Dipolar QuantumGases

Atomic systems/that behave very: much-like supersolids-have been creategaendently
by teams of physicists in taly,-Germany have Aus{38)]

Ant-Man knows'the;quantum realm holds shocking revelations/and irrational solutions.
[29]

A new:uncertainty relation, linking the precision with wbh temperature.can'be
measured and; gquantum mechanics; has been discovered-at the University of H28{er.

Physicists have demonstrated that emgrquantization can improve the efficiency of a
single-atom heat-engine t0 exceed the performance of its classical.counterpart. [27]

A solid.can serve-as:a-medium for-heat/and soundwave interactions just like-afluid does
for thermoacoustic-engines and refrigeratorsresulting in leakfree machines/that can
stay operating/longer[26]

Like watchmakers choosing superiormaterials to build afine timepiece; phgis at the
Centre/for/Quantum Technologies (CQT) at the National University of Singapore have
singled out.an.atom that could allow them to build-better atomic clocks: [25]

Yale physicists haveuncovered hintsof atime:crystalform of matter that "ticks"
when expsed to.an electromagnetic: pulsein the last place they expected: a crystal you
might find in achild's:toy[24]

The research 'shows that.concented electrolytes in solution affect hydrogen bonding,
ion interactions,.and coordination,geometries in currently; unpredictable ways: [23]

An exoticsstate of matter/that:is . dazzling scientists:with its electrical properties; can also
exhibit unusual optical propertiesas shown in:a/theoretical study by researchers at
A*STAR[22]

The breakthrough was made:inithe lab of Andrea Alu, director/of the ASRC's Phetonic
Initiative. All and 'his colleagues from/The:City/College of New: Y ork;-University.of Texas
at Austin and Tel'/Aviv/University were inspired by the seminal work of three British
researchers.whowon'the 2016 Noble Prize'in Physics for their'work, which tease

that particular properties of matter (such:as electrical conductivity).can be-preserved in
certain materials despite continuous .changes:in-the: matter's form: or shape! [21]
Researchersat the University of lllinois at Urba@hampaign have developedanew
technolayy for switching heat flows'on’ or'off!.[20]



Thermoelectric:materials can use thermal differences to.generate electricity. Now:there
is an/inexpensive and environmentally friendly,way;of producing.them with the simplest
tools: @;pencil;; photocopy paper; and:-conductive pajhf)]

A team of researchers with the University of California and SRI International has
developed a new type of cooling device that is both portable and efficient.

[18]

Thermal conductivity is one of the most crucial physical properties of matter when it
comesto understanding heat transport, hydrodynamic evolution and energy balance in
systems ranging from astrophysical objects to fusion plasmas. [17]

Researchers from the Theory Department of the MPSD have realized the control of
thermal and electrical curremts in nanoscale devices by means of quantum local
observations. [16]

Physicists have proposed a new type of Maxwell's demthre hypothetical agent that
extracts work from a system by decreasing the system's entropywhich the demon
can extract work justoy making a measurement, by taking advantage of quantum
fluctuations and quantum superposition. [15]

Pioneering research offers a fascinating view into the inner workings of the mind of
'Maxwell's Demon’, a famous thought experiment in physics. [14]

Formore than a century and a half of physics, the Second Law of Thermodynamics,
which states that entropy always increases, has been as close to inviolable as any law we
know. In this universe, chaos reigns supreme.

