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Fig. 1. Energy levels of '*Cs involved in the 6S;/,-6Dj 5 two-colour excitation and parametric FWM processes.
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Fig. 2. Schematic of experimental setup for coherent 455 nm blue light enhancement via repumping laser (PBS, polarizing beam

splitter; HWP, half wave plate; QWP, quarter wave plate; DM, dichroic mirror; M, mirror; Cs cell, cesium vapor cell; Filter,

455 nm blue filter; PD, photo diode; PMT, photomultiplier tube; Spectrometer, optical fiber spectrometer).
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Fig. 3. Coherent 455 nm blue light observed by an optical
fiber spectrometer, and the inset shows the interference pat-
tern of the 455 nm blue beam through a diffraction grating

with the 50 mm™ lines.
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Fig. 4. Profiles of the 455 nm coherent blue light at differ-
ent combinations of the two pump lasers’ polarizations. The
pump laser @852 nm is resonant on the 6S;,(F = 4)—
6P3(F' = 5) transition, while the pump laser @917 nm is
scanned over the 6P3/,—6D;/, transition. The upper curve
represents the OODR spectrum between the 6P3/,—6D5),
hyperfine transition as a frequency reference, and other
curves are the 455 nm coherent blue light signals from the
PMT.
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Fig. 5. Normalized coherent 455 nm blue light intensity as a
function of frequency detuning of repumping laser @894 nm
from the 6S; jo(F' = 3) 6P jo(F’ = 4) transition. The 852 nm
and 917 nm pump lasers are resonant on the 6S,,(F = 4)
—6P;3)(F' = 5)=6D;,,(F" = 6) transitions, respectively.
The upper curve represents the SAS signal between the

6S;o(F = 3)—6P, transition as a frequency reference.
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Fig. 6. (a) Comparison of coherent 455 nm blue light in-
tensity versus the frequency detuning of pump laser @917 nm
between the presence or absence of repuming laser @894 nm,
when the pump laser @852 nm laser is resonant on the
6S19(F = 4)—6P;(F' = 5) transition; (b) normalized co-
herent 455 nm blue light intensity dependence of the power
of repumping laser @894 nm.
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Fig. 7. Comparisons of coherent 455 nm blue light intensity
versus the temperature of the Cs vapor cell (a), power of
pump laser @852 nm (b), and power of pump laser
@917 nm (c) between the presence or absence of 894 nm re-
pumping laser: The pump laser @852 nm is resonant on the
6S,)5(F = 4)—6P5,(F' = 5) transition, while the pump
laser @917 nm is scanned over the 6P3/,,—6Dj, transition,
and the repumping laser @894 nm is resonant on the

6S,)5(F = 3)—6P; jo(F' = 4) transition, respectively.
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Abstract

We demonstrate the generation of coherent and collimated blue light (CBL) based on cesium (Cs) 6S; o(F'= 4)
6Py )o(F' = 5)=6D;)5(F"" = 6)—TP;5(F' = 5)—6S,5(F = 4) diamond-type atomic system in a heated vapor
cell. Two infrared pumping lasers with wavelengths at 852 nm (6S;/,—6P;,) and 917 nm (6P;3/,—6D;),),
provide step-wise excitation to the 6D;/, excited state, and induce strong two-photon coherence between the
6S;/, state and 6D; ), state. The atoms undergo a double cascade accompanied with the amplified spontaneous
emission at 15.1 pm via the 7P;/, intermediate excited state, and produce a beam of 455 nm (7P;,,—6S; ;) CBL
with highly spatiotemporal coherence through a parametric four-wave mixing process. We investigate the
influence of experimental parameters such as polarization combination of the two pumping lasers, and their
power, and the temperature of Cs vapor cell on the CBL. Especially, we add a beam of 894 nm laser operating
at the 6S; o(F' = 3) —6P; ), transition as repumping laser, which can pump atoms back to the 6S;,(F' = 4) state
from the 6S;/,(F' = 3) state, thus significantly improving the power of CBL. This technique of the CBL
enhancement via optical pumping is also useful for the other alkali metal atoms.

Keywords: four-wave mixing, nonlinear optics, frequency conversion, optical pumping

PACS: 78.47.1nj, 42.65.—k, 42.65.Ky, 32.80.Xx DOI: 10.7498 /aps.71.20220480

* Project supported by the National Natural Science Foundation of China (Grant Nos. 61975102, 11974226), the Natural
Science Foundation of Shanxi Province, China (Grant No. 20210302123437), the National Key Research and Development
Program of China (Grant No. 2017YFA0304502), and the Scientific and Technological Innovation Programs of Higher
Education Institutions in Shanxi, China (Grant No. 2019L0101).

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

187801-7


http://doi.org/10.7498/aps.71.20220480
http://doi.org/10.7498/aps.71.20220480
mailto:ybd@sxu.edu.cn
mailto:ybd@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

