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In past experiments we had focused on the formation of a molecular condensate close to a Feshbach Resonance in a 85 Rb
atomic condensate by performing "Ramsey type" experiments. By applying two rapid magnetic field pulses toward the
Feshbach resonance which were separated by a variable "evolution time" we were able to observe interference fringes between
the atomic and molecular states. The damping rate of the interference fringes has since been measured; it confirms the
coherent nature of the molecular state and also provides information about mean field interactions between and within the
molecular and atomic condensates. More efficient production of molecules is predicted by adiabatically increasing (rather than
pulsing) the magnetic field through the Feshbach resonance from below. In our most recent experiments we have observed a
significant loss of atoms from both a thermal cloud and atomic condensate after ramping the field sufficiently slowly through this
resonance. This loss is partially reversed by decreasing the field back down through the resonance again to a region where the
molecular state is no longer bound. These two observations provide strong evidence that molecules are being formed by this
method. Future research will include direct absorption imaging of the molecules and investigation of molecular decay
mechanisms.
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This Multidisciplinary University Research Initiative on ultra cold atom optics science and 
technology has three focus areas. One entails the study and development of ultra cold atom 
sources; another entails the development of atom optical waveguides, and the other the 
development of electromagnetically induced transparency (EIT) technology. The efforts involve 
close interaction between theoretical and experimental research. The Bose-Einstein Condensate, 
or BEC, is the atomic analog of the laser. It therefore expected to play a pivotal role in the 
development of applied atom optical systems such as inertial sensors and other systems that 
capitalize on the coherent properties of an atomic source. At present Bose-Einstein condensation 
has been demonstrated in merely a small handful of atomic species, and such sources have been 
produced with a very restricted set of experimental techniques. 

In recent work, this MURI research effort explored the dynamics of a “programmable” BEC. The
formation of a BEC depends critically on the interaction dynamics of the atomic species. MURI
researchers tuned the interaction using an externally applied magnetic field. Of particular interest 
is the nature of the dynamics as the interaction is tuned from repulsive to attractive. As the sign 
of the interaction is changed, so the cloud of atoms undergoes a violent collapse and subsequent 
explosion. The investigation of the detailed dynamics has revealed aspects that challenge current 
theoretical models. Such studies are destined to lead to better theoretical models of BEC and 
subsequently, to a wider spectrum of BEC sources. Unlike the photon, ultra cold atomic systems 
can be group into two species: Bose gasses and Fermi gasses, depending on the total atomic spin. 
The majority of research around the world focuses on Bose systems. However, a Fermi gas 
offers some extremely useful characteristics for applications, and therefore a portion of the
MURI work looks at the properties of Fermi gas systems. MURI research has investigated high 
critical temperature super-fluidity in Quantum degenerate Fermi gasses —a phenomenon that 
finds its analog in the Bardeen-Cooper-Schrieffer (BCS) theory, describing superconductivity in 
metals. 

The research has lead to the experimental possibility of studying the transition regime where 
there is a crossover from the BCS phase of weakly-coupled fermions to the BEC. Much of the 
application focus of ultra cold atom optics relies on the development of atom waveguide 
technology –a technology that does for atoms what optical waveguides have done for light. To 
this end this interim research period saw the completion of a catalog of atom waveguide devices. 
The MURI group had already demonstrated atom waveguides before the commencement of the 
MURI funding period. Subsequent experiments demonstrated an atom beam splitter –a key 
component of waveguide technology. The end of 2000 saw the completion of magnetic switch 
for integrated atom optics. Using magnetic fields generated by lithographed current-carrying 
wires, researchers we able to switch guided cold atoms from one waveguide to another on a
single substrate. The switch concept was implemented in a general way that can be applied to 
atomic waveguide systems of almost arbitrary complexity.

Current work in atom waveguides has now made a turn to develop an efficient BEC source for 
coupling a BEC into an atom waveguide. After completion of the source a key step is to 
demonstrate guided atom interferometry with a simple waveguide structure. Relatively little is 
understood about the nature of atoms guided by magnetic fields —the technology is certainly
much behind and more complex than the optical guided-wave analogs. Thus, the MURI effort 
has placed some emphasis in processes that are expected to be deleterious to waveguide device 



performance. In particular, an investigation of the propagation of atoms in a waveguide having 
bends has provided a better understanding of the nature of atom heating that can occur. So far 
these studies have modeled the waveguide systems already demonstrated wherein the atoms 
propagate classically in the waveguide. Future work will consider the quantum mechanical 
motion of a BEC where one is particularly concerned with decoherence of the guided cloud of 
atoms. Recent work on the nonlinear optical phenomena of Electromagnetically-induced 
transparence, or EIT, has led to a new domain of both nonlinear optics and atomic physics. Cold-
atom EIT has lead to experiments in which light made to propagate slowly and then is literally 
stopped in a cloud of atoms. These experiments have revealed enormous potential for optically-
controlled signal processing using the properties of an ultra cold gas. Furthermore, MURI 
research on EIT has shown that one can in turn use EIT to explore a new class of techniques for 
manipulating atomic systems. Indeed, EIT forces can be large, and they can be very specifically
tuned to obtain a given atomic mechanical response. Such forces may lead to new techniques in 
generating and controlling ultra cold gasses.

Ms. Thompson’s experimental research studies have focused on Feshbach resonances in atomic 
rubidium. The use of Feshbach resonances allows one to tune the interaction among ultra-cold 
atoms. For example, atomic collisions are described by a scattering length. A positive scattering 
length means that two atoms on a collision course will be repelled from each other while a 
negative scattering length indicates they will be attracted. In particular the nature of atomic Bose 
condensation is dramatically different for positive versus negative scattering lengths.
Remarkably, the Feshbach resonance can be used to tune the interaction length from positive to 
negative, and to adjust its magnitude as well. Such tuning allows one to use a single atomic 
species to study a variety of effects that would normally be done with a corresponding variety of 
atoms.

Atoms have a negative scattering length tend to form molecules. Feshbach resonances open an 
avenue to molecular BEC. This is the subject of a recent paper by Ms. Thompson and 
collaborators appearing in Nature (“Atom-molecule coherence in a Bose-Einstein condensate”,
E.A. Donley, N. R. Claussen, S. T. Thompson, and C. E. Wieman, Nature, 417, p529 (May, 
2002). Molecular BEC remains among the very challenging and sought-after domains for ultra 
cold science.

In past experiments we had focused on the formation of a molecular condensate close to a 
Feshbach resonance in a 85Rb atomic condensate by performing “Ramsey type” experiments.  
By applying two rapid magnetic field pulses toward the Feshbach resonance which were 
separated by a variable “evolution time” we were able to observe interference fringes between 
the atomic and molecular states.  The damping rate of the interference fringes has since been 
measured; it confirms the coherent nature of the molecular state and also provides information 
about mean field interactions between and within the molecular and atomic condensates.

More efficient production of molecules in predicted by adiabatically increasing (rather than 
pulsing) the magnetic field through the Feshbach resonance from below.  In our most recent 
experiments we have observed a significant loss of atoms from both a thermal cloud and atomic 
condensate after ramping the field sufficiently slowly through this resonance.  This loss is 
partially reversed by decreasing the field back down through the resonance again to a region 



where the molecular state is no longer bound.  These two observations provide strong evidence 
that molecules are being formed by this method.  Future research will include direct absorption 
imaging of the molecules and investigation of molecular decay mechanisms.
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