
Dipolar Quantum Gases 
 

Atomic systems that behave very much like supersolids have been created independently 

by teams of physicists in Italy, Germany have Austria. [30] 

Ant-Man knows the quantum realm holds shocking revelations and irrational solutions. 

[29] 

A new uncertainty relation, linking the precision with which temperature can be 

measured and quantum mechanics, has been discovered at the University of Exeter. [28] 

Physicists have demonstrated that energy quantization can improve the efficiency of a 

single-atom heat engine to exceed the performance of its classical counterpart. [27] 

A solid can serve as a medium for heat and sound wave interactions just like a fluid does 

for thermoacoustic engines and refrigerators - resulting in leak-free machines that can 

stay operating longer. [26] 

Like watchmakers choosing superior materials to build a fine timepiece, physicists 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 have uncovered hints of a time crystalɂa form of matter that "ticks" 

when exposed to an electromagnetic pulseɂin the last place they expected: a crystal you 

might find in a child's toy. [24] 

The research shows that concentrated electrolytes in solution affect hydrogen bonding, 

ion interactions, and coordination geometries in currently unpredictable ways. [23] 

An exotic state of matter that is dazzling scientists with its electrical properties, can also 

exhibit unusual optical properties, as shown in a theoretical study by researchers at 

A*STAR. [22] 

The breakthrough was made in the lab of Andrea Alù, director of the ASRC's Photonics 

Initiative. Alù and his colleagues from The City College of New York, University of Texas 

at Austin and Tel Aviv University were inspired by the seminal work of three British 

researchers who won the 2016 Noble Prize in Physics for their work, which teased out 

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]  

Researchers at the University of Illinois at Urbana-Champaign have developed a new 

technology 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: a pencil, photocopy paper, and conductive paint. [19] 

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 

comes to 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 currents in nanoscale devices by means of quantum local 

observations. [16]  

Physicists have proposed a new type of Maxwell's demonɂthe hypothetical agent that 

extracts work from a system by decreasing the system's entropyɂin which the demon 

can extract work just by 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]  

For more 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 (four-stroke, 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 experiment confirming that 

thermodynamic processes are irreversible in a quantum systemɂmeaning 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 and, in turn, 

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 

between one 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 circumstances. The 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 position of an 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 

quantum nature of the fields used to make those measurements imposes what is called 

the "standard quantum limit." This same limit influences both the ultrasensitive 

measurements in nanoscale devices and the kilometer-scale gravitational wave detector 

at LIGO. Because of this troublesome background noise, we can never know an object'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 Uncertainty Relation, the Wave-Particle Duality and the 

ÅÌÅÃÔÒÏÎȭÓ ÓÐÉÎ ÁÌÓÏȟ ÂÕÉÌÄÉÎÇ ÔÈÅ "ÒÉÄÇÅ ÂÅÔ×ÅÅÎ ÔÈÅ #ÌÁÓÓÉÃÁÌ ÁÎÄ 1ÕÁÎÔÕÍ 4ÈÅÏÒÉÅÓȢ   

The Planck Distribution Law of the electromagnetic oscillators explains the 

electron/proton mass rate and the Weak and Strong 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 self-maintaining 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 small-scale phenomena. In a new 

proposed experiment in this area, two toaster-sized "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 is predicted 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 quantum state of each particle cannot be described 

independently ς instead, a quantum state may be given for the system as a whole. [4]  

I think that we have a simple bridge between the classical and quantum mechanics by 

understanding the Heisenberg Uncertainty Relations. It makes clear that the particles are not point 

like but have a dx and dp uncertainty.   



  

Supersolid behaviour spotted in dipolar quantum gases   
Atomic systems that behave very much like supersolids have been created independently 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 conception of a 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 physicists Alexander Andreev and Ilya Lifschitz. However, 

supersolidity has proved frustratingly difficult to observe. 

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

ƳƻŘǳƭŀǘƛƻƴΩǎ ǿŀǾŜƭŜƴƎǘƘ ƎŜǘǎ ǎƘƻǊǘŜǊΦ !ǘ ƻƴŜ ŎƘŀǊŀcteristic wavelength, however, the energy takes 

a sudden dip ς 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 required 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 helium-4 and in 2004 physicists at 

Pennsylvania State University in the US reported evidence of helium-пΩǎ ǎǳǇŜǊǎƻƭƛŘƛǘȅΦ 

Unfortunately, further investigation by the team revealed this to be an experimental 

error. Despite this setback, efforts to observe supersolidity in helium-4 are ongoing. 

