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Saturated Absorption Spectrum
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Abstract: Atom interferometers based on the matter wave interferometry are promising tools for precision
measurements. In laboratory, they have been used in the field of fundamental physics research. An
important research effort is going on to miniaturize them, which can help to make them play a key role in
resource exploration, inertial navigation and gravity mapping from space. The miniaturization of a laser
system is a key link to miniaturize an atom interferometer. However, because the atoms used for the
frequency stabilization in the existing schemes of the Raman laser system and the atoms used as the test
masses in the atom interferometers are of the same type, the special optical elements and their driving
devices are used to obtain the far detuning of the Raman lasers by frequency offset locking method, which
makes the laser system complex and affects its reliability. Meanwhile, the increase in weight and cost of the
laser system is adverse to apply them in the field of inertial navigation and space application. For an atom
interferometer using one type of Rb isotope atoms as test mass, a frequency—stabilized Raman laser system
based on another type of Rb isotope atoms saturated absorption spectrum is proposed to make the laser
system for an atom interferometer compact and robust. This Raman laser system is helpful to miniaturize
the laser systems of atom interferometers, and promotes the atom interferometers to be applied in movable
platforms or in the weight—sensitive fields.

For an ¥Rb atom interferometer, the frequency-stabilized Raman laser system based on ¥Rb atom
saturated absorption spectrum is proposed to make the laser system compact and robust. First, the
schematic of the stabilizing frequency and detuning of Raman laser is introduced. Second, the frequency—
stabilized Raman laser system based on *Rb atom saturated absorption spectrum is proposed. In this
Raman laser system, the frequency of the Raman laser is stabilized to the *'Rb atom saturated spectrum to
obtain the far detuning. Then, the laser beam from the Raman laser is modulated by an electro—optic
modulator with driving frequency of 3.04 GHz. Amplified by a tapered amplifier, the carrier and + 1%
bandside in modulated laser beams are used as the Raman beams.

The frequency stabilization experiment is done. By scanning the injection current and the voltage of the
piezoelectric transducer of the Raman laser, the Rb saturated absorption spectrums are obtained. The
frequency of the Raman laser is stabilized to the peak of Rb atomF = 2 — F'= CO2, 3transition of D,
line, obtaining a red detuning of a magnitude of GHz and a linewidth of 80 kHz. The Raman beams
generated by this Raman laser system are used to one atom interferometer of the atom gradiometer to
evaluate its performance. The sensitivity of the atom interferometer using this Raman beams is 345 pGal/Hz"*
with the interference fringe contrast of 20%. And the Allan deviation of the gravity measurement more than
one day shows that the resolution of the atom interferometer is 2> 10~% g@7 500 s. It is calculated that the
noise of the gravity measurement per shot contributed by the frequency noise of the Raman laser beams is
less than 1 pGal.

This Raman laser system uses an electro—optic modulator to generate a Raman beams, which
inherits the advantages of the existing Raman schemes based on an electro—optic modulator. In this
Raman laser system, a Rb cell is used as a substitute for an acousto—optic or electro-optic modulator to
stabilize the frequency of the Raman laser and obtain the far detuning, which not only simplifies the
light path and electric circuit of the Raman laser system, but also improves the reliability and long—term
stability of the Raman beams. Both the atom interference experiment in the atom interferometer and the
theoretical evaluation show that this Raman laser system is able to meet the miniaturized atom
interferometers applied requirements. This Raman laser system is helpful to realize the miniaturization
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and weight reduction of the laser systems and promotes the atom interferometers to be applied in the
movable platforms and in space.

Key words: Atom interferometer; Laser cooling; Raman laser; Saturated absorption spectrum; Electro—
optic modulator
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