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superradiant laser: challenges and approaches
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We consider various approaches to the creation of a high-stability active optical frequency standard, where the atomic ensembile itself produces a highly stable and
accurate frequency signal. The short-time frequency stability of such standards may overcome the stability of lasers stabilized to macroscopic cavities which are used
as local oscillators in the modern optical frequency standard systems. The main idea is to create a superradiant” laser operating deep in the bad cavity regime, where
the decay rate of the cavity field significantly exceeds the decoherence rate of the lasing transition. Two main approaches towards the realization of an active optical
frequency standard have been proposed already: the optical lattice laser, and the atomic beam laser. \We consider these and some alternative approaches, and discuss

the parameters of atomic ensembles necessary to attain the metrology relevant level of the short-time frequency stability.
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Scheme of conventional passive optical frequency standard
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the macroscopic reference cavity (what seems to be a challenging task), but also by locking the interrogation laser to
another, more stable reference. Active optical frequency standard is a prominent candidate this role. Here we define the

requirements to be fulfilled by such standard.
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Concept and qualitative description of behavior Optical lattice laser
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Lasing

Atoms are kept in the optical lattice. This suppress the first order Doppler

The main idea is to create a "~ superradiant' laser operating deep in the bad cavity regime, where the decay rate k
Optical lattice

of the cavity field significantly exceeds the decoherence rate y of the lasing transition. Specific expressions for the shift and increase the atom-field interaction time Laser
fundamental linewidth Aw of the steady-state operating laser and for the frequency w of the emitted radiations output
depends on the lasing scheme. As a qualitative illustration we present here the results for a laser with a random Candidate transitions: 'S, —°Py in alkali-earth-like . . . e ﬁ @ @ ° . . .
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Mixed approaches
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