[13]

Physicists have shown that the three main types of engines (&troke, twostroke, and
continuous) are thermodynamically equivalent in a certain quantum regime, but not at
the classical level. [12]

For the first time, physicists have performed an expeeim confirming that
thermodynamic processes are irreversible in a quantum systemeaning that, even on
the quantum level, you can't put a broken egg back into its shell. The results have
implications for understanding thermodynamics in quantum systems aindurn,
designing quantum computers and other quantum information technologies. [11]

Disorder, or entropy, in a microscopic quantum system has been measured by an
international group of physicists. The team hopes that the feat will shed light on the
"arrow of time": the observation that time always marches towards the future. The
experiment involved continually flipping the spin of carbon atoms with an oscillating
magnetic field and links the emergence of the arrow of time to quantum fluctuations
betweenone atomic spin state and another. [10]



Mark M. Wilde, Assistant Professor at Louisiana State University, has improved this
theorem in a way that allows for understanding how quantum measurements can be
approximately reversed under certain circumstancé&$e new results allow for
understanding how quantum information that has been lost during a measurement can
be nearly recovered, which has potential implications for a variety of quantum
technologies. [9]

Today, we are capable of measuring the positidraa object with unprecedented
accuracy, but quantum physics and the Heisenberg uncertainty principle place
fundamental limits on our ability to measure. Noise that arises as a result of the
guantum nature of the fields used to make those measurements sapavhat is called
the "standard quantum limit." This same limit influences both the ultrasensitive
measurements in nanoscale devices and the kilomeseale gravitational wave detector
at LIGO. Because of this troublesome background noise, we can newer&mobject's
exact location, but a recent study provides a solution for rerouting some of that noise
away from the measurement. [8]

The accelerating electrons explain not only the Maxwell Equations and the Special
Relativity, but the Heisenberg Uncertaty Relation, the Wawarticle Duality and the
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The Planck Distribution Law of the electromagnetic oscillators explains the
electron/proton mass rate and the Weak andr8ng Interactions by the diffraction
patterns. The Weak Interaction changes the diffraction patterns by moving the electric
charge from one side to the other side of the diffraction pattern, which violates the CP
and Time reversal symmetry.

The diffraction patterns and the locality of the setfhaintaining electromagnetic
potential explains also the Quantum Entanglement, giving it as a natural part of the
relativistic quantum theory.
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Preface

Physicists are continually looking for ways to unify the theory of relativity, which describes
largescale phenomena, with quantum theory, which describes ssoale phenomena. In a new
proposed experiment in this area, twodstersized "nanosatellites" carrying entangled
condensates orbit around the Earth, until one of them moves to a different orbit with different
gravitational field strength. As a result of the change in gravity, the entanglement between the
condensates ipredicted to degrade by up to 20%. Experimentally testing the proposal may be
possible in the near future. [5]

Quantum entanglement is a physical phenomenon that occurs when pairs or groups of particles are
generated or interact in ways such that the qiiam state of each particle cannot be described
independentlyg instead, a quantum state may be given for the system as a whole. [4]

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



Supersolid behaviour spotted in dipolar quantum gases

Atomic systems that behave very much like supersolids have been credtgukimdently by teams

of physicists in Italy, Germany have Austria. The teams have shown that dipolar quantum gases
trapped by magnetic fields can spontaneously separate into arrays of coherent droplets, providing a
system closer to the original conceptioha supersolid.

The supersolid phase is a counterintuitive quantum state of matter that has both crystalline order
and frictionless flow at very low temperatures. The phenomenon is related to superfluidity and was
predicted 50 years ago by Soviet physsclexander Andreev and llya Lifschitz. However,
supersolidity has proved frustratingly difficult to observe.

In a superfluid, the energy required to create a density modulation generally increases as the

Y2RdzZA FGA2y Qa ¢ @St Sy 3 Giisti@viaveength, h@visérStielenetgyitakesy S OK I NJ
a sudden dig; much as waves pass more easily through a crystal when the wavelength equals the

separation between the atoms. If the superfluid were cold enough, Andreev and Lifschitz reasoned,

the energy reqired would drop to zero at this wavelength. The superfluid would then

spontaneously separate into tiny droplets, effectively forming an ordered crystal.

Difficult to observe

Early attempts at observing a superfluid focused on superfluid hediand in 20@ physicists at
Pennsylvania State University in the US reported evidence of heli@@ & dzZLISNBR2f ARAG & @
Unfortunately,further investigation by the team revealed ths to be an experimental

error. Despite this setback, efforts to observe supersolidity in heliuame ongoing.

