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Radiation effects on cathodoluminescence of albite
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abstract

He+ ion implantation on albite (Minas Gerais, Brazil) at 4.0 MeV, corresponding to the energy of 
α particle from 238U fission, has been conducted to clarify the radiation effects of α particles from 
radioactive minerals on cathodoluminescence (CL) of albite. CL of albite results in various emission 
bands at ~380, ~560, and ~740 nm, and in the UV range. Red emission at 700–750 nm is detected in 
the CL spectra of the implanted samples. Total CL intensities of these UV, blue, yellow, red, and IR 
emissions vary among the samples. High-resolution CL imaging of the cross-section samples shows 
a CL halo on the implanted surface of approximately 14 µm thickness, which is consistent with a 
theoretical range of α particles of 4.0 MeV. It was first confirmed experimentally that the CL halo is 
created by α particles. The deconvolution of CL spectra in the red emission range by Gaussian fitting 
provides the component at 1.861 eV that is attributed to a radiation-induced defect center produced 
by He+ ion implantation. The intensity of the component at 1.861 eV linearly correlates with the dose 
density of He+ implantation on albite as a function of the population of the radiation-induced defect 
center, regardless of other factors such as concentration and distribution of other emission centers, 
existence of microstructures and textures, and crystallographic orientation. The CL spectral deconvolu-
tion has a high potential for quantitative evaluation of the radiation dose of α particles from natural 
radionuclides on albite for a geodosimetry.
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iNtroductioN

Cathodoluminescence (CL) is the emission of photons of 
ultraviolet (UV) to infrared (IR) wavelengths from a material 
stimulated by an incident electron beam. Its spectroscopy and 
microscopy provide useful information about the existence and 
distribution of lattice defects and trace elements in materials with 
high spatial resolution of a few micrometers. This information is 
otherwise quite difficult to obtain using other analytical methods. 
The CL spectral features such as intensity, peak wavelength, 
shape, and full-width at half maximum (FWHM) of an emission 
depend on the nature of intrinsic defects and impurity centers, 
their concentrations, and the crystal fields in materials. These 
features are closely related to crystallization temperature, pres-
sure, and thermal conditions during metamorphism or impact 
event, radiation dose from decay of natural nuclides, and geo-
logical age (e.g., Marfunin 1979; Yacobi and Holt 1990; Finch 
and Klein 1999; Götze et al. 2000; Chennaoui-Aoudjehane et al. 
2005). CL of minerals, therefore, has been used as an important 
tool in many disciplines of geosciences.

Owen (1988) demonstrated that radiation halos in most 
quartz are indistinct or invisible in transmitted light, but are 
readily apparent under a CL microscope, suggesting that CL 

analysis is an effective and useful method to visualize radiation 
halos with high spatial resolution. Recent scientific interests, 
therefore, focus on the CL of quartz to characterize the radia-
tion effects of α particles and to clarify the formation process 
of radiation halos for a quantitative estimation of the radiation 
dose for quartz from radioactibe decay of natural radionuclide 
as an indicator for a geodosimetry. According to Komuro et al. 
(2002), CL microscopy on He+-ion-implanted quartz at 4.0 MeV 
reveals a bright CL halo with a width of about 14 µm from the 
implanted surface, confirming the formation of CL halos caused 
by α particles. The intensity of the CL halo increases with the 
He+ dose applied to the quartz. Krickl et al. (2008) also demon-
strated that radiation effects of He2+ ion implantation on natural 
and synthetic quartz, as well as synthetic SiO2 glass at 8.8 MeV 
are characterized using Raman and CL spectroscopy, optical 
microscopy, transmission electron microscopy (TEM), and CL 
and electron microscope imaging, which reveals an increase in 
the CL intensity depending on the α dose. Furthermore, bright 
CL halos were observed in the implanted quartz samples at 45 
µm below the surface. Komuro et al. (2002), however, indicate 
that the dose response of He+ ion implantation is different 
among the samples, implying difficulty in the simple usage of 
CL in quartz as a geodosimetry indicator. CL line analysis of the 
cross-section of the implanted quartz sample also revealed that * E-mail: kayama@rins.ous.ac.jp


