
Atomic Parity Violation Milestone 

 

Physicists at Johannes Gutenberg University Mainz (JGU) have recently succeeded in 

observing parity violation in ytterbium atoms with different numbers of neutrons. [35] 

Exploring the mystery of molecular handedness in nature, scientists have proposed a new 

experimental scheme to create custom-made mirror molecules for analysis. [34] 

Identifying right-handed and left-handed molecules is a crucial step for many 

applications in chemistry and pharmaceutics. [33] 

A team of researchers from several institutions in Japan has described a physical system 

that can be described as existing above "absolute hot" and also below absolute zero. [32] 

A silicon-based quantum computing device could be closer than ever due to a new 

experimental device that demonstrates the potential to use light as a messenger to 

connect quantum bits of informationɂknown as qubitsɂthat are not immediately 

adjacent to each other. [31]  

Researchers at the University of Bristol's Quantum Engineering Technology Labs have 

demonstrated a new type of silicon chip that can help building and testing quantum 

computers and could find their way into your mobile phone to secure information. [30] 

Theoretical physicists propose to use negative interference to control heat flow in 

quantum devices. [29] 

Particle physicists are studying ways to harness the power of the quantum realm to 

further their research. [28]  

A collaboration between the lab of Judy Cha, the Carol and Douglas Melamed Assistant 

Professor of Mechanical Engineering & Materials Science, and IBM's Watson Research 

Center could help make a potentially revolutionary technology more viable for 

manufacturing. [27] 

A fundamental barrier to scaling quantum computing machines is "qubit interference." In 

new research published in Science Advances, engineers and physicists from Rigetti 

Computing describe a breakthrough that can expand the size of practical quantum 

processors by reducing interference. [26] 

The search and manipulation of novel properties emerging from the quantum nature of 

matter could lead to next-generation electronics and quantum computers. [25] 

A research team from the Department of Energy's Lawrence Berkeley National 

Laboratory (Berkeley Lab) has found the first evidence that a shaking motion in the 

structure of an atomically thin (2-D) material possesses a naturally occurring circular 

rotation. [24] 

https://www.rigetti.com/
https://www.rigetti.com/


Topological effects, such as those found in crystals whose surfaces conduct electricity 

while their bulk does not, have been an exciting topic of physics research in recent years 

and were the subject of the 2016 Nobel Prize in physics. [23] 

A new technique developed by MIT researchers reveals the inner details of photonic 

crystals, synthetic materials whose exotic optical properties are the subject of 

widespread research. [22]  

In experiments at SLAC, intense laser light (red) shining through a magnesium oxide 

ÃÒÙÓÔÁÌ ÅØÃÉÔÅÄ ÔÈÅ ÏÕÔÅÒÍÏÓÔ ȰÖÁÌÅÎÃÅȱ ÅÌÅÃÔÒÏÎÓ ÏÆ ÏØÙÇÅÎ ÁÔÏÍÓ ÄÅÅÐ ÉÎÓÉÄÅ ÉÔȢ  ɍφυɎ  

LCLS works like an extraordinary strobe light: Its ultrabright X-rays take snapshots of 

materials with atomic resolution and capture motions as fast as a few femtoseconds, or 

millionths of a billionth of a second. For comparison, one femtosecond is to a second 

what seven minutes is to the age of the universe. [20]  

! ȬÎÏÎÌÉÎÅÁÒȭ ÅÆÆÅÃÔ ÔÈÁÔ ÓÅÅÍÉÎÇÌÙ ÔÕÒÎÓ ÍÁÔÅÒÉÁÌÓ ÔÒÁÎÓÐÁÒÅÎÔ ÉÓ ÓÅÅÎ ÆÏÒ ÔÈÅ ÆÉÒÓÔ ÔÉÍÅ 

in X-ÒÁÙÓ ÁÔ 3,!#ȭÓ ,#,3Ȣ ɍυύɎ  

Leiden physicists have manipulated light with large artificial atoms, so-called quantum 

dots. Before, this has only been accomplished with actual atoms. It is an important step 

toward light-based quantum technology. [18]  

