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Quantum technologies are on the rise to change our daily life and thinking triggered by enor-
mous advances in quantum enhanced communication, computation, metrology, and sensing.
For many of these fields an operation in space will be essential to improve the relevance and
significance of future applications. In particular, space-based quantum sensing will enable Earth
observation missions, studies of relativistic geodesy, and tests of fundamental physical concepts
with outstanding precision.

The basis for these prospects is the realization of ultracold quantum gases in a microgravity
environment. Ultracold quantum gases like Bose-Einstein condensates (BECs) offer an excellent
control over their external as well as internal degrees of freedom allowing for extremely low
expansion energies. Under microgravity conditions this control enables unrivaled long free
observation times which render BECs exquisite sources for atom interferometry, where the
sensitivity typically scales quadratically with the interrogation time.

Here we report on a series of BEC experiments performed with NASA’s Cold Atom Lab
[1,2] aboard the International Space Station demonstrating first atom interferometers in orbit.
By employing various Mach-Zehnder-type geometries we have realized magnetic gradiometers
and successfully compared their outcome to complementary non-interferometric measurements.
Moreover, we have characterized the atom source in great detail and have analyzed the cur-
rent experimental limitations of the apparatus. Finally, we will provide an outlook on future
experiments with CAL and beyond. These results pave the way towards future precision mea-
surements with atom interferometers in space.
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