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Continuous wave optically stimulated luminescence (CW-OSL) of an Al;03:C, Mg single crystal was investigated
after irradiation with ultraviolet C radiation (UVC; peak emission at 254 nm) as well as with a beta source under
different doses (100 mGy — 3 Gy). Analysis of the OSL decay curves provided experimental evidence that: i) UVC-
and beta-irradiated AlpO3:C, Mg single crystal showed similar OSL decay curves, and that ii) a same fast (z ~ 2.9
s) and a same slow (7 ~ 29 s) components were identified in the OSL decay curves for both types of radiation. On

the other hand, analysis of the results suggested that radiation type generated distinct initial concentration of
charges trapped at these two traps. The differences in the OSL decay curves were attributed either to differences
in the initial population of the traps or to a balance of trapping-detrapping during UV irradiation.

1. Introduction

Although ultraviolet radiation (UV) in the UVC range (100-280 nm)
emitted by the sun does not reach Earth’s surface because it is
completely absorbed by stratospheric Oy and Os [1], artificial UVC
lamps are widely used. Applications include sterilization of food and
food packaging, disinfection of surgical materials and tools, water
treatment, and extermination of airborne microorganisms in operating
rooms [2,3]. In general, mercury discharge lamps used for these appli-
cations are referred to as “germicidal lamps”, “bactericidal lamps” or
simply “UVC lamps” [2]. Besides the usefulness of UVC radiation, UV
overexposure, and UVC in particular, can lead to severe health problems
such as erythema, cataract formation, skin cancer and selective immune
deficiency [2,4]. Health surveillance and safety practices regarding
exposure to UV are in place for occupational exposed individuals [5]. On
the other hand, UV radiation can contribute to the luminescence emis-
sion of dosimetric materials. Within this context, we investigated the
influence of the UVC radiation in the optically stimulated luminescence
(OSL) response of an Al;03:C, Mg single crystal.

The OSL technique is based on the release of charges from traps in the
band gap followed by radiative recombination at a luminescence center
and thus is similar to thermoluminescence (TL). However, instead of
elevated temperatures like in TL, in the OSL case detrapping is stimu-

lated by the absorption of light [6]. OSL emission arises from the
recombination of charges optically released from traps in a material
previously exposed to ionizing radiation, and its intensity can be related
to the absorbed irradiation dose [6-8]. The OSL signal obtained under
stimulation with constant light power (continuous wave OSL; CW-OSL)
is observed as a decay curve, i.e., it progressively decreases in time since
the total amount of charges trapped is finite in number [7,9]. The
function that models CW-OSL considering j recombination centers (RC)
and i traps is shown in Equation (1):

RC  traps
L (1) = Z ZpRijRRj n,Ci pi exp(—pit) =
R
@

RC traps
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where I,,(t) is the total detected OSL emission corresponding to the
summation of the OSL emission from all combinations of i traps and j
recombination centers. In Eq. (1), ppc; corresponds to the probability of
electron-hole recombination at RC;, pgy; to the probability of radiative
recombination (RR) of RC), 7j; to the quantum efficiency of the detector at
the emission wavelength of RCj, C; to constants that include the initial
population of trap i and geometrical factors involving light collection
and transport towards the detector, p; is the probability rate of a trapped
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electron to transition to the conduction band from a trap i where p; =
¢o;, with o; being the photoionization cross section of trap i related to
the optical stimulation wavelength and ¢ the light stimulation intensity,
t is the stimulation time, and z; is the time constant of OSL such that p; =
117 [7,10,11]. Eq. (1) assumes no retrapping, no interaction between the
traps, no interaction between the recombination centers, and no satu-
ration effects. It means that for each trap i recombination can occur at j
possible recombination centers, each with its own probability of radia-
tive recombination ppg;, and that the fate of an electron released in the

conduction band does not affect the fate of the next released electron.

RC
Since ) preivrrj 1 = @, where a is a constant, Eq. (1) can be simplified
J

such that the first summation becomes a multiplying factor to the second
summation:

traps

Icw(t> :az Ci pi exp(_pit) (2)

Aly03:C, Mg was introduced by Akselrod et al. [12] in the early
2000’s. It is a bright luminescent material because the carbon and
magnesium co-doping of the Al;03 host promotes the formation of single
vacancy defects like F, F(Mg), F" and F(Mg) color centers. In addition
to them, a variety of aggregate color centers such as Fo, F3, F3', F3 (Mg),
F$(2 Mg) and F4*(2 Mg) have also been observed [13-15]. Furthermore,
this material has been shown to be an efficient radiation sensor when
exposed to X-rays [16], beta rays [14,16,17], gamma rays [18], neu-
trons, protons and other charged particles [19]. The OSL and TL inves-
tigation of this material showed a direct relationship between both
phenomena: illuminating a beta-irradiated single crystal with blue light
reduced the TL signal, and heating the beta-irradiated material elimi-
nated the OSL signal [20].

