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Figure 1.(a) Schematic diagram of the experimental setup. PBS: Polarizing beam

splitter; SAS: Saturated absorption spectroscopy; PD: photodiode;
Spec.:Spectrometer.B: Static magnetic field

(b) Energy level diagram of excitation and fluorescence transition
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Figure 2. (a) Full fluorescence spectrum (200-800 nm) of a 3’Rb atomic vapor cell
without Ne filling (0 Pa); (b) Full fluorescence spectrum (200-800 nm) of a ¥Rb
atomic vapor cell with Ne filling (5 Pa). Experimental parameters: probe laser power

of 500 uW, coupling laser power of 5 mW, both beams vertically linearly polarized.
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Figure 3. Influence of probe laser power on the fluorescence spectrum. (a) Influence of
probe power on the intensities of various fluorescence spectral peaks in a ¥’Rb atomic
vapor cell without Ne filling (0 Pa), with particular emphasis on the fluorescence
intensity at 780 nm; (b) Influence of probe power on the intensities of various
fluorescence spectral peaks in a ¥’Rb atomic vapor cell with Ne filling (5 Pa). The
horizontal axis represents the square root of the probe laser power, which is
proportional to the Rabi frequency. Experimental parameters: probe laser power varied
from 20 uW to 4 mW, coupling laser power fixed at 5 mW; both beams vertically
linearly polarized.Note: All scaling factors are used only for co-plot display; the

original peak areas are used for fitting and physical discussions.
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Figure 4. Influence of coupling laser power on the fluorescence spectrum. (a)

Dependence of fluorescence spectral peak intensities on coupling laser power in a 8’Rb
atomic vapor cell without Ne filling (0 Pa); (b) Dependence of fluorescence spectral
peak intensities on coupling laser power in a 3’Rb atomic vapor cell with Ne filling
(5 Pa). The horizontal axis represents the square root of the coupling laser power,
which is proportional to the Rabi frequency. Experimental parameters: coupling laser
power varied from 20 pW to 10 mW, probe laser power fixed at 500 uW; both beams

vertically linearly polarized.Note: All scaling factors are used only for co-plot display;
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the original peak areas are used for fitting and physical discussions.
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Figure 5. Influence of probe laser polarization on the fluorescence spectrum. (a) In a
$7Rb atomic vapor cell without Ne filling (0 Pa), with the coupling laser circularly

polarized (c%), dependence of fluorescence spectral peak intensities on the probe laser
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polarization angle; (b) In a ®’Rb atomic vapor cell with Ne filling (5 Pa), with the
coupling laser circularly polarized (c*), dependence of fluorescence spectral peak
intensities on the probe laser polarization angle; (¢) In a ¥Rb atomic vapor cell
without Ne filling (0 Pa), with the coupling laser vertically linearly polarized,
dependence of fluorescence spectral peak intensities on the probe laser polarization
angle; (d) In a 3Rb atomic vapor cell with Ne filling (5 Pa), with the coupling laser
vertically linearly polarized, dependence of fluorescence spectral peak intensities on
the probe laser polarization angle. The horizontal axis represents the angle of a
quarter-wave plate, where 0° corresponds to o' circular polarization, 45° corresponds
to vertical linear polarization and 90° corresponds to o~ circular polarization.
Experimental parameters: probe laser power = 500 uW, coupling laser power =
5 mW.Note: All scaling factors are used only for co-plot display; the original peak

areas are used for fitting and physical discussions.
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Figure 6. Influence of beam polarization configuration on the fluorescence spectrum.
(a) In a 8Rb atomic vapor cell without Ne filling (0 Pa), with the probe laser circularly
polarized (%), dependence of fluorescence spectral peak intensities on the coupling
laser polarization angle; (b) In a 87Rb atomic vapor cell with Ne filling (5 Pa), with the
probe laser circularly polarized (c*), dependence of fluorescence spectral peak

intensities on the coupling laser polarization angle; (¢) In a ¥Rb atomic vapor cell
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without Ne filling (0 Pa), with the probe laser vertically linearly polarized, dependence
of fluorescence spectral peak intensities on the coupling laser polarization angle; (d) In
a 3Rb atomic vapor cell with Ne filling (5 Pa), with the probe laser vertically linearly
polarized, dependence of fluorescence spectral peak intensities on the coupling laser
polarization angle. The horizontal axis represents the angle of a quarter-wave plate,
where 0° corresponds to o' circular polarization, 45° corresponds to vertical linear
polarization and 90° corresponds to 6~ circular polarization. Experimental parameters:
probe laser power = 500 uW, coupling laser power = 5 mW.Note: All scaling factors
are used only for co-plot display; the original peak areas are used for fitting and

physical discussions.
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Figure 7. Influence of different Ne filling pressures on the fluorescence spectrum.
Experimental parameters: probe laser power = 500 uW, coupling laser power = 5 mW;
both beams vertically linearly polarized.Note: All scaling factors are used only for

co-plot display; the original peak areas are used for fitting and physical discussions.
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High-resolution measurement of multi-channel fluorescence
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excitation”
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Abstract
In this work, a two-photon resonant excitation scheme composed of a 780 nm probe
beam and a 776 nm coupling beam is employed to measure the fluorescence spectra
generated by exciting 8’Rb atoms to the 5Ds; state. Using a high-resolution
spectrometer, we achieve, for the first time, multi-channel fluorescence spectral
resolution of the decay from the 5D state to the ground state via the 6P-and 5P levels,
with a spectral resolution better than 0.5 nm. The resolved spectra include the
spontaneous emission lines at 420.3 nm, 776 nm, and 780 nm, as well as the
fluorescence lines at 421.7 nm, 762 nm, and 795 nm that arise from collision-induced
non-radiative transitions followed by spontaneous emission. The influence of the
probe intensity, coupling intensity, and their polarization combinations on the
fluorescence intensity of each channel during the excitation process is investigated.
The results show that increasing the probe and coupling powers causes the
fluorescence signals to saturate; some fluorescence components saturate more rapidly
in a neon-filled vapor cell and exhibit a decrease due to collision-induced

self-absorption. Compared with linear polarization, the modulation of fluorescence
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intensity by polarization is more pronounced under circularly polarized light.
Furthermore, the effect of collision-induced non-radiative transitions on the
fluorescence intensity of each channel is studied by introducing buffer gas at different
pressures into the rubidium vapor cell. The results indicate that adding Ne buffer gas
accelerates the saturation and self-absorption processes, while collisions between Ne
and Rb atoms promote the non-radiative transition from the 5Ds, to the 5Ds. level,
thereby adding decay pathways and generating new fluorescence signals. This work
deepens the understanding of two-photon excitation dynamics and collision-induced
energy transfer mechanisms in alkali metal atoms, provides an experimental reference
for the influence of collisional effects on fluorescence thermometry, and offers
spectroscopic techniques for extending related thermometry schemes to Rydberg
systems.

Keywords: Two-photon excitation, Rb 5D state, Multichannel fluorescence spectroscopy
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