Zeeman and Paschen-Back spectra of rubidium 5S-5D two-photon excitation
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Synopsis We have studied two-photon spectroscopy of rubidium atoms in a weak magnetic field. We have ob-
served frequency shift and line broadenings. We have observed the Zeeman and Pashen-Back effects at even
weak magnetic field less than 50 G which causes changes in two-photon excitation spectra of ultracold Rb atoms
in an optical trap in the condition of Paschen-Back regime for precise measurements.

Two-photon transition spectroscopy is one
of powerful tools for observation of non-linear
phenomena, which is applied for localized spac-
es with Doppler free measurement [1]. Recently,
non-linear phenomena including collision
broadenings observed in Rb two-photon spectra
in high density of atoms [2].

We study two-photon spectroscopy of gase-
ous Rb atoms in a weak magnetic field. The at-
oms are excited from the 5S;» ground state to
the 5Ds;, excited state via 5P, state. We ob-
serve the fluorescence at 420 nm of 6P-5S tran-
sition from the 5D-6P cascade decay as shown
in Figure.1 (a). In order to observe intensity de-
pendence, the laser intensity is controlled in the
line range from 50 to 300 mW. We confirm that
the signal intensity of the two-photon transition
spectra are proportional to the square of the ex-
citation laser intensity. Zeeman splitting can
resolve a degeneracy of magnetic sublevels in
both ground and excited hyperfine state. [3] We
observe two-photon spectra with magnetic field
in the range from 0 to 42 G. Figure 1 (b) shows
two-photon transition spectra in a homogeneous
magnetic field of 9 G and exciting laser intensi-
ty of 200 mW at the temperature of 353 K.

We have observed line broadening and fre-
guency shift. The line broadenings and the shift
can be quantitatively explained by ac Stark shift
due to laser profiles in a focus region and dif-
ferent coupling strength of magnetic sublevels
repectively. Especially, we have observed quad-
ratic Zeeman shifts around 10 G and confirmed
changes in transition strengths of some magnet-
ic sublevels caused by the Paschen-Back effect
which is a translation of a good quantum num-
ber from mg to m, and m; basis by the applied
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magnetic field strength. [4] We confirm
guantatively the changes in transition strengths
even in a weak magnetic field due to D states.

Additionally, we will report on two-photon
excitation spectra of ultracold Rb atoms in an
optical trap for precise measurement at a range
of several uK.
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Figure 1. (a) Energy level diagram for &Rb in 5Si
(F=1) - 5Ds;; excitation and emission. (b) Zeeman
spectra of 5Si, (F=1) - 5Ds, (F’=1, 2, 3) transition
with magnetic sublevels resolved at 9 G.
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