Strongly-Correlated Proton-Neutron Pairs

The nuclear force that holds protons.and neutrons;together in the center;of,atoms;has-a non
central component--the tensor/force,which depends dmetspin.and relative position /of;ithe
interacting particles.[29]

Physicists:at the TU Darmstadt:andtheir collaboration partners.have performed laser
spectroscopy on.cadmium isotopes to.confirm an noyped model of the atemic nucleus. (28]

Protons in/neutronrich nuclei have a higher average energy.than previously thought, according
to a new:analysis of ‘electron scattering:data.that:\was:first collected in 2004, [27]

Physics textbooks:might-have to be.updated.now:that an inteio@al research:team has found
evidence of:an unexpected transition in-the structure of atomic hu¢ks)

The group/led by Fabrizio Carbone at’EP.and international colleagues have used
ultrafast transmission-electron:microscopy to take attosecond -energgmentum
resolved:snapshotsi (1 attosecond =*@r quintillionths of a second) of a freelectron
wave function./ [25]

Now, physicists are working toward-getting:their &t CT:scans/of the inner.workings of
the nucleus/ [24]

The process of the sticking together of quarks; called hadronisation, is still poorly
understood. [23]

In experimental campaigns using the OMEGA EP laser at the Laboratory for Laser
Energetics (LLE) at the University of Rochester, Lawrence Livermore

National Laboratory (LLNL), University of California San Diego (UCSD) and
Massachusetts Institie of Technology (MIT) researchers took radiographs of the shock
front, similar to the Xray radiology in hospitals with protons instead of-pays. [22]

Researchers generate proton beams using a combination of nanopatrticles and laser
light. [21]

Devicedased on light, rather than electrons, could revolutionize the speed and security
of our future computers. However, one of the major challenges in today's physics is the
design of photonic devices, able to transport and switch light through circuits itadble
way. [20]

Researchers characterize the rotational jiggling of an optically levitated nanopatrticle,
showing how this motion could be cooled to its quantum ground state. [19]



Researchers have created quantum states of light whose noise level has@ed OA AU A A 6
to a record low. [18]
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rotate like an electron around a magnetic field. [17]

Physicists from Trinity College Dublin's School of Physics and the CRANN lastitut

Trinity College, have discovered a new form of light, which will impact our

understanding of the fundamental nature of light. [16]

Light from an optical fiber illuminates the metasurface, is scattered in four different
directions, and the intensitiesra measured by the four detectors. From this
measurement the state of polarization of light is detected. [15]

Converting a single photon from one color, or frequency, to another is an essential tool in
guantum communication, which harnesses the subtleretaitions between the

subatomic properties of photons (particles of light) to securely store and transmit
information. Scientists at the National Institute of Standards and Technology (NIST)
have now developed a miniaturized version of a frequency convertsing technology
similar to that used to make computer chips. [14]

Harnessing the power of the sun and creating ligh&rvesting or lightsensing devices
requires a material that both absorbs light efficiently and converts the energy to highly
mobile dectrical current. Finding the ideal mix of properties in a single material is a
challenge, so scientists have been experimenting with ways to combine different
materials to create "hybrids" with enhanced features. [13]

Condensednatter physicists oftenurn to particle-like entities called quasiparticles

such as excitons, plasmons, magnone explain complex phenomena. Now Gil Refael

from the California Institute of Technology in Pasadena and colleagues report the

theoretical concept of the topological popAOEOET T h 1T O OOI #fight AOEOT 1 64 /
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 chamggshape, 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 valydbut with a new
trajectory reflecting a discontinuous jump.

Working with colleagues at the HarvardIT 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 molecglesstate 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 Plancgg&tiibution 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 theonclusion 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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Proton scattering reveals the secrets of strongly -correlated proton -neutron

pairs in atomic nuclei
The nuclear force that holds protons and neutrons together in the center of atoms haseentral
component—the tensor force, which depends ohe spin and relative position of the interacting particles.

The importance of the tensor force has been observed in the binding energies of light particles, but as of yet
their effect onnuclear structure has not been studied in a more direct manner. Previous experiments in

the field have demonstrated either the ability to detect the necessary particles, or the resolution required

to probe thisnuclear force component. However, none have shown both the resolution and the ability to

link the observed large momentum transfer of theoton-neutron pairs (or nucleon pair) to nuclear

structure.



https://phys.org/tags/nuclear+structure/
https://phys.org/tags/nuclear+force/
https://phys.org/tags/proton/

Now, an internéional research collaboration including Osaka University has reported the first evidence on
the relation between strongly correlated protemeutron pairs in amtomic nucleus induced by the tensor
interactions and the nuclear structure. The researchers used a proton scattering experiment to capture the
strong interaction of protomeutron pairs with moderate energy resolution of the final states. By

measuring the simultaneous occurrences of deuteronstigas consisting of one proton and one neutron)
and protons traveling in opposite directions, they have been able to show the dominance of particular
nuclear structures. Their findings were publishe®®hysical Review Letters
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Figure 2: The top figure shows how the nature of the electromagnetic force acting between two bar
magnets changes depending on their orientations, wigdin exact analogy for the case of tensor force
acting between a proton and a neutron in an atomic nuclesBown in the bottom figure. Credit: Osaka
Universiy"The behavior we have detected can be likened to a pair of skaters executing-aosgirof them
represents a proton and the other represents a neutron," study author Hooi Jin Ong explains. "If a third
skater (another proton) approaches at the correct velocity and picks up the neutron, they travel off
together in one direction and the effect of themoving off causes the original proton to travel in the
opposite direction. Detecting and analyzing such an event leads to information on the nuclear stfucture.

"Our data, acquired on the GRAF beam line at the Osaka cyclotron facility, are the first to demonstrate this
behavior at large momentum transfer," study first author Satoru Terashima says. "We hope that our
findings will be useful not only to nuclear plgists, but also to researchers working in a variety of fields,
particularly astrophysics."
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It is expected that improving our understanding of how the neutron and proton pairing affects
nuclearstructure, nanely theenergy levels and the magic number (the number of protons and neutrons
that provides nuclei with considerably greater stability than other combinations) will lead to a better
understanding of thenternal structures ofieutron stars and other celestial bodid29]

Researchers confirm nuclear structure theory by measuring nuclear radii of

cadmium isotopes

Physicists at the TU Darmstadt and their collaboration partners pavformed laser spectroscopy on
cadmium isotopes to confirm an improved model of the atomic nucleus. It has been developed to describe
the exceptional behaviour of the radii of calcium isotopes. The results publistiry/gical Review

Letterscould be astep towards a global model of the nuclear structure.

Thecharge radius, which is the spatial expansion of the positive nuclear charge, is one of the fundamental
parameters of an atomic nucleus, ale@ves its traces in the optical spectrum of an atom even though this
is created by the electrons in the atomic shell. The spectrum of every type of atom is as unique as a
fingerprint, and can be measured precisely using laser light. This provides inforroatthe size and
properties of theatomic nucleus. The technique is also suitable for very sHomtd nuclei which decay

within a blink of an eye. Laser spectroscopy measurements on a long cltaidnoium isotopes now

confirm a special nucleanodel that has been developed to describe the exceptional behaviour of

the radii of calcium isotopes.

