Higgs Boson's Dark Side at LHC

'In the new run, because of the highest-ever energies available at the LHC, we
might finally create dark matter in the laboratory,’ says Daniela. 'If dark
matter is the lightest SUSY particle than we might discover many other SUSY
particles, since SUSY predicts that every Standard Model particle has a SUSY
counterpart.’ [7]

The problem is that there are several things the Standard Model is unable to
explain, for example the dark matter that makes up a large part of the
universe. Many particle physicists are therefore working on the development of
new, more comprehensive models. [6]

They might seem quite different, but both the Higgs boson and dark matter
particles may have some similarities. The Higgs boson is thought to be the
particle that gives matter its mass. And in the same vein, dark matter is
thought to account for much of the 'missing mass' in galaxies in the universe.
It may be that these mass-giving particles have more in common than was
thought. [5]

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.
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Preface

Popular questions about the Higgs Field:

1.) If the Higgs field is responsible for imbuing particles with mass, and mass is responsible for
gravity, is it possible that the Higgs field will provide the missing link between general relativity and
quantum mechanics i.e. could the Higgs field be the basis of a quantum theory of gravity?

2.) Can the theoretical Higgs Field be used as the “cause” of relativistic momentum or relativistic
kinetic energy of a moving body?

3.) Does Einstein's General Relativity need to be adjusted for the Higgs field?

4.) Since the Higgs field gives most particles mass, and permeates all space, then GR needs the Higgs
field to be a theory of space?

5.) So where GR is highly curved, the Higgs field is also curved? And does a highly curved Higgs field
affect the way particles acquire mass? For that matter, a curved space-time would also curve
electromagnetic field?



How can we answer these questions?

There is an explanation of the magnetic effect caused by 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 charge distribution is lowering in the reference frame of the
accelerating charges linearly: ds/dt = at (time coordinate), but in the reference frame of the current
it is parabolic: s = a/2 t* (geometric coordinate). 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. [1]

One origin of the Quantum Physics is the Planck Distribution Law of the electromagnetic oscillators,
giving equal intensity for 2 different wavelengths on any temperature. Any of these two wavelengths
will give equal intensity diffraction patterns, building different asymmetric constructions, for
example proton - electron structures (atoms), molecules, etc. Since the particles are centers of
diffraction patterns they also have particle — wave duality as the electromagnetic waves have. The
Electroweak Interaction shows that the Weak Interaction is basically electromagnetic in nature. The
arrow of time shows the entropy grows by changing the temperature dependent diffraction patterns
of the electromagnetic oscillators. [2]

Exploring the Higgs boson's dark side
Last month, after two years of preparation, the LHC began smashing its proton beams together at 13
Trillion electron Volts (TeV), close to double the energy achieved during its first run.

'We do not know what we will find next and that makes the new run even more exciting,' Daniela
Bortoletto of Oxford University's Department of Physics, a member of the team running the LHC's
ATLAS experiment, tells me. 'We hope to finally find some cracks in the Standard Model as there are
many questions about our universe that it does not answer.'

One of the big questions concerns dark matter, the invisible 'stuff' that astrophysicists estimate
makes up over 80% of the mass of the Universe. As yet nobody has identified particles of dark
matter although physicists think it could be the lightest supersymmetric (SUSY) particle.

'In the new run, because of the highest-ever energies available at the LHC, we might finally create
dark matter in the laboratory,' says Daniela. 'If dark matter is the lightest SUSY particle than we
might discover many other SUSY particles, since SUSY predicts that every Standard Model particle
has a SUSY counterpart.’

Then there's the puzzle of antimatter: in the early Universe matter and antimatter were created in
equal quantities but now matter dominates the Universe.

'We still do not know what caused the emergence of this asymmetry,' Daniela explains. 'We have
finally discovered the Higgs boson: this special particle, a particle that does not carry any spin, might
decay to dark matter particles and may even explain why the Universe is matter dominated."'

Discovering the Higgs boson was a huge achievement but now the race is on to understand it: a
prospect that Daniela is particularly excited about.



