Dozymetria luminescencyjna 
W określonych warunkach wzrost liczby elektronów w stanach pułapkowych można przedstawić funkcją 
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gdzie 
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 jest szybkością generacji par elektron-dziura przez promieniowanie jonizujące na jednostkę objętości kryształu. Przyjmując, że średnia praca jonizacji w krysztale wynosi 
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 możemy zapisać 
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 jest mocą dawki promieniowania jonizującego a 
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 gęstością kryształu. Wykorzystując ten związek koncentrację nośników w pułapkach da się powiązać z pochłoniętą dawką 
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Natężenie termoluminescencji 
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zależy poprzez 
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 od pochłoniętej dawki. 

Podobnie natężenie OSL 
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Pomiary luminescencji 
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· fotopowielacz 
[image: image16.wmf]Acrobat Document


· filtry (zablokować niepożądaną luminescencję; zablokować promieniowanie termiczne (TL); zablokować światło stymulujące (OSL)) 

· grzejniki 

· źródła światła stymulacji 
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Metody wyznaczania dawek pochłoniętych 

· systemy komercyjne 
[image: image19.emf]Dokument Microsoft  Word


· metody opracowane dla dozymetrów naturalnych 

· metody wielu porcji 

· metody pojedynczych porcji 

Metody wyznaczania wartości dawki pochłoniętej przez ziarna mineralne (kalibracji naturalnego dozymetru) 
Metody wykorzystujące wiele porcji ziaren 

Podstawowe założenie: wszystkie ziarna pochłonęły taką samą dawkę promieniowania. 

Założenie dodatkowe: wszystkie porcje zawierają taką samą ilość kwarcu i o takiej samej czułości (luminescencja/(dawkę · masę)) η 
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Typowa wielkość jednej porcji: 
· 1 – 10 mg w przypadku ziaren rozmiarach od kilkudziesięciu do kilkuset µm 

· pojedyncza warstwa drobnych ziaren (od kilku do kilkunastu µm) osadzona z zawiesiny na powierzchni dysku o średnicy ok. 1 cm (masa rzędu 1 mg) 
Ziarna mineralne wydzielone z datowanego obiektu dzieli się na części po ok. kilkadziesiąt do kilkuset mg. 
1. Metoda addytywna 

	ziarna wypreparowane z obiektu dzielone są na części

	
	
	
	
	

	nr części 
	0
	1
	2
	3
	j
	m

	
	
	
	
	
	
	

	dawka laboratoryjna 
	
	
[image: image21.wmf]1

D


	
[image: image22.wmf]2

D


	
[image: image23.wmf]3

D


	
[image: image24.wmf]j

D


	
[image: image25.wmf]m

D



	
	
	
	
	
	
	

	oznaczenie części 
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	podział na jednakowe porcje o numerach 
[image: image32.wmf]n

i

K

1

=



	
	
	
	
	
	
	

	
	
	pomiary luminescencji - 
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Do wyników pomiarów SLum(D) dopasowujemy funkcję wzrostu luminescencji, np. w postaci funkcji 
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W tym celu minimalizujemy sumę kwadratów 
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ze względu na wartości parametrów 
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	Założenie metody addytywnej: ziarna były całkowicie wybielone w chwili „zero”. 

Zastosowanie: 

· datowanie TL/OSL ceramiki lub innych obiektów poddanych działaniu wysokiej temperatury w chwili „zero” 

· datowanie ERP, TL/OSL obiektów, w których ziarna minerału tworzą się w chwili „zero” 

· datowanie OSL osadów eolicznych (lessy, wydmy) lub piasków plażowych 




Jeżeli nie jest spełnione założenie dodatkowe, to wyniki pomiarów należy znormalizować wykonując pomiary luminescencji tych samych porcji po pochłonięciu takiej samej dawki promieniowania. 
1. Porcje wybielamy termicznie lub optycznie (o ile wcześniejszy pomiar luminescencji nie doprowadził do pełnego wybielenia). 

