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Electrons in atoms behave like waves, and when researchers excite them to higher orbits, those waves 

can split up, revealing the constituent characteristics of the electron. 

ANIMATE4.COM/SCIENCE PHOTO LIBARY 

In a feat of technical mastery, condensed-matter physicists have managed to detect the elusive third 

constituent of an electron — its 'orbiton'. The achievement could help to resolve a long-standing 

mystery about the origin of high-temperature superconductivity, and aid in the construction of 

quantum computers. 

Isolated electrons cannot be split into smaller components, earning them the designation of a 

fundamental particle. But in the 1980s, physicists predicted that electrons in a one-dimensional chain 

of atoms could be split into three quasi-particles: a ‘holon’ carrying the electron’s charge, a ‘spinon’ 

carrying its spin (an intrinsic quantum property related to magnetism) and an ‘orbiton’ carrying its 

orbital location1. 

“These quasi-particles can move with different speeds and even in different directions in the 

material,” says Jeroen van den Brink, a condensed-matter physicist at the Institute for Theoretical 

Solid State Physics in Dresden, Germany. Atomic electrons have this ability because they behave 

like waves when confined within a material. “When excited, that wave splits into multiple waves, 

each carrying different characteristics of the electron; but they cannot exist independently outside 

the material,” he explains. 

In 1996, physicists split an electron into a holon and spinon2. Now, van den Brink and his colleagues 

have broken an electron into an orbiton and a spinon, as reported in Nature today3. The team 

created the quasi particles by firing a beam of X-ray photons at a single electron in a one-
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dimensional sample of strontium cuprate. The beam excited the electron to a higher orbital, causing 

the beam to lose a fraction of its energy in the process, then rebounded. The team measured the 

number of scattered photons in the rebounding beam, along with their energy and momentum, and 

compared this with computer simulations of the beam's properties. The researchers found that when 

the photons' energy loss was between about 1.5 and 3.5 electronvolts, the beam's spectrum 

matched their predictions for the case in which an orbiton and spinon had been created and were 

moving in opposite directions through the material. 

 “The next step will be to produce the holon, the spinon and the orbiton at the same time,” says van 

den Brink. 

Andrew Boothroyd, a physicist at the University of Oxford, UK, commends the team’s technological 

prowess. “To detect this, they picked out a shift in the beam energy of about one part in a million, 

which is very difficult,” he says. 

Studying orbitons in more depth could help to solve a decades-long mystery about how some 

materials, in particular the iron pnictides, are able to super-conduct — or allow electricity to flow 

without resistance — at high temperatures, adds Jan Zaanen, a condensed-matter physicist at the 

University of Leiden in the Netherlands. Physicists have suggested that this process could be 

explained by the motion of orbitons4. “Personally, I am skeptical about this explanation, but now 

there is a way to test it by looking at how the orbitons move,” Zaanen says. 

Orbitons could also aid the quest to build a quantum computer — which would use the quantum 

properties of particles to perform calculations more quickly than its classical counterpart. “That 

seems be the direction this will go in the future — encoding and manipulating information in both 

spinons and orbitons,” says Boothroyd. A major stumbling block for quantum computing has been 

that quantum effects are typically destroyed before calculations can be performed. “The advantage 

here is that orbital transitions are extremely fast, taking just femtoseconds,” he says. “That’s so fast 

that it may create a better chance for making a realistic quantum computer.” 
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Electron No Longer a Fundamental Particle 
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Spin-Charge Separation Graph 

Credit: Nature, Schlappa et al 

Amazing news: Researchers in Switzerland split an Electron into two 

smaller particles – a “Spinon” and an “Orbitron;” meaning they have 

separated the spin and the orbit properties of an Electron. 

Until now, standard physics generally accepted that an Electron was a 

fundamental particle – that it was not made of smaller components. 

However, as early as 1980 theorists had predicted an electron could be 

made of three smaller pieces: A “Spinon” (providing spin) an “Orbitron” 

(providing the orbit) and a “Holon” (carrying the charge). 

In 1996, physicists seemed to split an electron into a holon and spinon. 