Two years ago, pisicists at TU Darmstadt and collaborators presented radii measurements of exotic
calcium isotopes that could not be explained by any of the standard nuclear models. Now, theorists from
the University of ErlangeNUrnberg and the NSCL (USA) have preseaeichproved model based on
nuclear density functional theory. Its parameters were specifically adapted to the progression of the
calcium radii and could reproduce radii of some nuclei with similar sizes as calcium.
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Generation of 215 nm light. Credit: Michael Hammen

However, the declared aim of theuclear structure theory is to achieve a global model that is valid for a

large section of the nuclear chart. Theegdictive power of the new model has now been tested using radii
measurements on more than 30 cadmium isotopes, which have abouatwia-half times more mass

than thecalcium nuclei for which it was adapte@he Darmstadt team of Professor Wilfried Nortershauser
carried out these measurements with colleagues from the Max Planck Institute for Nuclear Physics in
Heidelberg, the Johannes Gutenberg University Mainz and numerous partners from other countries at th
ISOLDE Radioactive lon Beam facility at CERN. They present the results, which are in excellent agreement
with the theoretical predictions, in an article in the renowned jourBhysical Review LetterEhis is

remarkable, because the charge radius isegally considered a nuclear property that is difficult to describe
theoretically. This applies particularly to the minor variations of the charge radius between isotopes with an
even and an odd mass number (eedenstaggering) that is well resolved withe very precise new
measurements.

The research group has now begun to investigate other chains in the neighbouring region of

the cadmium isotopes in order to esablish whether the theory can also be applied there with similar
success. This would be an important step on the way towards developing a global model of the nuclear
structure.[28]
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Protons go faster in neutron -rich nuclei

Protons in neutrorrich nucleihave a higher average energy than previously thought, according to a new
analysis of electron scattering data that was first collected in 2004. The research appears to refute the
conventional description of a nucleus in which neutrons and protons moveémdiently of one another in

a mean field. The results could have important implications for our understanding of nuclear structure and
could also impact several other areascluding the physics of neutron stars.

Developed in the second half of the lasintury, the independent particle shell model of the nucleus
assumes that nucleons (protons and neutrons) move independently in the mean field created by their
mutual strong nuclear interactioawith negligible interactions between individual nucleons cEtm

scattering experiments in the 1990s provided the first hints that this picture was inadequate and physicists
have subsequently realized that nucleons can momentarily form-&igingy pairs whose mutual

interaction dominates over their interaction vhithe remaining nucleus.

Theory suggests a higinergy pair is much more likely to form between a neutron and a proton than
between identical nucleons. This is backezlby experimental work on light nuclei done by tBé. AS

collaboration -based at theThomas Jefferson National Accelerator Facility in the
US-and others. However, light nuclei normally contain almost equal numbers of protons and neutrons and
the picture was murkier in heavier nuclei, which generally have a significantly more neutrons than protons.

Neutron outsiders
“You could have a core of protons and neutrons wif
that don’t disQ@ren of Massachlsetts bgtitlteof Technology, a senior CLAS

member, “or you could say these guys from the out
with tlHhementDimodel s gave different predictions: *
|l i ke |l ead, these correlations are completely igno

More experimental input was needed and the process of designing, building and analysing a new
experment would have been costly and time consuming. But Hen and his colleagues came up with a better

plan: “The CLAS spectrometer records Iliterally ev
says Hen. Almost uniquely, all these data&drai ned. “I n bi g, particle phys
people are experts at deciding in real time whether an interaction was exotic and interesting enough to be

recorded on the computer for further thimkasihotsi s, ” h

interesting today might be fascinating tomorrow.”

The researchers have now-amalysed data from a CLAS experiment originally run for completely different
purposes in 2004. They looked at the momenta of electrons that had scattered off tangdesfrom

various elements. The targets ranged from carbon (whose nucleus contains six neutrons and six protons) to
lead (82 protons and around 125 neutrons). The momenta of the proton or neutron ejected in each collision
was also recorded, allowing theam to workout the momentum of that nucleon just before the collision
occurred.

The conclusion of the study was clear: a nucleus contains almost identical numbers-widnigimtum
protons and highmomentum neutrons, regardless of its neutron/proton rafidiis means that adding extra
neutrons to a nucleus increases the fraction of protons with high momentum.
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Neutron stars

The team is preparing new experiments to explore 1
interested in understanding how youawe from a quarigluon picture to protons and neutrons and on to a

full atomic nucl eus, says Hen. This could |l ead t
about 5% protons and could also impact how the next generation of neutrino exp@smaee interpreted.

Commenting on the researchll/illem Dickhoff of Washington University in St Louis, Missouri says:

“What they document i s not necessar i | antitdiveatphisi si ng
stage,” says theoretical nuclear physicist. “Ther
about nucleons having high momentum.”™ Whether or |
neutron star modelling,he ay s, remains “an openrespeigilyrowthdd ut an i

neutron star mergers have been observed with grav

The research is described/iature. [27]

Evidence for a new nuclear phase transition could rewrite physics textbooks
Physics textbooks might have to be updated now that an international research team has found evidence of
an unexpected transition in the structure of atomic nuclei.

The discovery wasublished in the journdPhysical Review Lettelsead author Bo Cederwall, professor of
nuclear physics at KTH Royal Institute of Technology, says that lifetime measurements of-defitient
nuclides in a range of shelived heavy metal isotope chamevealed nevebefore-observed behavior at
the lowest states of energy.

Cederwall says the patterns indicate a phase transititimat is, rapid change in matter from one state to
another—that is unexpected for this group of isotopes and unexplainethbgry.

"Discoveries of phenomena that go against standard theory are always very exciting and rather
uncommon," Cederwall says. The research team from KTH included doctoral students Ozge Aktas and
Aysegul Ertoprak, Assistant Professor Chong Qi, Professenitus Robert Liotta, postocs Hongna Liu and
Maria Doncel, and visiting researchers Sanya Matta and Pranav Subramaniam.

"Continuing with theory development and with complementary experiments could lead to the need to
revise what is said aboatomic nuclei in the textbooks," Cederwall says.

The research focused on excited states in nuclei situated closely above the ground state in energy that are
extremely shortlived, on the order ofillionths of a millionth of a second.

"Not only are the states we are studying very sHigd, the nuclei we have investigated are so unstable,
difficult to produce and to identify, that very little information about their structure has been measured
before," he says.

For a year, the research group analyzed several terabytes of data. Gamma radiation has been studied from
nuclear reactions at the particle accelerator facility at the University of Jyvaskyla, Finland. The measuring
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equipment, which uses higpurity germanium crystals at its core, can identify the rarest nuclear species
from a vast background of more stable nuclides produced in the reactions.

In addition to indepth understanding of how the universe's smallest components are built, the mgthod
and detector systems that the research team has developed can be applied in medicine and technology.
Diagnosis and radiation treatment of cancer, technologies for detecting radioactive substances in the
environment, and nuclear safety control against leac proliferation are some examples. The nuclear
physics group at KTH also works with such applications of its basic research.

"It is the extreme sensitivity of the measurement technique that is crucial to our results. Our increasingly
refined technologwill serve both new applications and neggneration experiments,” Cederwall saj26]

Can ultrashort electron flashes help harvest nuclear energy?

The group led by Fabrizio Carbone at EPFL and international colleagues have used ultrafast transmission
electron microscopy to take attosecond enengypmentum resolved snapshots (1 attosecond =@dr
quintillionths of a second) of a fresectron wave function. Though unprecedented in itself, the scientists
also used their experimental success to develdipemry of how to create electron flashes within

zeptosecond (18" of a second) timeframes, using existing technology. This breakthrough could allow
physicists to increase the energy yield of nuclear reactions using coherent control methods, whichrelies o
the manipulation of quantum interference effects with lasers and which has already advanced fields like
spectroscopy, quantum information processing, and laser cooling.

In fact, one of the most elusive phenomena in physics is the excitation of an atoohéus by absorption
of an electron. The process, known as "nuclear excitation by electron capture” (NEEC), was theoretically
predicted forty years ago, though it proved difficult to observe experimentally.