'This particle is truly fascinating,' she says. 'Spin explains the behaviour of elementary particles:
matter particles like the electron have spin 1/2 while force particles

like the photon, which is responsible for the electromagnetic interaction, have spin 1. Spin 1/2
particles obey the Pauli principle that forbids electrons to be in the same quantum state.

'The Higgs is the first spin 0 particle, or as particle physicists would say the first 'scalar particle' we've
found, so the Higgs is neither matter nor force.'

Because of its nature the Higgs could have an impact on cosmic inflation and the energy of a vacuum
as well as explaining the mass of elementary particles.

Daniela tells me: 'Because of the Higgs the electron has mass, atoms can be formed, and we exist.
But why do elementary particles have such difference masses?

The data of run 2 will enable us to study, with higher precision, the decays of the Higgs boson and
directly measure the coupling of the Higgs to quarks. It will also enable us to search for other
particles similar to the Higgs and determine if the Higgs decays to dark matter.'

Daniela is one of 13 academics at Oxford working on ATLAS supported by a team of postdoctoral
fellows, postgraduate students and engineering, technical, and computing teams. The Oxford group
plays a lead role in operating the SemiConductor Tracker (SCT), most of which was assembled in an
Oxford lab. This provides information on the trajectories of the particles produced when the LHC's
beams collide, which was crucial to the discovery of the Higgs boson.

Whilst the next few years will see the Oxford group busy with research that exploits the LHC's new
high-energy run, the team are also looking ahead to 2025 when the intensity or 'luminosity' of the
beams will be increased.

The LHC is filled with 1,380 bunches of protons each containing almost a billion protons and colliding
40 million times per second. This means that every time two bunches of protons cross they generate
not one collision but many, an effect called 'pile-up'.

'After this luminosity upgrade the LHC will operate at collision rates five to ten times higher than it
does at present,' Daniela explains. 'In run 1 of the LHC we had a maximum of 37 pile-up collisions per
crossing but with the upgrade to the High Luminosity LHC, or 'HL-LHC', this will increase to an
average of 140 pile-up events in each bunch crossing.'

With the HL-LHC generating many more collisions, the international Oxford-led team are designing
and prototyping parts of a new semiconductor tracker that will be needed to help reconstruct
particles from the complex web of decay trails they leave inside the machine.

As the LHC ramps up both its energy and luminosity it promises to give scientists working on
experiments such as ATLAS answers to some of the biggest questions in physics. One thing is certain:
this new physics will also lead to a whole set of new questions about the matter that makes up us
and the Universe around us. [7]



The Higgs particle can disintegrate into particles of dark matter,

according to new model

The problem is that there are several things the Standard Model is unable to explain, for example
the dark matter that makes up a large part of the universe. Many particle physicists are therefore
working on the development of new, more comprehensive models.

One of them is Christoffer Petersson, who carries out research in theoretical particle physics at
Chalmers University of Technology in Sweden and the Université Libre in Belgium. Together with two
research colleagues he has proposed a particle model based on what is known as supersymmetry.

This model contains more elementary particles than the Standard Model, including dark matter
particles. In addition, the model gives the Higgs particle different properties than the Standard
Model predicts. The model proposes that the Higgs particle can distintegrate into a photon (a
particle of light) and particles of dark matter. However, these properties are quite difficult to
discover — you have to look for them specifically to have a chance of finding them.

But Christoffer Petersson is fortunate — his model has met with a response at CERN. Two
independent experimental stations — Atlas and CMS — at the Large Hadron Collider are now looking
for the very properties of the Higgs particle his model predicts. If the properties are there, itis a
clear indication that the model fits.

“It's a dream for a theorist in particle physics. LHC is the only place where the model can be tested.
It's even nicer that two independent experiments are going to do it,” says Christoffer Petersson.

In the first studies the volume of data was unfortunately too small for it to be possible to either
confirm or reject Petersson’s model.

A Higgs particle has been created in an LHC detector and has then disintegrated into four muons (the
four red lines). According to Christoffer Petersson’s model the Higgs particle can also disintegrate
into a photon and particles of dark matter. Picture: CERN

A Higgs particle has been created in an LHC detector and has then disintegrated into four muons (the
four red lines). According to Christoffer Petersson’s model the Higgs particle can also disintegrate
into a photon and particles of dark matter.