Recently, our group investigated the TL response of UV-irradiated
Aly03:C, Mg [21]. The TL results showed three low-intensity peaks at
about 320 K (peak I), 350 K (peak II) and 375 K (peak III), while the main
peak (peak IV) was at 455 K (heating rate of 1 K/s). Comparison between
UV and beta irradiations showed similar glow curves. On the other hand,
a linear response with the beta irradiation dose was observed, whereas
UV irradiation led to a saturating exponential TL response as a function
of the radiation exposure. In this work, we further this investigation to
the OSL response of Al,03:C, Mg to UVC irradiation.

2. Materials and methods

An Al;03:C, Mg single crystal grown by the Czochralski method [12,
22] provided by Landauer, Inc., Crystal Growth Division, Stillwater, OK,
USA, was used. The single crystal had 48 mg and a rectangular paral-
lelepiped shape 8 x 1.6 x 0.5 mm®.

UVC irradiation was executed with different nominal energy den-
sities, from 4.78 x 10? to 1.43 x 10* J/m?, with the sample placed 30 cm
directly below the lamp. The UV irradiation system was composed by a
Boitton lamp model BOIT-LUBO1, with two 6 W UV-emitting bulbs, one
in the UVA (315-400 nm main emission at 365 nm (3.40 eV)) and the
other in the UVC (nominal irradiance 4.78 rnW/cmZ, emission at 254 nm
(4.88 eV)) regions of the spectrum. Only the results obtained with the
UVC bulb are presented, as the sample did not show any sensitivity to
UVA irradiations up to 60 s. Given the typical emission spectra of Hg
lamps in the UVC range, within the context of this work UVC radiation
was considered electromagnetic radiation with wavelength 254 nm. For
comparison purposes, beta irradiation was executed using the built-in
905r/90y source of the TL/OSL Risg reader delivering a dose rate of
10 mGy/s and cumulative doses from 0.1 to 3 Gy.

OSL measurements were carried out at room temperature (RT) using
an automated Risg TL/OSL reader, model DA-20, DTU Nutech. The OSL
signal was stimulated in CW mode using blue LEDs (470 nm (2.64 eV),
FWHM = 20 nm (2.58-2.70 eV), 80 mW/cm? at the sample position).
Thermal treatment (inside the Risg reader, from RT to 300 °C at 5°C/s
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followed by natural cooling down to RT) was carried out after each OSL
readout without exposing the sample to any source of light to make sure
traps were empty before a new irradiation was executed. In addition,
after each OSL readout, an optical stimulation was performed with the
same blue LED for 60 s, to completely bleach the OSL signal. These
values were also used to subtract the background of the signal from each
response. As such, a delay of about 1 min Occurred between any irra-
diation and the OSL readout. The OSL signal was detected by a bialkali
photomultiplier tube Hamamatsu H7421-40 behind a 1 mm dia. colli-
mator and a UV-transmitting visible-absorbing filter (Hoya U-340, 7.5
mm thickness) to block the stimulation light while transmitting the UV
part (ca. 260-390 nm (3.18-4.77 eV)) of the OSL signal. Exponential
fittings of the OSL decay curves were done based on equation (2). In our
analysis of approximately 20 decay curves total either UVC- or beta-
irradiated, only two components (i = 1,2) were found necessary to
obtain a good fitting (R? > 0.99, where R? is the coefficient of
determination).

Monte Carlo simulations of the electron irradiation of Al,O3 were
performed; composition and physical parameters closest to Al,03:C,Mg,
available in the database of the ESTAR program [23] were used. The
simulations were executed using the PENEPOLE (Penetration and En-
ergy Loss of Positrons and Electrons)/penEASY computer code version
2019 [24]. For the calculation, a detailed description of the °Sr/?°y
beta source was included, describing the energy spectrum and source
dimensions (0.05 cm thick and radius of 0.5 cm, aluminum cap), and the
materials between the source and sample (0.1 cm thick aluminum
attenuator, 0.0125 mm thick quartz window and 7.3 mm thick layer of
air between the source and the sample). The geometry and mass of the
Al;03:C, Mg sample were also reproduced in the calculations.