But in February 2018, US physicists were firsdilg to catch a glimpse of NEEC in the lab. The work was
hailed as ushering in new nuclear enetggrvesting systems, as well as explaining why certain elements
like gold and platinum are so abundant in the universe.

The EPFL researchers suggest a paéentethod to exploit the several orders of magnitude in energy in the
nucleus of an atom via theoherent control of the NEEC effect. Such method would be enabled by the
availability of ultrashort (as to zs) electron flashes. "Ideally, one would like to induce instabilities in an
otherwise stable or metastable nucleus to prompt enepggducing decays, or to generatadiation," says
Carbone. "However, accessing nuclei is difficult and energetically costly because of the protective shell of
electrons surrounding it."

The authors write, "Our coherent control scheme with ultrashort electron pulses would offer a new
pergpective for the manipulation afiuclear reactions with potential implications in various fields, from
fundamental physics to energglated applications.[25]
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The nucleus? coming soon in 3-D

Phystians have long used CT scans to getithagery of the inner workings of the human body. Now,
physicists are working toward getting their first CT scans of the inner workings of the nucleus. A
measurement of quarks in helium nuclei demonstrates th&t Bhaging of the inner structure of the
nucleus is now possible.

Nathan Baltzell is a postdoctoral researcher at the Department of Energy's Thomas Jefferson National
Accelerator Facility in Newport News, Va. He says this successful measurement is onesifdtep$
toward imaging nuclei in a new way.

"It's a proofof-principle measurement that opens up a new fielotmaging nuclear structure in three
dimensions with GPD tomography," he says.

He explains that GPDs, or generalized parton distributions, ¢geaviramework that, when combined with
experimental results, allows nuclear physicists to completeDar8ndering of the building blocks of
subatomic particles, such as the proton, neutron, and now, even the nucleus.

GPDs are already being applied t®8naging studies of protons and neutrons at Jefferson Lab. These
studies are helping researchers understand how quarks and gluons build protons and neutrons. Now,
Baltzell and his colleagues want to open a new window into the structure of the nucleutebgiay this
GPD tomography technique to nuclei.

"We've done these kinds of studies of quarks and gluons inside protons and neutrons for quite a while," he
says. "But in a nucleus, where you have muhowi pl e
the behaviors of quarks and gluons change and how they move together differently when you put them in a
nucleus."

The experiment was conducted in 2009 at Jefferson Lab's Continuous Electron Beam Accelerator Facility, a
DOE Office of Science User Rxcilh it, electrons were beamed into the nuclei of helidnatoms.

"We started with heliurmd as our proof of principle for this study,” Baltzell says. "We chose hdlium
because it is a light nucleus, relatively dense, and spinless. These characteaggci experimentally
attractive and the theoretical interpretation much simpler."

The experimenters were interested in the roughly 3,200 events they recorded of the electrons interacting
with individual quarks inside the nuclei. For each of these evémsyutgoing electron, the helium nucleus
and a photon given off by the individugliark were all recorded.

"To make a precise measurement like this, you want to measure everything that comes out. Thigss the f
time we measured all of the particles in the final state," Baltzell adds.

The result of the experiment was published last faPhysical Review Letters

Now that the researchers have shown that this technique is feasible, the collaboration is taking the next
step to continue these studies with the new capabilities afforded by the upgraded accelerator and
experimental equipment at Jefferson Lab. A new eipent has already been planned to begin the long
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process of actually composing thafBimage of the internal quasifluon structure of the helium
4 nucleus. [24]

How are hadrons born at the huge energies av ailable in the LHC?

Our world consists mainly of particles built up of three quarks bound by gluons. The process of the sticking
together of quarks, called hadronisation, is still poorly understood. Physicists from the Institute of Nuclear
Physics Polishcddemy of Sciences in Cracow, working within the LHCb Collaboration, have obtained new
information about it, thanks to the analysis of unique data collected in-aigdrgy collisions of protons in

the LHC.

When protons accelerated to the greatest energilide with each other in the LHC, their component
particles- quarks and gluonscreate a puzzling intermediate state. The observation that in the collisions of
such relatively simple particles as protons this intermediate state exhibits the properiekgoid, typical

for collisions of much more complex structures (heavy ions), was a big surprise. Properties of this type
indicate the existence of a new state of matter: a qughkon plasma in which quarks and gluons behave
almost as free particles. Ehexotic liquid cools instantly. As a result, the quarks and glueosmeect with
each other in a process called hadronisation. The effect of this is the birth of hadrons, particles that are
clumps of two or three quarks. Thanks to the latest analyfsitata collected at energies of seven
teraelectronvolts, researchers from the Institute of Nuclear Physics Polish Academy of Sciences (IFJ PAN) in
Cracow, working within the LHCb Collaboration, acquired new information on the mechanism of
hadronisation irproton-proton collisions.

"The main role in proton collisions is played by strong interaction, described by the quantum
chromodynamics. The phenomena occurring during the cooling afiulaek-gluon plasma are, however,

so complex in terms of computation that until now it has not been possible fully understand the details of
hadronisation. And yet it is a process of key significance! It is thanks to this that in the first moments after
the Big Banghe dominant majority of particles forming our everyday environment was formed

from quarks and gluons," says Assoc. Prof. Marcin Kucharczyk (IFJ PAN).

In the LHC, hadronisatiaos extremely fast, and occurs in an extremely small area around the point of

proton collision: its dimensions reach only femtometres, or millionths of one billionth of a metre. Itis no
wonder then, that direct observation of this process is currentlypussible. To obtain any information

about its course, physicists must reach for various indirect methods. A key role is played by the basic tool of
guantum mechanics: a wave function whose properties are mapped by the characteristics of particles of a
given type (it is worth noting that although it is almost 100 years since the birth of quantum mechanics,
there still exists various interpretations of the wave function!).

"The wave functions of identical particles will effectively overlap, i.e. interfetikey are enhanced as a

result of interference, we are talking about BeSmstein correlations, if they are suppressdtrmiDirac
correlations. In our analyses, we were interested in the enhancements, that is, theEBwdein

correlations. We wereobking for them between the pi mesons flying out of the area of hadronisation in
directions close to the original direction of the colliding beams of protons," explains Ph.D. student Bartosz
Malecki (IFJ PAN).
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The method used was originally developed fadioastronomy and is called HBT interferometry (from the
names of its two creators: Robert Hanbury Brown and Richard Twiss). When used with reference to
particles, HBT interferometry makes it possible to determine the size of the area of hadronisatiit® and
evolution over time. It helps to provide information about, for example, whether this area is different for
different numbers of emitted particles or for their different types.

The data from the LHCb detector made it possible to study the hadronigaiomess in the area of so

called small angles, i.e. for hadrons produced in directions close to the direction of the initial proton beams.
The analysis performed by the group from the IFJ PAN provided indications that the parameters describing
the sourceof hadronisation in this unique region covered by LHCb experiment at LHC are different from the
results obtained for larger angles.

"The analysis that provided these interesting results will be continued in the LHCb experiment for various
collision energis and different types of colliding structures. Thanks to this, it will be possible to verify some
of the models describing hadronisation and, consequently, to better understand the course of the process
itself," sums up Prof. Mariusz Witek (IFJ PAN).

The work of the team from the IFJ PAN was financed in part by the OPUS grant from the Polish National
Science Centre.

The Henryk Niewodniczanski Institute of Nuclear Physics (IFJ PAN) is currently the largest research institute
of the Polish Academy of Scienc&bie broad range of studies and activities of IFJ PAN includes basic and
applied research, ranging from partiglaysics and astrophysics, through hadron physics, highedium,

and lowenergynuclear physics, condensed matter physics (including materials engineering), to various
applications of methods of nuclear physics in interdisciplinary research, covering medical physics,
dosimetry, radiation and erronmental biology, environmental protection, and other related disciplines.

