
Ultraviolet Watching Electrons 

  

A new technique developed by a team at MIT can map the complete electronic band 

structure of materials at high resolution. [24] 

Correlations between the radial positions and radial momenta of entangled pairs of 

photons have been measured for the first time by physicists in China, Canada and the US. 

[23] 

Researchers led by Tracy Northup at the University of Innsbruck have now built a 

quantum sensor that can measure light particles non-destructively. [22] 

A study by the Quantum Technologies for Information Science (QUTIS) group of the 

UPV/EHU's Department of Physical Chemistry, has produced a series of protocols for 

quantum sensors that could allow images to be obtained by means of the nuclear 

magnetic resonance of single biomolecules using a minimal amount of radiation. [21] 

An international team of physicists at ETH Zurich, Aalto University, the Moscow Institute 

of Physics and Technology, and the Landau Institute for Theoretical Physics in Moscow 

has demonstrated that algorithms and hardware developed originally in the context of 

quantum computation can be harnessed for quantum-enhanced sensing of magnetic 

fields. [20] 

Scientists at Forschungszentrum Jülich have now discovered another class of particle-like 

magnetic object that could take the development of data storage devices a significant 

step forward. [19] 

A team of researchers with members from IBM Research-Zurich and RWTH Aachen 

University has announced the development of a new PCM (phase change memory) design 

that offers miniaturized memory cell volume down to three nanometers. [18] 

Monatomic glassy antimony might be used as a new type of single-element phase change 

memory. [17] 

Physicists have designed a 3-D quantum memory that addresses the tradeoff between 

achieving long storage times and fast readout times, while at the same time maintaining 

a compact form. [16] 

Quantum memories are devices that can store quantum information for a later time, 

which are usually implemented by storing and re-emitting photons with certain quantum 

states. [15] 



The researchers engineered diamond strings that can be tuned to quiet a qubit's 

environment and improve memory from tens to several hundred nanoseconds, enough 

time to do many operations on a quantum chip. [14] 

Intel has announced the design and fabrication of a 49-qubit superconducting quantum-

processor chip at the Consumer Electronics Show in Las Vegas.  

To improve our understanding of the so-called quantum properties of materials, 

scientists at the TU Delft investigated thin slices of SrIrO3, a material that belongs to the 

family of complex oxides. [12] 

New research carried out by CQT researchers suggest that standard protocols that 

measure the dimensions of quantum systems may return incorrect numbers. [11]  

Is entanglement really necessary for describing the physical world, or is it possible to 

have some post-quantum theory without entanglement? [10]  

A trio of scientists who defied Einstein by proving the nonlocal nature of quantum 

entanglement will be honoured with the John Stewart Bell Prize from the University of 

Toronto (U of T). [9]  

While physicists are continually looking for ways to unify the theory of relativity, which 

describes large-scale phenomena, with quantum theory, which describes small-scale 

phenomena, computer scientists are searching for technologies to build the quantum 

computer using Quantum Information.   

In August 2013, the achievement of "fully deterministic" quantum teleportation, using a 

hybrid technique, was reported. On 29 May 2014, scientists announced a reliable way of 

transferring data by quantum teleportation. Quantum teleportation of data had been 

done before but with highly unreliable methods.  

The accelerating electrons explain not only the Maxwell Equations and the  

Special Relativity, but the Heisenberg Uncertainty Relation, the Wave-Particle Duality 

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

Theories.   

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 and making possible to build the Quantum Computer with 

the help of Quantum Information.  

https://newsroom.intel.com/
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Preface  
While physicists are continually looking for ways to unify the theory of relativity, which describes 

large-scale phenomena, with quantum theory, which describes small-scale phenomena, computer 

scientists are searching for technologies to build the quantum computer.   

Australian engineers detect in real-time the quantum spin properties of a pair of atoms inside a 

silicon chip, and disclose new method to perform quantum logic operations between two atoms. 

[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.   

  



Watching electrons using extreme ultraviolet light  
A new technique developed by a team at MIT can map the complete electronic band structure of 

materials at high resolution. This capability is usually exclusive to large synchrotron facilities, but 

now it is available as a tabletop laser-based setup at MIT. This technique, which uses extreme 

ultraviolet (XUV) laser pulses to measure the dynamics of electrons via angle-resolved 

photoemission spectroscopy (ARPES), is called time-resolved XUV ARPES. 

Unlike the synchrotron-based setup, this laser-based setup further provides a time-resolved feature 

to watch the electrons inside a material on a very fast, femtosecond (quadrillionth of a second) 

timescale. Comparing this fast technique on a time and distance scale, while light can travel from 

the moon to the Earth in roughly one second, it can only travel as far as the thickness of a single 

sheet of regular copy paper in one femtosecond. 

