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Fig. 1. (a) Sketch of the experimental setup. 510 nm (Ac) coupling and 852 nm (Ap) probe laser are counter-
propagated into a room-temperature cesium cell, and the horn antenna is placed 15 cm far from cesium cell, which
emits the microwave at vapor cell to interact with atom to produce an EIT-AT effect. Polarization of probe and
coupling laser is set along y axis, and parallels to the polarization of microwave field. PD, photodiode detector.

DM, dichroic mirror; PBS, polarizing beam splitter; GP, garbage pool for a green laser. (b) Diagram of the cesium

ladder system.
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Fig. 2. EIT spectrum when coupling laser scan near
transition of 6Pg/o(F' = 5) — 5081, symbols for
experimental measurements and solid lines for simu-
lations: (a) EIT spectrum without microwave field,
and the signal at detuning of —168 MHz is produced
due to EIT spectrum of hyperfine structure of 6P3 /o
(F" = 4) level; (b), (c) EIT-AT spectra at microwave
field of 0.09 and 1.50 mW, respectively.
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Fig. 3. Spectral splitting when intensity of microwave
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Abstract

We present an electromagnetically induced transparency and Aulter-Townes (EIT-AT) spectrum of a Rydberg three-
level atom that is dressed with a microwave field in a room-temperature cesium cell. The EIT is a quantum coherent effect
produced by the interaction of atoms with electromagnetic waves, which leads to the decrease of the absorption for a weak
resonant probe laser. AT splitting refers to the phenomenon, that the absorption line splits when an electromagnetic
field that is in resonance or near resonance acts on the transition of atoms. Rydberg atoms are extremely sensitive to
an external electric field due to their large polarizabilities and microwave transition dipole moments, which can be used
to measure the external field. In this work, a Rydberg three-level EIT is used to detect Rydberg atom and AT splitting
induced by the microwave field. Cesium levels 6S; /2, 6P3/2 and 50S;/, constitute a Rydberg three-level system, in which
a weak probe laser locking to the transition from 6S;,5 to 6P3,2 couples ground-state transition and the strong coupling
laser resonates on the Rydberg transition from 6P;,3 to 50S;,2. The two Rydberg levels 50S;,, and 50P, /5 are coupled
with the microwave field at a frequency of 30.852 GHz, leading to the AT splitting of EIT line and forming an EIT-AT
spectrum, which is used to measure the electric field amplitude of microwave. In order to further study the EIT-AT
splitting characteristics of the Rydberg levels, we carry out a series of measurements by changing the microwave field.
The experimental results show a broadened EIT-AT signal for the weak field range and the four-peak spectrum for the
strong field, which is attributed to the inhomogeneity of the microwave field. The microwave in cesium cell, emitted
by a function generator, shows inhomogeneous behavior such that the atoms interacting with the laser field experience
the different fields, leading to the line broadened and multi-peak EIT-AT spectra. For the microwave transition of
nS1/2-nP1 /2 in this paper, a pair of EIT-AT lines should be obtained for an electric field value. The broadening of the
EIT-AT spectrum and the multi-peak structure here are due to the inhomogeneity of the microwave field measurement.
We propose a method to increase the spatial resolution by reducing the length of cesium cell. The result in this work
provides a method of measuring the field amplitude and monitoring the distribution of microwave electric field, meanwhile

the spatial resolution of the measurements can be improved by reducing the size of the cell.

Keywords: electromagnetically induced transparency of Rydberg atom, microwave field, Aulter-Townes

splitting
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