The average yearly yield of the IFJ PAN encompasses more than 600 scientific papers in the Journal Citation
Reports published by the Thomson Reuters. The part of the Institthie i§yclotron Centre Bronowice

(CCB) which is an infrastructure, unique in Central Europe, to serve as a clinical and research centre in the
area of medical and nuclear physics. IFJ PAN is a member of the Marian Smoluchowski Krakow Research
Consortium: "Mutter-EnergyFuture" which possesses the status of a Leading National Research Centre
(KNOW) in physics for the years 2&A®17. The Institute is of A+ Category (leading level in Poland) in the

field of sciences and engineerifg3]

Shock front probed by protons

A shock front is usually considered as a simple discontinuity in density or pressure. Yet in strongly
shocked gases, the atoms are ionized into electrons and ions. The large difference in the electron
pressure across the shock front can generatstrong electric field.

In experimental campaigns using the OMEGA EP laser at the Laboratory for Laser Energetics (LLE)
at the University of Rochester, Lawrence Livermore National Laboratory (LLNL), University of
California San Diego (UCSD) and Masss#tts Institute of Technology (MIT) researchers took
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radiographs of the shock front, similar to theay radiology in hospitals with protons instead ef X
rays.

Protons are charged patrticles that can be deflected by an electric field. Therefore, dgtibetin
changes in their trajectories will provide information on the electric field. "Our proton probe is
broadband,” said Rui Hua, a graduate student at UCSD and the first author of the paper published
in Applied Physical Letters. "Measuring enedgypendent deflections allows us to quantitatively

study the electric potential and the potential width.” The team also published a paper in Review of
Scientific Instruments earlier this year to describe this platform.

The team observed an electric field of ab&®0 million volts per meter. "An analytical model
agrees very well with our data," said Yuan Ping, LLMluttmr and the campaign lead. "So we
don't have to rely on hydrodynamic codes to interpret the data.”

The team plans to carry out more shots witiglerpressure shocks, and also in convergent
geometry to simulate the conditions in the capsule implosion for ICF. "This is a perfect example of
collaboration between the Lab and academia,” said Farhat Beg, director of the Center for Energy
Research at UgD.

The team's research is available at Applied Physical Letters. [22]

Researchers generate proton beams using a combination of

nanoparticles and laser light

Light, when strongly concentrated, is enormously powerful. Now, a team of physicists led by
Professor Jorg Schreiber from the Institute of Experimental Physieslical Physics, which is part

of the MunichCentre for Advanced Photonics (MAP), a Clusté&xgtllence at LMU Munich, has

used this energy source with explosive effect. The researchers focupdiggr laser light onto

beads of plastic just a few micrometers in size. The concentrated energy blows the nanoparticles
apart, releasing radiation madep of positively charged atoms (protons). Such proton beams could
be used in future for treating tumors, and in advanced imaging techniques. Their findings appear in
the journal Physical Review E.

At Texas Petawatt Lasers in Austin, Texas, the LMU stysioncentrated laser light so strongly

on plastic nanobeads that these essentially exploded. In the experiment, approximately one
quadrillion billion photons (3 times 1020 photons) were focused onto microspheres of about 500
nanometers in diameter. Eadlead consists of about 50 billion carbon and hydrogen atoms and is
held in suspension by the electromagnetic fields of -@ated "Paul trap”, where the laser beam
can irradiate them.

The laser radiation rips away some 15 per cent of the electrons bioutmgse atoms. The
remaining, positively charged atomic nuclei are then violently repelled, and the nanospheres
explode at speeds of around 10 per cent the speed of light. The radiation from the positively
charged patrticles (protons) then spreads ouéiihdirections.

This mode of production of proton beams with laser light promises to open up new opportunities
for nuclear medicine-for example, in the fight against tumors. At present, proton beams are



produced in conventional accelerators. In contrdasergenerated proton beams open the door

to the development of novel, perhaps even cheaper and more efficient, methods of treatment. The
Munich-based team led by Jorg Schreiber has hitherto produced proton radiation using a
diamondlike film, which isargeted by extremely strong laser light. The proton radiation thus
emitted could then be directed onto the body of a patient.

The ability to produce radiation by the explosive disintegration of plastic nanobeads might even
allow the nanoparticles to be ated inside a tumor, and be vaporized with laser light. Thus proton
beams could be put to work in destroying tumors without causing damage to surrounding healthy
tissue. [21]

Towards stable propagation of light in nano -photonic fibers

Devices based orglit, rather than electrons, could revolutionize the speed and security of our

future computers. However, one of the major challenges in today's physics is the design of

photonic devices, able to transport and switch light through circuits in a stableSeagej Flach,

Director of the Center for Theoretical Physics of Complex Systems, within the Institute for Basic
Science (IBS) and colleagues from the National Technical University of Athens and the University of
Patras (Greece) have studied how to achiavaore stable propagation of light for future optical
technologies. Their model was recently published in Scientific Reports.

Optical fibers can carry a large amount of information and are already used in many countries for
communications via phone, inteet and TV. However, when light travels long distances through
these fibers, it suffers from losses and leakages, which could lead to a loss of information. In order
to compensate for this problem, amplifiers are positioned at specific intervals to ani@ifsignal.

For example, amplifiers are needed in submarine communications cables that allow the transfer of
digital data between all continents (except for Antarctica). Researchers have tried to build fibers
where the signal is stable along the pathwayaloes not need amplifiers, using thecalled "PT
symmetry”. P stands for parity reversal and T for time reversal.

The PT symmetry can be simplified with an example. Imagine a situation where two cars are
traveling at the same speed at some instantitne. However, one car is speeding up and the other

one is slowing down. Using parity reversal (P) we exchange one car for the other. Using time
reversal (T) we go back in time. If you are in the car that is accelerating, you can jump to the car
that is sbwing down (P) and you also go back in time (T). As a result, you will end up with the same
speed as the accelerating car. The cars are like light waves inside the optical fibers and the speed is
a representation of the intensity of light. The jumping syiides of the transfer of light from one

fiber to another, which happens when the light waves propagating in each fiber overlap partially

with each other, through a phenomenon called tunneling.

The PT symmetry idea is that one can carefully balance teesity of light inside the fibers and
achieve a stable propagation. Researchers expected PT symmetry to be the solution to achieve
stable propagation in athptical devices (diodes, transistors, switches etc.). However, stable
propagation is still a chalhge because the PT symmetry conditions have to be balanced extremely
carefully, and because the material of the fibers reacts and destroys the exact balance. In the



example of the cars, in order to achieve perfect PT symmetry, you would need reallgadieats
and street conditions. Reality is of course much different.

The team led by IBS found that the stability of light propagation can be achieved by breaking the PT
symmetry in a controlled way. In the example of the cars, you would have to choose two cars that
are actually different (for example, one has a better eeghan the other), but you choose the
differences deliberately.

"You have the potential to realize a lot of the items of the wishof the PT symmetry, by breaking
the PT symmetry. But you have to break it in the right way," explains Professor'Nashwe

know how to tune the characteristics of the fiber couplers to achieve allstgng constant light
propagation.” [20]

Synopsis: Twisting in Thin Air

Levitated nanoparticles can be used in ultrasensitive force measurements and fundamentaf tests o
quantum physics. Unlike prior efforts that have focused on the translational vibrations of these
nanoparticles, a new study considers the torsional motion. The researchers used polarized laser
light to measure, for the first time, the twisting oscillaimof oblongshaped nanoparticles in a
vacuum. The results suggest that this torsional motion can be cooled to zero oscillations (on
average), corresponding to the torsional ground state.

