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Fig. 1. (color online) (a) Energy level diagram for a cesium Rydberg atom; (b) schematic of the experimental setup.

The coupling (510 nm, propagating in the z-axis direction and polarizated in the y-axis direction) and the probe

laser (852 nm, polarizated in the y-axis direction) counterpropagate through a 50 mm-long cesium vapor cell at

room-temperature, yielding EIT spectra. A pair of electrode plates are located on both sides of the cesium cell,

where an external electric field can be applied. PD, photon detector; DM, dichroic mirror; FG, function generator.
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Fig. 2. (color online) Measured EIT spectra with the
radio frequency (RF) (80 MHz) fields of 0 (bottom
black line), 0.3 V/cm (red line), 0.5 V/cm (blue line),
0.7 V/cm (pink line), respectively. The main peak at
0O-detuned is produced from the three-level 6S; /5 (F =
4)-6Pg /5 (F’ = 5)-48D5,9 atom, whereas the smaller
peak at —168 MHz, marked with a black arrow, comes
from the 6Sy/5(F = 4)-6P3/5(F' = 4)-48Dj5 /5 three-
level EIT. The peaks marked with red circles are the
second sidebands induced by the 80 MHz RF field.
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Fig. 3. (color online) Measurements of EIT spec-
tra with the RF electric field (80 MHz) amplitude of
0-1.2 V/cm: (a) Red dashed lines represent the cal-
culated Stark spectra; (b) calculations of EIT spectra
with Floquet theory for 80 MHz RF frequency, the
area of circles are proportional to the transition prob-
ability of EIT spectra. Red ovals marked show the
level intersections between the m; = 5/2 Stark line
and m; = 1/2, 3/2 sidebands.
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show the dependence of the fitted EIT peaks on the
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Abstract

Rydberg atoms are highly excited atoms with large principal quantum number n, big sizes (~ n2) and long lifetimes
(~n?). Rydberg atoms are very sensitive to an external field due to the large polarizabilities of Rydberg atoms (~ n').
Electromagnetically induced transparency (EIT) of Rydberg atom provides an ideal method to detect Rydberg atoms
without destroying atoms, and can be used to measure the external direct current and radio frequency (RF) field.

In this paper, we study the EIT effect of a cesium ladder-type three-level atom involving Rydberg state exposed to
a weak RF field. The ground state (6S;,2), the excited state (6P3,2) and Rydberg state (48Ds5,2) constitute the Rydberg
three-level system, in which the probe laser couples 6S1/2(F = 4) — 6P3/2(F' = 5) transition, whereas the coupling
laser scans across the 6P3/o —48D5,2 Rydberg transition. The coupling laser (510 nm laser, propagating in the z-axis
direction and linear polarization in the y-axis direction) and the probe laser (852 nm laser, linear polarization in the
y-axis direction) counter-propagate through a 50-mm-long cesium vapor cell at room temperature, yielding Rydberg EIT
spectra. Rydberg EIT signal is detected as a function of the detuning of the coupling laser. When a weak RF (80 MHz)
electric field polarized in the x-axis direction is applied to a pair of electrode plates located on both sides of the cesium cell,
the EIT spectrum of Rydberg 48D5,, shows the Stark splitting and the even order harmonic sidebands. The experimental
results are analyzed by using the Floquet theory. The simulation results accord well with the experimentally measured
results. Furthermore, we also investigate the influence of the self-ionization effect of Rydberg atom on the Stark spectrum
by changing the RF frequency. We put forward a proposal to avoid the effect of ionization by placing electrode plates in
the cesium cell. In the weak RF-field domain, m; = 5/2 Stark line crosses m; = 1/2, 3/2 sidebands, these cross points

provide an antenna-free method of accurately calibrating the RF electric field based on Rydberg atoms.

Keywords: Rydberg atoms, electromagnetically induced transparency, radio frequency Stark spectra
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