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Stabilizing the laser frequency using the D2 line of alkali atoms is essential for the implementing 
high-performance cold atom interferometer. In this study, we present a high-performance laser fre-
quency stabilization method that utilizes modulation transfer spectroscopy (MTS) on the rubidium 87 
D2 transition line [1, 2].  By optimizing the diameter and intensity settings of the probe and pump 
beams for the spectroscopy, we achieve a substantial improvement in frequency stability. The fre-
quency instability is evaluated with beating signal of two frequency-locked external cavity diode 
lasers (ECDL), and reached a short-term stability of 4.5×10−14/√τ and did not exceed 2×10−12 until 
105 s. To the best of our knowledge, this is the best performance reported with the rubidium 87 D2 
transition [1, 2]. However, offset fluctuations induced by residual amplitude modulation (RAM) limit 
the long-term stability, which is expected to be further improved by reducing the temperature fluctu-
ation. Nevertheless, the current long-term stability is already good enough considering state-of-the-
art gravimeters with instability of 5×10−11 at 105 s [3]. 
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Fig. 1 (a) MTS setup. 87Rb vapor cell; 87Rb enriched wedged vapor cell, FC; fiber collimator, HWP; half-
wave plate, BT; Bias-tee, M; mirror, PBS; polarizing beam-splitter, GT-P; Glan-Thompson polarizer, EOM; 
electro-optic modulator, PD; photodiode, AMP; amplifier, LPF; low-pass filter, Mixer; phase detector, FG; 

function generator, OSC: Oscilloscope, BE 1&2; beam expander (custom-made). (b) Allan deviation showing 
laser frequency instability obtained from the beating frequency of two locked external cavity diode lasers. 
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