For levitation experiments, focused laser beams create a trapcitiafines the translational

motion of nanopatrticles to bae&nd-forth oscillations at a specific frequency. Laser cooling can
reduce these oscillations, but current techniques cannot reach the ground state. One solution is
higher oscillation frequencies. this case, the energy left after cooling is less than one quantum of
oscillation, so the nanoparticle ends up in its ground state. However, making a-frigiyeency

optical trap would require higher laser power, which has the negative effect of heting t
nanoparticles.

An alternative path is the use of a different oscillation mode. Tongcang Li of Purdue University,
Indiana, and collaborators investigated the torsional motions of nanoparticles levitated with a
linearly polarized laser. The oblesbapednanoparticles within the sample aligned themselves

l engt hwi se along the | aser’s polarization axi
back and forth around this axis with a frequency of 1 MHz, a factor of 6 higher than that of the
particles® transl ational vibrations. The team outl

nanopatrticles in their torsional ground state. They also imagined the system as an ultrasensitive
detector that could measure torques on single particles. [19]

Reseachers have created quantum states of light whose noise level has
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Squeezed quantum states of light can have better noise properties than those imposed by classical
limits set by shot noise. Such states might help reseascheost the sensitivity of

gravitationalwave (GW) detectors or design more practical quantum information schemes. A team
of researchers at the Institute for Gravitational Physics at the Leibniz University of Hanover,
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Germany, has now demonstrated a methiotl squeezing noise to record low levels. The new
approach—compatible with the laser interferometers used in GW detectensay lead to
technologies for upgrading LIGO and similar observatories.

Squeezed light is typically generated in nonlinear crystalshich one pump photon produces two
daughter photons. Because the two photons are generated in the same quantum process, they
exhibit correlations that can be exploited to reduce noise in measuring setups. Quantum squeezing
can, in principle, reduce noise arbitrarily low levels. But in practice, photon losses and detector
noise limit the maximum achievable squeezing. The previous record was demonstrated by the
Hanover team, who used a scheme featuring amplitude fluctuations that were about a fac®r of 1
lower than those expected from classical noise (12.7 dB of squeezing).

In their new work, the researchers bested themselves by increasing this factor to 32 (15 dB of
squeezing), using a lighgueezing scheme with low optical losses and minimal flunatin the

phase of the readout scheme. The squeezed states are obtained at 1064 nm, the laser wavelength
feeding the interferometers of all current GW observatories.

This research is published in Physical Review Letters. [18]

Liquid Light with a Whirl

An el liptical l'ight beam in a nonlinear optical m ¢
electron around a magnetic field.

Magnetism and rotation have atlln common. The effect of a magnetic field on a moving charge,
the Lorentz force, is formally equivalent to the fictitious force felt by a moving mass in a rotating
reference frame, the Coriolis force. For this reason, atomic quantum gases under ratatidre

used as quantum simulators of exotic magnetic phenomena for electrons, such as the fractional
guantum Hall effect. But there is no direct equivalent of magnetism for photons, which are
massless and chargeless. Now, Niclas Westerberg andbid@rs d HeriotWatt University, UK,

have shown how to make synthetic magnetic fields for light. They developed a theory that predicts
how a | ight beam in a nonlinear optical medi um pul
propagates, just as an electron wilhirl around in a magnetic field. More than that, the light will
expand as it goes, demonstrating fldike behavior. We can expect synthetic magnetism for light

to bring big insights into magnetism in other systems, as well as some beautiful images.

Theidea that light can behave like a fluid and, even more interestingly, a superfluid (a fluid with
zero viscosity), goes back at Il east to the 1990s.
equations for nearly collimated light in a nonlinear medium lokd the Schroédinger equation for

a superfluid of matter, modified to include particle interactions. Fluids of light, or photon fluids,
propagating in bulk nonlinear media show a range of fluid and superfluid behavior, such as free
expansion and shock waveda microcavities, fluids of light can be strongly coupled to matter, such
as semiconductor electrehole pairs, to make hybrid entities known as polariton condensates.
These condensates can exhibit quantized vortices, which are characteristic of ddpgriespite
these impressive advances, it has proven difficult to induce the strong bulk rotation required for
phenomena such as the quantum Hall effect to show up in photon fluids, hence the need for
synthetic magnetism.



The concept of synthetic magtiem is borrowed from ultracold atoms. With atoms, it is
experimentally unfeasible to reach a regime of rapid rotation corresponding to a large magnetic
field, not least because the traps that confine the atoms are unable to provide the centripetal force
to stop them from flying out. Instead, it is possible to take advantage of the fact that atoms have
multiple internal states. These can be used to generate geometric phases, as opposed to dynamic
phases (which can be imposed by any forces, whatever thetateiof the internal states may be).

A geometric phase, otherwise known as a Berry pha:
example, its spin) smoothly follow the variations of an external field, so that its phase depends on
which path it takedetween two external states (for example, two positions of the system), even if
the paths have the same energy. In atomic systems, the variations of the external field in position
are achieved with phase or amplitude structures of the electromagneticdidiaser light. These
variations can be engineered to produce the rotational equivalent of the vector potential for a
magnetic field on a charged particle, inducing strong bulk rotation that shows up as many vortices
in a superfluid Bos€&instein condenga.

To produce a geometric phase in a fluid of light, Westerberg and colleagues considered light with
two coupled internal states-a spinor photon fluid. They studied two types of nonlinear media,

with second and third-order optical nonlinearities, respaeely. The secondrder nonlinearity

comes in the form of mixing of three fields in a birefringent crystal, in which one field, the pump
light field, splits into two further fields with orthogonal polarizations, these being the two required
internal states of the spinor fluid. Slow spatial variations of the strong pump field generate a
synthetic vector potential that is equivalent to a magnetic field for electric charges or rotation for
atoms.

The thirdorder optical nonlinearity occurs in a medium withedractive index that depends on the
intensity of light. The spinor photon fluid in this case consists of weak fluctuations around a strong
light field that carries orbital angular momentum (colloquially known as twisted light). The two
internal states othe fluid are distinguished by their differing orbital angular momentum. The
resulting vector potential produces synthetic magnetism, much as with the semaiedt

nonlinearity.

Coincidentally, for the medium with a secentder nonlinearity, Westerbergnd coworkers also
propose using twisted light.

The authors present numerical simulations for both types of nonlinearity. For the secded

nonlinear medium, they show that an elliptical light beam in a synthetic magnetic field rotates
about its promgation axis and expands as it propagates (Fig 1). The expansion shows that the light
is behaving as a fluid in rotation. For the thorter nonlinear medium there is a trapped vortex

that causes the beam to rotate, which is akin to cyclotron motiona@fage in a magnetic field.

Short of spinning the medium extremely rapidly [9], it is not obvious how one could otherwise
make a beam continuously rotate as it propagates.

Westerberg and coll eagues wor k makewtopiastpor t ant c ¢
nonlinear optics, atomic physics, geometric phases, and light with orbital angular momentum.

Spinor photon fluids in themselves are a new development. The complete state of a photes fluid

its amplitude, phase, and polarizatiercan be mapped outhis is not possible for atoms or

electrons. Some of the authors of the present study have recently experimentally driven photon



fluids past obstacles in ways that are hard to achieve for atoms, and obtained evidence for
superfluidity through the phase difie photon fluid [10}—evidence that cannot be obtained for
electronic magnetism. Furthermore, they have also made photon fluids that have nonlocal
interactions, via thermal effects. Generalizing synthetic magnetism to nonlocal fluids of light will
enlighten us about magnetism and rotation in sefithte and atomic superfluids. Experimental
implementation will surely follow hot on the heels of this proposal. [17]

Physicists discover a new form of light

Physicists from Trinity College Dublin's School géieh and the CRANN Institute, Trinity College,
have discovered a new form of light, which will impact our understanding of the fundamental
nature of light.

