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The reusability of ALOs:C-based optically stimulated luminescence dosimeters (OSLDs) relies on efficient removal of the stored signal
through optical irradiation. Wavelength-dependent optical bleaching was evaluated in n&Mofastimeters using 3 W LED matrices
centered at 463 and 516 nm, with irradiances of 587.7 and 457.%mW, respectively. Dosimeters irradiated with 6 MV photons were
subjected to successive 5-min bleaching cycles with intermediate microStar readouts. The 463 nm system produced faster signal reductiol
and higher bleaching efficiency than the 516 nm system. A residual component persisted after prolonged irradiation, indicating incomplete
depletion of optically accessible trapping states under the evaluated conditions. These results support wavelength selection as a key paramet
for optimizing nanoDot reuse protocols.
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1. Introduction dependence in the bleaching process. Shorter wavelengths
(higher photon energy) generally enhance photoionization
Optically stimulated luminescence (OSL) is a widely usedrates, increasing bleaching efficiency, whereas longer wave-
technique in ionizing radiation dosimetry due to its high sendengths are less effective in depopulating certain trap popula-
sitivity, stability, and capability for repeated, non-destructivetions [6].
readout [1]. In particular, AlO3:C-based dosimeters, suchas  Additionally, phototransfer phenomena have been re-
nanoDot™ devices, have demonstrated robust performanc@orted, in which electrons trapped in deep levels are pro-
in clinical applications owing to their wide dynamic range moted to optically active traps, contributing to residual sig-
and reproducibility [2]. nal even after prolonged optical irradiation [7]. This behavior
At the microscopic level, OSL behavior in £D3:C is  imposes limitations on bleaching efficiency and measurement
associated with crystal defects induced by carbon dopingeproducibility.
which introduce energy levels within the bandgap. Among  From a kinetic standpoint, the reduction of the OSL sig-
these defects, F and"Fcenters—related to oxygen vacan- nal during optical irradiation can be approximated by effec-
cies acting as electron traps—as well as recombination cenive exponential models, which allow characterization of trap
ters responsible for luminescent emission, play a key role [3ldepopulation dynamics through time constants and related
Upon irradiation with ionizing radiation, charge carriers areparameters such as the process half-life [8]. These param-
promoted to the conduction band and subsequently trappesters provide useful metrics for comparing bleaching effi-
in metastable states. Optical stimulation releases these elegiency under different experimental conditions.
trons, producing a luminescent signal proportional to the ab- |y this context, the present study aims to evaluate the
sorbed dose [4]. bleaching efficiency of AIO;:C nanoDot™ dosimeters un-
The removal of the stored signal, known as bleaching, isler optical irradiation at 463 nm and 516 nm. The analy-
essential for OSLD reuse. However, its efficiency is stronglysis is based on normalized signal evolution, monoexponen-
influenced by the energy distribution of traps in the materialtial fitting of decay curves, and determination of character-
In Al,03:C, both shallow traps—efficiently emptied by op- istic parameters such as half-life and residual signal, in or-
tical irradiation—and deep traps—limiting complete signalder to establish a quantitative comparison between both ir-
removal—coexist [3]. radiation systems. The primary objective of this work is to
The probability of optical release of trapped electrons deprovide a quantitative assessment of monochromatic LED-
pends on the photon energy, introducing a direct wavelengtbased optical bleaching systems and their applicability to
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nanoDot™ reuse protocols under controlled experimentallimit of bleaching, as a residual signal approachipgndi-
conditions, rather than to identify the fundamental trappingcates effective emptying of optically accessible traps [1,2,9].
mechanisms responsible for the observed luminescence be- The inclusion of the ternd, in the decay model also al-

havior. lows discrimination between actual signal removal and lim-
itations imposed by the measurement system. In this sense,
Theoretical framework the baseline signal should not be interpreted solely as instru-

