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Elementary magnets coming in double-packs 

MPQ/LMU scientists directly observe bound states of elementary 
magnets in ferromagnetic quantum crystals predicted more than  

80 years ago 

 
Simulating solid state properties with precisely controlled quantum 
systems is an important goal of the Quantum Many-Body Systems 
Division at MPQ. Now the team around Professor Immanuel Bloch (Chair 
for Experimental Physics at the Ludwig-Maximilians-Universität Munich 
and Director at MPQ) has come again a step closer to it – to be precise, to 
the understanding of processes in ferromagnetic solid state crystals in 
which elementary excitations, so-called magnons, can emerge. About 80 
years ago the German physicist Hans Bethe deduced from a theoretical 
model that in one-dimensional ferromagnets two of those elementary 
magnetic excitations can form a bound state. Like two tiny bar magnets, 
two atoms can stick together and form a new particle that propagates in 
the crystal. The MPQ team has now succeeded to observe these most 
elementary mobile magnetic domains, the two-magnon states, directly 
and to resolve their dynamics with time-resolved measurements (Nature, 
AOP 25 September 2013). This study complements conventional 
spectroscopy in solid state crystals which yields information on 
momentum and frequency of the magnetic excitations. Bound states of 
excitations can influence the thermal conductance properties of low-
dimensional ferromagnets or the propagation speed of quantum 
information in magnetic wires. 
The magnetic properties of certain materials have been known for centuries, 
and they have been used for a variety of applications almost quite as long. 
Today, this behaviour is very well understood at the microscopic level: 
magnetism goes back to the angular momentum – the spin – of the electrons in 
the outer shell of the atoms that build up a solid state crystal. In ferromagnetic 
matter these spins are aligned within the so-called “Weiss” domains.  

Similar conditions can be prepared in quantum crystals if the atoms have a 
defined spin. To this end a cloud of extremely cold (i.e. extremely slow) 
rubidium atoms is loaded into an optical lattice, generated by crosswise 
superposition of standing laser waves. The periodically arranged bright patches 
of the lattice are the sites on which the atoms are allowed to settle down. The 
dark areas act as barriers, the height of which is determined by the intensity of 
the laser light. As long as the lattice is comparably shallow, the atoms are able 
to “tunnel” through the barrier to their neighbouring site. In the experiment 
described here, the scientists restrict their motion to one direction. As a result 
the atoms are arranged in ten decoupled one-dimensional “tubes” of more or 
less the same length.  

In the beginning the laser intensity is rather high, and the quantum crystal 
forms a so-called “Mott-insulator”: each lattice site is occupied with exactly one 
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applications. For example, the transport of quantum information along a chain of qubits can 
be strongly influenced by the formation of bound two-magnon states. Olivia Meyer-Streng 
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