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Fig. 1. (a) Ladder-type four-level energy diagram of Cs atom; (b) schematic diagram of experimental apparatus, where DM is di-

chroic mirror, PD is photodiode detector.
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Table 1.  Theoretical calculation of dc polarizabilities for Cs by Alkali Rydberg Calculator Python package.

CsJF 7 H AL R o/ (Hz-V 2m?)

Rydberg %
WA o: de

49Py j3, |mj|=1/2
74979.842

49P3/2: ‘m;|:1/2 49P3/27 ‘m]|:3/2

107095.687 89150.196
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Fig. 2. EIT spectra of Rydberg atoms under different in-
tensity RF electric fields: (a) £ = 0V/em; (b) E =
25 V/em; (¢) E = 50 V/em; (d) E = 100 V/em; (e) E =
200 V/cm.
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Fig. 3. The variation of EIT spectral lines measured with the electric field intensity under different sinusoidal radio-frequency elec-
tric fields: (a) wgp = 30 MHz; (b) wgrp = 40 MHz; (¢) wgp = 50 MHz; (d) wgp = 60 MHz.
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Fig. 5. EIT transmission signals under different frequency
electric fields: (a) 50 Hz; (b) 100 Hz; (c¢) 500 Hz; (d) 1 kHz.
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%2 WA IEZRETRIRRIE RS R

Table 2.  The parameters of amplitude and frequency are obtained by fitting the sinusoidal function.
GBS
UESH
50 Hz 100 Hz 500 Hz 1000 Hz
YA 0.0153 4 0.0001 0.0182 4 0.0001 0.0188 4 0.0002 0.0173 4 0.0001
4% /Hz 49.78 £ 0.09 100.18 + 0.08 500.01 £ 0.09 1000.02 + 0.07
R? (COD) 0.94356 0.95435 0.93143 0.9554
. [11] Simons M T, Haddab A H, Gordon J A, Novotny D,
4 % B Holloway C L 2019 [EEE Access T 164975
[12] Jing M, Hu Y, Ma J, Zhang H, Zhang L, Xiao L, Jia S 2020
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Abstract

The large electric dipole moment of the Rydberg atom allows for strong coupling with weak electric fields,
and is widely used in electric field measurements because of its reproducibility, precision and stability. The
combination of Rydberg atoms and electromagnetically induced transparency (EIT) technology has been used
for detecting and characterizing radio-frequency (RF) electric fields.

In this work, by selecting probe light (852 nm), dressed light (1470 nm), and coupled light (780 nm), the
Rydberg state (49P3/2) of Cs atom is prepared by using a three-photon excitation scheme through using all-
infrared light excitation of Rydberg atoms. We experimentally observe the EIT spectra of the Rydberg states
decorated by radio-frequency electric fields, which optically detects Rydberg atoms. The effect of the amplitude
and frequency of the RF electric field on the spectrum is explored in light of changes in the EIT spectrum. The
results show that in the region of weak electric field, only the ac Stark energy shift and spectral broadening
occur. As the electric field is further enhanced, the sideband phenomenon occurs in both the primary peak and
secondary peak of the EIT. In the region of strong field, the Rydberg energy level produces a series of Floquet
states with higher-order terms, as well as state shifting and mixing, resulting in asymmetry in the spectra of the
EIT sideband peaks. The effect of frequency on the shielding effect of the Cs vapor cell is further discussed
based on the shift of the main peak of the EIT.

The demodulation of the electric field in a range of 50 Hz—1 kHz with a fidelity of 95% is achieved by
modulating the low-frequency electric field to the RF electric field. The results can provide valuable references

for spectral detection and traceable measurements of low-frequency electric fields.

Keywords: Rydberg atoms, electromagnetically induced transparency spectroscopy, radio-frequency fields, ac

Stark energy shift
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