In 2017, two research grouggsone at ETH Zurich, the other at Massachusetts Institute of

Technology independently observegupersolid phenomena in Bose-Einstein

condensates (BECs) of atomic gases. These BECs do not have the natural energy dip at a

specific wavelength present in heliuf but both groups successfully engineetgs by coupling

the atoms to a light field. This induced strong electric dipolar interactions between the atoms and
O2yasSldsSyid IGGNI OGAGS AYyGSNIOiAz2zyad 2KSy O2YO6AYySR
interaction, this produced a single, aaient state that could exhibit a marked density modulation

and yet still flow without friction. Nevertheless, explaihebias Donner from the ETH group,

G¢KS AYyGSNI Ol A 2 yisidedwe desighedzad iSidractibomMidttythezhelp of light

fields, which means the critical distance was given by theightSf R ¢ @St Sy I K d¢

Magnetic interactions

Instead of exploiting electric dipole interactions, which must be imprinted using lightatidest

three experiments use magnetic dipole interactions. When the atoms are placed in an external

magnetic field, their magnetic dipoles align with it. When the field is low, repulsive van der Waals

interactions and zergoint fluctuations dominate, anthe system behaves as a standard BEC.

| 26 SOSNE KAIKSNI FASt Ra OFry AYyRdzOS GKS ld2YaQ YI 3y:
atoms to separate into individual droplets, whose distance increases with the field.


https://physicsworld.com/a/moses-chan-backtracks-on-search-for-supersolids/
https://physicsworld.com/a/the-return-of-supersolids/
https://physicsworld.com/a/the-return-of-supersolids/
https://www.quantumoptics.ethz.ch/index.php?id=166

If the field is too high, each drégt remains in a separate quantum state and the system is not a

supersolid. However, at intermediate fields, the droplets can be brought close enough to allow

Fd2ya G2 ddzyySt o0SG¢SSy GKSYZ {1SSLAy3a GKS adrdasS O
veNE Y | NN&Igw2é1ni &08iEgnoof the University of Pisa in Italy, who led the team

that first observel the phenomenon.
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Stuttgart in Germany, used BECs of dysprosiéa Unfortunately, to create theupersolid

phenomena in dysprosiush62 requires tuning the magnetic field to a value that also maximizes

the probability of atoms being knocked out of the trap by thissly collisions. The BEC was

therefore lost rapidly, and supersolid phenomena could bsavved for only a few tens of

milliseconds. However, researchers ledfiancesca Ferlaino of the University of Innsbruck

in Austra used dysprosiumi64 instead. This did not suffer from this problem, meaning the
researchers could produce BECs lasting up to 150::ms using the same technique.

Longer lifetimes

a2NB2@OSNE CSNIIFAYy2Q0a (S HRE statd ochdysprasin2@sdrld beK I G | & dzLIS |
LINE RdZOSR o6& 022fAy3 |f2ySy LINRPRdAzZOAYy3 S@Sy 2y 3ISNJ |
YdzOK | £t AGS YR NRodzalGzé SELIFAYya CSNIFAYy2d a¢KS LI
study the spectrum of excitations, thetNeY¥ 2 R&8 Yy YA O LINBLISNIAS&as> GKS Ff 26X
R2 42YSUKAYy3 gAGK GKS aiGlriSoég ¢KAa gAft 0SS ONHzOA L
is truly a supersolid.


http://www.lens.unifi.it/?q=giovanni+modugno&cat=&time=0&letter=&offset=0&include=search&type=quick&button_search.x=0&button_search.y=0
https://www.pi5.uni-stuttgart.de/institute/team/Pfau/
https://www.uibk.ac.at/exphys/ultracold/?https://www.uibk.ac.at/exphys/ultracold/people/francesca.ferlaino/
https://physicsworld.com/a/the-return-of-supersolids-2/
https://physicsworld.com/a/the-return-of-supersolids-2/