In a tiny quantum prison, electrons behave quite differently as compared to their 

counterparts in free space. They can only occupy discrete energy levels, much like the 

electrons in an atom - for this reason, such electron prisons are often called "artificial 

atoms". [17]  

When two atoms are placed in a small chamber enclosed by mirrors, they can 

simultaneously absorb a single photon. [16]  

Optical quantum technologies are based on the interactions of atoms and photons at the 

single-particle level, and so require sources of single photons that are highly 

indistinguishable ɀ that is, as identical as possible. Current single-photon sources using 

semiconductor quantum dots inserted into photonic structures produce photons that are 

ultrabright but have limited indistinguishability due to charge noise, which results in a 

fluctuating electric field. [14]  

A method to produce significant amounts of semiconducting nanoparticles for light-

emitting displays, sensors, solar panels and biomedical applications has gained 

momentum with a demonstration by researchers at the Department of  

Energy's Oak Ridge National Laboratory. [13]  

A source of single photons that meets three important criteria for use in quantum-

information systems has been unveiled in China by an international team of physicists. 

Based on a quantum dot, the device is an efficient source of photons that emerge as solo 



particles that are indistinguishable from each other. The researchers are now trying to 

use the source to create a quantum computer based on "boson sampling". [11]  

With the help of a semiconductor quantum dot, physicists at the University of Basel have 

developed a new type of light source that emits single photons. For the first time, the 

researchers have managed to create a stream of identical photons. [10]  

Optical photons would be ideal carriers to transfer quantum information over large 

distances. Researchers envisage a network where information is processed in certain 

nodes and transferred between them via photons. [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 also, building the Bridge between the Classical and Quantum 

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.  
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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.   

  

Atomic parity violation research reaches new milestone  
A reflection always reproduces objects as a complete mirror image, rather than just its individual 

parts or individual parts in a completely different orientation. It's all or nothing, the mirror can't 

reflect just a little. This illustrates a fundamental symmetry principle in nature. For decades, physics 

assumed that the laws of nature in our world and in the mirror world would be identical, that parity 

would be preserved. Then in 1956, in the realm of elementary particles, or more precisely in the 

realm of the weak interaction, researchers discovered a violation of this principle. Parity violation 

has been a subject of scientific research ever since. 

Physicists at Johannes Gutenberg University Mainz (JGU) have recently succeeded in observing 

parity violation in ytterbium atoms with different numbers of neutrons. The initial effect of the 

measurements is to confirm the predictions of the Standard Model of particle physics that atoms 

with different numbers of neutrons would demonstrate parity violation. The research was 

published in the renowned Nature Physics journal. 

Parity violation is only known to occur in the weak interaction, one of the four fundamental forces 

of nature. It was first discovered in beta decay in 1956, in atoms in 1979, and was subsequently 



studied in various elements. In 1995 at the University of California in Berkeley, Professor Dmitry 

Budker started performing precision measurements on the element ytterbium, a rare earth metal. 

It was this work he brought with him when he came to Mainz University in 2014. "Our research 

involves various isotopes of ytterbium. Isotopes are atoms with the same number of protons but 

different numbers of neutrons in the nucleus," explained Dr. Dionysis Antypas of the Helmholtz 

Institute Mainz (HIM). "We selected a chain of four of ytterbium's seven isotopes and confirmed 

the predictions of the Standard Model: the more neutrons in the nucleus, the greater the parity 

violation effect," said Antypas, summarizing the results of four years of work in the project. 

Comparing the effect in different isotopes was first proposed by Prof. Victor Flambaum in 1986. 