mental noise, but rather as an experimental reference defining

The characterization of the optical bleaching process in opthe minimum observable signal level in the reader—dosimeter
tically stimulated luminescence dosimeters requires a quarpystem [9].
titative description of signal decay under optical irradiation.  Although the actual bleaching process may involve multi-
From an experimental perspective, the primary objective igle trap populations and complex kinetics, the use of a mono-
to compare the rate and efficiency of signal removal througtexponential model is appropriate when the objective is to per-
measurable parameters, rather than relying solely on qualform quantitative comparisons between experimental condi-
tative descriptions of signal reduction. In this context, thetions. This type of approximation has been widely employed
analysis of normalized decay curves and their fitting usingo describe effective decay processes in luminescent materi-
exponential functions constitutes a widely adopted approachls, enabling the extraction of reproducible parameters with-
for describing the effective dynamics of electron trap depop-out overfitting the data [10, 11].
ulation [4, 8]. Under this framework, bleaching efficiency can be eval-

When the signal decay is governed by an effective popuuated based on three primary parameters: the time constant
lation of traps, the behavior can be approximated by a monor, the half-life¢, ;,, and the residual term associated with the
exponential model: baseline signal.

I(t) = Iy + Aexp(—t/7),

, , . 2. Materials and methods
whereI(t) is the measured signal after a cumulative opti-

cal irradiation timet, I, corresponds to the baseline signal 2.1. Materials

of the systemA represents the removable signal amplitude,

andr is the characteristic time constant of the process. ThiSwenty Al,O3:C optically stimulated luminescence dosime-
formulation allows bleaching to be described as an effectiveers (nanoDdt™, Landauer Inc.) were used in this study.
decay process without explicitly accounting for the individ- All dosimeters were selected from the same batch in order to
ual contributions of each trap population present in the mateminimize sensitivity variations. The detectors were divided

rial [4,9]. into two groups of ten units, assigned to optical irradiation
From this expression, the half-life of the process is de-conditions at wavelengths of 463 nm and 516 nm.
fined as: OSL signal readout was performed using a microStar
t1y2 =7In2, reader, which provides an integrated signal corresponding to

The half-life provides a direct parameter for comparison bel€ luminescent emission during the readout cycle.

tween different experimental conditions, as it represents the ~PTior to experimental use, the dosimeters were subjected
time required for the signal to decrease to half of its initial 0 OPtical irradiation cycles to reduce residual signals associ-
value. In OSL dosimetry studies, this parameter is commonlyt€d With manufacturing and storage conditions, thereby es-

used as a practical metric to evaluate bleaching rate and corigblishing reproducible initial conditions. All handling and
pare different optical stimulation systems [8]. experimental procedures were conducted in accordance with

Since the initial OSL signal depends on the absorbedh® recommendations of the AAPM TG-191 report [13].
dose, normalization is required to compare results across dif-
ferent conditions. The ratié(t)/I, wherel, is the initial ~ 2.2. Irradiation
signal prior to bleaching, allows analysis of the remaining
signal fraction independently of absolute signal magnitudelrradiations were performed using a clinical linear accelerator
This approach is consistent with methodologies reported ifrueBeam STx (Varian Medical Systems, USA) delivering a
the literature for analyzing decay processes in OSL dosime MV photon beam.
try [1,5]. Beam calibration was carried out following the TRS-
However, when the residual signal approaches value898 protocol established by the International Atomic Energy
close to the detection limit, the contribution of the sys-Agency (IAEA), using a Farmer-type ionization chamber as
tem baseline becomes significant. For this reason, the ratiine reference detector [14].
I(t)/I,, wherel, represents the experimentally determined  The nanoDot™ dosimeters were irradiated with ab-
background signal, provides a useful metric to evaluate theorbed doses ranging from 0.25 to 5 Gy using a 6 MV photon
degree of approach to the baseline state of the dosimeter. THi®am generated by a Varian TrueBeam STx linear accelerator
relationship is particularly relevant for defining the practical (Varian Medical Systems, USA). Irradiations were performed
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in a Solid Water phantom under reference dosimetry condi2.4. Experimental protocol for optical bleaching

tions following the IAEA TRS-398 protocol. The dosime-

ters were positioned at a depth of 5 cm, with 5 cm of SolidThe dosimeters were initially irradiated with a 6 MV photon

