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question, how the one-dimensional geometry and the many-body nature of the quan-
tum gas would alter the findings from those for a single quantum particle. 

Already in the conceptually simple case where all atoms start in the potential well in-
itially lower in energy showed some significant deviations from the single particle phys-
ics. For slow enough changes of the potential energies – or “sweeps” – all particles 
ended up in the opposite tube as it would also be the case for a single quantum par-
ticle. The speed of the sweep, however, could be faster in the case of the one-
dimensional quantum gases. Here, the repulsive interaction forces the atoms to line up 
for the transfer and to move to the opposite potential tube one-by-one, rather than all 
at once. Since each of these single-particle transfers can be carried out faster in the 
many-body system, the rate at which the potential energy is changed can be higher. 
The total time needed for a successful sweep however, is approximately the same as 
in the case of a single particle, since all particles have to move over and the advantage 
of the faster transfer of a single particle is lost. 

Even more striking is the difference if all particles start out in the potential tube which is 
initially higher in potential energy. Here, the scientists found that not all particles would 
reach the opposite tube, no matter how slow the sweep is carried out. Actually, the 
transfer efficiency was decreasing for slower and slower Landau-Zener sweeps. This 
result strongly resembles the expectation for a classical fluid which would always flow 
into the lower tube – here the one that the atoms started from. In the classical case, 
the potential energy is converted into kinetic energy. Eventually, this kinetic energy will 
be given to the environment as the fluid comes to rest. 

In a closed quantum system, such an energy exchange with the environment is not 
possible: the excess energy cannot leave the system and the relaxation of the quan-
tum gas into the lower-energy tube is blocked. In a one-dimensional system, however, 
there are low-energy excitations which are often referred to as “phonons” due to their 
similarity to the lattice vibrations in solids. These phonon excitations provide an “inner 
environment” in which the excess energy can be stored in arbitrary portions. As a re-
sult, the quantum gas will relax towards the potential tube lower in energy while heat-
ing up. This relaxation mechanism is strongest for small differences in the potential 
energy of the two tubes. The slower the Landau-Zener sweep is carried out, the longer 
the system will reside in this region and the more effective will be the relaxation. 

The work described here provides for the first time an experimental study of a Landau-
Zener problem generalized to a one-dimensional many-body setup. The dynamics of 
such systems still holds a number of open questions. Especially the understanding of 
whether and how low-dimensional quantum gases far from equilibrium relax and even-
tually thermalize in closed quantum systems remains an unsolved problem. Further-
more, such generalized Landau-Zener experiments hold the prospect of detecting 
many-body quantum phase transitions at which the excitation spectra of the quantum 
gases are drastically altered. The measurements described here allow for a deep 
analysis of non-equilibrium phenomena in coupled one-dimensional systems and 
opens the way for the detailed study of their intrinsic sound-wave like excitations.        
Stefan Trotzky 

Original publication: 
Yu-Ao Chen, Sebastian D. Huber, Stefan Trotzky, Immanuel Bloch and Ehud Altman 
Many-body Landau–Zener dynamics in coupled one-dimensional Bose liquids 
Nature Physics, AOP, 17.10.2010, DOI: 10.1038/NPHYS1801 
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