Flambaum, an Australian physicist from the University of New South Wales, has been a fellow of 

Mainz University's Gutenberg Research College (GRC) for two years and performs collaborative 

research with the JGU scientists. The physicists conducted the research using an apparatus at the 

Helmholtz Institute Mainz: in the presence of an electric and a magnetic field, ytterbium atoms are 

excited by laser light and the amplitude of the parity violation is measured. 

"The latest findings mark a significant milestone in research into atomic parity violation," said 

Budker, summarizing the data. "They are also a very significant milestone on the road to future 

research objectives." The scientists' measurements also offer information on an additional Z boson. 

Z bosons mediate the weak interaction. Scientists in the field speculate the existence of a further Z 

boson, referred to as the "Z prime" or "Z" with a much smaller mass than that of the established Z 

boson. [35] 

 

Innovative experimental schem e can create mirror molecules  
Exploring the mystery of molecular handedness in nature, scientists have proposed a new 

experimental scheme to create custom-made mirror molecules for analysis. The technique can 

make ordinary molecules spin so fast that they lose their normal symmetry and shape and form 

mirrored versions of each other. The research team from DESY, Universität Hamburg and University 

College London led by Jochen Küpper describes the innovative method in the journal Physical 

Review Letters. The further exploration of handedness, or chirality (from the ancient Greek word 

for hand, "cheir"), does not only enhance insight in the workings of nature, but could also pave the 

way for new materials and methods. 

Like your hands, many molecules in nature exist in two versions that are mirror images of each 

other. "For unknown reasons, life as we know it on Earth almost exclusively prefers left-handed 

proteins, while the genome is organised as the famous right-handed double helix," explains Andrey 

Yachmenev, who lead this theoretical work in Küpper's group at the Center for Free-Electron Laser 

Science (CFEL). "For more than a century, researchers have been unravelling the secrets of this 

handedness in nature, which does not only affect the living worldτmirror versions of certain 

molecules alter chemical reactions and change the behaviour of materials." For instance, the right-

handed version of caravone (C10H14O) gives caraway its distinctive taste, while the left-handed 

version is a key factor for the taste of spearmint. 

Handedness, or chirality, only occurs naturally in some types of molecules. "However, it can be 

artificially induced in so-called symmetric-top molecules," says co-author Alec Owens from the 

https://phys.org/tags/parity+violation/
https://phys.org/tags/weak+interaction/


Center for Ultrafast Imaging (CUI). "If these molecules are stirred fast enough, they lose their 

symmetry and form two mirror forms, depending on their sense of rotation. So far, very little is 

known about this phenomenon of rotationally-induced chirality, because hardly any schemes for its 

generation exist that can be followed experimentally." 

Küpper's team has now computationally devised a way to achieve this rotationally-induced chirality 

with realistic parameters in the lab. It uses corkscrew-shaped laser pulses known as optical 

centrifuges. For the example of phosphine (PH3) their quantum-mechanical calculations show that 

at rotation rates of trillions of times per second the phosphorus-hydrogen bond that the molecule 

rotates about becomes shorter than the other two of these bonds, and depending on the sense of 

rotation, two chiral forms of phosphine emerge. "Using a strong static electric field, the left-handed 

or right-handed version of the spinning phosphine can be selected," explains Yachmenev. "To still 

achieve the ultra-fast unidirectional rotation, the corkscrew-laser needs to be fine-tuned, but to 

realistic parameters." 

This scheme promises a completely new path through the looking-glass into the mirror world, as it 

would in principle also work with other, heavier molecules. In fact, these would actually require 

weaker laser pulses and electric fields, but were just too complex to be solved in these first stages 

of the investigation. However, as phosphine is highly toxic, such heavier and also slower molecules 

would probably be preferred for experiments. 

