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Margins of photon counting dynamic range have been determined experimentally for a pho-
tomultiplier tube operating in a setup for pulsed optically stimulated luminescence measurement.
An effect of light exposure on the dark count has been taken into account as an addition limitation
for the upper limit of light flux. The experiments have revealed that the dispersion of individual
dark count readings is weakly affected by light exposure up to 6:10> s~ ,while the mean dark
count is increasing. These results are used for optimizing the measurement procedure for lumines-
cence decay.
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Introduction.The yttrium aluminum perovskite activated by Mn (YAP: Mn) is consid-
ered a promising detector material for passive OSL dosimetry [1,2] using the optically stimu-
lated luminescence excited by short light pulses (P-OSL) for absorbed dose assessment [3].
The successful application of the P-OSL technique requires the development of dedicated in-
strumentation and OSL response readout method, taking into account peculiarities of the detec-
tor material and its OSL glow decay. The OSL of this material is not yet fully studied.The
preliminary experiments have revealed a rather complex behavior of luminescence decay kinet-
ics. Therefore it is necessary to measure the OSL response not only in a wide time scale but
also in a wide dynamic range of light intensity. The latter reaches several orders of magnitude
from the start of the decay process to the end of the time scale of interest (up to 500 s). The
accurate recording of such responses requires an extension of light detection dynamic range for
both high and low light intensities.

The light flux low end of the OSL response is so weak, that even the application of single
photon counting technique requires certain background reduction. The authors have success-
fully applied the synchronous background subtraction to tackle this problem obtaining the
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residual dark count below 20 s ' for the 1 s dwell time and even less for further increase of the
latter [4,5].

From another side, the OSL emission intensity immediately after the excitation pulse in
these experiments exceeded the linear range of photon counting, which is usually less than 10°
s '.The measured photon count deviates from the linear dependence of input flux due to finite
pulse pair resolution in time scale which depends on the photomultiplier tube (PMT) together
with the signal conditioning electronics (amplifier, comparator, counters) and introduces some
dead time into data acquisition process. If the pulse pair resolution parameter t is known, the
count nonlinearity can be corrected by a simple expression [6-8]:

N=M(1 - M), (1)

Where N and M are the real and measured photon counting rate respectively. This expression is
a linearized solution of the following equation [6,8]:

M = Nexp(— Nr). 2)

Expressions (1) and (2) give sufficiently close results for Nt < 0.2 with residual error
within 1...2%[8], which may be comparable with noise spread. The linear response range can
therefore be extended up to about 10" s or even further [6], while using more elaborated
model based on (2).

Unlike the conventional procedure based on the use of a calibrated light source or attenu-
ator, which provides several different light intensities with known ratios [7], we extract the
information on pulse pair resolution from the actually measured experimental data. Therefore a
major complication of the instrumentation is avoided. Our approach for correct determination
of tis based on assumption that the decay behavior of the OSL glow process under study re-
mains the same over the whole sequence of excitation pulses, up to complete bleaching of the
sample. Thus, the decay behavior of the YAP:Mn crystal played a role of calibration tool for
our nonlinearity correction procedure. The procedure itself consisted in determination of the t
parameter for which the spread of normalized decay curves for the first excitation pulses and
the last measured ones is minimize das described in[6].

Although a reasonable extension of the photon count dynamic range of about an order of
magnitude can be achieved by the technique, another issue arises. The exposure of a PMT
photocathode to light increases the dark count. The initial low dark count restores after quite
long period of storage in darkness. Therefore the detection limit for weak light fluxes is af-
fected. The experimental procedure for recording a variable light flux, like the OSL kinetics,
should take into account this effect too. Thus, the goal of this study is the experimental deter-
mination of a reasonable upper limit of light intensity for extension of photon counting dy-
namic range by means of study of influence of a relatively high light flux on the dark count
level as well as the lowest flux detection level being insensitive to mentioned influence.

Experimental. The simplified arrangement of experiment is shown in Fig. 1. The appara-
tus is described in more detail in [5]. The OSL is excited by light pulses with a maximum
wavelength at A=470 nm, generated by the high-power LED 1. Its excitation spectral range is
further narrowed by an optional bandpass filter 2 installed before the sample under study 3.
The electromechanical shutter 4 allows the emission light to pass via another bandpass filter
Sto the detector 6 (Hamamatsu H9305-04 PMT module) only at 1 s long time intervals follow-
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ing the excitation pulses, after a fixed delay of 46 ms. The electronics module contains pulse
preamplifier, amplitude discriminator, counters, as well as the microcontroller, drivers and
USB interface. The dedicated software runs on the PC to set all the parameters of the experi-
ment, start the measurement procedure and record the data.