The MIT team evaluated their instrument resolution using four exemplary materials representing a 

wide spectrum of quantum materials: a topological Weyl semimetal, a high-critical-temperature 

superconductor, a layered semiconductor, and a charge density wave system. 

The technique is described in a paper appearing in the journal Nature Communications, authored 

by MIT physicists Edbert Jarvis Sie Ph.D. '17, former postdoc Timm Rohwer, Changmin Lee Ph.D. 

'18, and MIT physics Professor Nuh Gedik. 

A central goal of modern condensed-matter physics is to discover novel phases of matter and exert 

control over their intrinsic quantum properties. Such behaviors are rooted in the way the energy of 

electrons changes as a function of their momentum inside different materials. This relationship is 

known as the electronic band structure of materials and can be measured 

using photoemission spectroscopy. This technique uses light with high photon 

energy to knock the electrons away from the material surfaceτa process formerly known as the 

photoelectric effect, for which Albert Einstein received the Nobel Prize in physics in 1921. The 

speed and direction of the outgoing electrons can be measured in an angle-resolved manner to 

determine the energy and momentum relationship inside the material. 

The collective interaction between electrons in these materials often goes beyond textbook 

predictions. One method to study such non-conventional interactions is by promoting the electrons 

to higher energy levels and watching how they relax back to the ground state. This is called a 

"pump-and-probe" method, which basically is the same method people use in their everyday lives 

to perceive new objects around them. For example, anyone can drop a pebble on the surface of 

water and watch how the ripples decay to observe the surface tension and acoustics of water. The 

difference in the MIT setup is that the researchers use infrared light pulses to "pump" the electrons 

to the excited state and the XUV light pulses to "probe" the photoemitted electrons after a time 

delay. 

https://phys.org/tags/photoemission+spectroscopy/


Time-ǊŜǎƻƭǾŜŘ ·¦± !wt9{ ǎŜǘǳǇ ŘŜǾŜƭƻǇŜŘ ōȅ ǊŜǎŜŀǊŎƘŜǊǎ ƛƴ aL¢ tǊƻŦŜǎǎƻǊ bǳƘ DŜŘƛƪΩǎ ǊŜǎŜŀǊŎƘ 

group at MIT. The researchers use infrared light pulses ǘƻ άǇǳƳǇέ ǘƘŜ ŜƭŜŎǘǊƻƴǎ ǘƻ ǘƘŜ ŜȄŎƛǘŜŘ ǎǘŀǘŜ 

ŀƴŘ ·¦± όŜȄǘǊŜƳŜ ǳƭǘǊŀǾƛƻƭŜǘύ ƭƛƎƘǘ ǇǳƭǎŜǎ ǘƻ άǇǊƻōŜέ ǘƘŜ ǇƘƻǘƻŜƳƛǘǘŜŘ ŜƭŜŎǘǊƻƴǎ ŀŦǘŜǊ ŀ ǘƛƳŜ 

delay. Their new technique enables full access to the electronic band structure of all materials, with 

unprecedentedly narrow energy resolution on femtosecond timescales. Credit: Edbert Jarvis 

Sie/Nature Communications 

Time- and angle-resolved photoemission spectroscopy (trARPES) captures movies of the electronic 

band structure of the solid with femtosecond time resolution. This technique provides invaluable 

insights into the electron dynamics, which is crucial to understand the properties of the materials. 

However, it has been difficult to access high-momenta electrons with narrow energy resolution via 

laser-based ARPES, severely constraining the type of phenomena that can be studied with this 

technique. 

The newly developed XUV trARPES setup at MIT, which is approximately 10 feet long, can generate 

a femtosecond extreme ultraviolet light source at high energy resolution. "XUV will be quickly 

absorbed by air, so we house the optics in vacuum," Sie says. "Every component from the light 

source to the sample chamber is projected on the computer drawing on a millimeter precision." 

This technique enables full access to the electronic band structure of all materials with 

unprecedentedly narrow energy resolution on femtosecond timescales. "To demonstrate the 

resolution of our setup, it is not sufficient to measure the resolution of the light source alone," Sie 

says. "We must verify the true resolutions from real photoemission measurements using a wide 

range of materialsτthe results are very satisfying!" 

The final assembly of the MIT setup comprises several emerging instruments that are being 

developed concurrently in industry: femtosecond XUV light source (XUUS) from KMLabs, XUV 



monochromator (OP-XCT) from McPherson, and angle-resolved time-of-flight (ARToF) electron 

analyzer from Scienta Omicron. "We believe that this technique has the potential to push the 

boundary of condensed matter physics," Gedik says, "so we worked with relevant companies to 

achieve this spearheading capability." 