In 2017, two research groups ς one at ETH Zurich, the other at Massachusetts Institute of 

Technology ς independently observed supersolid phenomena in Bose-Einstein 

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

specific wavelength present in helium-4, but both groups successfully engineered dips by coupling 

the atoms to a light field. This induced strong electric dipolar interactions between the atoms and 

ŎƻƴǎŜǉǳŜƴǘ ŀǘǘǊŀŎǘƛǾŜ ƛƴǘŜǊŀŎǘƛƻƴǎΦ ²ƘŜƴ ŎƻƳōƛƴŜŘ ǿƛǘƘ ǘƘŜ ǊŜǇǳƭǎƛǾŜ ŜŦŦŜŎǘ ƻŦ ǘƘŜ Ǿŀƴ ŘŜǊ ²ŀŀƭǎΩ 

interaction, this produced a single, coherent state that could exhibit a marked density modulation 

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

ά¢ƘŜ ƛƴǘŜǊŀŎǘƛƻƴ ǿŀǎ ƛƳǇƻǎŜŘ ŦǊƻƳ ƻǳtside ς we designed an interaction with the help of light 

fields, which means the critical distance was given by the light-ŦƛŜƭŘ ǿŀǾŜƭŜƴƎǘƘΦέ 

Magnetic interactions  
Instead of exploiting electric dipole interactions, which must be imprinted using light, the latest 

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 zero-point fluctuations dominate, and the system behaves as a standard BEC. 

IƻǿŜǾŜǊΣ ƘƛƎƘŜǊ ŦƛŜƭŘǎ Ŏŀƴ ƛƴŘǳŎŜ ǘƘŜ ŀǘƻƳǎΩ ƳŀƎƴŜǘƛŎ ŘƛǇƻƭŜǎ ǘƻ ŀƭƛƎƴ ƘŜŀŘ ǘƻ ǘŀƛƭΣ ŎŀǳǎƛƴƎ ǘƘŜ 

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 droplet 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 

ŀǘƻƳǎ ǘƻ ǘǳƴƴŜƭ ōŜǘǿŜŜƴ ǘƘŜƳΣ ƪŜŜǇƛƴƎ ǘƘŜ ǎǘŀǘŜ ŎƻƘŜǊŜƴǘΦ ά¢ƘŜ ǊŜƎƛƳŜ ƛƴ ǿƘƛŎƘ ǘƘƛǎ ƘŀǇǇŜƴǎ ƛǎ 

veǊȅ ƴŀǊǊƻǿΣέ ǎŀȅǎ Giovanni Modugnoof the University of Pisa in Italy, who led the team 

that first observed the phenomenon. 

aƻŘǳƎƴƻΩǎ ǘŜŀƳ ŀƴŘΣ ƛƴŘŜǇŜƴŘŜƴǘƭȅΣ ǊŜǎŜŀǊŎƘŜǊǎ ƭŜŘ ōȅ Tilman Pfau of the University of 

Stuttgart in Germany, used BECs of dysprosium-162. Unfortunately, to create the supersolid 

phenomena in dysprosium-162 requires tuning the magnetic field to a value that also maximizes 

the probability of atoms being knocked out of the trap by three-body collisions. The BEC was 

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

milliseconds. However, researchers led by Francesca Ferlaino of the University of Innsbruck 

in Austria used dysprosium-164 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  
aƻǊŜƻǾŜǊΣ CŜǊƭŀƛƴƻΩǎ ǘŜŀƳ ŀƭǎƻ ǎƘƻǿŜŘ ǘƘŀǘ ŀ ǎǳǇŜǊǎƻƭƛŘ-like state of dysprosium-164 could be 

ǇǊƻŘǳŎŜŘ ōȅ ŎƻƻƭƛƴƎ ŀƭƻƴŜΣ ǇǊƻŘǳŎƛƴƎ ŜǾŜƴ ƭƻƴƎŜǊ ƭƛŦŜǘƛƳŜǎΥ ά!ŦǘŜǊ пллΥΥƳǎ ǘƘŜ ǎǘŀǘŜ ƛǎ ǎǘƛƭƭ ǾŜǊȅ 

