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An endless increasing number of laser/material interaction studies above laser-induced modification
thresholds have been carried out over the past decade, either for undesirable laser-induced damages,
for example in high power laser systems in relation with material ageing and material optical quality,
or for profitable laser-induced alteration from direct laser writing (DLW) techniques. DLW is at the
root of many applications such as the fabrication of micro-capillaries for micro-fluidics issues,
waveguide writing, optical memories, etc... New functionalities based on enhanced optical property
modifications can further be developed by tailoring the material chemical composition with
photosensitive agents, in order to improve its interaction with the writing laser [1]. Thus, for the laser-
induced linear properties, DLW can lead to plasmonic enhancement from nanoparticles [2],
fluorescence from metallic clusters [3] or oxidation degree modifications of rare earth ions [4]. For
the nonlinear properties, second-harmonic generation (either from locally buried electric field [5] or
from locally laser-induced micro-crystallization [6]) or third-harmonic generation [7] can be obtained.

Most of the studies are related to isotropic material modifications (density change, oxidation degree
changes, local crystallization, etc...) [1] while much less refer to laser-induced modifications inside
crystals, being isotropic [8] or not [9]. Still, laser-induced modifications inside a crystal matrix are
promising research topics for perennial optical devices and applications, thanks to the intrinsic
stability of the crystalline matrix arrangement, but also for waveguide applications for efficient laser
and Raman amplification as well as for frequency conversion. Generally, laser-induced modifications
lead to local index change, local melt, local amorphization or even local recrystallization, giving rise
to differential optical properties with respect to the non-irradiated bulk matrix.

In this work, we have studied the local modification induced by a femtosecond (fs) near infrared NIR
laser on a monoclinic crystal matrix LYB, highly doped with Eu®* rare earth ions. Thanks to point-by-
point optical mapping in both Raman and fluorescence micro-spectroscopy in polarized light, we
report on the local changes corresponding to partial amorphization of the LYB:Eu crystal, resulting to
significant reshaping of the spectral properties in polarized light. The optical specificities of low-
symmetry crystal optics were properly taken into account, to provide meaningful interpretation of the
modified Raman and fluorescence spectra. Strong laser-induced amorphization of the crystal matrix
have been evidenced. An accurate characterization of the spectral variations of spatial distribution
have shown (i) an homogeneous degree of amorphization within a volume at least two times larger
than the laser-structuring voxel, and (ii) a variation of density within the amorphous region.

Such study shows that both Raman and fluorescence spectroscopies are relevant tools to probe soft
laser-induced modifications and related localized phase transitions, which opens interesting
potentiality to further identify the fundamental modifications of the LYB:Eu crystal that could behave
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as the elementary brick of photonics applications. Since the LYB:Eu is a potential laser crystal [10],
these observations are of strong interest when considering possibilities to tune both structural and
optical properties of this material by direct laser writing, especially for weaker crystal modifications
related to waveguide writing for laser amplification applications [11-15]. Moreover, since such crystal
is a low symmetry crystal, intensity thresholds for laser-induced modifications should significantly
depend on the considered crystal orientation [16]. Finally, such correlative approach provides a
versatile tool for micro-spectroscopy that can also apply for advanced imaging microscopy to probe
wanted DLW but also undesired laser-induced damages, in the case of laser material ageing.
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