“But we are already in full swing with new analyses in which we are testing his model in other ways
and with more data. We congratulate Christoffer Petersson for having done an important job,” says
Zeynap Demiragli at the CMS experiment at CERN.

After being closed down for a time for an upgrade, LHC will start up again in the spring of 2015. With
higher energies in the accelerator, the experiments will finally gather sufficient data to evaluate
Petersson’s model properly. He is on tenterhooks awaiting the results. [6]

Will the Large Hadron Collider find dark matter?

Atom smasher could soon solve one the universe's greatest mysteries, claims scientist. Dr Monica
Dunford worked at Cern in Switzerland up until 2013. She was directly involved in the detection of
the Higgs boson in 2012. Speaking to Mail Online she said of the time leading up to its discovery: 'l



don’t think there will be another time like that in my career for sure'. But she said that the Large
Hadron Collider could find dark matter. And if it did it would be a 'bigger discovery' than the Higgs
boson. In March 2015 the LHC will be restarted at double its previous power.

‘One of the things I’'m most interested in is creating and discovering dark matter,” Dr Dunford said.
‘We know from measurements of cosmology that 25 per cent of the universe is dark matter and we

have absolutely no idea what that is." An illustration of dark matter in the universe is shown.

When physicists study the dynamics of galaxies and the movement of stars, they are confronted with
a mystery.

If they only take visible matter into account, their equations simply don't add up: the elements that
can be observed are not sufficient to explain the rotation of objects and the existing gravitational
forces. There is something missing.

From this they deduced that there must be an invisible kind of matter that does not interact with
light, but does, as a whole, interact by means of the gravitational force. Called 'dark matter', this
substance appears to make up at least 80 per cent of the universe. Finding the Higgs boson was one
of the primary goals of the LHC - but perhaps the LHC’s most important moment is yet to come.



‘One of the things I’'m most interested in is creating and discovering dark matter,” Dr Dunford said.
We know from measurements of cosmology that 25 per cent of the universe is dark matter and we
have absolutely no idea what that is. For comparison, what we do know, electrons and protons, only
count for four per cent. You have this huge chunk of a pie and no idea what it consists of.

One thing we could possibly produce would be a dark matter candidate via its decay products. Being
able to produce it at the LHC would be a huge connection between our astronomical measurements
and what we can produce in the laboratory. [5]

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 physics the charges 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. [1]

The Relativistic Qquantum Mechanics
The same thing happens on the atomic scale giving a dp impulse difference and a dx way difference
between the different part of the not point like particles.

Commonly accepted idea that the relativistic effect on the particle physics it is the fermions' spin -
another unresolved problem in the classical concepts. If the electric charges can move only with
accelerated motions in the self maintaining electromagnetic field, once upon a time they would
reach the velocity of the electromagnetic field. The resolution of this problem is the spinning
particle, constantly accelerating and not reaching the velocity of light because the acceleration is
radial.

The Heisenberg Uncertainty Relation

I think that we have a simple bridge between the classical and quantum mechanics by understanding
the Heisenberg Uncertainty Relations. It makes clear that the particles are not point like but have a
dx and dp uncertainty.

The General Relativity - 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 electromagnetic 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 of the



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

Since E = hv and E = mc?, m = hv /¢? that is the m depends only on the v 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 m,inertial 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 different, also as the wavelengths on both sides of the diffraction pattern,
giving equal intensity of radiation. [2]

Electron - Proton mass rate

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. In the maximum intensity no diffraction patterns with equal
intensity that is no fermions only bosons. 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 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 other — can be seen as a gravitational force.

In Quantum Field Theory (QFT), particles are described by excitations of a quantum field that
satisfies the appropriate quantum mechanical field equations.
The excitations of the quantum field mean diffraction patterns in my theory. [2]

Higgs Field

The Higgs mechanism is a result of something called a field that extends throughout space, even
where no particles are present. This notion is probably most familiar to you from a magnetic field.
You feel a force between a magnet and your refrigerator even when “nothing” is there. A field can
fill “empty” space. The Higgs field extends throughout space. Elementary particles acquire their
masses by interacting with this field. It is kind of like space is charged and particles get mass through
their interactions with this charge.

