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The ultimate objective of this proposal is to develop an ultra-high sensitivity atom interferometer capable of operating in
and benefiting from a microgravity environment. The interferometer would be specifically suited for measurements of
rotations, but it would be broadly applicable to a variety of precision measurements.

Ground and flight based efforts are proceeding in three broad areas. First, we are performing ground studies and
developing a flight mission for the Cold Atom Laboratory (CAL) to study atomic techniques for inertial sensing in
microgravity. Ground efforts include development of new rotation-sensing techniques and implementation of an
optically suspended atom source for gravimetry. Flight efforts involve implementation and characterization of atom
interferometry techniques using the CAL apparatus on the International Space Station.

Second, we are investigating methods to produce an ultra-low temperature atom source in free space using the CAL
apparatus. The apparatus produces atoms confined in a magnetic trap, but inertial measurements require free atoms. We
will investigate releasing the atoms by gradually turning off the trapping fields, allowing the atoms to adiabatically
expand and cool off. This can produce a relatively dense and very low-velocity sample that is ideal for atom
interferometry methods.

Third, we will continue ground-based studies to develop novel precision measurement techniques for use with atom
interferometry, such as tune-out spectroscopy. Techniques like this are useful for advancing scientific knowledge and
would be good candidates for future flight studies.

The development of precision inertial sensing techniques is useful for Earth-based as well as space-based navigation.
Besides using direct sensing for inertial navigation, rotation sensing can also be useful for north-finding while gravity
sensing can be used to tabulate local gravity variations and form a type of three-dimensional map for navigating.

These techniques also have many applications in geophysics. Gravity sensing can be used for oil and mineral
exploration, while rotation sensing can detect dynamics in the Earth's core. Gravity sensing also has defense applications
such as locating underground tunnels and potential screening cargo for high-density contraband or weapons.

Other precision measurement applications have less direct impact, but advance scientific knowledge. For instance,
precision tune-out spectroscopy measurements of atomic matrix elements can be used to improve the interpretation of
atomic parity violation experiments. These in turn impact our understanding of the standard model of particle physics
and thus the nature of our universe. Direct benefits of such understanding can be hard to trace, but in general the
continued advance of technological applications builds on advances in our fundamental knowledge.

In regards to our proposed flight experiments, we report the following progress:

We have performed extensive modelling and analysis for the adiabatic cooling experiments. Using the original CAL1
chip trap, we developed a set of parameters that produces a very weak trap as an endpoint for expansion. We maintain a
relatively large bias magnetic field in the trap to help reduce sensitivity to stray background fields. We expect that stray
backgrounds will likely be the limiting factor in the expansion, but we have also modeled techniques to compensate for
backgrounds using available current elements in the apparatus. The trap configuration we found will allow adiabatic
cooling to a temperature of about 100 pK.

We also investigated the dynamics of adiabatic expansion. We find that an expansion time of 10 s should be sufficient to
maintain non-adiabatic heating effects below the 100 pK level. The dominant limitation here will again probably be
background field gradients, since these cause the trap to shift in an uncontrolled way. This generally leads to motional
excitation.

We have documented these efforts in a paper recently submitted to Microgravity Science and Technology.

We have also performed analysis relevant to our proposed inertial sensing flight experiments. The removal of the Bragg
beam from the apparatus has required some changes to this project. We find that an accelerometer measurement should
still be possible, with a measurement sensitivity of about 0.1 micro-g. We are exploring methods to recover a rotation
measurement, at the 1 micro-rad/s level of accuracy.

For our ground experiments, we continue development of an atom-interferometer gyroscope. It is essential to have a
well-characterized trapping potential for the atoms to move in. We have developed a powerful and rapid method to
measure the potential energy function, and we are exploring a new method to impose small adjustments to the potential
in order to correct for any observed imperfections.
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