2. Porcje o numerach 
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3. Wykonujemy pomiar luminescencji każdej porcji - 
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Unormowany wynik pomiaru 
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2. Metoda całkowitego wybielenia luminescencji ziaren 
Jedną z części zamiast napromieniowywać w laboratorium wybielamy wystawiając na działanie światła przez odpowiednio długi czas. Pomiary luminescencji dają wartość 
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	oznaczenie części 
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	podział na jednakowe porcje 
	
	

	
	
	
	
	
	
	

	
	
	pomiary luminescencji 
	
	

	
	
	
	
	


Funkcja wzrostu może mieć teraz postać: 
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Wartość 
[image: image57.wmf]0

0

TL

A

=

 jest ustalana w pomiarze części 
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	Założenie metody całkowitego wybielenia: 
ziarna osadu były skutecznie wybielone światłem przed depozycją przez długi czas. 
Zastosowanie: 

· datowanie TL osadów eolicznych (lessy, wydmy) lub piasków plażowych 




3. Metoda częściowego wybielenia luminescencji ziaren 
	nr części 
	0
	1
	2
	i
	n

	
	
	
	
	
	

	dawka laboratoryjna 
	
	
[image: image60.wmf]1

D


	
[image: image61.wmf]2

D


	
[image: image62.wmf]i

D


	
[image: image63.wmf]n

D



	oznaczenie części
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	podział na jednakowe porcje 
	

	
	
	
	
	
	

	
	
	pomiary luminescencji 
	


Obserwujemy wzrost luminescencji w części niewybielonej i wybielonej. Jeżeli można założyć, że wybieleniu ulega zawsze ta sama względna część luminescencji, to wzrost można opisać funkcjami: 
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które przecinają się dla wartości 
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	Założenie metody częściowego wybielenia: 
ziarna osadu były jednakowo wybielone światłem przed depozycją przez krótki czas. 
Zastosowanie: 

· datowanie TL osadów 

Uwaga: 

Sposób pomiaru oznacza pośrednie wyznaczenie wzrostu łatwo wybielanej składowej TL i wyznaczenie dawki pochłoniętej jak w metodzie addytywnej. 




4. Metoda odtworzeniowa (odtwarzania linii wzrostu luminescencji) 
Wartość dawki pochłoniętej określa się metodą interpolacji (a nie ekstrapolacji) odtworzonej linii wzrostu luminescencji. 

	oznaczenie części 
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	część zostaje wybielona i napromieniowana dawkami laboratoryjnymi 

	dawka laboratoryjna 
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	podział na jednakowe porcje
	

	
	
	
	
	
	
	

	
	
	pomiary luminescencji
	

	
	
	
	
	


Odtwarzaną linię wzrostu można przedstawić, na przykład, funkcją: 
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	Założenie metody odtworzeniowej: 
wybielenie laboratoryjne nie zmienia czułości ziaren i jest równie skuteczne jak naturalne. 
Zastosowanie: 
· datowanie TL/OSL osadów. 



5. Metoda odtworzeniowo – addytywna 

W tym przypadku pomiary wykonujemy jak w metodzie addytywnej i odtworzeniowej i korygujemy odtworzoną linię wzrostu w przypadku zmiany czułości. 

Dawkę pochłoniętą wyznaczamy dopasowując jednocześnie do wyników pomiarów 
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 funkcję wzrostu luminescencji, np.: 
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Formalnie polega to na minimalizacji sumy kwadratów 
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przez odpowiedni dobór parametrów dopasowania 
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 pozwala uwzględnić zmiany czułości ziaren, a wartość 
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 jest wyznaczaną dawką pochłoniętą. 
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	Założenia metody odtworzeniowo – addytywnej: 

Zastosowanie: 
datowanie TL/OSL osadów. 




6. Test plateau 
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	Przykład wykresu zależności ED od temperatury krzywej jarzenia z charakterystycznym plateau. Zmniejszanie się wartości ED powyżej pewnej temperatury pojawia się w przypadku zbyt krótkiego czasu laboratoryjnego wybielania przy stosowaniu metody odtworzeniowej. 








_1142316595.doc
Dosimetric properties of natural quartz grains extracted from archaeological materials. 