The measurement procedure for OSL response [6] is modified in respect to one described
in [5] to provide just one excitation pulse before the sequence of 128 time intervals of 1 s dura-
tion each, with repetition period of 3.1 s for response counting. Each 1 s interval is divided by
250 channels of 4 ms duration each, while identical 1 s intervals are provided for dark counts,
accordingly to synchronous subtraction procedure described in [4]. The total duration of this
recording was 397 s. It was considered enough for full elimination of OSL glowing after the
single excitation pulse, at least for samples under study. The duration of each excitat ion pulse
100 ms and the LED current pulse amplitude was constant at 200 mA. The measurement se-
quence for each excitation pulse was started manually. The time interval between subsequent
pulses was kept constant at 7 minutes. Each OSL decay curve was recorded in a separate data
file. The 1 s data intervals were merged together over the common time scale.

o

’ Electronics module ‘

USB
PC

Fig.1. Experimental arrangement for recording the OSL response excited by solitary light pulses.

The samples were the 3?3 mm® polished square cuts of a YAP:Mn single crystal irradi-
ated to different doses from different sources, after annealing at 500 °C for 30 min. The sample
#1 has been irradiated by 30 KeVX-rays to a dose of approximately 2Gy, the #2 one has got 1
Gy dose from a '*’Cs gamma rays source.

Result and Discussion. A sample #1 exhibiting a strong OSL glow with initial light flux
above 2:10* counts per bin (cpb), or >5-10% 'has been measured to determine the photon
count nonlinearity correction at high light intensity. This sample was subjected to 20 subse-
quent solitaryexcitation pulses resulting in a reduction of initial OSL response by factor of
about 2. Only responses for 1%, 10" and 20™ pulses are shown in Fig. 2 to demonstrate a trend.
These response curves were fitted by Becquerel decay function (BDF) (see Fig. 2), known also
as generalized hyperbola [10-12]:

() =a+b(1+cr)y ™ 3)

where a, b, c, d are fitting parameters.

The pulse pair resolution parameter T = 35 ns has been determined using an approach out-
lined in [6] bringing the residual spread of normalized fitted responses to less than 5% (see Fig.
3). Based on this correction, a reasonable upper limit for photon count rate was determined at
5-10% " . This limit results in a residual error of corrected readout under 1%, according to [7,9].
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From the other hand, the mean dark count rate and its fluctuations may be affected by exposing
the photocathode to intense light flux. In fact, certain increase in dark count has been observed
while measuring the above OSL responses of sample #1.
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Fig.2.0SL decay curves for the #1 sample (points) recorded after the 1st, 10th and 20th sequential pulses
together with their fits by mean of Becquerel decay function (3).
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Fig.3. The averaged normalized BDF fit for all of 20 single pulse responses of the #1 sample after nonlin-
earity correction with T= 35 ns. Error bars height is about 5% of the signal value and corresponds to the
standard deviation of the fit points of all 20 decay curves from the average one.

To determine a light intensity less influencing the dark count rate, the further experiments
were carried out on a sample #2, which featured a lower OSL glow intensity. This sample was
subjected to multiple series of excitation pulses providing the PMT to be exposed to light of
lower intensity than that observed at determining the upper limit of photon count.

The dark count rate was first measured immediately after the PMT was energized by bias
voltage. The mean dark count increased slightly after turning the instrument, and then it was
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stabilized during some warm up. Possibly this increase was due to the heat released inside the
PMT module, which also contains the DC/DC converter and voltage divider. The histograms of
dark count readings (128 mean values for 250 bins of 4ms each) recorded after turning the
PMT on and after 20 min. of warm up areshown in Figs.4a and 4b.

Then an irradiated sample of YAP: Mn was inserted into the reader chamber and a large
number of excitation pulses was applied and the OSL responses together with dark counts were
recorded according to experimental procedure [6]. The initial readings of the OSL response at
46ms delay after the end of excitation pulse were in the range of 2000-2500 counts per bin, or
(5-6)-10° s'. The histograms of dark count level for pulses #72 — #199 and #459 — #586 are
shown in Figs. 4c and 4d, respectively.
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Fig.4.Dark count level histograms for 128 subsequent readings of 250 bins of 4 ms each, recorded just
after the PMT has been turned on (a), after 20 minutes of PMT warmup (b), at recording the responsesthe
#2 sample from excitation pulses #72—+#199 (c) and #459-#586 (d). The mean values of counts per bin as

well as their standard deviations are given in the insets.

One can see in Fig. 4 that the dark count level is changing after warm up of the PMT as
well as after a lot of OSL emission pulses illuminating PMT cathode. At the same time the
standard deviation of dark count level is almost the same remaining at 0.06-0.07 cpb, corre-
sponding to 15-18 s™'. Because of the dark count level estimated in the time interval preceding
the OSL signal recording interval is subtracted from response signal in each measurement
period the standard deviation of dark count (but not dark count level) determines the lowest
level of signal which can be detected in described in [4] measurement procedure. It means that
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the dynamic range determined from these experiments spreads from about 15 s to 6:10° s, or
more than 4 orders of magnitude for recording the OSL responses from solitary excitation
pulses. At the same time we cannot exclude that even more high light flux level exceeding
6:10° s can be measured correctly by our OSL system because it needs additional experi-
ments.