One of the measurable characteristics of a beam of light is known as angular momentum. Until
now, it was thought that in all forms of light the angular momentum would be a multiple of
Planck's constant (the physical constant that sets the scale of quantum effects).

Now, recent PhD graduate Kyle Ballantine and Professor Paul Eastham, both fronCbtiagg

Dublin's School of Physics, along with Professor John Donegan from CRANN, have demonstrated a
new form of light where the angular momentum of each photon (a particle of visible light) takes

only half of this value. This difference, though smafridound. These results were recently

published in the online journal Science Advances.

Commenting on their work, Assistant Professor Paul Eastham said: "We're interested in finding out
how we can change the way light behaves, and how that could belu¥gfiat | think is so exciting
about this result is that even this fundamental property of light, that physicists have always
thought was fixed, can be changed.”

Professor John Donegan said: "My research focuses on nanophotonics, which is the study of the
behaviour of light on the nanometer scale. A beam of light is characterised by its colour or
wavelength and a less familiar quantity known as angular momentum. Angular momentum
measures how much something is rotating. For a beam of light, although traviella straight line

it can also be rotating around its own axis. So when light from the mirror hits your eye in the
morning, every photon twists your eye a little, one way or another."

"Our discovery will have real impacts for the study of light waweseas such as secure optical
communications."

Professor Stefano Sanvito, Director of CRANN, said: "The topic of light has always been one of
interest to physicists, while also being documented as one of the areas of physics that is best
understood. Ttd discovery is a breakthrough for the world of physics and science alike. | am
delighted to once again see CRANN and Physics in Trinity producing fundamental scientific research
that challenges our understanding of light."

To make this discovery, the teanvolved used an effect discovered in the same institution almost



200 years before. In the 1830s, mathematician William Rowan Hamilton and physicist Humphrey
Lloyd found that, upon passing through certain crystals, a ray of light became a hollow cylinder
The team used this phenomenon to generate beams of light with a siikewtructure.

Analyzing these beams within the theory of quantum mechanics they predicted that the angular
momentum of the photon would be haifteger, and devised an experimenttst their

prediction. Using a specially constructed device they were able to measure the flow of angular
momentum in a beam of light. They were also able, for the first time, to measure the variations in
this flow caused by quantum effects. The experitserevealed a tiny shift, onbalf of Planck's
constant, in the angular momentum of each photon.

Theoretical physicists since the 1980s have speculated how quantum mechanics works for particles
that are free to move in only two of the three dimensionspéce. They discovered that this

would enable strange new possibilities, including particles whose quantum numbers were fractions
of those expected. This work shows, for the first time, that these speculations can be realised with
light. [16]

Novel metasurface revolutionizes ubiquitous scientific tool

Light from an optical fiber illuminates the metasurface, is scattered in four different directions, and
the intensities are measured by the four detectors. From this measurement the state of
polarizaton of light is detected.

What do astrophysics, telecommunications and pharmacology have in common? Each of these
fields relies on polarimetersinstruments that detect the direction of the oscillation of
electromagnetic waves, otherwise known as the palation of light.

Even though the human eye isn't particularly sensitive to polarization, it is a fundamental property
of light. When light is reflected or scattered off an object, its polarization changes and measuring
that change reveals a lot of inforti@n. Astrophysicists, for example, use polarization
measurements to analyze the surface of distant, or to map the giant magnetic fields spanning our
galaxy. Drug manufacturers use the polarization of scattered light to determine the chirality and
concentation of drug molecules. In telecommunications, polarization is used to carry information
through the vast network of fiber optic cables. From medical diagnostics tetégh

manufacturing to the food industry, measuring polarization reveals critical data

Scientists rely on polarimeters to make these measurements. While ubiquitous, many polarimeters
currently in use are slow, bulky and expensive.

Now, researchers at the Harvard John A. Paulson School of Engineering and Applied Sciences and
Innovation Centelceland have built a polarimeter on a microchip, revolutionizing the design of
this widely used scientific tool.

"We have taken an instrument that is can reach the size of a lab bench and shrunk it down to the
size of a chip," said Federico CapassoRbbert L. Wallace Professor of Applied Physics and
Vinton Hayes Senior Research Fellow in Electrical Engineering, who led the research. "Having a



microchip polarimeter will make polarization measurements available for the first time to a much
broader rang of applications, including in energ¥ficient, portable devices."

"Taking advantage of integrated circuit technology and nanophotonics, the new device promises
high-performance polarization measurements at a fraction of the cost and size," saidakhs&r
Mueller, a graduate student in the Capasso lab and first author of the paper.

The device is described in the journal Optica. Harvard's Office of Technology Development has filed
a patent application and is actively exploring commercial opporigemiior the technology.

Capasso's team was able to drastically reduce the complexity and size of polarimeters by building a
two-dimensional metasurfacea nanoscale structure that interacts with light. The metasurface is
covered with a thin array of metalantennas, smaller than a wavelength of light, embedded in a
polymer film. As light propagates down an optical fiber and illuminates the array, a small amount
scatters in four directions. Four detectors measure the intensity of the scattered light amairo®

to give the state of polarization in real time.

"One advantage of this technique is that the polarization measurement leaves the signal mostly
intact," said Mueller. "This is crucial for many uses of polarimeters, especially in optical
telecommunicéions, where measurements must be made without disturbing the data stream."”

In telecommunications, optical signals propagating through fibers will change their polarization in
random ways. New integrated photonic chips in fiber optic cables are extresap$jtive to
polarization, and if light reaches a chip with the wrong polarization, it can cause a loss of signal.

"The design of the antenna array make it robust and insensitive to the inaccuracies in the
fabrication process, which is ideal for largelegaanufacturing,” said Kristjan Leosson, senior
researcher and division manager at the Innovation Center and coauthor of the paper.

Leosson's team in Iceland is currently working on incorporating the metasurface design from the
Capasso group into a prdygpe polarimeter instrument.

Chipbased polarimeters could for the first time provide comprehensive andtiea polarization
monitoring, which could boost network performance and security and help providers keep up with
the exploding demand for bandwiklt

"This device performs as well as any stafehe-art polarimeter on the market but is considerably
smaller," said Capasso. "A portable, compact polarimeter could become an important tool for not
only the telecommunications industry but also in drugmaacturing, medical imaging, chemistry,
astronomy, you name it. The applications are endless." [15]

New nanodevice shifts light's color at single -photon level

Converting a single photon from one color, or frequency, to another is an essential toalritugu
communication, which harnesses the subtle correlations between the subatomic properties of
photons (particles of light) to securely store and transmit information. Scientists at the National
Institute of Standards and Technology (NIST) have nowafgsela miniaturized version of a
frequency converter, using technology similar to that used to make computer chips.



The tiny device, which promises to help improve the security and increase the distance over which
nextgeneration guantum communication ggms operate, can be tailored for a wide variety of

uses, enables easy integration with other informatjmocessing elements and can be mass
produced.

The new nanoscale optical frequency converter efficiently converts photons from one frequency to
the other while consuming only a small amount of power and adding a very low level of noise,
namely background light not associated with the incoming signal.

Frequency converters are essential for addressing two problems. The frequencies at which
guantum systera optimally generate and store information are typically much higher than the
frequencies required to transmit that information over kilometsgale distances in optical fibers.
Converting the photons between these frequencies requires a shift of hundfadsahertz (one
terahertz is a trillion wave cycles per second).

