Flash-Freeze Crystal

Physicistsat the/National Institute of: Standards and. Technology:(NIST) - have/ flash
frozen" @ flat crystal of/ 150 beryllium-ions (electrically charged atoms), opening new
possibilities/for:simulating magnetism at the: quantum scale.and sensing signals from
mysterious dark - matter[26]

Karimi's team 'has successfully, built:and operated: the fiester quantum:simulator
designed specifically for simulating cyclic: (ringeshaped): systems. [25]

A new Tel'Aviv/University study explares the generation and propagation of excitons in
2D materials within . an unprecedented,small time frame and.at an;extraordinarily high
spatial resolution./[24]

An international team:of researchersled out of Macquarie Umsity has.demonstrated
a newapproach for converting ordinary laser light into-genuine quantum/lig[23]

Beyond: the beauty of this'phenomenon;ielinconnects: heating processes:to topology
through an elegant quantization law; the results reported inthis:work designate
heating measurements as @ powerful and universal probe forrexotic states.of matter.
[22]

"We studied two systems: ‘a BoEinstein.condensate witi 00,000.atoms confined:in a
cavity and.an optomechanical cavity .that.confines light between two mirrors,»Gabriel
Teixeira Landi,a professor:at.the University 'of S&o:Paulo's:Physics Institute GIF),
told. [21]

Search-engine entropy is thus important not only for-the efficiency-of search engines
and these using/them to find relevant information as-well as to the success-of the
companies:and othen laies running:such systems, but also' to those who run websites
hoping to be found:and visited following asearch([20]

"We've experimentally confirmed the connection between information in the classical
case and the quantum case;!" Murch said, 'and we're;seeing this-ffeat @f
information loss."[19]

It's well-known that when a gquantum system is continuously measured;it freezes, i.e.,
it stopschanging;which:iswk to a;phenomenon called the: quantum:Zeno effect. [18]



Physicists'have extended one: of the:most prominent fluctuation theorems: of classical
stochastic thermodynamics, the Jarzynski equality,;to;quantum field theory! [17]

In 1993, physicist Lucien Hardy proposed an experimentvging that there is.a:small
probability (around 6-9%) of observing:a particle and its:antiparticle; interacting with
each.otherwithout-annihilatingg- something:that is impossible:in classical physics.
[16]

Scientists at the University of Geneva (UNIGE), Switzerland, recently reengineered
their data processing, demonstrating that 16 million atoms were entangled in a-one
centimetre crystal. [B]

The fact that it is possible to retrieve this lost information reveals new insight into the
fundamental nature of quantum measurements, mainly by supporting the idea that
guantum measurements contain both quantum and classical components. [14]

Researbers blur the line between classical and quantum physics by connecting chaos
and entanglement. [13]

Yale University scientists have reached a milestone in their efforts to extend the
durability and dependability of quantum information. [12]

Using lasers to make data storage faster than ever. [11]

Some threedimensional materials can exhibit exotic properties that only exist in
"lower" dimensions. For example, in owimensional chains of atoms that emerge
within a bulk sample, electrons caseparate into three distinct entities, each carrying
information about just one aspect of the electron's identityspin, charge, or orbit. The
spinon, the entity that carries information about electron spin, has been known to
control magnetism in certain isulating materials whose electron spins can point in
any direction and easily flip direction. Now, a new study just published in Science
reveals that spinons are also present in a metallic material in which the orbital
movement of electrons around the atamnucleus is the driving force behind the
material's strong magnetism. [10]

Currently studying entanglement in condensed matter systems is of great interest. This
interest stems from the fact that some behaviors of such systems can only be explained
with the aid of entanglement. [9]

Researchers from the Norwegian University of Science and Technology (NTNU) and
the University of Cambridge in the UK have demonstrated that it is possible to directly
generate an electric current in a magnetic material by rating its magnetization. [8]



This paper explains the magnetic effect of the electric current from the observed

effects of the accelerating electrons, causing naturally the experienced changes of the

electric field potential along the electric wire. The eglerating electrons explain not

only the Maxwell Equations and the Special Relativity, but the Heisenberg Uncertainty
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between the Classical and Quantum Theories.

The changing acceleration of the electrons explains the created negative electric field

of the magnetic induction, the changing relativistic mass and the Gravitational Force,

giving a Unified Theory of the physical forces. Taking into account the Planck

Distribution Law of the electromagnetic oscillators also, we can explain the
electron/proton mass rate and the Weak and Strong Interactions.
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Preface

Surprisingly nobody found strange that by theory the electrons are moving with a constant
velocity in the stationary electric current, although there is an accelerating forcgE,

imposed by theEelectric field along the wire as a result of tbigotential difference. The
accelerated electrons are creating a charge density distribution and maintaining the potential
change along the wire. This charge distribution also creates a radial electréistiatiaround

the wire decreasing along the wire. The moving external electrons in this electrostatic field are
experiencing a changing electrostatic field causing exactly the magnetic effect, repelling when
moving against the direction of the current aattracting when moving in the direction of the
current. This way thé& magnetic potential is based on the real charge distribution of the
electrons caused by their acceleration, maintaining Bedectric field and theA magnetic

potential at the same time

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

More importantly the accelerating electrons can &ip the magnetic induction also. The
changing acceleration of the electrons will createEeelectric field by changing the charge
distribution, increasing acceleration lowering the charge density and decreasing acceleration
causing an increasing chargendgity.