Conclusion. The photon count dynamic range in measurements of the YAP: Mn OSL de-
cay kinetics has been found to be weakly affected by dark count increase due to PMT exposure
to the light flux with intensity up to 6:10° s™'. The standard deviation of the dark count which
determines the lowest limit of photon counting dynamic range was quite stable over several
hundreds of excitation pulses applied to the sample, although the mean value of dark count has
increased in the course of experiment. It seems desirable to design the automated measurement
algorithm of the P-OSL reader to prevent the PMT photocathode from receiving the light
fluxes above 6-10° s'.The further studies are necessary to elucidate the sensitivity of PMT dark
count mean rate and fluctuations at higher OSL emission intensity.
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I'panuii nuHAMIYHOTO Aiama3oHy JiKy (OTOHIB BH3HAYEHI EKCIICPUMEHTAIBHO IS BUMIPIO-
BaHHS KIHETHKM BIATyKy 30y/DKEHOI IMIyJbcaMH ONTHYHO CTUMYJIBOBAHOI JIFOMiHECHICHIIIT
(OCHMonpominennx 3paskiB YAP:Mn. fIx ¢doronpuiimau OyB 3acrocoBanmii momyns DEII
HamamatsuH9305-04.HeninilinicTs Ky (OTOHIB BiJf CBITIOBOTO IIOTOKY BHCOKOI IHTEHCUBHOCTI
3a paxyHOK CKiHYEHOTO YacOBOTO PO3JUICHHS IMITyJbCiB Oyjla CKOPHIOBaHAa 3 BUKOPHCTAaHHSIM
4acoBOi KOHCTAaHTH BCTaHOBIICHOI Oe3mocepenHbo 3 AaHMX BHMiproBaHHs kiHetnku OCJI B
YAP:Mn. [lum mMoxHa 320€3MEUNTH BEPXHIO MEXKY JAMHAMIYHOTO Jialla3oHy CBITIOBHX MOTOKIB
10 6m3bKo 5-10°%". OnHak, CBITIOBHIA MOTiK TaKO! {HTEHCHBHOCTI BINIMBAE HA PiBEHb (JOHOBOTO
niky ¢oroniB. [ BU3HaYCHHS NOJATKOBOIO OOMEXKEHHsS JHHAMIYHOTO Jiama3oHy OyB HOCHi-
JOKCHWH BIUTHB CBITJIOBHX MOTOKIB JEII0 MEHIIO! IHTEHCHBHOCT, y mianasoni 10 6:10° ¢!, mpots-
roM BuMiproBaHHsl O61m3pko 600 mociigoBHEX 3anmciB kiHeTnky 3racanHs OCJIL. 3HaiineHo, mo
cepenHe 3HAUCHHs (JOHOBOTO IiKy 3HAXOMTECA B imTepBami Bix 115 — 183 ¢ . IIpudyomy Bomo
3poctae Ha npots3i 20 xB. micis nmogasanHs Hanpyru Ha OEIT npubmmsno Ha 20%, a Takox BHa-
CIIIZIOK OCBITJICHHs (pOTOKATOMy BiMHOCHO iHTeHCHBHUMH immysbcamu OCJI. [TowatkoBe miaBH-
LIIEHHS] TEMHOBOro (pOHY HMOBIPHO BHKJIMKAHE IiIBHLICHHAM TeMIepaTypu (oTokaTomy 3a pa-
xyHok HarpiBy OEIl eneKTpOHHUMH KOMIIOHEHTaMH, LIO 3HAXOIAThCs y Moxyii. Ilpu mpomy
CepeIHbOKBAIPaTUYHE BIIXMIICHHS OKPEMHX Bi[UTIKiB ()OHOBOTO JIiKy, SIKE caMe BH3HA4ae Haii-
MEHIIIi BUMIpIOBaHI 3HAYECHHS CBITJIOBOrO MOTOKY NMPU BUKOPHCTaHHI CHHXPOHHOTO BiIHIMaHHS
doHy, craHoBHTH Big 15 10 18 ¢! Ta c1a60 3aMEKUTH BiJl KCIIO3MII 0 CBITIOBOTO MOTOKY 3 iH-
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TeHcuBHiCTIO 6-10° ¢, BKIIOUHO 3 MepioioM HOYaTKOBOro Iporpiy Moxyns OEII Busnauenuii
3a [IMMH JaHUMH JUHAMIYHHUI Jiana3oH JIiKy (OTOHIB CTaHOBHUTH Oinble 4 mopsiakis. Bpaxosyro-
4i [i pe3yJbTaTH, aJIrOPUTM aBTOMATH30BAHOTO 3YMTYBAHHS BIATYKY y NPOTOTHII 34HTyBaya
OCJI Mae 0GMexKyBATH CBITIOBHIT MOTIK, 10 noTpamse Ha horokatox PEIT g0 npuGmisno 6-10°
¢! 19 yHUKHEHHS BIUTMBY HA HIDKHIO TPAHHMINO THHAMIUHOTO Jiara3’oHy. YTOYHEHHS I[Or0 06-
MEKCHHSI BUMAra€ MOAANIBIIHNX JOCIIHKEHb.
Knrouosi cnosa: nik HOTOHIB, TUHAMIYHUHA Aiana30H, PO3AUIBHICT Map IMITyJIbCIB, QIyKTya-
1ii GpoHOBOrO iKY, ONTHIHO CTUMYJIbOBaHA JfoMiHecteHmis (OCJT).
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