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Fig. 1. Experimental setup and energy-level scheme for MOT fluorescence-loss spectroscopy. (a) Schematic of the experimental
setup. The probe and coupling beams are reflected by polarizing beam splitters ( PBS ), selected to be vertically polarized, and com-
bined by dichroic mirrors (DM ) before counterpropagating along the atom cloud. The cooling beams keep the MOT continuously
operating. The MOT fluorescence is collected by the two-lens imaging system formed by L; and Lg, and split by a beam splitter
(BS) to the photomultiplier tube (PMT ) and CCD imaging branches. The microwave (MW ) antenna irradiates the atom cloud
from the side. (b) Energy-level diagram of two-photon Rydberg excitation and microwave coupling. The 780 nm probe beam drives
the 58,5, F =2 — 5P3/5, F’ = 3 transition, the 480 nm coupling beam further excites the atoms to the 46D3/5 or 46D5,5 Ry-
dberg state, and the fo = 22.94330 GHz microwave field couples the 46D3,5 — 47P; /5 transition. The wavy arrow denotes the
9P3/2, F'=3— 5812, F" = 2 fluorescence readout.
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Fig. 2. Pseudocolor map of the MOT fluorescence signal under different optical-field conditions. From top to bottom: simultaneous

probe and coupling beams, coupling beam only, probe beam only, and without the probe and coupling beams. The typical optical

powers are I, =100 pW and I. =40 mW . The horizontal axis is the two-photon detuning Az, , whose zero is defined at the

46D3/, two-photon resonance, and the color bar denotes the PMT voltage signal (unit: V). The two dark bands correspond to

two-photon excitation to the 46Dz, and 46D5,5 Rydberg states.
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Fig. 3. Dependence of the measured linewidth and fluorescence-loss signal on the probe and coupling-light powers. The blue circles
denote the Gaussian-fit FWHM , and the blue dashed line marks the 87Rb 5P5 /2 natural-linewidth reference. The red squares de-
note the measured fluorescence-loss signal on the right axis, and the red dashed lines are empirical saturation trends
S(P) =850+ Ax/(1+2k) , where kK = P/P;s: (a) The scan of I, at fixed I, =40 mW with Pstf‘p ~ 24.0 W ; (b) the scan of I.

at fixed I, =100 uW with the ARC-based intrinsic saturation power Ph ~6.52 W for 5P3/5 — 46D3 /5 . The error bars denote

s,c

the standard deviations of repeated measurements.
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Fig. 4. MOT fluorescence-loss spectra and AT splitting under different MW field amplitudes: (a) Spectra at the resonant MW
frequency of 22.94330 GHz, the side peaks are AT -dressed peaks and the center peak is a residual uncoupled or weakly coupled
component; (b) extracted Ajfat versus Enw , with /Puw shown on the upper axis. The star marks the 7.5 dBm operating point

and the calibrated A fres &~ 36.09 MHz , which is used for the detuned AT model curve in Fig. 5(b).
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Fig. 5. Rydberg AT splitting spectra and detuning response under different MW frequencies: (a) Fluorescence-loss spectra at
7.5dBm; (b) Afar = fs — f1 from resolved Peak 1 and Peak 3, the orange dashed line uses the Fig. 4(b) calibration, and the
green dash-dotted line is a free fit; (c) branch trajectories of Peak 1 and Peak 3 with fixed A fres .
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Abstract

Cold Rydberg atoms provide long coherence times and strongly enhanced electric-dipole moments, but
many cold-atom microwave electrometry schemes rely on cyclic preparation and probing sequences that reduce
the measurement duty cycle. We demonstrate microwave electric-field measurement based on magneto-optical
trap (MOT) fluorescence-loss spectroscopy in a continuously operated cold 37Rb ensemble. A 780 nm probe
beam and a 480 nm coupling beam drive a two-photon transition to the 46D Rydberg states. When the two-
photon resonance is reached, atoms are transferred out of the MOT cooling and fluorescence cycle, producing a
measurable decrease in the MOT fluorescence and enabling real-time optical readout without switching off
the trap. By optimizing the probe and coupling laser powers, we obtain a fluorescence-loss linewidth of about
6 MHz, close to the linewidth limit mainly set by the natural linewidth of the 5P3/, intermediate state and
approximately one third of the linewidth reported in previous cold-atom fluorescence-loss microwave
measurements. With a resonant microwave field coupling the 46Dz, and 47P,,» Rydberg states, the loss
spectrum exhibits Autler-Townes splitting, and the extracted splitting increases linearly with the microwave
electric-field amplitude. For detuned microwave fields, the measured peak separation follows the detuned
Autler-Townes relation, providing a route to infer microwave detuning under calibrated conditions. These
results show that MOT fluorescence-loss spectroscopy can preserve the low-Doppler environment of cold atoms
while retaining continuous operation and real-time fluorescence readout, offering an experimentally simple
pathway toward continuous cold-atom Rydberg microwave sensors.

Keywords: microwave electric field sensor, magneto-optical trap fluorescence loss spectroscopy, Rydberg

atom, Autler-Townes splitting
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