Since the magnetic induction creates a negative electric field as a result of the changing
acceleration, it works as a relativistic changing electromagnetic mass. If the mass is
electromagnetic, then the gravitation is also electromagnetic efféise same charges would
attract each other if they are moving parallel by the magnetic effect.

Physicists 'flash -freeze’ crystal of 150 ions

Physicists at the National Institute of Standards and Technology (NIST) hawértitasti a flat

crystal of 150 beryllium ions (electrically charged atoms), opening new possibilities for simulating
magnetism at the quantum scale and sensing signals ysterious dark matter.

Many researchers have tried for decades to chill vibrating objects that are large enough to be
visible to the naked eye to the point where they have the minimum motion alloweghbytum
mechanics, the theory that governs the behavior of matter at the atomic scale. The colder the
better, because it makes the device more sensitive, more stable and less distorted, and
therefore, more useful for practical applications. Until ndwewever, researchers have only been
able to reduce a few types of vibrations.


https://phys.org/tags/quantum+mechanics/
https://phys.org/tags/quantum+mechanics/

In the NIST experiment, magnetic and electric fields cooled and trapped the ions so that they
formed a disc less than 250 micrometers (millionths of a meter) in diameter. Thesdis
considered a crystal because the ions are arranged in a regularly repeating pattern.

As described iRhysical Review LettedIST researchers chilled the crystal in just 200
microseconds (millionths of a second) so that each ion had abouthirteof the energy carried

by a single phonon, a packet of motional energy in the crystal. This is very close to the amount of
energy in the lowespossible quantum "ground" state for the crystal'scalled "drumhead"
vibrations, which are similar to the tgnd-down motions of a beating drum.

The researchers cooled and slowed all 150 drumhead vibrations, one for each ion. (The
simulation video below shows eight example types of drumhead vibrations.) The work showed
that hundreds of ions can be collectively catinesing this technique, a significant advance over
the previous demonstration by another group cooling a line of 18 ions.

For vibrations at the frequencies cooled in this demonstration i@l of the energy carried by

a phonon corresponds to 50 microkiel, or 50 millionths of a degree above absolute zero (minus
459.67 °F or minus 273.15 °C), group leader John Bollinger said. While not abreakidg
temperature, this level is close to the quantemechanical ground state for all of the drumhead
modes,meaning the thermal motion is small for such a highly confined system, Bollinger noted.

To achieve so much cooling, the researchers aimed two lasers with specific frequencies and
power levels at the crystal. The lasers coupled the energy levels of thénisnich a way to

induce the ion crystal to lose energy without adding to its motion. For most laser light particles
scattered by the crystal, the ions lost motion, cooling the crystal.

The method didn't cool other types of vibrations such as-sidsidemotion of the diseshaped
crystal. But the drumhead motions have the most practical uses. Only the drumhead vibrations
are used in quantum simulations and quantum sensors.

Colder drumhead vibrations will makiee ion crystal a more realistic simulator of quantum
magnetism, which can be hard to calculate on conventional computers. Groundstate cooling
should also enable more complicated entangled quantum systems, making possible better
measurements for quantum ssing applications.

"A guantum sensing application that we are excited about investigating is the sensing of very
weak electric fields," Bollinger said. "With ground state cooling we improve our ability & sen
electric fields at a level that enables a search for certain types of dark maitéons
(hypothetical subatomic particles) and hidden photonsyessunseen force carriers)."

Future research will attempt cooling of thremensional crystals with mudarger numbers of
ions.[26]


https://phys.org/tags/motion/
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In the blink of an eye: Team uses quantum of light to create new

guantum simulator

Imagine being stuck inside a maze and wanting to find your way outwéald you proceed?

The answer is trial and error. This is how traditional computers with classical algorithms operate
to find the solution to a complex problem. Now consider this: What if, by magic, you were able to
clone yourself into multiple versions fwat you were able to go through all the various paths at

the same time? You'd find the exit almost instantly.

Turns out we're not talking about magiave're talking atomic and subatomic particles. An
electron, for instance, can be in multiple places at@nThis is a fundamental principle of nature
known in quantum mechanics as the superposition principle.

Now, imagine if we take advantage of this principle and apply it to our classical simulators and
computers. Imagine how dramatically more efficient dvbe at information processing!

This is the principle behind quantum computers andntum simulators. In essence, quantum
computers use thaubatomic particles' ability to exist in more than one place at once.

Quantum simulators are not just good for efficiency in processing times, but they are the
"natural” choice to simulate simple amdmplex systems in nature. This is a direct consequence
of the fact that nature is ultimately governed by the lawgjodntum mechanics.

Quantum simulators provide us with an excellent opportunitysimulate fundamental aspects

of nature and understand their hidden dynamics without even looking into the complexities
arising from the various particles and their interactions. This is precisely the motive behind the
research of Professor Ebrahim Karand his team.

Karimi's team simulates periodic and closed structures in nature, such ashapgd molecules

and crystalline lattices, by invoking the quantum mechanical properties of light. The results can
help us understand the dynamics involved inlsagstems as well as open the possibility for
developing efficient photonibased quantum computers.

Karimi's team has successfully built and operated the-éiver quantum simulator designed
specifically for simulating cyclic (ringsHaped) systems. Augntum simulator simulates a
guantum system. The team used the quantum of light (photon) to simulate the quantum motion
of electrons inside rings made of different number of atoms. The experiment results revealed
that the physics of ringhaped systems afeindamentally different from those of linshaped

ones.

In doing so, the team established a powerful experimental technique to simulate a wide class of
atomic systems and opened a new window to explore many opportunities resulting from its
work.
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