ƳǳŎƘ ŀƭƛǾŜ ŀƴŘ ǊƻōǳǎǘΣέ ŜȄǇƭŀƛƴǎ CŜǊƭŀƛƴƻΦ ά¢ƘŜ ǇǊƻǇŜǊǘƛŜǎ ŀǊŜ ǇǊŜǎŜǊǾŜŘ ŦƻǊ ŀ ǘƛƳŜ ƭƻƴƎ ŜƴƻǳƎƘ ǘƻ 

study the spectrum of excitations, the theǊƳƻŘȅƴŀƳƛŎ ǇǊƻǇŜǊǘƛŜǎΣ ǘƘŜ ŦƭƻǿΧƭƻƴƎ ŜƴƻǳƎƘ ǘƻ ǊŜŀƭƭȅ 

Řƻ ǎƻƳŜǘƘƛƴƎ ǿƛǘƘ ǘƘŜ ǎǘŀǘŜΦέ ¢Ƙƛǎ ǿƛƭƭ ōŜ ŎǊǳŎƛŀƭ ƛƴ ǎǳōǎŜǉǳŜƴǘ ŜȄǇŜǊƛƳŜƴǘǎ ǘƻ ǇǊƻǾŜ ǘƘŀǘ ǘƘŜ ǎǘŀǘŜ 

is truly a supersolid. 

 

READ MORE 

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  
 

5ƻƴƴŜǊΣ ǿƘƻ ǿŀǎ ƴƻǘ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ ƭŀǘŜǎǘ ǎǘǳŘƛŜǎΣ ƭƻƻƪǎ ŦƻǊǿŀǊŘ ǘƻ ŀ ǎǘǳŘȅ ƻŦ ǘƘŜ ǎȅǎǘŜƳΩǎ 

ǇǊƻǇŜǊǘƛŜǎΥ ά²Ƙŀǘ ǿŜ ŀǊŜ ŀƭƭ ƘƻǇƛƴƎ ŦƻǊΣ ƻŦ ŎƻǳǊǎŜΣ ƛǎ ǎƻƳŜ ŜŦŦŜŎǘ ǘƘŀǘΩǎ ƴƻǘ ǇǊŜŘƛŎǘŜŘ ōȅ ǘƘŜƻǊȅ ς 

ǎƻƳŜ ǳƴŀƴǘƛŎƛǇŀǘŜŘ ƴŜǿ ŀǾŜƴǳŜ ŦƻǊ ǊŜǎŜŀǊŎƘΦέ 

aƻŘǳƎƴƻΩǎ ǘŜŀƳ ŘŜǎcribe their work in Physical Review Letters ŀƴŘ ¢ƛƭƳŀƴ tŦŀǳΩǎ ǘŜŀƳΩǎ 

in Physical Review X. CǊŀƴŎŜǎŎŀ CŜǊƭŀƛƴƻ ŀƴŘ ŎƻƭƭŜŀƎǳŜǎΩ ǿƻǊƪ ƛǎ ƛƴ ǇǊŜǎǎ ƛƴ Physical 

Review X and a preprint 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, designed a more efficient quantum transport system by adding even more noise to it. 

They published their results on July 24 in npj Quantum Information. 

"Energy transport is at the core of natural life, as well as our current technology," said Kae Nemoto, 

a professor 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. We foundτalthough nature already 

knew thisτthat energy transport can actually be enhanced by adding environmental 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 reflected faces 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 throughout the cell all at 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 cellτit splits the work. However, this process cannot be 

exempted from environmental effects. Usually, 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 added a correlated 

noise to the path where energy is going through. Surprisingly, the energy transfer was significantly 

accelerated with anti-correlated noise. "There is now clear evidence that noise can help in energy 

transport," Nemoto said. "This can be applied to more complex networks, and we are working on 

designing more realistic energy transport systems. If we can speed up energy transport, we must 

also be able to slow it down, too." 

The researchers plan to continue studying exactly how noise influences the speed of energy 

transport with the goal of gaining control over the system to precisely fine tune its efficiency. [29] 

 

 

 

How hot is Schrodinger's coffee?  
A new uncertainty relation, linking the precision with which temperature can be measured and 

quantum mechanics, has been discovered at the University of Exeter. 

If you measure the temperature of your coffee with a standard over-the counter thermometer you 

may find 90°C give or take 0.5°C. The temperature uncertainty in your reading arises because the 

mercury level in the thermometer fluctuates a little bit, due to microscopic collisions of the 

mercury atoms. 

Things become more interesting when trying to measure the temperature of small objects, such as 

nanometer devices or single cells. To obtain precise measurements one needs to use tiny nanoscale 

thermometers made up of just a few atoms. 

The team at Exeter has developed a new theoretical framework that allows the characterisation of 

small-scale 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/









































































