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Fig. 1. Schematic diagram of single-photon source energy
level structure based on four-wave mixing of cesium atoms.
Two 509 nm pulsed lasers with a frequency difference of
GHz are used to achieve Rydberg state excitation in a four-

wave mixing process.
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Fig. 2. Schematic diagram of pulsed laser. The seed source laser is a fiber laser with continuous output. The output laser generates

nanosecond pulse laser through the electro-optical intensity modulator EOIM 1 or EOIM 2. The pulse laser is input into the fiber

amplifier PA for power amplification. Laser 1017.5 nm and Laser 1017.8 nm are seed sources 1 and 2, respectively. EOIM 1 and

EOIM 2 are Mach-Zehnder electro-optical intensity modulators, respectively. PA, ytterbium-doped polarization-maintaining fiber

amplifier; SHG, frequency multiplier. Monitor 1 and Monitor 2 are monitoring ports for the two seed sources respectively. Monitor 3

is the port that monitors laser parameters output by EOIM.
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Fig. 3. Experimental measurement signal of electrical pulse
and optical pulse: (a) Optical pulse signal; (b) electrical
pulse signal, the pulse repetition frequency is 1 MHz, the
pulse width is 10 ns. The optical pulse repetition frequency
and pulse width are consistent with the electrical pulse sig-

nal, in which the peak pulse power fluctuates about 1.3%.
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Fig. 4. Matching curve of frequency doubling temperature
of 509 nm pulsed laser. Under the conditions of pulse repeti-
tion frequency of 1 MHz and pulse width of 5 ns, the optim-
al matching temperature is 69.82 °C, and the conversion ef-

ficiency of frequency doubling is 16%.
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Fig. 6. The 509 nm pulse sequence: (a) 509 nm optical pulse
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al pulse signal; the inset is typical pulse amplification dis-
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width is 10 ns. The optical pulse repetition frequency and

pulse width are consistent with the electrical pulse signal.
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Abstract

Single photon source is a non-classical light field with anti-bunching effect, which has a potential

applications in the research of fundamental physics problems, quantum precision measurement, quantum

communication, quantum computing, etc. The strong interaction between highly excited Rydberg atoms

presents an excitation blockade effect. In a dense Rydberg atomic ensemble, the excitation of more than one

* Project supported by the National Key R&D Program of China (Grant No. 2021YFA1402002), the National Natural Science
Foundation of China (Grant Nos. 61875111, 62071376), and the “1331 Project” for Key Subject Construction of Shanxi

Province, China.
t Corresponding author. E-mail: hejun@sxu.edu.cn

1 Corresponding author. E-mail: dwt1124@163.com

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

060303-5


http://doi.org/10.1103/PhysRevLett.39.691
http://doi.org/10.1103/PhysRevLett.39.691
http://doi.org/10.1103/PhysRevLett.39.691
http://doi.org/10.1103/PhysRevLett.92.180401
http://doi.org/10.1103/PhysRevLett.92.180401
http://doi.org/10.1103/PhysRevLett.92.180401
http://doi.org/10.1103/PhysRevLett.88.070402
http://doi.org/10.1103/PhysRevLett.88.070402
http://doi.org/10.1103/PhysRevLett.88.070402
http://doi.org/10.1103/RevModPhys.74.145
http://doi.org/10.1103/RevModPhys.74.145
http://doi.org/10.1103/RevModPhys.74.145
http://doi.org/10.1073/pnas.1003052107
http://doi.org/10.1073/pnas.1003052107
http://doi.org/10.1073/pnas.1003052107
http://doi.org/10.1038/35051009
http://doi.org/10.1038/35051009
http://doi.org/10.1038/35051009
http://doi.org/10.1103/RevModPhys.79.135
http://doi.org/10.1103/RevModPhys.79.135
http://doi.org/10.1103/RevModPhys.79.135
http://doi.org/10.1038/35023100
http://doi.org/10.1038/35023100
http://doi.org/10.1038/35023100
http://doi.org/10.1103/PhysRevLett.86.1502
http://doi.org/10.1103/PhysRevLett.86.1502
http://doi.org/10.1103/PhysRevLett.86.1502
http://doi.org/10.1364/OE.21.006707
http://doi.org/10.1364/OE.21.006707
http://doi.org/10.1364/OE.21.006707
http://doi.org/10.1126/science.aau1949
http://doi.org/10.1126/science.aau1949
http://doi.org/10.1126/science.aau1949
http://doi.org/10.1126/science.1217901
http://doi.org/10.1126/science.1217901
http://doi.org/10.1126/science.1217901
http://doi.org/10.1103/PhysRevA.85.063821
http://doi.org/10.1103/PhysRevA.85.063821
http://doi.org/10.1103/PhysRevA.85.063821
http://doi.org/10.1103/PhysRevA.90.053806
http://doi.org/10.1103/PhysRevA.90.053806
http://doi.org/10.1103/PhysRevA.90.053806
http://doi.org/10.1103/PhysRevA.93.053429
http://doi.org/10.1103/PhysRevA.93.053429
http://doi.org/10.1103/PhysRevA.93.053429
http://doi.org/10.7567/APEX.9.072702
http://doi.org/10.7567/APEX.9.072702
http://doi.org/10.7567/APEX.9.072702
http://doi.org/10.1364/OL.41.005724
http://doi.org/10.1364/OL.41.005724
http://doi.org/10.1364/OL.41.005724
http://doi.org/10.1364/OE.394519
http://doi.org/10.1364/OE.394519
http://doi.org/10.1364/OE.394519
http://doi.org/10.1364/OE.404015
http://doi.org/10.1364/OE.404015
http://doi.org/10.1364/OE.404015
mailto:hejun@sxu.edu.cn
mailto:hejun@sxu.edu.cn
mailto:dwt1124@163.com
mailto:dwt1124@163.com
mailto:wwjjmm@sxu.edu.cn
mailto:wwjjmm@sxu.edu.cn