The proposed method could deliver tailor-made mirror molecules, and the investigation of their 

interactions with the environment, for instance with polarized light, should help to further 

penetrate the mysteries of handedness in nature and explore its possible utilization, expects 

Küpper, who is also a professor of physics and of chemistry at Universität Hamburg: "Faciliating a 

deeper understanding of the phenomenon of handedness this way could also contribute to the 

development of chirality-based tailor-made molecules and materials, novel states of matter, and 

the potential utilization of rotationally-induced chirality in novel metamaterials or optical devices." 

[34] 

 

 

 

New method to determine molecule c hirality  
Identifying right-handed and left-handed molecules is a crucial step for many applications in 

chemistry and pharmaceutics. An international research team (CELIA-CNRS/INRS/Berlin Max Born 

Institute/SOLEIL) has now presented a new original and very sensitive method. The researchers use 

laser pulses of extremely short duration to excite electrons in molecules into twisting motion, the 

direction of which reveals the molecules' handedness. The research results appear in Nature 

Physics. 

Are you right handed or left handed? No, we aren't asking you, dear reader; we are asking your 

molecules. It goes without saying that, depending on which hand you use, your fingers will wrap 

either one way or the other around an object when you grip it. It so happens that this handedness, 

or 'chirality', is also very important in the world of molecules. In fact, we can argue that a 

molecule's handedness is far more important than yours: some substances will be either toxic or 

https://phys.org/tags/molecules/
https://phys.org/tags/chirality/


beneficial depending on which "mirror-twin" is present. Certain medicines must therefore contain 

exclusively the right-handed or the left-handed twin. 

The problem lies in identifying and separating right-handed from left-handed molecules, which 

behave exactly the same unless they interact with another chiral object. An international research 

team has now presented a new method that is extremely sensitive at determining the chirality of 

molecules. 

We have known that molecules can be chiral since the 19th century. Perhaps the most famous 

example is DNA, whose structure resembles a right-handed corkscrew. Conventionally, chirality is 

determined using so-called circularly polarised light, whose electromagnetic fields rotate either 

clockwise or anticlockwise, forming a right or left "corkscrew", with the axis along the direction of 

the light ray. This chiral light is absorbed differently by molecules of opposite handedness. This 

effect, however, is small because the wavelength of light is much longer than the size of a 

molecule: the light's corkscrew is too big to sense the molecule's chiral structure efficiently. 

The new method, however, greatly amplifies the chiral signal. "The trick is to fire a very short, 

circularly polarized laser pulse at the molecules," says Olga Smirnova from the Max Born Institute. 

This pulse is only some tenths of a trillionth of a second long and transfers energy to the electrons 

in the molecule, exciting them into helical motion. The electrons' motion naturally follows a right or 

left helix in time depending on the handedness of the molecular structure they reside in. 

Their motion can now be probed by a second laser pulse. This pulse also has to be short to catch 

the direction of electron motion and have enough photon energy to knock the excited electrons out 

of the molecule. Depending on whether they were moving clockwise or anticlockwise, the electrons 

will fly out of the molecule along or opposite to the direction of the laser ray. 

This lets the experimentalists of CELIA to determine the chirality of the molecules very efficiently, 

with a signal 1000 times stronger than with the most commonly used method. What's more, it 

could allow one to initiate chiral chemical reactions and follow them in time. It comes down to 

applying very short laser pulses with just the right carrier frequency. The technology is a 

culmination of basic research in physics and has only been available since recently. It could prove 

extremely useful in other fields where chirality plays an important role, such as chemical and 

pharmaceutical research. 

Having succeeded in identifying the chirality of molecules with their new method, the researchers 

are now thinking already of developing a method for laser separation of right- and left-

handed molecules. [33] 

 

 

 

When collective spi ns in a double domain system relax towards a 

negative -temperature state  
A team of researchers from several institutions in Japan has described a physical system that can be 

described as existing above "absolute hot" and also below absolute zero. In their paper published in 

https://phys.org/tags/method/
https://phys.org/tags/pulse/
https://phys.org/tags/laser+pulses/
https://phys.org/tags/laser/
https://phys.org/tags/molecules/



























































