Water above and 5 cm below the detectors, at a source-tdveam at the prescribed dose levels. Following the recom-

surface distance (SSD) of 100 cm and using ax100 cn? mendations of AAPM TG-191, all dosimeters were allowed

irradiation field. These conditions ensured accurate and rdgo stabilize for 15 min after irradiation before the initial read-

producible dose delivery throughout the study. out. This delay was kept constant throughout the study. The
After irradiation, the dosimeters were stored under consignal measured after this stabilization period was defined as

trolled lighting conditions to prevent unintended optical ex- I and used as the reference value for normalization.

posure prior to the bleaching process. Subsequently, each dosimeter was subjected to optical ir-
o o radiation in successive 5-minute cycles. After each irradia-
2.3. Optical irradiation system tion interval, the dosimeters were removed from the optical

irradiation system and allowed to stabilize for 15 min be-
Nore readout, following the same procedure adopted for the
initial measurement. The corresponding signal I(t) was then

For the optical bleaching process, LED-based irradiatio
modules were developed. Each module consistedsok &
matrix arrar_lgement of high-power LEDs mounted diva recorded for each cumulative optical irradiation time.
15 cm acrylic base.

) . This optical irradiation—readout sequence (as illustrated
Two independent modules were constructed with central _. : :
. in Fig. 1) was repeated sequentially until a total accumulated
wavelengths of 463 nm and 516 nm, corresponding to the 2" °/ *° . : )
: . |Had|at|on time of 60 minutes was reached, generating a dis-
blue and green spectral regions, respectively. The LEDs use : ) .
. ) . . crete dataset of OSL signal as a function of time.
were commercial 3 W devices connected in series.
To ensure reproducible geometry, laser-cut acrylic posi-
tioning plates were incorporated, allowing precise placemen2.5. OSL signal definition and curve construction
of the dosimeters during optical irradiation.
This configuration provided an approximately uniform Based on the described experimental protocol, the OSL sig-
optical irradiance over the sensitive area of the detecnal I(t) corresponds to the integrated value provided by the
tors. The irradiance at the dosimeter position was estifeader at each measurement interval, wheepresents the

mated to be 587.7 mWwm 2 for the 463 nm module and cumulative optical irradiation time. Each data point repre-

457.7 mWcm™2 for the 516 nm module. sents the mean value obtained from ten dosimeters.
1. New OSLD 2. Initial preparati 3. Baseline readout (I,,) 4. X-ray irradiati 5. Stabilization 6. Initial OSL readout (1)
(no preparation) (bleaching) OSL Reader OSL Reader
(MicroStar) = (MicroStar)

15 min
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463 nm =70 counts Doses evaluated:
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—
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Total optical bleaching time: 60 min (5-min intervals)

I, : Baseline OSL signal measured after the initial
preparation bleaching procedure and prior to
Signal after - Signal after o Final signal irradiation.
5 min (I(s min)) 10 min (I(10 min)) at 60 min (Iigo min)) || o : Initial OSL signal measured after X-ray
irradiation and stabilization.

OSL signal
(arbitrary units)
1(e)

Output

Ib
O Gptical bleaching time, ¢ (min) 50 I(z) : OSL signal measured after a cumulative
optical bleaching time t.

OSLD: Optically Stimulated Luminescence Dosimeter (Al;0,:C nanoDot™) | OSL: Optically Stimulated Luminescence

FIGURE 1. Schematic representation of the experimental protocol used for optical bleaching®f@lnanoDot™ OSL dosimeters under

463 nm and 516 nm irradiatiorT,, denotes the baseline OSL signal measured after the initial preparation bleaching procedure and prior to
irradiation, I, denotes the initial OSL signal measured after X-ray irradiation and stabilizatiod,(anepresents the OSL signal measured

after a cumulative optical bleaching time
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FIGURE 2. Decay of the normalized OSL signal in &Ds:C nanoDot™ dosimeters under optical irradiation at a) 463 nm and b) 516 nm.
The curves show the evolution of the remaining signal as a function of cumulative optical irradiation time for the evaluated dose levels.