In 1996, American physicists C. L. Kane and Matthew Fisher made a 

theoretical prediction that if you confine electrons to individual atomic 
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chains, the Wiedemann-Franz law could be strongly violated. In this one-

dimensional world, the electrons split into two distinct components or 

excitations, one carrying spin but not charge (the spinon), the other 

carrying charge but not spin (the holon). 

 

This year Swiss and German researchers1 led by experimenter Thorsten 

Schmitt fired a tightly focused X-ray beam at a copper-oxide compound 

called “strontium cuprate,” special because particles in it can only move in 

one-dimension, one degree of freedom – forward or backwards. 

They observed an electron split into two of the three predicted parts – a 

Spinon and an Orbitron. 

What solidified their observation is finding distinct properties for the two 

parts. “These quasi-particles can move with different speeds and even in 

different directions in the material,” said Jeroen van den Brink, a 

condensed-matter physicist at the Institute for Theoretical Solid State 

Physics in Dresden, Germany. 

For more here is a news report in Nature Journal “Not-quite-so elementary, 

my dear electron” 

The original paper: Spin–orbital separation in the quasi-one-dimensional 

Mott insulator [strontium cuprate] 

1. Electron Splitting Research Team: J. Schlappa, K. Wohlfeld, K. J. 

Zhou, M. Mourigal, M. W. Haverkort, V. N. Strocov, L. Hozoi, C. 

Monney, S. Nishimoto, S. Singh, A. Revcolevschi, J.-S. Caux, L. 

Patthey, H. M. Rønnow, J. van den Brink & T. Schmitt 
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Spinon 

Spinons are one of three quasi-particles, along with holons and orbitons, that electrons in solids are able to 

split into during the process of spin–charge separation, when extremely tightly confined at temperatures close 

to absolute zero.[1] The electron can always be theoretically considered as a bound state of the three, with the 

spinon carrying the spin of the electron, the orbiton carrying the orbital location and the holon carrying 

the charge, but in certain conditions they can become deconfined and behave as independent particles. 

Overview 

Electrons, being of like charge, repel each other. As a result, in order to move past each other in an extremely 

crowded environment, they are forced to modify their behavior. Research published in July 2009 by 

the University of Cambridge and the University of Birmingham in England showed that electrons could jump 

from the surface of the metal onto a closely located quantum wire by quantum tunneling, and upon doing so, 

will separate into two quasi-particles, named spinons and holons by the researchers.[2] 

The orbiton was predicted theoretically by van den Brink, Khomskii and Sawatzky in 1997-1998.[3] [4] Its 

experimental observation as a separate quasi-particle was reported in paper sent to publishers in September 

2011 [5] .[6] The research states that by firing a beam of X-ray photons at a single electron in a one-dimensional 

sample of strontium cuprate, this will excite the electron to a higher orbital, causing the beam to lose a fraction 

of its energy in the process. In doing so, the electron will be separated into a spinon and an orbiton. This can 

be traced by observing the energy and momentum of the X-rays before and after the collision. 
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Orbiton 
From Wikipedia, the free encyclopedia 

Orbitons are one of three quasiparticles, along with holons and spinons, that electrons in solids are able to 

split into during the process of spin–charge separation, when extremely tightly confined at temperatures close 

to absolute zero. [1] The electron can always be theoretically considered as a bound state of the three, with the 

spinon carrying the spin of the electron, the orbiton carrying the orbital location and the holon carrying 

the charge, but in certain conditions they can become deconfined and behave as independent particles. 

