Continuous Bose-Einstein condensation
and superradiant clocks

C.Beli' 2, S. Bennetts' 2, C.-C. Chen' 23, F. Fama'2, R. Gonzalez Escudero' 2,
J. He! 2, B. Heizenreder'2, G. A. Kazakov®, J. Minar%2, B. Pasquiou'>”,
S. Sarkar!2, S. A. Schiiffer! 2, F. Schreck*'?, M. Tang'%, S. Zhou'?

and the iqClock consortium
1. Van der Waals-Zeeman Institute, Institute of Physics, University of Amsterdam, The Netherlands
2. QuSoft, Amsterdam, The Netherlands
3. NIST, Boulder, CO, USA
4. LaserLaB, Department of Physics and Astronomy, Vrije Universiteit, Amsterdam, The Netherlands
5. Atominstitut, The Vienna University of Technology, Austria
6. Institute for Theoretical Physics, Institute of Physics, University of Amsterdam, The Netherlands
7. Laboratoire de Physique des Lasers, CNRS, Université Sorbonne Paris Nord, Villetaneuse, France
8. Niels Bohr Institute, University of Copenhagen, Denmark

Ultracold quantum gases are excellent platforms for quantum simulation and sens-
ing. So far these gases have been produced using time-sequential cooling stages and
after creation they unfortunately decay through unavoidable loss processes. This
limits what can be done with them. For example it becomes impossible to extract
a continuous-wave atom laser, which has promising applications for precision mea-
surement through atom interferometry [1]. I will present how we achieved continu-
ous Bose-Einstein condensation, creating BECs that persist in a steady-state for as
long as we desire. Atom loss is compensated by feeding fresh atoms from a continu-
ously replenished thermal source into the BEC by Bose-stimulated gain [2]. The only
step missing to create the long-sought continuous-wave atom laser is the addition of
a coherent atom outcoupling mechanism. In addition this BEC may give us access to
interesting driven-dissipative quantum phenomena over unprecedented timescales.
The techniques we developed to create the continuous source of thermal atoms are
also nicely suited to tackle another challenge: the creation of a continuously oper-
ating superradiant clock [3]. These clocks promise to become more rugged and/or
more short-term stable than traditional optical clocks, thereby opening new applica-
tion areas. I will present how we are developing two types of superradiant clocks
within the European Quantum Flagship consortium iqClock, the first operating on a
kHz-wide transition of Sr [4] and the second on the mHz-narrow Sr clock transition.
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