1. Introduction. 


The following topics are covered by the present report:


· the correlation between TL (thermoluminescence) and GLSL (green light stimulated luminescence) sensitivities to the ionising radiation,


· calibration of the beta source used in the studies (5mCi Sr-90 beta source without and with attenuation),


· normalization of the signal intensity measured for different aliquots,


· GLSL response to gamma radiation using multiple aliquot technique,


· GLSL and TL response to beta radiation using single aliquot technique,


· dosimetry using quartz grains extracted from the modern brick. 


· TL & GLSL depth profiles in bricks subjected to laboratory gamma irradiations.


For the all measurements quartz grains extracted from 10 archaeological samples were provided by The Nordic Laboratory for Luminescence Dating, Risoe. The eleventh sample was a sample of quartz produced by Merck and also provided by the NLLD. Below is a complete list of studied samples giving their laboratory numbers, grain size and type of archaeological material they were extracted from.


Table 1.


		No.

		Lab. No.

		Grain size 
[μm]

		Material type



		

		

		

		



		1

		924910

		100-300

		burnt stone



		2

		871301

		100-300

		fired brick



		3

		924447

		100-300

		burnt stone



		4

		923922

		100-300

		burnt clay



		5

		902023

		100-300

		burnt stone



		6

		920501

		100-300

		burnt clay



		7

		920707

		100-300

		burnt stone



		8

		901701

		100-300

		burnt stone



		9

		865010

		100-300

		fired brick



		10

		924101

		100-300

		burnt stone



		11

		-

		100-150

		MERCK



		

		

		

		





Hereafter the samples will be referred to by the No. given in the table above.


Prior to the measurements all the samples underwent IRSL scanning for the presence of feldspar grains. In three cases (samples Nos. 3, 6, 9) the additional HF treatment was necessary to remove traces of feldspatic material.


All the measurements reported were performed using a Risoe TL/OSL reader with two different filter sets for TL and GLSL measurements respectively. TL measurements were made with a blue Corning 7-59 filter. GLSL measurements were made with a green light unit attached and a U-340 filter inserted.


2. TL & GLSL sensitivity correlation in the studied grains.

The following procedure was used to measure the sensitivities of the selected grains. Two 10 mg aliquots of grains from each sample were placed in the Risoe TL/OSL reader and their natural signal erased by TL read out up to 500°C in 60 s. After that they were irradiated within the reader using 5 mCi Sr-90 beta source for 60 s (ca. 240 mGy) and pre-heated at 200°C for 30 s. The induced TL signals were measured during the heating up to 500°C in 60 s and followed by background emission measurements in the same conditions. The induced GLSL signals were measured during 50 s stimulation periods followed by background emission measurements after thermal annealing (i.e. heating up to 500°C in 60 s).


Sensitivities were defined as integrated signals (with background subtracted) between 200-450°C for TL and between 0-50 s for GLSL. Results are presented in Figs. 1a & 1b. Three groups of samples can be distinguished basing on the correlation between their TL & GLSL sensitivities. The first group consists of samples Nos. 2, 9, 10, 11 and shows the lowest GLSL sensitivity. The second group consists of samples Nos. 4, 5, 6, 7, 8 and shows low TL sensitivities. The third group is the smallest, and hence not so clearly distinguished, consisting of two samples (Nos. 1, 3) with very high both TL and GLSL sensitivities. The reason for the differences between the groups can not be stated at this stage of experiments but there are some indications that the high temperature treatment of the grains enhances their sensitivity; the probable difference observed between groups might be caused by different impurities in the crystal lattice or some difference in the thermal treatment procedure.


3. Calibration of the beta source used in the studies.


The weak beta source was installed in the reader for the purpose of these measurements. It was a 5 mCi Sr-90 source mounted in the standard irradiation unit. The beta dose rate was calibrated against the Co-60 gamma source (Bluszcz and Boetter-Jensen, 1993) and found to be 4.0(2) mGy/s. However, this value was too high for measuring low dose response curves with the most sensitive samples. For this particular purpose the source strength was attenuated by placing a 2 mm thick Al disk with 7 holes (0.5 mm diameter) and a 2 mm thick perspex disk in front of the source. The beta dose rate in this geometry was calibrated also against Co-60 gamma source in the Risoe Laboratory. The sample No. 4 was used for calibration. One sub-sample was irradiated with 4.33 mGy gamma dose and three others with different beta doses (20, 40 and 80 s). The GLSL signal was measured in the way described  previously and the results are presented in the Fig. 2. The beta dose rate from the attenuated source is equal to 110(10) μGy/s.