The return of supersolids
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in Physical Review X.CN} y 0S4 O0F CSNI I Ay2 | yRPhygical SI 3dzS8Q 42
Review X and apreprint is available on arXiv. [30]

Scientists turn to the quantu m realm to improve energy transportation
Ant-Man knows the quantum realm holds shocking revelations and irrational solutions. Taking a
page from the Marvel Universe, researchers based at the National Institute of Informatics (NII) in
Tokyo, Japan, designadmore efficient quantum transport system by adding even more noise to it.
They published their results on July 2p) Quantum Information

"Energy transport is at the core of natural life, as well as our current technology," said Kae Nemoto,
a professr at the National Institute of Informatics and an author of the paper. "Many technological


https://physicsworld.com/a/the-return-of-supersolids-2/
https://physicsworld.com/a/the-return-of-supersolids-2/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.130405
https://journals.aps.org/prx/abstract/10.1103/PhysRevX.9.011051
https://arxiv.org/abs/1903.04375
https://physicsworld.com/a/the-return-of-supersolids-2/

improvements have been achieved by better device engineering to reduce the effects of noise and
imperfections, which seems like a perfectly logical approach. Wedfoalthough nature already
knew thig that energy transport can actually be enhanced by addamyironmental noise."

Within quantum mechanics, energy behaves like a child in a mirror funhouse. The child's face
stares back from a maze of reflective surfaces, and it's almost impossible for her to find the exit
until she moves. As she moves, her many reflecéegd$ move across the mirrors. Once she exits,
her reflection is gone from the mirrors.

The scientists examined how bacteria manage to efficiently harvest energy from light sources
through photosynthesis. In photosynthesis, the energy moves throughoutetaltat once,

looking for its destination. Once it finds the spot, all of the other versions collapse in. The energy
doesn't expend itself bouncing all over the tell splits the work. However, this process cannot be
exempted from environmental effectéJsually, environmental noise is considered as a negative
factor. For example, interference from physically close neighbors tends to slow down the process
significantly.

The researchers designed a computer simulation based on this process, but addeslaexbr

noise to the path where energy is going through. Surprisingly, the energy transfer was significantly
accelerated with anttorrelated noise. "There is now clear evidence that noise can help in energy
transport,” Nemoto said. "This can be appliechtore complex networks, and we are working on
designing more realistic energy transport systems. If we can speed up erarggort, we must

also be able to slow it down, too."

The researchers plan to contie studying exactly howoise influences the speed @hergy
transport with the goal of gaining control over the system to precisely fine tune its eftigi§29]

How hot is Schrodinger's coffee?
A new uncertainty relation, linking the precision with which temperature can be measured and
guantum mechanics, has been discovered at the University of Exeter.

If you measure théemperature of your coffee with a standard owhe counter thermometer you
may find 90°C give or take 0.5°C. The temperatuneertainty in your reading dses because the
mercury level in thehermometer fluctuates a little bit, due to microscopic collisions of the
mercury atoms.

Things become more interesting when trying to measure the temperature of sivjelits, such as
nanometer devices or single cells. To obtain precise measurements one needs to use tiny hanoscale
thermometers made up of just a few atoms.

The team at Exeter has developed a new theoretical framework that allows the characterisation of
smallscale thermometers and establishes their ultimate achievable accuracy. It turns out that
under certain circumstances the uncertainty in temperature readings are prone to additional
fluctuations, which arise because of quantum effects.


https://phys.org/tags/energy/
https://phys.org/tags/environmental+noise/
https://phys.org/tags/quantum/
https://phys.org/tags/transport/
https://phys.org/tags/noise/
https://phys.org/tags/energy+transport/
https://phys.org/tags/energy+transport/
https://phys.org/tags/temperature/
https://phys.org/tags/uncertainty/
https://phys.org/tags/thermometer/













































































