The radioactive source was simulated using the PENNUC package
[25], with the radioactive files (Y-90. nuc for example) obtained from
the Laboratoire National Henri Becquerel (LNHB). Results presented in
this work correspond to the average of the calculations of forty-million
individual electrons. The transport parameters C; and C, that control the
cutoff for elastic collisions were both chosen as 0.1 keV; WCC and WCR,
which are the cutoffs for inelastic and bremsstrahlung interactions, were
set as, respectively, 100 keV and 10 keV; the cutoff for absorption energy
was fixed as 10 keV for charged particles and photons.

3. Results and discussion

Fig. 1 illustrates a comparison of the normalized OSL decay curves
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Fig. 1. Normalized OSL curves after 300 s UVC (red line) and beta (black line)
irradiations. The inset shows the same results in a semi-log plot.
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obtained after beta (black line) and UVC (red line) irradiation for 300 s.
This comparison showed that the curve shapes depended on the type of
radiation used. The curves were similar at the beginning but as the
stimulation time increased, the OSL decay of the UVC-irradiated sample
became faster than that for the beta-irradiated one. The differences
between the decay curves are highlighted in the inset where a semi-log
plot of the same results is presented.

In order to understand the blue-stimulated OSL signal of the sample
irradiated by different types of radiation, it is important to consider the
specific conditions in which these measurements were executed and
how the energy of each type of radiation was absorbed and dissipated in
Al;03:C, Mg. The OSL process involves at least one type of trap and at
least one type of recombination center. In Al;03:C, Mg, a variety of
recombination centers have been reported [14] and they are summa-
rized in Table 1. Considerably less is known about the traps, though
F-type centers are thought to be electron traps [26].

When beta radiation is used to irradiate the Al,03:C, Mg single
crystal, numerous electron-hole pairs are created in the whole volume,
while direct ionization of the color centers is unlikely. Some electron-
hole pairs promptly recombine radiatively (radioluminescence) or
non-radiatively, while the remaining electrons and holes migrate
through the material possibly being captured by traps or other defects,
including color centers. At least the capture of holes by F centers has
already been reported in sapphire under 1.8 MeV electron irradiation
[29]. Measurements of the emission spectrum of green (540 nm; 2.30
eV) stimulated OSL readout of beta-irradiated Al,03:C, Mg showed F and
FT centers to be the only recombination centers [30].

In the case of UVC (in this work, essentially 4.88 eV), a variety of
phenomena occurs. Defect-free Al,Oj3 is essentially transparent to 4.88
eV radiation [31], and it is the presence of color centers with absorption
bands in this spectral region that creates strong absorption of this ra-
diation. F*(Mg), F*, and F3 (2 Mg) color centers absorb around 4.86, 4.8,
and 4.77 eV (Table 1), respectively, thus, 4.88 eV irradiation generates
photoluminescence from these color centers. Indeed, photo-
luminescence at about 1.9 and 3.7 eV was reported from Al;03:C, Mg
under 4.8 and 4.9 eV irradiation, respectively [14]. On the other hand,
at least the photoionization of F*(Mg) centers by 4.77 eV (260 nm) light,
and of F3 (2 Mg) centers by 3.82 eV (325 nm) light [27] has already been
reported. Consequently, irradiation with higher energy light, as per-
formed here (4.88 eV), is expected to be able to ionize all but F and F
(Mg) centers. Particularly, Fo, F3(Mg), F3(2 Mg), and F3H (2 Mg) that
have absorption energies within 2.0 and 4.1 eV (Table 1) are ionized.
Ultimately, because of the specific energy of the UVC irradiation, all but
F and F(Mg) color centers became the source of free electrons that
eventually populate all traps within the band gap as well as holes that
are trapped at the ionized color centers.

Table 1
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Fig. 2. Results of Monte Carlo simulation of the relative energy deposition in
the Al;03:C, Mg sample irradiated by the built-in beta source of the Risp reader.