The initial signall, was defined as the readout obtained
immediately after irradiation with 6 MV photons and prior to TasLe Il. Normalized residual signal and bleaching efficiency
optical bleaching. The background sigdglwas determined for Al,03:C nanoDof™ dosimeters under optical irradiation at
from non-irradiated dosimeters previously conditioned, es516 nm. Values are reported as meastandard deviation.
tablishing the baseline Ievel of the measurement system. Dose Time 10/ I Efficiency

To compare the evolution of the bleaching process un-

. . o . G i t= SD %

der different experimental conditions, the ratikig)/I, and Sy (min) (mea ) 00)
1(t)/I, were calculated. The former represents the fraction 5 0.1135 =+ 0.0188 88.65
of remaining signal relative to the initial signal, while the lat- ~ 0-25 10 0.0457 & 0.0067 95.43
ter indicates the relationship between the measured signal and 15 0.0279 £ 0.0034 97.21
the baseline level. 5 0.1037 + 0.0024 89.63
Bleaching efficiency was calculated as: 2 10 0.0378 & 0.0003 96.22
o I(t) 15 0.0234 £ 0.0001 97.66
Efficiency(%) = (1 A ) x 100. 5 0.1212 + 0.0224 87.88
These quantities were used to construct normalized decay 5 10 0.0447 £ 0.0026 95.53
curves and comparative tables of residual signal and bleach- 15 0.0276 + 0.0033 97.24

ing efficiency as a function of time and dose.
3. Results

TABLE |. Normalized residual signal and bleaching efficiency
for Al,03:C nanoDot™ dosimeters under optical irradiation at 3.1. Bleaching efficiency
463 nm. Values are reported as melastandard deviation.

Bleaching efficiency, calculated from the ratif(t)/Iy,

Dose Time 1(t)/Io Efficiency . . N
_ shows a clear dependence on the optical irradiation wave-
(Gy) (min) (meant SD) (%) length. The corresponding results are summarized in Tables |
5 0.0226 4+ 0.0087 97.74 and Il.
0.25 10 0.0102 & 0.0013 08.98 For the 463 nm system, bleaching efficiency exceeds 98%
15 0.0070 + 0.0005 9930 within the first 5 minutes of irradiation, in_creasing to val_ues
s 0.0156 £ 0.0039 98.44 between 98.98% and 99.80% at 10—15 minutes, depending on
’ ‘ ' the delivered dose. In contrast, the 516 nm system exhibits
2 10 0.0060 + 0.0014 99.40 lower initial efficiencies, with values ranging from 87.88% to
15 0.0046 £ 0.0008 99.54 89.63% at 5 minutes, and from 95.43% to 97.66% at 10-15
5 0.0102 %+ 0.0015 98.98 minutes.
5 10 0.0036 - 0.0005 99 64 Thesbtla results der?fenstrflte that Fp;ifr?l i(r)rgﬁia@ion Iat 463
15 0.0020 - 0.0002 99.80 nm enables a more efficient removal of the signal com-

pared to 516 nm across all evaluated times.
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FIGURE 3. Evolution of the OSL signall (t), as a function of cumulative optical irradiation time for®;:C nanoDot ™ dosimeters under
optical irradiation at a) 463 nm and b) 516 nm for absorbed doses of 0.25, 2, and 5 Gy. Dashed lines represent monoexponential fits. Inset
show the 2—20 min region.

Furthermore, the variation in efficiency with dose is min- rate between the two irradiation systems.
imal for both wavelengths, indicating that the bleaching pro-

cess remains consistent within the analyzed dose range. The relationship between the residual signal and the sys-

tem baseline, expressed a&)/I,, is summarized in Ta-
ble Ill. For the 463 nm system, this ratio decreases rapidly
with increasing irradiation time. For a dose of 0.25 Gy, the
Figure 3 presents the evolution of the OSL signal in absoratio decreases from 5.86 at 5 minutes to 1.80 at 15 minutes,
lute units (counts) as a function of optical irradiation time for indicating a close approach to the baseline level. Similarly,
both wavelengths. A progressive reduction of the signal ifor a dose of 5 Gy, values decrease from 57.4 at 5 minutes to
observed for all dose levels, with clear differences in decayl1.1 at 15 minutes.