4. Normalization of the signal intensity.


For most of the samples measured signals had low intensities and showed a significant scatter from one aliquot to another. For this reason different approaches to normalization and background subtracting were tested. It was found for both TL and GLSL that background emissions measured from individual cups were not random and therefore the averaging of backgrounds (which results in decreasing of the scatter) was not possible. Instead, individual backgrounds were measured each time and subtracted from total signals. Because the doses for which the measurements were carried out were very small compared to archaeological doses of the samples it was decided that the signal should be normalized using the second glow (or shine) value induced by laboratory irradiation with the dose approximately one order of magnitude higher. For convenience the normalization irradiation was chosen to be 60 s long in every case.


In the Figs. 3a and 3b there are shown examples of the scatter before and after normalization of TL signal integrated over different temperature ranges.


5. GLSL response to gamma radiation using multiple aliquot technique. 


Gamma irradiations were carried out using Co-60 facility in the Risoe Laboratory. Portions of grains were annealed at 500°C to remove their natural signal and then placed in double quartz and aluminium containers to ensure secondary electron equilibrium. Containers were placed in calibrated distance from the source and irradiated for several preset times resulting in absorbed doses ranging from 100 μGy to 4 mGy. GLSL signals from irradiated 10 mg aliquots were recorded in the way described previously. Figures 4, 5 and 6 present results of these measurements for samples Nos. 2, 10 and 4 respectively. In the latter case the high sensitivity sample was used and the results obtained indicate that the lowest detectable dose is below 1 mGy when the technique similar to additive dose procedure is applied. 

6. GLSL and TL response to beta radiation using single aliquot technique 


Prior to the GLSL measurements quartz grains extracted from samples were tested for GLSL sensitivity change caused by subsequent cycles of irradiation, GLSL read out and thermal annealing. For samples Nos. 3 and 4 no such change was detected in 6 cycles with the test dose of 240 mGy.


Beta irradiations were carried out within the Risoe reader using unattenuated (samples Nos. 3 and 4) and attenuated (sample No. 4) 5 mCi beta source. GLSL measurements were performed as previously. The results obtained show very little scatter due to single aliquot technique when no normalization is necessary.


In the Fig. 7 there are three examples (chosen out of 6) of single aliquot growth lines obtained for sample No. 4. Each line was obtained for one 10 mg quartz grain aliquot. One GLSL measurement consists of the following steps:


· irradiation,


· pre-heat at 200°C for 30 s,


· GLSL signal measurement for 50 s,


· annealing by heating up to 500°C in 60 s,


· background signal measurement for 50 s.


It can be estimated that using this technique and high sensitivity quartz grains the dose of 12 mGy can be measured with a precision better than 1%.


The Fig. 8 presents results of similar measurements but for much lower beta doses. The lowest detectable dose in this case can be estimated to be lower than 0.5 mGy.


In the case of TL measurements a small sensitivity change of 1%, with the test dose of 20 mGy, was found for samples Nos. 2 and 3. Figures 9 and 10 show examples of growth lines obtained and similar possibilities in detecting doses in the range below 1 mGy.


7. Dosimetry using quartz grains extracted from the modern brick.


The aim of the experiment was to establish the lowest detectable level of any additional dosage which might result from a nuclear accident, using natural quartz grains extracted from a modern brick. The brick was chosen from the outer wall of the reactor building in Risoe which is some 40 year old. Pure quartz grains (100 - 300 μm) were extracted from the material and the absorbed dose was measured by means of the additive dose technique. The attempt of using TL signal from quartz extracts was unsuccessful due to the large scatter of results and more than 10 times decrease in sensitivity observed in the second glow growth line. Results are presented in Fig. 11a.