It is also important to consider the spatial distribution of electron-
hole pairs created by the two types of radiation. In the case of beta ra-
diation, the Monte Carlo simulation gives rise to the results seen in Fig. 2
that shows the relative energy deposition per gram in the sample, along
its depth. For various depths in the sample, it was checked that the
energy deposition is very homogeneous along a plane parallel to the
sample surface (results not shown here). These results indicate that the
whole sample receives energy from the beta source, and that the crea-
tion of electron-hole pairs is distributed throughout the whole sample. In
the case of UVC irradiation, color centers were assumed to be homo-
geneously distributed throughout the sample. UVC radiation absorption
and thus photoionization of color centers is expected to follow Beer-
Lambert’s law, ie., corresponds to a decreasing exponential from the
surface into the sample. Based on absorption measurements reported
earlier [14], the absorption coefficient of F centers at 204 nm, F' centers
at 255 nm and F%*(Z Mg) centers at 435 nm was estimated to be 35
em™}, 1.9 cm™! and 1.0 cm ™}, respectively. The attenuation lengths of
0.282 mm for 204 nm radiation and 5.36 mm for 255 nm radiation due
to F and F* centers, respectively, show that 204 nm radiation is fully
absorbed by about half of the thickness of the crystal, while 255 nm
irradiates the full thickness of the crystal. Thus, some UVC radiation
irradiates the whole crystal, although with decreasing intensity along
the depth. On the other hand, all other F-type centers could be affected

Absorption and emission energies of color centers in a-Al,05:C, Mg according to Refs. [26-28]. The expected major effect of 254 nm (4.88
eV) irradiation on the color centers is displayed on column 3. The detectability by the Risp reader based on the optical transmission of the

Hoya U-340 filter (260-390 nm; 3.18-4.77 €V) is in the last column.

Color center

Absorption (eV)

Effect of UVC irradiation (@ 254 nm; 4.88eV)

Emission (eV)

Emission detected?

F/F(Mg) 6.0 - 3.0 Partially

Fr 5.4 - 3.8 Yes
4.8 Absorption/Photoionization

F™(Mg) 5.17 - 3.82 Yes
4.86 Absorption/Photoionization

Fy 4.1 Photoionization 2.48 No
3.5 Photoionization
2.75 Photoionization

F3(Mg) 3.54 Photoionization 3.22 Yes

F3(2 Mg) 4.77 Absorption/Photoionization 1.65 No
3.7 Photoionization
2.0 Photoionization

F3'(2 Mg) 2.85 Photoionization 2.43 No
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by the incoming UVC radiation throughout the whole thickness of the
crystal.

In addition to irradiation, the effects of blue light stimulation (2.64
eV, FWHW = 2.58-2.70 eV) and readout conditions need to be consid-
ered as well. First of all, the major effect of blue stimulation is the release
of electrons from traps as deep as ~2.70 eV during OSL measurements.
The use of a Hoya U-340 filter during OSL readout allows the detection
only of emissions within 3.18-4.77 eV (260-390 nm), i.e., emissions
from F', F*(Mg), F3(Mg), and partially from F/F(Mg) color centers.
Actually, the fact that CW stimulation was used in these measurements
implies that all available recombination centers could contribute to the
luminescence being generated; however, only the emission of F*,
F*(Mg), F3(Mg), and partially from F/F(Mg) color centers could be
detected due to the specific experimental conditions of this work. In
practice, the OSL decay curves recorded in this work correspond to the
convoluted measurement of the probability of different traps being
emptied as a function of time using F', F*(Mg), F3 (Mg), and F/F(Mg) as
recombination centers. Eq. (1) could be adjusted to this experimental
situation by making #; = O for all recombination centers emitting out of
the detectable range. This implies that the constant a in Eq. (2) corre-
sponds to a sum of fewer terms.

In order to extract additional information, OSL decay curves were
analyzed using Eq. (2). It was found that two exponential decays were
needed to obtain a good fit to the experimental data, in agreement with
visual analysis of the inset in Fig. 1. This result indicated that two
different types of traps were participating in the OSL response of this
material, i.e., i = 1, 2. Further, the combined results of the independent
fittings of all OSL curves revealed that the probability rate of trapped
electrons to transition to the conduction band from traps i, p; and p,
could be grouped around mean values, p;. Importantly, the same p; and
D, mean values could be used for beta and UVC irradiations, as the
distributions of p; values corresponding to each irradiation were
compatible within 3 standard deviations (99.5% confidence). Conse-
quently, fitting with two exponential components was evaluated again,
this time using the weighted mean values of the p; probabilities, found
before, as fixed parameters. The weighted mean values of the p; prob-
abilities were obtained using weighted least squares:

