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Fig. 1. (a) The related hyperfine energy levels of Cs atoms
6S1/9-6P3/9-8S;/5; (b) schematic diagram of the two-color
polarization spectroscopy (TCPS).
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Fig. 2. Schematic diagram of experimental setup for the TCPS. Keys to the figure: DL, external-cavity diode laser; OI, optical isol-

ator; SAS, saturated absorption spectroscopy; PID, proportion-integration-differentiation controller; HWP, half-wave plate; QWP,

quarter-wave plate; M, mirror; PBS, polarization beam splitter cube; Cs cell, cesium vapor cell; DF, dichroic filter; BD, beam dump;

PD, photodiode.
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Fig. 3. The TCPS for the co-propagation configuration
when the 794.6 nm probe laser is scanned over the whole
6P;/,—8S,/, transition, and the frequency of 852.3 nm
pump laser is locked on the 6S;, (F = 3)—6P;) (F' = 2, 3,
4) transition, respectively.
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Fig. 5. The TCPS for the co-propagation configuration
when the 794.6 nm probe laser is scanned, and the fre-
quency of 852.3 nm pump laser is locked on the 6S;/, (F =
4)—6Py5 (F' = 3, 4, 5) transition, respectively.
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Fig. 6. The TCPS for the counter-propagation configura-
tion when the 794.6 nm probe laser is scanned, and the fre-
quency of 852.3 nm pump laser is locked on the 6S, (F =
4)—6P;s5(F' = 3, 4, 5) transition, respectively.
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Investigation of the two-color polarization spectroscopy
between the excited states based on cesium atoms’
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Abstract

Two-color polarization spectroscopy (TCPS) of cesium 68, /5-6P3/5-85; /5 (852.3 nm + 794.6 nm) ladder-type
system in a room-temperature vapor cell are investigated. The frequency of 852.3 nm laser used as a pump
beam is locked on one of the hyperfine transitions between the ground state 6S;/, and excited state 6Pz, by the
saturated absorption spectroscopy technique, which can populate some atoms on the 6P;/, excited state and
induce anisotropy in the atomic medium. The frequency of 794.6 nm laser serving as a probe beam is scanned
across the whole 6P;,,—8S;/, transition to ascertain this anisotropy, and thus the TCPS is obtained. In
experiment, we measure and analyse the influence of frequency detuning of 852.3 nm pump laser on TCPS, and
especially reveal that some of hyperfine energy levels of intermediate excited state 6P3/,, which has no direct
interaction with the 852.3 nm pump laser, are also populated by a small fraction of atoms with a specific speed
in the direction of pump laser beam due to Doppler effect, so they also have contribution to the TCPS when the
794.6 nm probe laser is scanned to the resonance transition line between the 6P;/, and 8S, ), states after the
Doppler frequency shift has been considered. In addition, we prove that the atomic coherence like
electromagnetically induced transparency effect obviously results in a narrower line width of TCPS in the case
of counter-propagating experimental configuration than that in the case of pump beam co-propagating with the
probe beam in the Cs vapor cell. Finally, we apply the TCPS with dispersive shaped feature to frequency
stabilization with no modulation, and the frequency fluctuations of 794.6 nm laser are ~0.5 MHz and ~9.2
MHz for the frequency-locking and free running in ~225 s, respectively. The above research work is expected to
play a role in precisely measuring the atomic energy level structure and its related hyperfine structure constant
(magnetic dipole and electric quadrupole coupling constants), and also in stabilizing the laser frequency to the
excited state transition especially for the optical fiber communication, two-color laser cooling/trapping neutral

atoms, optical filter, etc.

Keywords: two-color polarization spectroscopy, excited state spectroscopy, optical pumping, modulation-free

laser frequency stabilization
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