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Fig. 1. (a) Schematic diagram of magic wavelength; (b) sch-

ematic diagram of tune-out wavelength.
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Fig. 2. (a) In the first part, schematic of a three-level Ry-
dberg atom system with a ground state |6$1/2> , an inter-
mediate state |6P3/2> , and an excited state |65Sl/2> LA
weak probe laser couples }681 /2> with |6P3 /2> for Rabi
frequency {2, and a strong coupling laser couples |6P3 /2>
with }6551 /2> for Rabi frequency f2.. A, and Ac are
the laser detuning of the probe and coupling lasers, respect-
ively. In part two, The four microwave transitions adjacent
to Rydberg state |65S1/2> are 6551/ — 64Py1/9,
6581/2 — 641)3/27 6531/2 — 65P1/2 s 6581/2 — 65?3/2;
(b) transmission of the probe laser as the function of the

coupling laser detuning.
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Fig. 3. Theoretical calculation of ground state tune-out

spectrum of cesium atoms.
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Fig. 4. Experimental set-up. A/2, half-wave plate; PBS, polarizing beam splitter cube; L, lens; DM1, DM4, 852 nm high reflectivity
(HR) and 509 nm high transmissivity (HT) dichroic mirror; DM2, DM3, 852 nm high transmissivity (HT) and 509 nm high re-
flectivity (HR) dichroic mirror; PD, photodio de; SAS, cesium atomic saturation absorption spectroscopy; D, optical dump.
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Fig. 5. (a) Microwave resonance transitions and tune-out spectrum of Rydberg state |65Sl /2> ; (b) theoretical calculation of the

tune-out wavelength between the two transitions, 65S;,o — 64P3,5 and 65815 — 65P3, 5.
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Fig. 6. (a) Microwave resonance transitions and tune-out
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Tune-out wavelengths of Rydberg atoms”
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Abstract

The atomic polarizability represents the response characteristics of atoms to externally applied electro-
magnetic fields. The wavelength (or frequency) at which the dynamic polarizability of an atom is equal to zero
is referred to as the tune-out wavelength (or frequency). Spectroscopy technology based on the tune-out effect
has potential applications in quantum precision measurement, quantum computation and quantum
communication. Related research topics include the measurement of fundamental physical constants and strong
interactions. The tune-out wavelengths of atoms in low-lying states primarily fall within the optical band, where
the theoretical calculations and experimental measurements have significant progress. However, for Rydberg
atoms in highly excited states, theoretical calculations are challenging due to their high density of atomic states.
The difficulty of experimental measurement arises from small splitting of adjacent atomic energy levels. In this
paper, we demonstrate the tune-out wavelengths measurement for Rydberg atoms in a cesium vapor cell at
room temperature. We utilize a two-photon cascade excitation to prepare Rydberg states and employ
amplitude-modulation electromagnetically-induced transparency (AM-EIT) spectroscopy to measure the tune-
out wavelength. By continuously scanning the microwave frequencies, we obtain AM-EIT signals of Rydberg
atoms. At near-resonant microwave transition wavelengths, strong AM-EIT signals are observed due to
microwave-atom coupling. Conversely, at tune-out wavelengths, the dynamically polarization-induced
destructive interference in neighboring energy states occurs which leads to the weak AM-EIT signals. The AM-
EIT provides a spectral resolution of about 10 MHz. We have developed a simplified three-level model to
calculate the tune-out wavelength. The results of our theoretical calculations are consistent with the
experimental findings within a range of +90 MHz.

Keywords: Rydberg atom, cesium atoms, electromagnetically induced transparency spectrum, tune-out

wavelength
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