Laser stabilization on Erbium-doped LiYF4 for fine sensing applications
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Rare earth ions embedded in solid matrices have been envisaged for new technological applications
due to their features such as narrow absorption linewidths across a broad spectral range — from the UV
to the NIR - and long coherent lifetimes of their excited state [1-2]. These peculiarities arise from the
fact that 4f intrashell transitions are basically insensitive to external perturbations, providing
lanthanides hosted in crystals as an attractive platform for modern laser and telecommunication
industry, quantum information storage, signal processing and quantum sensing [4-5]. Furthermore,
they have been also proposed as solid-state optical frequency reference allowing the realization of a
new generation of compact and transportable optical atomic clocks [6] with possible applications in
the fields of deep-space exploration and in the Global Navigation Satellite Systems (GNSS).

Among the 15 rare earth elements, Er® ion stands out due to its narrow transition at the telecom
wavelength (1550 nm) which allows a seamless chip-scale integration with existing fiber-optic
communication technologies and lasers [7]. Moving on to the different solid matrices, lithium yttrium
fluoride (LYF,) single crystal has proven to be one of the most promising host candidates for the study
of ultrafine lines of Er®*, that can be exploited for sensing applications.

In the presentation, we will discuss the achieved linewidth narrowing as low as 18 MHz with 35 ppm
188Er3* concentration in LYF, crystal. The improved linewidth with respect to the state-of-the art similar
samples is obtained by applying a magnetic field during the spectroscopic interrogation of the sample,
thus removing the Zeeman spitting degeneracy. We will also present the preliminary outcomes
concerning laser stabilization to the narrow magnetic absorption line and their ultrafine sensitivity to
ambient parameters, such as temperature and magnetic field intensity.
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