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Abstract. We consider laser systems stabilized to external Fabry-Perot
silicon cavities operated at cryogenic temperatures. In order to characterize
frequency stability two identical systems were created. Fractional frequency
instability of individual system reached 6x10° at 1 s. Different sources of
noises were studied, and the dominant one now is the fluctuations of residual
amplitude modulation.

Laser sources with ultranarrow (less than 1 Hz) spectral linewidths are of great importance
in precision measurement science. Its applications include gravitational waves detection [1],
search for dark matter [2] and drift of fundamental constants [3], dissemination of ultrastable
time and frequency signals [4]. Ultrastable lasers are the vital parts of state-of-art frequency
standards — optical clocks, whose instability and systematic uncertainty have reached values
below 1078 [5, 6]. Due to outstanding performance optical clock can be used as very precise
sensor, for instance, to create a map of Earth gravitational potential [7].

To achieve high stability laser frequency is usually locked to transmission peak of high-
finesse Fabry-Perot cavity using well-developed Pound-Drever-Hall method. If all technical
noises are suppressed, frequency fluctuations are defined by fluctuations of distance between
cavity mirrors. The fundamental limit on frequency stability is imposed by thermal noise of
cavity parts: spacer, mirrors substrates and coatings. The reduction of thermal noise can be
reached by choosing the appropriate material, decreasing the temperature and increasing the
length of cavity [8]. The best laser frequency instability achieved up to date is 4x107 [9].

We developed two lasers systems operating at a wavelength of 1542 nm based on single-
crystal silicon cavities. Cavities are cooled down to 124 K, where coefficient of thermal
expansion of silicon is zero, using liquid nitrogen cryostats of original design [10]. The
creation of two identical systems allows to learn the individual stability and to determine
what limits it. The fractional frequency instability of our lasers (Fig. 1) is averaged down as
white phase noise until 0.01 s, experienced flicker floor near 6x10-° at averaging times 0.1-
10 s and then begins to drift. On the way to thermal noise limit at 2x10-1¢ we need to overcome
both perturbations that change the length of cavity and noise of optoelectronic feedback loop.
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Fig. 1. Fractional frequency instability of laser stabilized to silicon cavity obtained by comparison of
two identical systems.

We investigated the influence of temperature fluctuations [11], vibrations, noise of
electronics and others. The major instability source in our system is fluctuation of residual
amplitude modulation raised by polarization imperfections in electro-optic modulator and
parasitic etalons. In order to compensate the influence of residual amplitude modulation we
are working on feedback system.
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