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Fig. 1. Schematic diagram of cesium atomic ensemble coher-

ent population oscillations spectroscopy: (a) Hyperfine
levels and Zeeman sublevels of the cesium D2 line; (b) two-
level system and (c) three-level system associated with Zee-

man sublevels of the ground and excited states.
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Fig. 2. Calculated transmission lines of (a) the two-level
model and (b) the three-level model.
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Fig. 3. Schematic diagram of experimental setup for measuring cesium atomic ensemble coherent population oscillations spectrum.

PBS, polarizing beam splitter; AOM, acousto-optic modulator; PD, photodiode.
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Fig. 6. Coherent population oscillations spectrum in magnetic field with different polarzaiton of probe beam: (a) linear polarization,
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11) kHz (red), (475 4 25) kHz (blue); (c) o~ circular polarization, (-155 + 7) kHz (black), (-309 4 15) kHz (red), (-474 + 22) kHz

(blue).
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Fig. 7. Amplitude and linewidth of coherent population oscillations spectroscopy of cesium atoms with different power.
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Abstract

Coherent population oscillations spectroscopy, which is based on the interaction between atoms and the
phase locked laser, is a kind of atomic population modulation spectroscopy. When the laser frequency difference
is less than natural width of energy level, the coherent oscillation of atomic population will be induced by laser
intensity modulation so that the probe laser transmission with narrow bandwidth can be realized. For a closed
two-level system (TLS), the spectral line-width is limited mainly by the spontaneous emission lifetime of the
upper atomic energy level. As for a three-level atomic system of A configuration, the two linearly polarized
beams with both o+ and o- polarization component, the laser-atom interaction satisfies the selection rule. The
spectral line-width mainly depends on the ground-state relaxation time, and the dependence on the line-width of
spontaneous radiation is eliminated. In this paper, the laser from a external-cavity diode laser has its frequency
locked to Cesium 6S;/5 (F = 3) — 6P3,5 (F” = 3) transition. The frequencies of the two beams are shifted down
by two independent double-passed acousto-optic modulators (AOM) to mnearly resonate to Cesium
6S1/2 (F = 3) — 6P3/5 (F' = 2) transition. The probe beam and the coupling beam are superposed at polarization
beam splitter (PBS) cube and transmitted through the magnetically shielded cesium vapor cell in the same
direction. The two beams have approximately the same Gaussian diameter of 6.6 mm. The beams are separated
by another PBS behind the vapor cell, and the probe beam is detected by a photodiode. We realize the coherent
population oscillation spectroscopy through the Cesium vapor cell at room temperature without buffer gas. The
spectral linewidth is typically less than 50 kHz which is far below the spontaneous radiation linewidth(~5.2
MHz). The linewidth of coherent population oscillation spectroscopy of the A-type atomic energy level structure
depends only on the population associated with the oscillation of multiple degenerate level systems except phase
correlations of atomic states. Coherent population oscillation is beneficial to the obtaining of the narrow
linewidth spectroscopy through the Rydberg atomic system with long excited state lifetime. Considering the
importance of electric field measurement using Rydberg atoms, the method of coherent population oscillation

can be used to improve the sensitivity of precise measurements based on Rydberg atoms.
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PACS: 32.30.-r, 42.50.Md, 51.60.4a, 78.20.hb DOI: 10.7498/aps.70.20210405

* Project supported by the National Natural Science Foundation of China (Grant Nos. 61875111, 11974226, 11774210), the
National Basic Research Program of China (Grant No. 2017YFA0304502), and the 1331Project for Key Subject Construction
of Shanxi Province, China.

1 Corresponding author. E-mail: hejun@sxu.edu.cn

1 Corresponding author. E-mail: wwjjmm@sxu.edu.cn

163202-9


http://doi.org/10.7498/aps.70.20210405
http://doi.org/10.7498/aps.70.20210405
mailto:hejun@sxu.edu.cn
mailto:hejun@sxu.edu.cn
mailto:wwjjmm@sxu.edu.cn
mailto:wwjjmm@sxu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