The Higgs boson is not directly responsible for mass. The Higgs field is. The boson is a particle that
tells us our understanding of this mechanism is correct. It also is a big clue as to where that field
came from in the first place. Its discovery tells us that what we expected to be true was indeed
correct, and it gives us clues as to what else might underlie the Standard Model. [4]

The Higgs boson

By March 2013, the particle had been proven to behave, interact and decay in many of the expected
ways predicted by the Standard Model, and was also tentatively confirmed to have + parity and zero
spin, two fundamental criteria of a Higgs boson, making it also the first known scalar particle to be
discovered in nature, although a number of other properties were not fully proven and some partial



results do not yet precisely match those expected; in some cases data is also still awaited or being
analyzed.

In my opinion, the best explanation of the Higgs mechanism for a lay audience is the one invented by
David Miller. You can find it here: http://www.strings.ph.gmul.ac.uk/~jmc/epp/higgs3.html .

The field must come first. The boson is an excitation of the field. So no field, no excitation. On the
other hand in quantum field theory it is difficult to separate the field and the excitations.

The Higgs field is what gives particles their mass.

There is a video that gives an idea as to the Higgs field and the boson. It is here:
http://www.youtube.com/watch?v=RIgl1Vh7uPyw . Note that this analogy isn't as good as the Miller
one, but as is usually the case, if you look at all the analogies you'll get the best understanding of the

situation.

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 Weak Interaction

Since the Higgs boson is necessary to the W and Z bosons, the dipole change of the Weak interaction
and the change in the magnetic effect caused gravitation must be conducted. The Wien law is also
important to explain the Weak interaction, since it describes the T.,., change and the diffraction
patterns change. [2]

Higgs mechanism

The magnetic induction creates a negative electric field, causing an electromagnetic inertia. Probably
it is the mysterious Higgs field giving mass to the charged particles? We can think about the photon
as an electron-positron pair, they have mass. The neutral particles are built from negative and
positive charges, for example the neutron, decaying to proton and electron. The wave — particle
duality makes sure that the particles are oscillating and creating magnetic induction as an inertial
mass, explaining also the relativistic mass change. Higher frequency creates stronger magnetic
induction, smaller frequency results lesser magnetic induction. It seems to me that the magnetic
induction is the secret of the Higgs field.

In particle physics, the Higgs mechanism is a kind of mass generation mechanism, a process that
gives mass to elementary particles. According to this theory, particles gain mass by interacting with
the Higgs field that permeates all space. More precisely, the Higgs mechanism endows gauge bosons
in a gauge theory with mass through absorption of Nambu—Goldstone bosons arising in spontaneous
symmetry breaking.

The simplest implementation of the mechanism adds an extra Higgs field to the gauge theory. The
spontaneous symmetry breaking of the underlying local symmetry triggers conversion of



components of this Higgs field to Goldstone bosons which interact with (at least some of) the other
fields in the theory, so as to produce mass terms for (at least some of) the gauge bosons. This
mechanism may also leave behind elementary scalar (spin-0) particles, known as Higgs bosons.

In the Standard Model, the phrase "Higgs mechanism" refers specifically to the generation of masses
for the W*, and Z weak gauge bosons through electroweak symmetry breaking. The Large Hadron
Collider at CERN announced results consistent with the Higgs particle on July 4, 2012 but stressed
that further testing is needed to confirm the Standard Model.

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 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
Mp=1840 Me. 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.

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]

Conclusions

“If the model is found to fit, it would completely change our understanding of the fundamental
building blocks of nature. If not, just the fact that they are willing to test my model at CERN is great,”
he says. [6]

On whether it would be the LHC’s most important discovery to date, she said: ‘Personally yes. It
would be a bigger discovery than the Higgs boson. ‘For the Higgs we had a very good concrete
theoretical prediction; for dark matter we really have no idea what it would be.’

She added: ‘There is no particle that we know of today that can explain dark matter, let alone what
dark energy might be. So if we could directly produce dark matter particles at the LHC this would be
a huge step forward in our understanding of the composition of the universe!’ [5]

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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