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Atoms mimic the baviour of electrons 

A quantum simulator for magnetic materials 
Zurich, 23 May 2013. Physicists at ETH Zurich have developed a quantum 
simulator that allows arranging atoms in a way that they mimic the behav-
iour of electrons in magnetic materials. The experiment opens up the pos-
sibility of systematically studying poorly understood properties of novel 
materials. The fresh insights might lead to designs for new magnetic ma-
terials. 

Physicists understand perfectly well why a fridge magnet sticks to certain metal-
lic surfaces. But there are more exotic forms of magnetism whose properties 
remain unclear, despite decades of intense research. An important step towards 
filling these gaps comes now from Tilman Esslinger and his group at the De-
partment of Physics. The team has developed a new kind of device that uses 
laser beams and atoms to emulate magnetic materials. Their approach promis-
es fundamental insights beyond what can be obtained with current theoretical 
and computational methods. Moreover, the work might guide researchers to-
wards finding new materials with interesting properties for future technologies 
and applications.  
 
The concert of tiny magnets 

Magnetic materials owe their properties to the intricate interplay between a myr-
iad of tiny magnets. These elemental magnets come typically in the form of indi-
vidual electrons, each of which is weakly magnetic. Observable magnetism 
arises when these magnetic building blocks are arranged in specific patterns, in 
which they are held by quantum-mechanical interactions. A typical fridge mag-
net, for example, is composed of several ferromagnetic sections; in each seg-
ment all elemental magnets are aligned in parallel, giving rise to the known 
magnetic behaviour.  
 
In other magnetic materials the situation is much more subtle, and the elemental 
magnets are arranged into more complicated patterns. Examples include so-
called quantum spin liquids, where the elemental magnets interact in a way that 
prevents them from ever reaching an ordered state such as that found in a fer-
romagnet. Physicists and material scientists are interested in such unusual 
magnets as they are landmark problems in many-body quantum physics, but 
also because these materials possess properties that may be the basis of ro-
bust and compact magnetic data-storage devices or of novel forms of infor-
mation processors.  
 
Simulating quantum systems with quantum systems 

Unlike in the case of fridge magnets, predicting the behaviours of quantum spin 
liquids and other exotic magnetic states is a notoriously hard problem. The mu-
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tual interactions between hundreds of elemental magnets have to be taken into 
account, and this poses a significant challenge in calculations. The complexity 
of these calculations explains why for many magnetic materials – and even for 
idealised model systems – a full understanding is still lacking, impeding pro-
gress in utilising and further developing these materials. 
 
As conventional methods involving paper and pencil or computers often fail for 
these complicated systems, Esslinger and his co-workers pursue a very differ-
ent approach to understanding magnetic materials. They create artificial materi-
als that replicate the material of interest. That is, instead of studying the actual 
material, the scientists perform measurements on its artificial counterpart, which 
is easier to handle and where important parameters (the strength of interaction 
between the elemental magnets, for example) can be changed more easily.  
The physicists build their artificial materials by making atoms to act like elec-
trons and loading them into a “crystal” created by interfering laser beams. Both 
the laser beams and the trapped atoms can be controlled with exquisite accura-
cy. “In this way we can simulate the quantum-mechanical behaviour of different 
magnetic materials,” explains Esslinger, and adds: “One of our next goals is to 
address unsolved questions in the context of spin liquids.” 
 
From model to technology 

Exploring the properties of a quantum system with another one that can be bet-
ter controlled is known as ‘quantum simulation’. In the past few years, there has 
been intense research into developing a quantum simulator for magnetic mate-
rials — this specific application is considered to be one of the main goals in the 
field. Esslinger and his team have now for the first time managed to construct 
such a device that directly reproduces the behaviour of a large number of elec-
trons in a magnetic material. “The key to our success has been a method that 
allows us to reach the extremely low temperatures required to explore quantum 
magnetism,” explains Daniel Greif, a PhD student in the group of Esslinger and 
first author of the study. With their method, the physicists were able to create a 
magnetic system containing 5’000 atoms. Teaming up with the group of Matthi-
as Troyer, a professor at the Institute for Theoretical Physics, they are currently 
investigating whether the behaviour of this state can be reproduced on a con-
ventional computer.  
 
The flexibility of the quantum-simulation approach opens up an avenue to study-
ing a wide range of possible scenarios of how electrons interact with each other. 
The results of these simulations can then be compared with the behaviour of 
natural magnetic materials, in order to gain insight into the mechanisms that 
defines their properties. But there is also the prospect of discovering magnetic 
behaviours that has not been seen yet in natural materials. This, in turn, could 
spur novel applications, says Esslinger: “Future technologies are often driven by 
the development of new materials like high-temperature superconductors, gra-
phene or new magnetic materials.” 
 
Original: Greif D, Uehlinger T, Jotzu G, Tarruell L, Esslinger T: Short-range quantum magnetism of ultracold 
fermions in an optical lattice. Science, 2013  
 
 
 
 
 
 

 



 

 page 3/3 

Further Information 

ETH Zurich 
Prof. Tilman Esslinger 
Institute for Quantum Electronics 
Phone: +41 44 633 23 40 
esslinger@phys.ethz.ch 
 
ETH Zurich 
Claudia Naegeli 
Media Relations 
Phone: +41 44 632 41 41 
mediarelations@hk.ethz.ch 
 
ETH Zurich is one of the leading international universities for technology and natural 
sciences. It is well known for its excellent education, ground-breaking fundamental re-
search and for putting its new findings directly into practice. Founded in 1855, ETH Zur-
ich today has around 18,000 students from over 100 different countries, 3,800 of whom 
are doctoral students. It offers researchers an inspiring working environment and its 
students a comprehensive education. 21 Nobel Laureates have studied, taught or con-
ducted research at ETH Zurich, underlining the institute’s excellent reputation. 
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