ﬁi(izl,z):z%(kzl t0 20) 3)

ko Vi

where sizk is the squared uncertainty of p; obtained through the fitting of
the kth-OSL decay curve considering the results obtained from both
radiation types for each component. These new fittings achieved high
correlation coefficients (R? > 0.99) for both radiation types and all
irradiation. Fig. 3 illustrates the fitting results of OSL decay curves ob-
tained after 3 Gy irradiation with beta (Figs. 3a) and 1.43 x 10* J/m? of
UVC (Fig. 3b). In these plots, the individual exponential components are
shown as black and red continuous lines, and their sum as a continuous
blue line. From this analysis, the resulting representative weighted
probabilities were: p; = (3.4740.01) x10°! s and p, =
(3.47 £0.05) x 1072571,

In summary, the analysis of OSL decay curves for both types of ra-
diation resulted in two components: a fast and a slow. The respective
time constant (z) and photo-ionization cross section (¢) values under
470 nm stimulus are: fast component (p;): 7; = (2.885+0.007) s and
61 = (1.83540.005) x 1018 cm? and slow component (B,): 75 =
(28.9+40.4) s and oy = (1.8340.02) x 1071 cm?% According to
Ref. [32], the CW-OSL decay curves of AloO3:C exposed to beta radiation
also presented two components with photoionization cross-sections 61 =
1.51 x 10718 cm? and 65 = 5.02 x 101° cm?. These values were of the
same order of magnitude as the ones found in this work and differences
were tentatively attributed to the effects of the introduction of Mg as a
co-dopant in the host. Based on the results found in this work, and within
the framework of Eq. (1), it was possible to conclude that differences in
the OSL curves obtained from beta- and UVC-irradiated Aly03:C, Mg
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Fig. 3. OSL experimental results (green dots), as well as best fit results: fast
component (black line), slow component (red line), and sum of the two com-
ponents (blue line) for Al,03:C, Mg single crystal exposed to (a) 3 Gy of beta
radiation and (b) 1.43 x 10* J/m? of UVC radiation.

(Fig. 1) were due to differences in the initial populations, ny; (i = 1,2), of
the two traps involved, and that the same pair of traps was involved
regardless the type of radiation used.

Fig. 4 shows the behavior of the integral of the OSL decay curve (area
under the curve) as a function of the UVC energy density and beta dose.
These curves are equivalent to dose-response curves, as the irradiation
time is proportional to the energy delivered to the sample by UV or beta
radiation sources. The behavior of the integral of the OSL curves as a
function of the dose was best-fitted using a linear function for the beta
irradiation, and a saturating exponential function for the UVC case [21]:

I(D)=a+bxt 4)

IE)=cx (1—e™). (5)

In these equations, I(D) and I(E) is the OSL curve integral as a
function of dose D and energy density E for beta and UVC exposure,
respectively, b the slope, a the linear intercept (fixed at the origin in the
best fit, i.e., a = 0), c a proportionality constant, and d an exponential
factor related to the irradiation time needed to reach saturation. The
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Table 2
Best fit results of the OSL integral intensity of beta- and UVC-irradiated Al,O3:
C, Mg.

beta irradiation (Eq. (4))

UVC irradiation (Eq. (5))

a=0
b= (1.0440.01)x 103 s~ !
R? = 0.999

¢ =(89+0.2) x 10°
d=(2740.1) x 104 s7!
R? = 0.993

resulting fitting parameters and the respective coefficient of determi-
nation, Rz, are shown in Table 2.

Nevertheless, the reason for saturation of the OSL signal after UVC
irradiation remains to be explained. Fitting of the OSL experimental
results to Eq. (2) allowed us to gain insight into C; that are constants
related to the initial concentration of trap i, ng;, and geometrical factors
involving light collection and transport towards the detector. Since the
geometrical factors are fixed, the behavior of C; is representative of the
behavior of ng;. The behavior of C; as a function of dose and energy
density is shown in Fig. 5a and (b) for both beta and UVC irradiations.
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Results for beta irradiation are shown as closed circles and for UVC ir-
radiations as closed squares, while results related to i = 1 are presented
in black, and to component i = 2 are in red.

