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Abstract We report a cold atom interferometer based on the lightest alkali metal °Li and measure its recoil frequency
precisely, measuring the fine-structure constant on a preliminary basis. To overcome the challenges associated with
magnetic-field sensitivity caused by the half-integer spin of atoms, a magnetically insensitive Raman transition and a
conjugated Ramsey-Bordé interferometer involving crossed Raman beams and coherence time >>2. 3 ms is realized. The
error in the angles between Raman beams is eliminated using four sets of interferometers developed based on geometric
relationships. The measured recoil frequency w, is 2 X 73 672. 789(36) Hz, and the fine-structure constant is 1/137. 035976
(33). These values indicate the most accurate measurements for "Li obtained using the reported atom interferometer. The
implementation of the ‘Li cold atom interferometer not only enriches the elements of atom interferometers, but also has
great potential in the field of precision measurement due to its high recoil frequency.
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Fig. 1 Diagram of preparation of low-temperature atom sample. (a) The 671 nm MOT and the energy level of 2S-2P transition; (b) the

323 nm MOT and the energy level of 2S-3P transition. The atoms are successively trapped by 671 nm MOT and 323 nm
MOT, and the 6 X 10" atoms are obtained at the temperature of 40 pK finally
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Fig. 2 Schematic diagrams and results of the state preparation for “Li atoms. (a)(b) The schematic diagrams of state preparation by pure

optical and combination with laser and radio frequency, respectively; (c)(d)(e) the atom distribution before state preparation, after

state preparation by pure optical and combination with laser and radio frequency
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Fig. 3 The optical path and energy level diagram of Raman beams in atom interferometer, and space-time trajectories of atoms in

Ramsey-Bordé interferometers. (a) The " — x polarized crossed Raman beams, HWP and QWP are hall wave plates and

quarter wave plates, respectively, and PMT is a photomultiplier tube; (b) the energy levels and optical frequencies involved in

magnetic insensitive Raman transitions; (c) the space-time trajectories of atoms in the up interferometry that ignores gravity; (d) the

space-time trajectories of atoms in the low interferometry that ignores gravity, the solid and dashed lines represent the |2) state

and | 5) state of atoms, respectively, and the arrows represent the direction of effective moment which [2) state gets by pulses
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Fig.4 Interference signal of the “Li atom interferometer. (a)—(d) The probability of the detecting of |5) state in four conjugated Ramsey

Bordé interferometers, each point is the average value of three measurements with the same parameters; (e) closer inspection

fringes at 1000-1100 ps under the parameters in Fig. 4 (a), this high-frequency oscillation is due to the recoil frequency
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