The MIT setup can accurately measure the energy of electrons with high momenta. "The 

combination of time-of-flight electron analyzer and XUV femtosecond light source gives us the 

ability to measure the complete band structure of almost all materials," Rohwer says, "Unlike some 

other setups, we don't have to repeatedly tilt the sample to map the band structureτand this 

saves us a lot of time!" 

Another significant advance is the ability to change the photon energy. "Photoemission intensity 

often varies significantly with the photon energy used in the experiment. This is because the 

photoemission cross section depends on the orbital character of the elements forming the solid," 

Lee says. "The photon energy tunability provided by our setup is extremely useful in enhancing the 

photoemission counts of particular bands that we are interested in." 

Stanford Institute for Materials and Energy Science Staff Scientist Patrick S. Kirchmann, an expert in 

ARPES techniques, says, "As a practitioner I believe that trARPES is profoundly useful. Any quantum 

material, topological insulator, or superconductivity question profits from understanding the band 

structure in non-equilibrium. The basic idea of trARPES is simple: By detecting the emission angle 

and energy of photoemitted electrons, we can record the electronic band structure. Done after 

exciting the sample with light, we can record changes of the band structure that provide us with 

'electron movies," which are filmed at frame rates of their natural femtosecond time scale." 

Commenting on the Gedik research group's new findings at MIT, Kirchmann says, "The work of Sie 

and Gedik sets a new standard by achieving 30 meV [milli-electron-volt] bandwidth while 

maintaining 200 femtosecond time resolution. By incorporating exchangeable gratings in their 

setup, it will also be possible to change that partitioning of the time-bandwidth product. These 

achievements will enable long-needed high-definition studies of quantum materials with high 

enough energyresolution to provide profound insights." [24] 

  

 

Photons entangled in terms of radial quantum states  
Correlations between the radial positions and radial momenta of entangled pairs of photons have 

been measured for the first time by physicists in China, Canada and the US. 

The work was done Lixiang Chen and colleagues at Xiamen University, the University of Ottawa and 

University of Rochester ς who say that radial entanglement could be used to create better optical 

tweezers and new quantum technologies. 

Entanglement is purely quantum-mechanical phenomenon that allows the properties of two or 

more photons (or other tiny particles) to be correlated more strongly than allowed by classical 

physics. Once seen as a quirky aspect of the quantum world, entanglement is now being used to 

create practical quantum technologies for a range of applications including sensors, computing and 

cryptography. 

https://phys.org/tags/energy/


Crystal conversion 

Entangled pairs of photons can be created by spontaneous parametric down-conversion (SPDC). 

This involves firing a single photon through a crystal to produce a pair of photons, which remain 

correlated even when separated by large distances. So far, SPDC has been used to entangle 

photons in terms of their positions, polarizations, momenta, and orbital angular momenta. 

It turns out that photons can also exist in quantum states that resemble rings of light. These states 

are defined in terms of their radii (radial position) and their radial momentum (whether the ring is 

ŜȄǇŀƴŘƛƴƎ ƻǊ ŎƻƴǘǊŀŎǘƛƴƎύΦ Lƴ ǘƘŜƛǊ ǎǘǳŘȅΣ /ƘŜƴΩǎ ǘŜŀƳ ŘŜƳƻƴǎǘǊŀǘŜŘ ŎƻǊǊŜƭŀǘƛƻƴǎ ōŜǘǿŜŜƴ ǘƘŜǎŜ 

two radial properties in entangled photon pairs. 

 

READ MORE 

 

Energy-time entanglement detected in photons 

 

They did this by first firing a laser at a crystal to produce an entangled photon pair via SPDC. A beam 

splitter then directs each photon down separate perpendicular arms, which each host a pair of 

identical spatial light modulators (SLMs). To check for correlations, these SLMs can either function 

as annular apertures, which only admit photons with a specific radius, or a diffraction gratings, 

which only allow photons with a specific radial momentum to pass through. Single-photon 

detectors placed at the end of each arm then confirm whether or not both photons had made it 

https://physicsworld.com/a/energy-time-entanglement-detected-in-photons/
https://physicsworld.com/a/energy-time-entanglement-detected-in-photons/
https://physicsworld.com/a/energy-time-entanglement-detected-in-photons/
https://physicsworld.com/a/energy-time-entanglement-detected-in-photons/
https://physicsworld.com/a/energy-time-entanglement-detected-in-photons/



















