3.2. Background signal and baseline level

TaBLE Ill. Residual signal relative to the baseline fop@k:C nanoDot ™ dosimeters. Baseline values wege= 70 counts at 463 nm and
I, = 57 counts at 516 nm.

A (nm) Dose (Gy) Time (min) 1(t) (counts, mean: SD) 1(t)/ 1
5 410 + 157 5.86

0.25 10 185 + 22 2.64

15 126 + 8 1.80

5 2364 + 589 33.8

463 2 10 905 £ 203 12.9
15 692 £ 116 9.89

5 4012 +£ 556 57.4

5 10 1423 £ 194 20.3

15 777 £ 69 11.1

5 1993 £ 330 35.0

0.25 10 802 £ 117 14.1

15 489 £+ 59 8.59

5 16173.93 £ 1597.43 283.9

516 2 10 6241.60 £ 684.23 109.6
15 3685.93 £ 417.09 64.7

5 24559 £+ 3319 431.1
5 10 9144 + 736 160.5

15 5501 + 463 96.6
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In contrast, the 516 nm system exhibits significantly
higher residual-signal ratios throughout the entire time inter-TasLe V. Monoexponential fitting parameters obtained from nor-
val. Based on the values of the rafi¢¢) /I, summarized in  malized decay curves under optical irradiation at 463 nm.

Table I, the ratio decreases from 35.0 at 5 minutes to 8.59
at 15 minutes for 0.25 Gy, whereas for 5 Gy the correspond-
ing values are 431.1 and 96.6, respectively. These values Gy
indicate that, despite the progressive reduction of the OSL 0.25 1.30+£0.06  0.90 0.00186 £ 0.00105 0.9999
signal shown in Fig. 3, the residual signal remains substan- 0.5 1.22+0.05 0.84 0.00211 £ 0.00082 0.9999
tially above the baseline level, particularly at higher absorbed 1 1174004 081 0.002414+ 0.00054 0.9999
doses. o 2 1174003 081 0.00182+0.00046 0.9999

These result; |nd|qate t.hgt, although both systems reduce 1124003 078 0.00145 L 0.00037 0.9999
the signal over time, irradiation at 463 nm enables a faster
approach to the baseline level, whereas at 516 nm a consid- 5 1.08+003 0.75 0.00065-0.00035 0.9999
erably higher residual signal persists across the entire dose
range. 3.4. Temporal behavior

This behavior suggests differences in the decay dynam-
ics, which can be further quantified through curve fitting andThe shape of the decay curves suggests the presence of mul-

the determination of characteristic parameters such as tHiPle trap populations with different emptying probabilities.
time constant and half-life. The rapid initial decrease in signal is associated with shallow

traps, while the slower decay region indicates the contribu-
tion of deeper or less optically accessible traps.

