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Abstract; In order to meet the demand for single-photon Rydberg excitation of cesium atoms in the field of a-
tomic physics, we investigated the key technolgies of single-frequency continuous wave (CW) tunable ultravio-

let(UV) laser at 318.6 nm. Combining the fiber lasers, fiber amplifiers and the nonlinear crystals, we a-
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chieved 318. 6 nm UV laser over 2 Watt output with cavity-enhanced second-harmonic generation following the
sum-frequency generation of two infrared lasers at 1 560. 5 nm and 1 076.9 nm in PPLN crystal. The typical
root-mean-square fluctuation of UV laser power was less than 0. 87% within 30 minutes. The electronic side-
band locking scheme based on a temperature controlled hyper-fine ulira-stable ultra-low-expansion cavity
placed in an ultra-high vacuum chamber was used to achieve the continuously tuning of UV laser in a wide
range while still keeping it locked. The continuously tunable range was larger than 4 GHz and the residual fre-
quency fluctuation of UV laser was about 16 kHz. We employed this high-power single-frequency continuously
tunable UV laser system for the direct 6S,,—nP,,(n =70 —100) Rydberg excitation of cesium atoms with a-
tomic vapor cells in experiments. After that, relevant theoretical analysis and research have been done. With
a magneto-optical trapped cesium atomic ensemble, single-photon Rydberg excitation using the UV laser sys-
tem was achieved with a pure optical detection scheme.

Key words: ultraviolet laser;cesium Rydberg atoms;laser frequency conversion ;nonlinear optical effects ; laser
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Fig. 1
doped fiber amplifier;

PMF, polarization-maintaining optical fiber; OI,

Schematic diagram of the laser system. Keys to the figure; EDFA, erbium-doped fiber amplifier; YDFA, ytterbium-

optical isolator; A/2, half-wave plate;

PBS, polarization beam splitter cube; A/4, quarter-wave plate; DM, dichroic mirror; 45° HR, 45° high-reflectivi-

ty mirror; FG, Function generator; ULE cavity, ultra-low expansion cavity; EOPM, electro-optic phase modulator;

LPF, low-pass filter; PD, photodiode; PS, radio-frequency power splitter; PM: phase modulator; @, phase shifter;

HVA&PID, high-voltage amplifier and proportional-integration-differential amplifier; APP, anamorphic prism pair
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Fig.4 M factors of the SFG beam'®. The squares( 1) show the measurements of the horizontal direction X, and the cir-

cles(2) show the vertical direction Y. Insets show the typical intensity profile of the SFG laser beam. (a)The case
of 30-mm-long PPMgO: LN crystal; (b)the case of 40-mm-long PPMgO: LN crystal
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Fig.5 318.6 nm UV laser output and doubling effi-

ciency vary with the incident 637.2 nm laser

ower ®). Squares are the experimental data
p q P ,

while the circles are the theoretical results with
the parameters T, =2.2% , L., =0.67% , and
E,=6.5x107"/W. The 2.26 W output power

for 318.6 nm UV laser is obtained by tuning
the power of 637.2 nm laser to 4 W. The effi-
ciency of SHG is 56. 5%
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Fig.6  Power stability of the 318. 6 nm UV laser output

at 1.2 W over 30 min'"). The typical RMS

fluctuation is less than 0. 87%
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the whole optical path is covered by perspex
plates, which play a certain sound insulation
and dust prevention effect, and the mechanical
stability of the whole laser system has been sig-

nificantly improved
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Fig. 9 Transmitted signal of the phase-modulated

637.2 nm laser (curve 1) incident on the

cavity. It is obtained by sweeping the carrier

frequency of the 1 076.9 nm laser while the

1 560.5 nm laser remains locked™!. The

curve 2 represents the corresponding ESB er-

ror signal. Here, £2,/2m and (,/27 are e-

qual to 15 MHz and 2 MHz with RF power

consumptions of 14 dBm and 10 dBm, re-

spectively
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Fig. 10  Relative Allan standard deviation plots show
the relative frequency instability of the 637.2
nm laser using the ESB ( squares) locking
technique'™’. The inset is a trace of the ESB
error signal when the 637.2 nm light is offset-

locked. The residual fluctuation is about

8 kHz in 30 min
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The 1 560.5 and 1076. 9 nm lasers are locked to the ULE cavity using the PDH and ESB methods'*! | respective-

Hh ~487 MHz 1 ~500 MHz ¥ 624 B A5

ly. By changing the modulation frequency of the EOPM-2, (a)the carrier frequency of the 637.2 nm red light is

continuously tuned over 1. 95 GHz; (b) Simultaneously, the 318.6 nm UV laser is tuned over 4 GHz under the

condition of the doubling cavity also remains locked. The tuning ranges of the two lasers are monitored by an opti-

cal cavity with a FSR of ~487 and 500 MHz, respectively.
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Fig. 12 (a)Relevant hyperfine levels for Cs atomic single-photon Rydberg excitation'?'?. The 852.3 nm probe laser is res-

onant on the transition 6S,, (F =4)—6P,,(F' =5), and the 318. 6 nm coupling laser is scanned over the Ryd-

berg transition 6S,,( F =4)—nP;,,. (b)Schematic of the experimental setup. The 318. 6 nm coupling laser co-

propagating with the 852. 3 nm probe laser in a 10-cm-long Cs vapor cell
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Fig. 13 (a) The excitation spectra of 6S,, (F =4) —
71P,,, Rydberg transition in a Cs vapor cell
when the 852.3 nm probe laser is locked to Cs
6S,,(F=4)—6P,, (F' =5) cycling transi-
tion. The Rabi frequencies of coupling and
probe beams are ~0.30 and ~8.53 MHz, re-
spectively. (b)Sideband calibration result with
a frequency modulation of 70 MHz for 852. 3
nm probe laser, considering the Doppler factor

of A,/A,=2.675, the observed hyperfine in-
terval becomes 671 MHz. Red curve(2) is a

multi-peak Lorentzian fitting""
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Fig. 14 The A-T splitting spectra vary with the amount
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the hyperfine transition of 6S, , (F =4)—6P;,
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