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Last year the quantum physicists in Innsbruck succeeded in an astonishing experiment: they linked
two atoms in a repulsively bound pair. The particles repel each other and yet form a pair precisely
because of this. The scientists reported on their findings in the June 2006 issue of the journal
Nature. Now the US magazine Discover has chosen their article as one of the six top physics
discoveries of the year 2006. And the scientist’s string of successes continues: they are starting the
new year with a further coup in the quantum control of such particle systems.
Working together with the group of theoreticians headed by Andrew Daley and Peter Zoller, the
experimental physicists led by Johannes Hecker Denschlag and Rudolf Grimm last year succeeded for the
first time in an experiment that allowed them to observe the unruly atomic pairs in a bound state. They
used a Bose-Einstein-condensate of rubidium atoms, which they slowly surrounded with a threedimensional optical lattice of laser beams. Wherever two atoms come to lie on a lattice site, a repulsive
pair forms. Even though the atoms repel each other, they cannot leave the lattice because they are
preventing each other from doing so. “In this way a strongly correlated system emerges with remarkable
resemblance to a molecule,” Johannes Hecker Denschlag explains, “except that the binding energy has
the “wrong” sign.” Even when the pairs collide with other atoms, they do not lose their eerie bond. “This
experiment can be used to simulate very abstract models and will thus find an application in the
development of a future quantum computer,” Andrew Daley explained.
Successful cooperation
Strange signals marked the beginning of this discovery. The experimental physicists turned to their
theoretician colleagues for advice. These were familiar with repulsive pairs from model calculations, but
nobody had proven them in an experiment yet. The discovery of the fatal bond was made possible by the
close cooperation between the working groups of the Institute of Experimental Physics at the University
of Innsbruck and the Institute of Quantum Optics and Quantum Information of the Austrian Academy of
Sciences. Being chosen as one of the success stories of the past year underlines the international

standing of quantum physics at Innsbruck. Each year, science magazine Discover chooses the 100 best
research contributions from various disciplines. The Innsbruck quantum physicists were among the six
projects selected in the area of physics.
New breakthrough
In addition to forming a repulsive bond, the pairs of atoms can also be manipulated in such a way that
they enter a genuine chemical bond. The researchers led by Johannes Hecker Denschlag have now been
able to demonstrate for the first time, how, with the help of laser pulses, it is possible to change
intentionally back and forth between different bound states of the molecules. This can be done in a
highly efficient way and with precisely defined quantum states of the particles. The researchers reported
their findings last week in the renowned scientific journal Physical Reviews Letters.
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