Dose T t1/2 Residual R?
(min) (min) term

3.3.  Monoexponential fitting and half-life

Monoexponential fitting was performed on the normalized4' Discussion

decay curves shown in Fig. 2, yielding the parametets»,  The results obtained in this work demonstrate a clear de-
and the residual term, as summarized in Tables IV and V.  nendence of the optical bleaching process on the irradiation
For the 463 nm system, the time constant values ranggavelength. Irradiation at 463 nm produced a faster decrease
approximately from 1.07 to 1.30 min, corresponding to half-of the OSL signal than irradiation at 516 nm, as shown by
life values between 0.74 and 0.90 min. In contrast, for thethe normalized curve#(t) /Iy, the bleaching efficiency val-
516 nm system, the time constants are significantly highetes, and the kinetic parameters obtained from monoexponen-
ranging from 2.14 to 2.35 min, with half-life values betweentjal fitting. This behavior indicates that the reduction of the
1.49 and 1.63 min. stored signal is strongly influenced by the photon energy of
This difference indicates that the signal decay process oahe stimulating light.
curs in approximately half the time under 463 nm irradiation ~ From a physical perspective, this wavelength dependence
compared to 516 nm across the entire evaluated dose rangean be associated with the spectral response of optically ac-
The coefficient of determinatiorR?) exceeds 0.99 in all tive traps in AbO3:C. Shorter wavelengths correspond to
cases, indicating an excellent agreement between the monbigher photon energies and therefore increase the probabil-
exponential model and the experimental data. ity of optical release of trapped electrons. This interpretation
These results are consistent with the higher bleaching efS consistent with the general OSL mechanism described for
ficiency and faster approach to the baseline level previouslgM 20s:C, where optical stimulation promotes trapped charge
observed for the 463 nm irradiation. carriers into the conduction band or into recombination path-
ways that produce luminescence [1, 5]. In addition, compar-
ative studies of blue and green stimulation in®@4:C have
reported higher stimulation efficiency in the blue spectral re-
gion, supporting the stronger bleaching effect observed at 463

TABLE IV. Monoexponential fitting parameters obtained from nor-
malized decay curves under optical irradiation at 516 nm.

nm [6].
Dose T t1/2 Residual R? Although the higher bleaching efficiency observed at 463
(Gy) (min) (min) term nm is consistent with the greater photon energy and higher

025 29271012 157 0.010LL00039 09983 optical stlmulat!on efﬂuepcy repprted for blue stimulation in
05 163 0.9984 Al;0O3:C, the difference in irradiance between the two op-

: 2.3540.12 : 0-0088 £ 0.0037 ‘ tical modules must also be considered. The irradiance at the
2.14£0.08 149  0.0119+0.0024  0.9993 dosimeter plane was 587.7 mith~2 for the 463 nm module
2.21+0.09 153 0.0119£0.0027 0.9991 and 457.7 m\wem~2 for the 516 nm module, corresponding
2154+ 0.08 1.49 0.0107 +0.0025 0.9993 to an approximately 28% higher irradiance for the 463 nm
2194025 152  0.0092+0.0081 0.9937 system. Therefore, the observed d_lfferences in bleaching effi-
ciency cannot be attributed exclusively to wavelength effects.

a w N P
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The higher optical power density of the 463 nm module may  This behavior can be interpreted in terms of a distribution
have contributed partially to the faster signal reduction. Nev-of trap depths in AJO5:C. Shallow and optically accessible
ertheless, under the experimental conditions evaluated in thisaps are emptied more rapidly and contribute to the initial
work, the 463 nm system produced consistently shorter timéast decay of the signal, whereas deeper or less optically ac-
constants, lower residual signals, and higher bleaching effieessible traps contribute to the slower residual component.
ciencies than the 516 nm system. Future studies using power- The presence of multiple trapping and recombination
matched optical irradiation conditions would be necessary t@pathways in A}Os:C has been widely discussed in lumines-
separate the relative contributions of wavelength and irradieence models and is consistent with the non-zero residual sig-
ance. nal observed after prolonged optical irradiation [1,4, 10, 11].
The present results demonstrate that optical bleaching Additionally, the persistence of residual signal may also
significantly reduces the residual OSL signal, facilitating thebe related to phototransfer processes. Such behavior has been
practical reuse of nanoDBY! dosimeters within the investi- reported in AbO5:C under infrared stimulation, where multi-
gated dose range. However, the long-term lifespan of the dgple optically stimulated components have been observed, in-
tectors was not directly evaluated in this study. The primarydicating the participation of different trapping states in the lu-
objective of this work was to characterize and compare théninescence response [7]. The existence of multiple trapping
optical bleaching efficiency of AD5:C nanoDot™ dosime- ~ and recombination centers in AD3;:C has been widely dis-
ters under 463 nm and 516 nm irradiation, rather than to assussed in the literature and may contribute to the persistence
sess sensitivity degradation or cumulative effects associateef residual signal after optical bleaching [1,10,11]. However,
with repeated irradiation—bleaching cycles. the specific mechanisms responsible for the residual signal
Therefore, although the proposed bleaching protocol ta0bserved in the present study were not directly investigat(_ed.
cilitates dosimeter reuse by reducing the residual signal, con- Overall, the results suggest that the observed optical
clusions regarding long-term detector lifespan or sensitivityPléaching behavior in AD;:C nanoDot™ dosimeters is
changes cannot be drawn from the present data. Future stuifluénced by the interaction between photon energy, trap-
ies should investigate the effects of repeated irradiation anfleéPth distribution, and the photoionization probability of

