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Fig. 1

The four-level system of Cesium Rydberg atoms

(a): Four-level system diagram of cesium atom; (b): The hyperfine energy levels of 6Sy/5, 6P3/5, 51D;/2 and 52P3/,. 52Pj3/, state is shown

above the 51D;,, state for simplicity
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Fig. 2 The scheme of experiment setup

The red and green arrows in fig. (a) respectively indicate the
propagation direction of the probe and coupling laser, and their
polarization vector correspond to the red and green arrows in the
coordinate axis respectively; P represents the propagation direction of
microwave electric field, and its polarization direction is shown by the
purple arrow on the coordinate axis. fis the angle between two laser
beams and the polarization direction of microwave electric field. « in
fig. (b) is the angle that the label rotates anticlockwise
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Fig. 3 EIT-AT spectra

(a): EIT transmission signal without microwave electric field; (b):

EIT-AT signal/a.u.
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The EIT-AT splitting spectrum when a microwave electric field is
applied and §=90%; (c¢): The EIT-AT splitting spectrum when a
microwave electric field is applied and 3=0°; Py, P1, P, and Ps are
the peak heights of each peak in Fig.3, and Af is the split peak
interval of Py and P;
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when —90°<C8<C0°, A, decreases, A, <_1; when 0°<C8<C90°, A,

increases, Ay, >1
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Fig. 5 The vector measurement result of near field scattering field of the tag

(a): Simulation result of the commercial finite-difference time domain software CST Microwave Studio; (b): Experimental results
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Atom-Based Vector Measurement of Near Field Scattering Field of Radio
Frequency Identification Tag
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Abstract Atom-based quantum precision measurement of time, frequency, length, magnetic field and other physical quantities
has attracted widespread attention in recent years. As a precision microwave measurement sensor, Rydberg atoms have the
advantages of good traceability, high detection sensitivity and spatial resolution. In this paper, the cesium Rydberg atoms at
room temperature are used to realize high-resolution vector measurement of microwave electric field based on the characteristic of
the electromagnetically induced transparency spectroscopy. The microwave electric field with the frequency of 5.365 GHz
couples the Rydberg transition of 51D;,,-52P5/,. The electromagnetically induced transparency spectrum of a 6S,,,-6 P3,,-51D;,
ladder system will split because of the Autler-Townes effect. The intensity of the microwave electric field is obtained by
calculating the splitting separation. The spatial resolution reaches 1/31 of the measured microwave wavelength. A new method
for measuring the polarization direction of microwave electric field is proposed, which solves the problem that the complementary
angle cannot be identified in the measurement of the polarization direction of microwave electric field. Through the near-field
vector measurement of the scattering field of a radio frequency identification tag, the effective angular resolution of the tag is
achieved and reaches 1. 64°. The measurement results are in good agreement with the simulation results of the finite element
analysis method. This paper present the valuable explore for the microwave electric field spatial high-resolution imaging, offer
the evaluation tools for the design and identification of radio frequency identification tags, and electromagnetic compatibility

testing.

Keywords Rydberg atoms; Electromagnetically induced transparency; Vector field measurement; Radio frequency identification

tag; Scattering field
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