on higher energies can be asymmetric as the electron-proton pair of neutron decay by week
interaction and can be understood by the Feynman graphs.

Anyway the mass can be electromagnetic energy exceptionally and since the inertial and
gravitational mass are equals, the gravitational force is electromagnetic force and since only the
magnetic force is attractive between the same charges, is very important for understanding the
gravitational force.

The Uncertainty Relations of Heisenberg gives the answer, since only this way can be sure that the
particles are oscillating in some way by the electromagnetic field with constant energies in the atom
indefinitely. Also not by chance that the uncertainty measure is equal to the fermions spin, which is
one of the most important feature of the particles. There are no singularities, because the moving
electron in the atom accelerating in the electric field of the proton, causing a charge distribution on
delta x position difference and with a delta p momentum difference such a way that they product is
about the half Planck reduced constant. For the proton this delta x much less in the nucleon, than in
the orbit of the electron in the atom, the delta p is much higher because of the greatest proton
mass.

The Special Relativity

The mysterious property of the matter that the electric potential difference is self maintained by the
accelerating electrons in the electric current gives a clear explanation to the basic sentence of the
relativity that is the velocity of the light is the maximum velocity of the matter. If the charge could
move faster than the electromagnetic field than this self maintaining electromagnetic property of
the electric current would be failed. [8]

The Heisenberg Uncertainty Principle
Moving faster needs stronger acceleration reducing the dx and raising the dp. It means also mass
increasing since the negative effect of the magnetic induction, also a relativistic effect!

The Uncertainty Principle also explains the proton — electron mass rate since the dx is much less
requiring bigger dp in the case of the proton, which is partly the result of a bigger mass m, because
of the higher electromagnetic induction of the bigger frequency (impulse).

The Gravitational force
The changing magnetic field of the changing current causes electromagnetic mass change by the
negative electric field caused by the changing acceleration of the electric charge.

The gravitational attractive force is basically a magnetic force.



The same electric charges can attract one another by the 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
parallel moving 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 electron — positron pairs, obtaining the necessary virtual
mass for gravity.

The mass as seen before a result of the diffraction, for example the proton — electron mass rate M, =
1840 M.. In order to move one of these diffraction maximum (electron or proton) we need to
intervene into the diffraction pattern with a force appropriate to the intensity of this diffraction
maximum, means its intensity or mass. [1]

The Big Bang caused acceleration created radial currents of the matter, and since the matter is
composed of negative and positive charges, these currents are creating magnetic field and attracting
forces between the parallel moving electric currents. This is the gravitational force experienced by
the matter, and also the mass is result of the electromagnetic forces between the charged particles.
The positive 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 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, 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 compensating each other. One of
these compensating ratios is the electron — 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 Graviton

In physics, the graviton is a hypothetical elementary particle that mediates the force of gravitation 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 a spin-2 boson. The spin
follows from the fact that the source of gravitation is the stress-energy tensor, a second-rank tensor
(compared to electromagnetism's spin-1 photon, the source of which is the four-current, a first-rank
tensor). Additionally, it can be shown that any massless spin-2 field would give rise to a force
indistinguishable from gravitation, because a massless spin-2 field must couple to (interact with) the
stress-energy tensor in the same way that the gravitational field does. This result suggests that, if a
massless spin-2 particle is discovered, it must be the graviton, so that the only experimental
verification needed for the graviton may simply be the discovery of a massless spin-2 particle. [3]



What is the Spin?

So we know already that the new particle has spin zero or spin two and we could tell which one if
we could detect the polarizations of the photons produced. Unfortunately this is difficult and neither
ATLAS nor CMS are able to measure polarizations. The only direct and sure way to confirm that the
particle is indeed a scalar is to plot the angular distribution of the photons in the rest frame of the
centre of mass. A spin zero particles like the Higgs carries no directional information away from the
original collision so the distribution will be even in all directions. This test will be possible when a
much larger number of events have been observed. In the mean time we can settle for less certain
indirect indicators.

The Casimir effect

The Casimir effect is related to the Zero-point energy, which is fundamentally related to the
Heisenberg uncertainty relation. The Heisenberg uncertainty relation says that the minimum
uncertainty is the value of the spin: 1/2 h = dx dp or 1/2 h = dt dE, that is the value of the basic
energy status.