) 32 % 3R Acta Phys. Sin. Vol. 72, No. 6 (2023) 060303

Rydberg atom within a blockade volume is suppressed, where the interactions of Rydberg atoms shift the
atomic states out of resonance with an excitation laser.

We consider here the generation of single photon source by using a four-wave mixing scheme in a room-
temperature atomic vapor cell. In a homemade micrometer-sized atomic vapor cell, one-dimensional size is
smaller than the radius of Rydberg blockade and the other two-dimensional size is limited by the size of focused
laser beam. The blockade radius is on the order of a few micrometers, depending on the Rydberg atom states.
An excitation blockade effect can be used to realize single photon source in thermal cesium vapor microcells.
The micron cesium-cell is used to spatially localize atomic groups, which results in the atomic decoherence time
on the order of microseconds or even nanoseconds. This requires a high-power pulsed laser to prepare the
Rydberg atomic state at a nanosecond scale.

Four-photon excitation schemes with narrow linewidth lasers are also used experimentally. The cesium-
Rydberg state can usually be excited by the lasers with optical wavelengths 852 and 509 nm, respectively. The
laser system is well-stabilized so that the detuning is small compared with the spontaneous linewidth of
Rydberg state, while the laser power and temporal mode need to be specified for ns-time coherence in thermal
cesium vapor microcells. The 852 nm laser can be achieved by modulating the continuous laser beam with the
help of an electro-optic intensity modulator (EOIM). While this remains a technical challenge for 509 nm laser
with ns-laser pulse. There is no EOIM to generate the ns-laser pulse with high power.

We demonstrate a novel generation method of 509 nm laser system. In our experiments, a 1018 nm fiber
laser is used to produce a continuous laser with a typical linewidth of ~8 kHz and power of 10 mW. The
nanosecond pulse is generated with the help of an electro-optic intensity modulator (EOIM) by modifying the
continuous laser beam. The peak power of modulated optical pulse is amplified to 4600 W by using a homemade
fiber amplifier. The output beam of 1018 nm is then injected into a periodically poled lithium-niobate (PPLN)
to generate the second harmonics laser of 509 nm. The typical peak power of 509 nm reaches 173 W by
optimizing PPLN phase matching parameters. The pulse repetition frequency of the 509 nm laser can be
continuously tuned in a range of 300 kHz—-100 MHz, and the pulse width can be continuously tuned in a range
of 1-100 ns. Peak power fluctuation of the pulses is about 1.3%. The power 509 nm laser with optimized pulse
parameters can be used to excite the cesium atom with GHz bandwidth. Meanwhile the two seed source lasers is
well established experimentally, which allows alternating pulses with a different wavelength. This is an essential

capability for realizing a single photon source through four-wave mixing.
Keywords: Rydberg atom, pulse laser, nonlinear frequency conversion, single photon source
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