A much smaller, but still critical, frequency mismatch arises when two quantum systems that are
intended to be identical have small variations in shape and composition. These variatisestoa
systems to generate photons that differ slightly in frequency instead of being exact replicas, which
the quantum communication network may require.

The new photon frequency converter, an example of nanophotonic engineering, addresses both
issuesQing Li, Marcelo Davanco and Kartik Srinivasan write in Nature Photonics. The key
component of the chipntegrated device is a tiny rirghaped resonator, about 80 micrometers in
diameter (slightly less than the width of a human hair) and a few tenthgr€eometer in

thickness. The shape and dimensions of the ring, which is made of silicon nitride, are chosen to
enhance the inherent properties of the material in converting light from one frequency to another.
The ring resonator is driven by two pump leseeach operating at a separate frequency. In a
scheme known as fowwave-mixing Bragg scattering, a photon entering the ring is shifted in
frequency by an amount equal to the difference in frequencies of the two pump lasers.

Like cycling around a racatrk, incoming light circulates around the resonator hundreds of times
before exiting, greatly enhancing the device's ability to shift the photon's frequency at low power
and with low background noise. Rather than using a few watts of power, as typicavioys
experiments, the system consumes only about a hundredth of that amount. Importantly, the
added amount of noise is low enough for future experiments using spigkon sources.

While other technologies have been applied to frequency conversi@mdjphotonics has the

benefit of potentially enabling the devices to be much smaller, easier to customize, lower power,
and compatible with batch fabrication technology," said Srinivasan. "Our work is a first
demonstration of a nanophotonic technology suika for this demanding task of quantum
frequency conversion." [14]

Quantum dots enhance light -to-current conversion in layered

semiconductors
Harnessing the power of the sun and creating Hightvesting or lightensing devices requires a
material that both absorbs light efficiently and converts the energy to highly mobile electrical



current. Finding the ideal mix of properties in a single matés a challenge, so scientists have
been experimenting with ways to combine different materials to create "hybrids" with enhanced
features.

In two justpublished papers, scientists from the U.S. Department of Energy's Brookhaven National
Laboratory, #ny Brook University, and the University of Nebraska describe one such approach
that combines the excellent lightarvesting properties of quantum dots with the tunable electrical
conductivity of a layered tin disulfide semiconductor. The hybrid matexrhibited enhanced
lightharvesting properties through the absorption of light by the quantum dots and their energy
transfer to tin disulfide, both in laboratory tests and when incorporated into electronic devices.
The research paves the way for using thesgterials in optoelectronic applications such as energy
harvesting photovoltaics, light sensors, and light emitting diodes (LEDS).

According to Mircea Cotlet, the physical chemist who led this work at Brookhaven Lab's Center for
Functional NanomaterialCFN), a DOE Office of Science User Facility;dimensional metal
dichalcogenides like tin disulfide have some promising properties for solar energy conversion and
photodetector applications, including a high surfaoevolume aspect ratio. But no

semionducting material has it all. These materials are very thin and they are poor light absorbers.
So we were trying to mix them with other nanomaterials like kghsorbing quantum dots to

improve their performance through energy transfer."

One paper, juspublished in the journal ACS Nano, describes a fundamental study of the hybrid
guantum dot/tin disulfide material by itself. The work analyzes how light excites the quantum dots
(made of a cadmium selenide core surrounded by a zinc sulfide shell), Wwkithransfer the
absorbed energy to layers of nearby tin disulfide.

"We have come up with an interesting approach to discriminate energy transfer from charge
transfer, two common types of interactions promoted by light in such hybrids," said Prahlad, Routh
a graduate student from Stony Brook University working with Cotlet addstaauthor of the ACS
Nano paper. "We do this using single nanocrystal spectroscopy to look at how individual quantum
dots blink when interacting with shedike tin disulfide. fis straightforward method can assess
whether components in such semiconducting hybrids interact either by energy or by charge
transfer.”

The researchers found that the rate for neadiative energy transfer from individual quantum dots
to tin disulfide hcreases with an increasing number of tin disulfide layers. But performance in
laboratory tests isn't enough to prove the merits of potential new materials. So the scientists
incorporated the hybrid material into an electronic device, a pHiétd-effect-transistor, a type of
photon detector commonly used for light sensing applications.

As described in a paper published online March 24 in Applied Physics Letters, the hybrid material
dramatically enhanced the performance of the phdield-effect transistas-resulting in a

photocurrent response (conversion of light to electric current) that was 500 percent better than
transistors made with the tin disulfide material alone.

"This kind of energy transfer is a key process that enables photosynthesis in,hatide
ChangYong Nam, a materials scientist at Center for Functional Nanomaterials and co



corresponding author of the APL paper. "Researchers have been trying to emulate this principle in
light-harvesting electrical devices, but it has been difficult jpatarly for new material systems

such as the tin disulfide we studied. Our device demonstrates the performance benefits realized by
using both energy transfer processes and new-thmensional materials.”

Cotlet concludes, "The idea of 'doping’ telonensional layered materials with quantum dots to
enhance their light absorbing properties shows promise for designing better solar cells and
photodetectors.” [13]

Quasiparticles dubbed topological polaritons make their debut in the
theoretical world

-

Condensedmatter physicists often turn to particlike entities called quasiparticlessuch as

excitons, plasmons, magnoers$o explain complex phenomena. Now Gil Refael from the California

Institute of Technology in Pasadena and colleagues report the thedretioaept of the

topol ogical pol ari ti o nlight, lsattmatter quasipdrtiele thathasn ” : a hy br i
special topological properties and might be used in devices to transport light in one direction.

The proposed topolaritons arise from thea@tg 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 toolaritons to propagate in a single direction without baeKection. In other words,

the topolaritons cannot make {tlirns. Backreflection is a known source of detrimental feedback

and |l oss in photonic devices. eblpeitedtobuibl ari tons’ i
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 trangion-metal dichalcogenidesembedded in photonic waveguides or microcavities.

Previous approaches to make similar emay photonic channels have mostly hinged on effects

that are only applicable at microwave frequencies. Refael and oor k er s’ psramposal offe
avenue to mwky ephobohowmeroads” in the optical reg.!
remained a challenging pursuit. [12]



'‘Matter waves' move through one another but never share space

Physicist Randy Hulet and colleagues observed a grdisgppearing 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 edtother 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 atérasdre cooled to within onenillionth

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 spac 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 paioltifling 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 frahe 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 natutkat 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 BECsufhout 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 heaan collisions between soliton pairs and noticed a strange gap in some, but not
all, of the experiments.

Many of the events that Hulett'®am measures occur in orteousandth 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 tint¢ulet's team tracke
one of the experiments for almost a full second.

The data showed the solitons oscillating back and fqusiinking 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 phadependent effects had been seen in aati experiments, but
there has been a misunderstanding about the interpretation of those observations."” [11]



Photonic molecules

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

The discovey, 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 thooegmother.

"Photonic molecules," however, behave less like traditional lasers and more like something you
might find in science fictior 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 molkesuThis 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 effettts

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 UncertaRéjation, the wave particle duality and the

el ectron’s spin also, building the bridge bet ween

Asymmetry in the interference occurrences of oscillators

The asymmetrical configurations are stable objects of thephgsical world, because they cannot
annihilate. One of the most obvious asymmetry is the prot@tectron mass rate = 1840 M

while they have equal charge. We explain this fact by the strong interaction of the proton, but how
remember it his strong imraction ability for example in the Hatom 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 oscillesoThe 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 diffdyen phase or because we are
looking at them an angle such that there is a difference in time delay:

(1) I=bsiPn /2] st /2

If isinfinitesimal so that sin = than



(2) e o
This gives us the idea of

(3)  Mp= M.