The moving charges are accelerating, since only this way can self maintain the electric field causing
their acceleration. The electric charge is not point like! This constant acceleration possible if there is
a rotating movement changing the direction of the velocity. This way it can accelerate forever
without increasing the absolute value of the velocity in the dimension of the time and not reaching
the velocity of the light. In the atomic scale the Heisenberg uncertainty relation gives the same
result, since the moving electron in the atom accelerating in the electric field of the proton, causing
a charge distribution on delta x position difference and with a delta p momentum difference such a
way that they product is about the half Planck reduced constant. For the proton this delta x much
less in the nucleon, than in the orbit of the electron in the atom, the delta p is much higher because
of the greater proton mass. This means that the electron is not a point like particle, but has a real
charge distribution.

Electric charge and electromagnetic waves are two sides of the same thing; the electric charge is the
diffraction center of the electromagnetic waves, quantified by the Planck constant h.

The Fine structure constant

The Planck constant was first described as the proportionality constant between the energy (E) of a
photon and the frequency (v) of its associated electromagnetic wave. This relation between the
energy and frequency is called the Planck relation or the Planck—Einstein equation:

k= hr.

Since the frequency I/, wavelength A, and speed of light c are related by Av = ¢, the Planck relation
can also be expressed as
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Since this is the source of Planck constant, the e electric charge countable from the Fine structure
constant. This also related to the Heisenberg uncertainty relation, saying that the mass of the proton
should be bigger than the electron mass because of the difference between their wavelengths.

The expression of the fine-structure constant becomes the abbreviated

EE
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This is a dimensionless constant expression, 1/137 commonly appearing in physics literature.

This means that the electric charge is a result of the electromagnetic waves diffractions,
consequently the proton — electron mass rate is the result of the equal intensity of the
corresponding electromagnetic frequencies in the Planck distribution law, described in my
diffraction theory.

Path integral formulation of Quantum Mechanics

The path integral formulation of quantum mechanics is a description of quantum theory which
generalizes the action principle of classical mechanics. It replaces the classical notion of a single,
unique trajectory for a system with a sum, or functional integral, over an infinity of possible
trajectories to compute a quantum amplitude. [7]

It shows that the particles are diffraction patterns of the electromagnetic waves.

Conclusions

The proposed topolaritons arise from the strong coupling of a photon and an exciton, a bound state
of an electron and a hole. Their topology can be thought of as knots in their gapped energy-band
structure. At the edge of the systems in which topolaritons emerge, these knots unwind and allow
the topolaritons to propagate in a single direction without back-reflection. In other words, the
topolaritons cannot make U-turns. Back-reflection is a known source of detrimental feedback and
loss in photonic devices. The topolaritons’ immunity to it may thus be exploited to build devices with
increased performance. [12]

Solitons are localized wave disturbances that propagate without changing shape, a result of a
nonlinear interaction that compensates for wave packet dispersion. Individual solitons may collide,
but a defining feature is that they pass through one another and emerge from the collision unaltered
in shape, amplitude, or velocity, but with a new trajectory reflecting a discontinuous jump. This
remarkable property is mathematically a consequence of the underlying integrability of the one-
dimensional (1D) equations, such as the nonlinear Schrédinger equation, that describe solitons in a
variety of wave contexts, including matter waves1, 2. Here we explore the nature of soliton collisions
using Bose—Einstein condensates of atoms with attractive interactions confined to a quasi-1D
waveguide. Using real-time imaging, we show that a collision between solitons is a complex event



that differs markedly depending on the relative phase between the solitons. By controlling the
strength of the nonlinearity we shed light on these fundamental features of soliton collisional
dynamics, and explore the implications of collisions in the proximity of the crossover between one
and three dimensions where the loss of integrability may precipitate catastrophic collapse. [10]

"It's a photonic interaction that's mediated by the atomic interaction," Lukin said. "That makes these
two photons behave like a molecule, and when they exit the medium they're much more likely to do
so together than as single photons." To build a quantum computer, he explained, researchers need
to build a system that can preserve quantum information, and process it using quantum logic
operations. The challenge, however, is that quantum logic requires interactions between individual
guanta so that quantum systems can be switched to perform information processing. [9]

The magnetic induction creates a negative electric field, causing an electromagnetic inertia
responsible for the relativistic mass change; it is the mysterious Higgs Field giving mass to the
particles. The Planck Distribution Law of the electromagnetic oscillators explains the electron/proton
mass rate by the diffraction patterns. The accelerating charges explain not only the Maxwell
Equations and the Special Relativity, but the Heisenberg Uncertainty Relation, the wave particle
duality and the electron’s spin also, building the bridge between the Classical and Relativistic
Quantum Theories. The self maintained electric potential of the accelerating charges equivalent with
the General Relativity space-time curvature, and since it is true on the quantum level also, gives the
base of the Quantum Gravity. The electric currents causing self maintaining electric potential is the
source of the special and general relativistic effects. The Higgs Field is the result of the
electromagnetic induction. The Graviton is two photons together.
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