It was more successful with GLSL method, though in both cases the quartz sensitivity was very low. The results are presented in Fig. 11b. The scatter of results is also a problem here but it results mostly from the low signal level. The estimated absorbed dose is approximately 200 mGy in a fairly good agreement with expectations based on natural radioactivity.


With this particular brick it should be possible to detect an accidental dose not lower than 200 mGy.


8. TL & GLSL depth profiles in bricks subjected to laboratory gamma irradiations.


The aim of this experiment was to test the possibility of detecting dose distribution with the depth in irradiated brick using unseparated material. Two modern bricks were irradiated with gamma rays from Co-60 and Cs-137 sources. The dose delivered to the surface was estimated to be ...?.


The cores 8 mm diameter and ca. 50 mm long were cut out of the bricks. The cores were then cut into slices 1 mm thick which were used for GLSL and TL measurements. Because only one core was available for each brick GLSL measurements were made first and then remaining TL signal was recorded. As in previous measurements GLSL signal was recorded using a green light unit attached and a U-340 filter inserted. TL measurements were made with a blue Corning 7-59 filter and OSL unit detached.


Results presented in Figs. 12 an 13 show attenuation of the absorbed dose with the depth below the brick surface. Results presented in Fig. 12 are not normalized. In Figs. 13a & 13b both not normalized and normalized results are presented.


Figure captions.
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Fig. 1a. TL vs. GLSL sensitivity for 11 quartz extracts. Both scales are logarithmic.
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Fig. 1b. TL vs. GLSL sensitivity for 11 quartz extracts. The same results as in previous figure but axes are linear and the most sensitive sample (No. 3) is omitted.
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Fig. 2. Calibration of the attenuated 5mCi beta source against Co-60 gamma source. For each irradiation time six 10 mg aliquots were measured. Results for time 0 s are obtained for grains irradiated with 4.33 mGy gamma dose.
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Fig. 3a. TL growth line for the sample No. 2. Circles represent normalized TL signal integrated over 200-300°C range and vertical bars represent standard deviation of results. Crosses represent signal before normalization.
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Fig. 3b. TL growth line for the sample No. 2. Circles represent normalized TL signal integrated over 200-450°C range and vertical bars represent standard deviation of results. Crosses represent signal before normalization.
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Fig. 4. GLSL signal dependence on gamma dose for sample No. 2. Points represent results for individual 10 mg aliquots and vertical bars represent their standard deviation.
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Fig. 5. GLSL signal dependence on gamma dose for sample No. 10. Points represent results for individual 10 mg aliquots and vertical bars represent their standard deviation.
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Fig. 6. GLSL growth line for sample No. 4. Points represent results for individual 10 mg aliquots. The linear function is fitted to the results.
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Fig. 7. Single aliquot GLSL growth lines for sample No. 3. Each plot is made for one 10 mg quartz grain aliquot.
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Fig. 8. Single aliquot GLSL growth lines for sample No. 4. Each plot is made for one 10 mg quartz grain aliquot.
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Fig. 9. Single aliquot TL growth lines for sample No. 2. Each plot is made for one 10 mg quartz grain aliquot.
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Fig. 10. Single aliquot TL growth lines for sample No. 3. Each plot is made for one 10 mg quartz grain aliquot.


Fig. 11a. TL measurement results for quartz extracts from modern brick (ca. 40 year old). Natural signal is presented for 0 mGy beta dose; other points represent results for natural plus beta dose signals. Stars are for first glow TL and crosses are for second glow TL.


Fig. 11b. The same as in Fig. 11a but GLSL signal was recorded. Stars and crosses represent first and second shines respectively.


Fig. 12. Results of GLSL and TL measurements for brick slices cut out from the Co-60 gamma irradiated brick. Signal intensities are not normalized here. TL signal was measured after exposure to the green light.
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Fig. 13a. Results of GLSL measurements for brick slices cut out from the Cs-137 gamma irradiated brick. Signal intensities before and after normalization are shown here.
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Fig. 13b. Results of TL measurements (after exposure to the green light) for brick slices cut out from the Cs-137 gamma irradiated brick. Signal intensities before and after normalization are shown here.


Proposals for the further work:


1. Systematic investigation of retrospective dosimetry capabilities using quartz extracts from a number of selected modern bricks of different origin.