3 =A/n = dsind

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 angkincreased by the
multiple of 2 it makes no difference to the formula.

So

(4) dsin =m and we get nmorder beam if less than d. [6]

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

For example
(5) 2(m+l)=n
Where 2(m+1) = Number of protons and n =ddumber of electrons.

In this way we can see the folecules so that 2n electrons of n radiate to 4(m+1) protons,
because d> cfor electrons, while the two protons of one;kholecule radiate tdwo electrons of
them, because of gk 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 energgnatter equivalence means some kind of existence of electromagnetic

oscillations enabled by the temperature, creating the diffarmatter formulas, atoms molecules,
crystals, dark matter and energy.

Max Planck found for the black body radiation

As a function of wavelengtley, Planck's law is written as:
. 2he 1
B.\(T) = /\5 hc .
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Figure 2. The distribution law for different T temperatures

We see there are two differentiand »for each T and intensity, so we can find between them a d
sothat 1<d< ..

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 theaxis the annihilaion point where the configurations are
symmetrical. Themaxis changing by the Wien's displacement law in many textbooks.

h

AITIRK -

(7) r

whereamaxis the peak wavelengtf,is the absolute temperature of the black body,land
is a constant of proportionalityated Wien's displacement constaetjual to
2.8977685(51)x10°*m-K (2002 CODATA recommended value).



By the changing of T the asymmetrical configurations are changing too.

The structure of the proton

We must move to the higher T temperature if we wégok into the nucleus or nucleon arrive to
d<10%cm. If an electron with.< d move across the proton then by (5) 2 (m+1) =nwithm =0
we get n = 2 so we need two particles with negative and two particles with positive charges. If the
proton can faction 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, thepalits of the proton must be

guasi lepton so d >4. 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, becagishe charge is scalar. In this way the proton has two +2/3 e plane
oscillation and one linear oscillation with/3 e charge. The colors of quarks are coming from the
three directions of coordinates and the proton is colorless. The flavors of quarkiseapessible
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 asyaijat 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 keepig 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+@/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 phermmena of confinement at large distances and asymptotic freedom at short
distances. Lattice calculations support the hypothesis that foradmglian 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 unigue in the sense
that its variation with scale is given by the renoriealion 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 indfigaction 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
oscillaion transforms into plane oscillation or vice versa, changing the charge value witl.1 or

This kind of change in the oscillation mode requires not only parity change, but also charge and
time changes (CPT symmetry) resulting a right handeehautirino or a left handed neutrino.

The right handed antheutrino 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 posigly 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 netron decay to 2 fermions, every particle is fermions with %2 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 egjodliscillator diffraction
intensity of the MaxwelBoltzmann 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 speedigiit 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 oordinate not works as in the electromagnetic interactions, consequently the speed of
neutrinos is not limited by the speed of light.

The weak interaction-&symmetry is in conjunction with thea@ymmetry of the second law of
thermodynamics, meaning th#ocally 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 quarkdhareating 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-thadCP

symmetry breaking. This flavor changing oscillation could prove that it could be also on higher level
such as atoms, molecules, probably big biological significatdaules 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
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; iteid it
the velocity of the electromagnetic wave, soO
light.

The General Weak Interaction
The Weak Interactions-dsymmetry is in conjunction with thedsymmetry of the Second Law of

Thermodynamicaneaning 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 th
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 cotisimgceven 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 therubatomic 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 abataility 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, samms 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 Higd fibhe simplest of several
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proposed explanations for the origin of the symmelmgaking 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 bétvelocity. 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 igghe of the spin: 1/2
h=dxdporl1l/2h=dtdE, that is 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 neutrinoit he one and only particle doesn’t participa
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 ofvfak interaction, for

example neutron decay to 2 fermions, every particle is fermions with ¥z 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 temperatuchange and breaks the equality of oscillator diffraction
intensity of the MaxwelBoltzmann 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 Maxwel | 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 ater 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 matféhe 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 electricTield?
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 electricéo 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 haveexplanation 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 negatelectrostatic force. This is the cause of the
relativistic effect built-in in the Maxwell equationsthat is the mass of the electron growing

with its acceleration and its velocity never can reach the velocity of light, because of this growing
negaive 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 elpositron pair it is simply, but

on higher energies can be asymmetric as the eleepunton 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 electromagnetie fond 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 osfiating 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 naiirigjes, 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 Planokduced 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 thatelelectric 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 eharg
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 ralsndp. It means also mass
increasing since the negative effect of the magnetic induction, also a relativistic effect!



The Uncertainty Principle also explains the prota@lectron mass rate since the dx is much less
requiring bigger dp in the case ofetproton, which is partly the result of a bigger masetause
of the higher electromagnetic induction of the bigger frequency (impulse).

The Gravitational force
The changing magnetic field of the changing current causes electromagnetic mass chémge b
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 movirgj parall
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 faggperienced 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 electrepositron pairs, obtaining the necessary virtual
mass for gravity.

The mass as seen before a result of the diffraction, for example the prelectron 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 toet 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. iBtise 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 strongdectrostatic 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 theie 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 higlprobability 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 electreproton mass ratio. The lower energide 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 quatum 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 gravitation is the streissrgy tensora seconeank
tensor (compared to electromagnetism's sdirphoton, the source of which is the feaurrent, a
first-rank tensor). Additionally, it can be shown that any masslesszfigid would give rise to a
force indistinguishable from gravitatiobecause a massless sgrield must couple to (interact

with) the stressenergy tensor in the same way that the gravitational field does. This result
suggests that, if a massless s@iparticle is discovered, it must be the graviton, so that the only
experimental verification needed for the graviton may simply be the discovery of a massle&s spin
particle. [3]

What is the Spin?

Sowe 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. Thdirealyand 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 originatollision 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 Zgroint 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 = dthi#, i 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
isa 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 Heisegbancertainty 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 poduct 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 eligeiparticle, 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 proportionadistant between the energye) of a
photon and the frequencyy of its associated electromagnetic wave. This relation between the
energy and frequency is called tRéarck relationor the PlanclcEinstein equation

E = hv.

Since the frequencly, wavelength<, and speed of lightare related by< #c, the Planck relation
can also be expressed as

he
E=—.
A
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 becauséefifference between their
wavelengths.

The expression of the firgtructure constant becomes the abbreviated
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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 restithe electromagnetic waves diffractions,
consequently the protor-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 integr al 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 aystem 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 topolaritonarise 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 knotscuandgh

allow the topolaritons to propagate in a single direction without beefkection. In other words,

the topolaritons cannot makeiirns. Backeflection is a known source of detrimental feedback

and |l oss in photoni c deyvtoiitmayshus bd dxgoitadtobwld ar i t ons’ i
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. Individutdrsomay 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 mathematicalgonsequence of the underlying integrability of
the onedimensional (1D) equations, such as the nonlinear Schrddinger equation, that describe
solitons in a variety of wave contexts, including matter wavesl, 2. Here we explore the nature of
soliton collisims using Bos€Einstein condensates of atoms with attractive interactions confined to
a quasilD waveguide. Using reime imaging, we show that a collision between solitons is a
complex event

that differs markedly depending on the relative phase betwdensolitons. 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 wheréé 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
guantum logic operations. The challenge, however, is that quantgic Fequires interactions
between individual quanta 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 relativigt 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 al s
Relativistic Quantum Theories. The self maintained electric pateotithe accelerating charges
equivalent with the General Relativity spati@e 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 soge 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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