Overview  

Electrons, being of like charge, repel each other. As a result, in order to move past each other in an extremely 

crowded environment, they are forced to modify their behavior. Research published in July 2009 by 

the University of Cambridge and the University of Birmingham in England showed that electrons could jump 

from the surface of the metal onto a closely located quantum wire by quantum tunneling, and upon doing so, 

will separate into two quasiparticles, named spinons and holons by the researchers. [2] 

The orbiton was predicted theoretically by van den Brink, Khomskii and Sawatzky in 1997-1998. [3] [4] Its 

experimental observation as a separate quasiparticle was reported in paper sent to publishers in September 

2011 [5] .[6] The research states that firing a beam of X-ray photons at a single electron in a one-dimensional 

sample of strontium cuprate will excite the electron into a higher orbital, causing the beam to lose a fraction of 

its energy in the process before it rebounds. In doing so, the electron is separated into a spinon and an orbiton. 
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Electrons in Magnetic Field 
Reveal Surprises 

Aug 14, 2014   

 
Beam out: elongated "Landau" states 

The best glimpse yet of electrons moving in a magnetic field has revealed that the particles' behaviour 

differs strongly from what is predicted by classical physics but is consistent with quantum-mechanical 

theory. Instead of rotating uniformly at a particular frequency, an international team of researchers has 

found that electrons in a magnetic field are capable of rotating at three different frequencies, depending 

on their quantum properties. 

Cyclonic movements 
Little is known about the behaviour of electrons in a magnetic field and scientists are keen to improve our 

understanding of the physical processes that are involved. Free-electron Landau states are a form of 

quantized state adopted by electrons moving through a magnetic field. All charged particles interact with 

electromagnetic fields via the Lorentz force. This interaction causes electrons in a magnetic field to move 

in a corkscrew pattern. "Landau states can be envisaged as vortices occurring naturally in the presence 

of magnetic fields. The magnetic field plays the same role for electrons as the Earth's rotation plays for 

the creation of cyclones, but on a much smaller scale," says Peter Schattschneider of the Institute of Solid 
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State Physics at the Vienna University of Technology, who is part of an international team that includes 

researchers from France, Japan and the US that has now devised a way to reconstruct these states. 

According to classical physics, electrons should rotate about the magnetic-field direction with a single 

frequency, called the "cyclotron frequency". But in their experiments, the researchers found that, contrary 

to what was predicted, they were able to induce a multitude of rotation frequencies in their moving 

electrons, namely the cyclotron frequency, zero frequency and the Larmor frequency (which is half the 

cyclotron frequency). 

 

Vortex beams 
The team did not observe the electrons' Landau states directly. Rather, the researchers used a 

transmission electron microscope to create so-called electron vortex beams, which can be shaped so that 

their rotational behaviours closely resemble Landau states. "In an electron vortex beam, electrons are 

swirling around a common centre similar to air molecules in a tornado. Typically, this bunch of whirling 

electrons is also moving along its axis of rotation, thereby moving along a spiral path," says 

Schattschneider. 

The team used the microscope's focusing lenses to reconfigure the electron vortex beams so that these 

matched the size of the Landau states. Schattschneider compares the task of determining the rotation of 

the electrons to figuring out how many times a thin wire is wound around a rod. "When looking at the wire 

directly, it is extremely difficult to count the number of windings. But when it is stretched along the 

direction of the rod, the wire takes the form of a well-spaced spiral, for which it is easy to count the 

revolutions," he says. "This is precisely what we did with the Landau states: we 'elongated' them to vortex 

beams. That way we could measure [their frequencies] with very high accuracy." 

"This is a very exciting finding, and it will contribute to a better understanding of the fundamental quantum 

features of electrons in magnetic fields," says Franco Nori of the RIKEN Centre for Emergent Matter 

Science in Japan, who led the research. In addition to showing that the rotational dynamics of the 

electrons are more complex and intriguing than was once believed, the new findings could have practical 

implications for technology, according to the researchers. 

Jo Verbeeck of the University of Antwerpen in Belgium believes that the quantum effects of electrons 

revealed in the new study are "thought-provoking". "What is interesting now is that the authors succeeded 

in taking these Landau states into free space, away from the material in which they normally manifest 

themselves, in order to better study the peculiarity of their motion," says Verbeeck, who was not involved 

in the study. 

"We hope that this will lead to new insights and a better understanding of the delicate interaction between 

magnetic fields and matter, which might one day give rise to new and better technologies such as 

sensors and memmory devices," Schattschneider says. 

The research is published in Nature Communications. 
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