bleaching cycles on the long-term performance and stabilitjraPped carriers.
of nanoDofM dosimeters. The shorter wavelength of 463 nm provides more effi-

cient access to optically active trap populations, leading to
faster signal decay, higher bleaching efficiency, and a closer

mately 1.08—1.30 min, were about half of those obtained fmapproach to the baseline level. In contrast, irradiation at 516
516 nm irradiation, a;;proximately 214-2.35 min. This in-"M produces slower bleaching and a higher residual signal,

dicates that the characteristic time scale of trap depopulas—uﬁ’geStIng |.rt1)?ortnplete depopulation of deeper or less opti-
tion is significantly shorter under 463 nm irradiation. Sim- Cally accessible traps.
ilar wavelength-dependent behavior has been reported for
Al;05:C OSL detectors exposed to 6 MV photon beams,5 C ;
. ; o : nclusion
where different bleaching wavelengths produced distinct ef- onciusions

fects on detector response and sensitivity [8]. In this work, the efficiency of the optical bleaching process
An important observation is the weak dependence of thén Al,03:C nanoDot™ dosimeters was evaluated using op-
normalized decay behavior on dose. The overlap of the notical irradiation at 463 nm and 516 nm. The results demon-
malized curves and the relatively stable values ahd?,/,  strate that the irradiation wavelength significantly influences
across the evaluated dose range suggest that the bleachipgth the rate of OSL signal decay and the residual signal level
kinetics are mainly governed by optically induced transitionachieved.
probabilities rather than by the initial population of trapped  |rradiation at 463 nm showed higher bleaching efficiency
charge carriers. This behavior is consistent with continuouscompared to 516 nm, reaching values above 99% within short
wave OSL descriptions, in which the decay curve reflectsrradiation times. This behavior was consistently reflected in
the emptying of optically accessible trap populations undethe normalized curves, in the efficiency values, and in the
a given stimulation condition [1, 4, 5]. I(t)/I, ratio, where a closer approach to the system baseline
The analysis of the ratid(¢)/1I, provides additional in- level was observed, particularly at low doses.
sight into the residual signal. For 463 nm irradiation, the  Kinetic analysis based on monoexponential fitting re-
rapid decrease of this ratio indicates that the residual signalealed that the decay process occurs on a significantly shorter
approaches the baseline level of the reader—dosimeter sysme scale for 463 nm, with half-life values approximately
tem within relatively short irradiation times. In contrast, the two times lower than those obtained for 516 nm. Addition-
higher I(t)/I, values observed for 516 nm, particularly at ally, the kinetic parameters exhibited low dependence on dose
higher doses, suggest that a fraction of the trapped charge resthin the evaluated range, suggesting that the bleaching pro-
mains in levels that are not efficiently emptied under lowercess is primarily governed by optical interaction probability
photon energy stimulation. rather than by the initial population of charge carriers.

The kinetic analysis reinforces this interpretation. The
time constants obtained for 463 nm irradiation, approxi-
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In contrast, irradiation at 516 nm showed a significant ~ Overall, the results confirm that the selection of the opti-
persistence of residual signal, particularly at higher dosesal irradiation wavelength is a determining factor in the opti-
indicating lower efficiency in the emptying of electron traps mization of the bleaching process in OSL dosimeters. These
under these conditions. This effect was evidenced by both thfindings have direct implications for the design of reuse pro-
higher values of (¢) /I, and the longer characteristic times of tocols, enabling a reduction in conditioning times without
the process. compromising the stability of the dosimetric response in clin-

ical applications.
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