2. Selecting and testing high sensitivity quartz as a possible environmental dosimeter for luminescence dating methods.


3. Investigation of temperature related sensitisation of quartz as a possible way to produce a general purpose dosimeter for environmental monitoring.
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The 9235B is a 52mm (2 ) diameter, end window photomultiplier
with blue-green sensitive bialkali photocathode and 13 high
gain, high stability, SbCs dynodes of linear focused design .
The 9235WB and 9235QB are variants for applications
requiring uv sensitivity.
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high gain
low operating voltage
good SER


52 mm (2 ) photomultiplier
9235B series data sheet


”


characteristics


photocathode: bialkali


dynodes: 13LFSbCs
anode sensitivity in divider A:


dark current at 20 ºC:


afterpulse rate:


pulsed linearity (-5% deviation):


pulse height resolution:


rate effect ( I for g/g=1%):


magnetic field sensitivity:


temperature coefficient
timing:


weight:
maximum ratings:


active diameter mm 48
quantum efficiency at peak % 30
luminous sensitivity µA/lm 80
with CB filter 9 12.5
with CR filter 2


nominal anode sensitivity A/lm 2000
max. rated anode sensitivity A/lm 5000
overall V for nominal A/lm V 1000 1400
overall V for max. rated A/lm V 1100


gain at nominal A/lm x 10 25


dc at nominal A/lm nA 6 50
dc at max. rated A/lm nA 15


dark count rate s 300


afterpulse time window µs 0.1 6.4


divider A mA 30
divider B mA 50


single electron peak to valley ratio 2


the field for which the output
decreases by 50 %


most sensitive direction


: % ºC ± 0.5


single electron rise time ns 3
single electron fwhm ns 5
single electron jitter (fwhm) ns 6
multi electron rise time ns 4
multi electron fwhm ns 6.5
transit time ns 50


g 100


anode current µA 200
cathode current nA 100


gain x 10 63
sensitivity A/lm 5000
temperature °C -30 60


V (k-a) V 2300
V (k-d1) V 300


V (d-d) V 300
ambient pressure (absolute) kPa 202


6


-1


6


(1) (2)


-1


a � µA 20


T x 10
-4


1)


(2)


(


subject to not exceeding max. rated sensitivity subject to not exceeding max rated V(k-a)


unit min typ max


* note that the sidewall of the envelope contains graded seals of high K content
** wavelength range over which quantum efficiency exceeds 1 % of peak


4 window characteristics


spectral range**(nm) 290 - 630 185 - 630 160 - 630
refractive index (n ) 1.49 1.48 1.46


K (ppm) 300 8500 <10
Th (ppb) 250 30 <10
U (ppb) 100 30 <10


d


9235B 9235WB 9235QB*
borosilicate uv glass fused silica


typical spectral response curves5


7 typical voltage gain characteristics
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12 voltage dividers


The standard voltage dividers available for these pmts are
tabulated below:


C679A


C679D


k d d1 2 d11d10d9 d12 d13 a


2R


300V


R


R


R


R


R


R


R


R


R


R


R


R


R = 330 k�


8


A


B


2R


2R
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3R


StandardR
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R


4R


Characteristics contained in this data sheet refer to divider A
unless otherwise.stated


voltage divider distribution
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9235B data sheet
page 2


The 9235B meets the specification given in this data sheet. You
may order by adding a suffix to the type number. You
may also order by adding a suffix to the type number.
You may order product with by
discussing your requirements with us. If your selection option is
for one-off order, then the product will be referred to as 9235A.
For a repeat order, Electron Tubes will give the product a two
digit suffix after the letter B, for example B21. This identifies your
specific requirement.


variants
options


specification options


window variants


options


specification options


9235


W
Q


E


S


M


B
A


Bnn


uv glass
fused silica


electrostatic shielding
see drawing below


electromagnetic shielding
see drawing below


supplied with spectral
response calibration


as given in data sheet
single order to


selected specification
repeat order to
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Our range of B19A sockets, available for this series includes
versions with or without a mounting flange, and versions with
contacts for mounting directly onto printed circuit boards.


‘ic’ indicates an internal connection
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