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Fig. 1. (a) Sketch of the experimental setup. A probe laser, A\, = 852 nm, and a coupling laser, Ac = 510 nm, are counter-propa-
gated through a cesium room-temperature cell with same polarization. An 852 nm laser is separated into two with a PBS, one is
counter-propagated with the coupling laser forming EIT, while the other passes through the vapor cell as a reference beam. Both
are detected with a PDB to reduce the background noise caused by laser power fluctuation. A strong local field (Er) and the weak
signal field (Es) are combined by a power combiner and coupled to free space to interact with Rydberg atoms via a microwave
horn. The WAM is placed around the vapor cell to reduce reflection of microwave field. The baseband signal is encoded into the
weak signal field with amplitude modulation when communication signals are transferred. PBS, polarizing beam splitter; PDB,
balanced amplified photo-detectors; WAM, wave-absorbing material. (b) Diagram of four-level scheme. A probe laser is resonant
with the ground transition, [6S;/5) — [6P3/2), and the coupling laser drives the Rydberg transition, |6P3/5) — |68D5/2). The
local field (EL) is resonant with two Rydberg levels |68D5 /) and [69P3,5) , the weak signal field (Es) has frequency difference
8f with local field.
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Fig. 2. Microwave field measurements as a function of
square root of the output power. The black squares show
EIT-AT measurements and blue circles for beat method.
The black solid line shows the calculation of Eq. (5). The
measurable minimum field is Eo = 1.7 pV/cm, as shown

with the red shadow circle.
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Fig. 3. Measurements of the isolation and frequency resolu-
tion. The lock-in output levels are obtained with the time
constant 1 s and the difference of fior and 8f are 0.1, 0.5,
1, and 10 Hz, respectively. The frequency difference of 1 Hz
(0.5 Hz) corresponds to the isolation of 60 dB (40 dB). The
beat frequency microwave measurement can realize the fre-
quency resolution of sub-Hz, with the minimum frequency
resolution up to 0.1 Hz. The grey area around -15dB is

base noise.
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Fig. 4. (a) Demonstration of transfer and readout of the
baseband signal based on Rydberg beat method. The audio
signal is amplitude modulated into the weak carrier field of
160 pV/cm, Rydberg atoms are used to readout the trans-
ferred audio signal. The top line represents the original
transferred signal, and the bottom line displays the re-
trieved signal. (b) A 1 kHz baseband signal is encoded into
the weak carrier field (50 pV/cm) with the amplitude modu-
lation method. (¢) The retrieved baseband signals based on
Rydberg atoms for Arg/2n = 30, 0, 15 MHz, respectively.
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normalized by minimum level ( Arp/2n = 150 MHz). The
Local field strength is Fy = 3.9 mV/cm and the signal field
strength is Ey = 1.7 mV /cm.
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SPECIAL TOPIC—Toward making functional devices at an atomic scale:
Fundamentals and frontiers

High-sensitive microwave sensor and communication
*
based on Rydberg atoms
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Abstract

We present a high-sensitivity weak microwave measurement and communication technology by employing
the Rydberg beat technique. The Rydberg cascade three-level system is composed of a cesium ground state
6S1/2, an excited state 6P3/», and a Rydberg state nDs/» in a room-temperature cesium cell. A two-photon
resonant Rydberg electromagnetic induced transparency (EIT) is used to optically detect the Rydberg level, in
which a weak probe laser is locked at the resonant transition of [6S1/2) — |6P3/2), and a strong coupling laser
drives the transition of [6P3/2) — [nDs5/2). Both lasers are locked with a high-precision Fabry-Perot cavity. Two
E-fields are incident into the vapor cell to interact with Rydberg atoms via a microwave horn, one is a strong
microwave field with frequency 2.19 GHz, acting as a local field (EL) and resonantly coupling with two
Rydberg energy levels, [68D5/2) and [69P3,2), and the other is a weak signal field ( Es) with frequency difference
df , interacting with the same Rydberg levels. The wave-absorbing material is placed around the vapor cell to
reduce the reflection of microwave field. In the presence of the local field, the Rydberg atoms are employed as a
microwave mixer for reading out the difference frequency &f oscillation signal, which is proportional to the
amplitude of weak signal field. The minimum detectable field of Ey = 1.7 uV/cm is obtained when the lock-in
output reaches the base noise. We also measure the frequency resolution of the Rydberg mixer by changing the
8f with fixed fer, thus achieving a frequency resolution better than 1 Hz. For neighboring fields with 1 Hz
away from the signal field, an isolation of 60 dB is achieved. Furthermore, we use the Rydberg atom as an
antenna to receive the baseband signals encoded into the weak microwave field, demonstrating that the receiver
has a transmission bandwidth of about 200 MHz. The demonstration of sensitivity of Rydberg atoms to
microwave field is particularly useful in many areas, such as quantum precise measurement and quantum
communications. In general, this technique can be extended to the detection of electromagnetic radiation from
the radio-frequency regime to the tera-hertz range and is feasible for fabricating a miniaturized devices, thereby

providing us with a way to receive the information encoded in tera-hertz carriers in future work.

Keywords: Rydberg atom, weak electromagnetic field measurement, communication
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