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Fig. 1. (color online) Energy-levels of 133Cs ladder-
type EIT: Ap is the detuning frequency of probe laser,
the ladder-type EIT 6S1/5 — 6Pg/o(F' = 3,4,5) —
nS and 6S;/,9 — 6Pg,(F' = 3,4,5) — nD are
achieved by two-photon excitation. The state 57D
split into 57D3,, and 57Dj /5 since the fine interac-
tion; the energy splitting of 6P3,5 and 6S; /3 are due

to the hyperfine structure interaction.
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Fig. 2. (color online) The schematic diagram of experimental set-up: Where OI, optical isolator; A/2, half-
wave plate; A\/4, quarter-wave plate; EOM, waveguide electro-optic modulator; PBS, polarization prism;
SAS, the experimental system of saturated absorption spectra; Lens, focusing lens; DM, dichroic mirror
that has high transmittance at 852 nm while high reflectivity at 509 nm; OFA, optical fiber amplifier of
1018 nm; p-metal, magnetic shielding system; PPKTP, the crystal of second harmonic generation system;

PZT, piezoelectric ceramic; PD, photoelectric detector; Servo system, the frequency locking system.
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Fig. 3. (color online) The EIT signal of the transition 61/, — 6P3/5(F’) — 57S: (a) The hyperfine splitting
of 6P3/2, the red line shows the scanning signal of the function generator, the zero point frequency responds
to the transition 61,5 — 6P3/5(F’ = 4) — 578S; (b) the frequency calibration to the interval of transmission
peaks, with a 30 MHz modulation to the probe laser, the peak of the EIT signal generated two sidebands,
considering the Doppler matching, the interval from the main peak to its sidebands is 50 MHz; thereby we

can calibrate the frequency interval between the transmission peaks.
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Fig. 4. (color online) The EIT signal of the transition 6S; /o — 6P3,/5(F’) — 57D: (a) The hyperfine splitting
of the state 6P3/, and the fine splitting of the Rydberg state 57D, the red line shows the scanning signal of
the function generator, because of Doppler effect, the spectra of 6S; /5 — 6P3/2(F/) — 57D transition can
be observed, the transmission peaks 1, 2, 3 corresponding to the transition 6S;/5 — 6P3/5(F’) — 57D3/9
and 4, 5, 6 corresponding to the transition 6S; /5 — 6P3/2(F’) — 57D53, the interval between transmission
3 and 6 (1 and 4 or 2 and 5) is the splitting of 57D3,/, and 57D5/9; (b) the frequency calibration to the

interval of transmission peaks.

F1 57D SHEMHF LIS

Table 1. The experimental results of the 57D fine splitting.
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Abstract

The spectra of Rydberg atoms are of great significance for studying the energy levels of Rydberg atoms and the
interaction between neutral atoms, especially, the high-precision spectra of Rydberg atoms can be used to measure the
energy level shifts of Rydberg atoms resulting from the dipole-dipole interactions in room-temperature vapor cells. In this
paper we report the preparation of cesium Rydberg states based on the cascaded two-photon excitation of 509 nm laser
and 852 nm laser in opposite, and the measurements of the fine structure of cesium Rydberg states. In this experiment,
the 509 nm laser is generated by the cavity-enhanced second-harmonic generation from 1018 nm laser with a periodically-
poled KTP crystal and has a maximum power of about 1 W, and the 852 nm probe laser is provided by an external-cavity
diode laser with a maximum output power of 5 mW and a typical linewidth of 1 MHz. By scanning the frequency of
509 nm coupling laser, it is presented that the Doppler-free spectra based on electromagnetically-induced transparency
(EIT) of 509 nm coupling laser and 852 nm probe laser. The velocity-selective EIT spectra are used to study the spectral
splitting of 6S1/2—6P3/2—57S(D) ladder-type system of cesium Rydberg atoms in a room-temperature vapor cell. The
powers of 852 nm probe laser and 509 nm coupling laser are 0.3 pW and 200 mW, respectively. Their waist radii are
both approximately 50 pm. The intervals of hyperfine splitting of the intermediate state 6P3,2(F’ = 3,4,5) and fine
splitting of 57D3/2 and 57D5 /2 Rydberg states are measured by a frequency calibrating. Concretely, the velocity-selective
spectrum with a radio frequency (RF) modulation of 30 MHz is used as a reference to calibrate the Rydberg fine-structure
states in the hot vapor cell, where the RF frequency precision is smaller than a hertz on long time scales and the EIT
linewidth is smaller than 13 MHz. The experimental value of the fine structure splitting of 57D3,, and 57D5,, Rydberg
states is (354.7 & 2.5) MHz, that is in consistence with the value of 346.8 MHz calculated by Rydberg-Ritz equation and
quantum defects of 57D3/5 and 57Ds/> Rydberg states. The experimental values of hyperfine splitting of intermediate
state 6P3/o(F" = 3,4,5) are also coincident with the theoretical calculated values. The dominant discrepancy existing
between the experimental and calculated results may arise from the nonlinear correspondence of the PZT while the 509
nm wavelength cavity is scanned, and the measurement accuracy influenced by the spectral linewidth. The velocity-
selective spectroscopy technique can also be used to measure the energy level shifts caused by the interactions of Rydberg

atoms.

Keywords: Rydberg state, electromagnetically induced transparency, fine structure, hyperfine structure
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