Interestingly, for each type of radiation, the values of both C; were
within the same order of magnitude, with larger relative differences
observed for longer irradiation times, especially for UVC irradiation, as
discussed below. In particular, the C; and C, values for both types of
radiation were remarkably similar for small irradiation doses (about
300 mGy for beta radiation and 3 x 103 J/m? for UVC radiation). For
beta irradiation, this behavior continued up to 1.8 Gy. However, in
contrast to the linear growth in time of both C; associated to beta irra-
diation, saturation of both C; associated to UVC irradiation was observed
for energy deposition greater than 3 x 103 J/m? Moreover, the relative
contribution of the slow component (i = 2) decreased for greater energy
deposition, reaching about 40% of the total trapped charges at 1.43 x
10*J/m?). In the case of beta irradiation, some evidence of the beginning
of saturation of the slow component was observed after 1.8 Gy of dose,
while the fast component continued to increase linearly in time. After 3
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Gy, the population related to the slow component was reduced to 83% in
comparison to the population related to the fast component for beta
radiation.

Saturation of the integral of an OSL decay curve for long irradiation
times could be due to: i) relatively low number of electron-hole pairs
released during irradiation, ii) relatively low concentration of available
traps, iii) relatively low concentration of recombination centers, and iv)
trapping-detrapping of charges by UV during irradiation. The fact that
under beta radiation C; continued to grow linearly while C, showed
signs of saturation rules out causes i) and iii), assuming that there is no
correlation between the nature and the spatial distribution between the
traps and the recombination centers. These results suggested saturation
was due to a relatively low concentration of the traps responsible for the
slow decay component of the OSL curve (assumption i = 2), leading to a
non-linear increase behavior of ny, with the beta irradiation time. In the
case of UVC, after 1.4 x 10% J/m? of energy density, both ng; showed
signs of saturation. A similar reasoning indicates that, for UVC irradia-
tion, both ny; have a saturating behavior. Another possibility is that UV
radiation leads to a balance of trapping-detrapping (assumption iv),
giving rise to weaker OSL signals with a saturation behavior. As dis-
cussed earlier, the source of electron-hole pairs for UVC irradiation were
F*, FT(Mg), Fa, F5(Mg), F3(2 Mg), and F3"(2 Mg) color centers. While
F'(Mg), F, and F3 (2 Mg) could photoluminesce under UVC irradiation,
at least the photoionization of F*(Mg) and F3 (2 Mg) under UV irradia-
tion has already been reported. Because of the experimental conditions
used in this work, OSL measurements were particularly sensitive to the
populations of FT, F"(Mg), F3(Mg), and to some extent also of F/F(Mg)
color centers. Further, the decreasing exponential (Lambert-Beer law)
that describes UVC absorption and the low kinetic energy of the free
electrons generated by UVC probably limits the volume in which UVC
irradiation takes effect, giving rise to a small concentration of charges in
the trapping centers.

4. Conclusions

An investigation of the OSL response of Al;03:C, Mg single crystal
irradiated by UVC was executed considering the response to beta irra-
diation as a reference. While the OSL decay curves were different in
shape depending on the type of radiation used, they all could be
described by two decreasing exponential functions using the same pair
of probability rates of trapped electrons to transition to the conduction
band from trapsi (i =1, 2). This analysis yielded a 7; = (2.885+0.007) s
fast component with  photoionization cross-section o7 =
(1.835+0.005) x 10718 em?, and a 7, = (28.9 +0.4) s slow component
with o3 = (1.8340.02) x 1072 cm?. These results supported an earlier
observation that the main TL trap was also involved in the OSL mech-
anism [20]. Further, the differences in the OSL decay curves were
attributed to differences in the initial population of the traps, ng;, as
inferred by the behavior of C;, or to a balance of trapping-detrapping
during UV irradiation. The behavior of the integral of the OSL
response as a function of irradiation time showed saturation of both ng;
under UVC irradiation after 3 x 10 J/m? irradiation, and only of ng;
after 1.8 Gy under beta irradiation. Analysis of these results considered
the differences in the absorption and dissipation of the energy of the
incoming radiation. In the case of UVC, saturation could be attributed to
the limitation of the volume in which UVC irradiation takes effect,
giving rise to a small concentration of charges in the trapping centers, or
to a double action of UVC, i.e., ionization of defects and also releasing
charges from trapping centers populated during illumination. The OSL
response of Al;03:C, Mg to UVC and beta radiations was similar, such
that exposure to a mixed field may not be recognizable by the shape of
the OSL decay curve alone.
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