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Introduction

e Dose equivalent:

H=8H,=8D" 0
e NCRP 142, 2002 Recommendation 11:

H =0Dugpmp t (Q(L) Dpyrp (L) dL

. N

LET £ 10 keV/nm; Q = 1 LET 2 10 keV/nm: Q = Q(L)

Evaluate the potential of OSL from Al,O,:C

for dose determinations in low-LET region
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Experimental details

Material: Luxel™ (Al,O5:C powder in polycarbonate film); ALO;:C chips
HIMAC irradiations (ICCHIBAN 4)

e ‘Known-ion’ exposures: ‘He, 12C, 20Ne, 8Si, 6Fe; energies of 600 MeV
— 2.8 GeV; doses of 1, 10, 50 and 100 mGy

e ‘Unknown-ion’ exposures: single and mixed field ions

Space Irradiations

e MESSAGE 2 (10 days) and MOBILIZATION (11 days) & BRADOS
(91.5 days)

OSL measurements

e The experiments were performed in CW-OSL mode using a Risg
TL/OSL-DA-15 reader

e Stimulating light: green diodes (525nm), U-340 filters
e OSL signal: Integral OSL (300 s) and Initial Intensity (3 s)
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Known radiation fields: Efficiency vs LET

e We measure “equivalent” gamma dose D, from the OSL signal
e Absorbed dose is obtained by correcting D, by efficiency ?
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Unknown mixed radiation fields

o o Dgl‘
e Absorbed dose D= D, =g ” ’
® 1,0 _ 0
But we measure Dg — a Dg,i = a h.D,
Question:
e Can we calculate a ‘mean’ D= D,

efficiency, such that: h
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To calculate a "mean” efficiency:

What parameters of the OSL decay curve depend on LET ?

(1) R- Ratio:
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curves t =t,/t,



" A
Estimation of the ‘mean’ efficiency’ by R- ratio
method
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Estimation of the ‘mean’ efficiency’ by t - ratio

method
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Results I: Absorbed dose

Y Ly Measured | Integral OSL | Integral OSL | Actual
UneI;np(:)“s,Er:eon dose (mGy) (mGy) dose

(mGy) R-method t — method (mGy)
Unknown #1 31.0+ 0.2 29.2 £ 0.3 28.5+ 0.3 27.8
Unknown #2 26.2+0.0 | 26.0+0.1 25.3 + 0.4 25.0
Unknown #3 13.4+ 0.0 12.6+ 0.1 12.5+ 0.2 12.6
Unknown #4 8.4+0.1 8.7+0.3 11.2+ 1.0 10.2
Unknown #8 20.8+ 0.2 24.8 = 0.7 25.4+ 1.3 25.0

Example results from ICCHIBAN 4

(doses to water, using “blind” identities revealed by Benton)
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Results II: Dose equivalent

Dose Corrected dose
‘Unknown-ion’ exposure | equivalentH equivalent

(Sv) t— method
Unknown #1 27.8 28.5+ 0.3
Unknown #2 25.0 25.3+ 04
Unknown #3 20.4 12.5+ 0.2
Unknown #4 64.9 35.7+1.0
Unknown #8 33.0 254+ 1.3
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Results IIT: MESSAGE & MOBILIZATION
Multiple TLD/OSLD types: Example data

ISS —7 (containers)

Dose rate (nGy/d)
Al,O5:C (OSL) 162+ 3
Al,O5:C (OSL) 165 £ 2
"LiF:Mg,Ti (TL) 194 + 17
’LiF:Mg,Cu,P (TL) 154 £ 4
LiF:Mg,Cu,P (TL) 154 + 12
Al,O5:C (TL) 178 + 14

7LiF:Mg,Ti (TL) > AlL,O4:C (TL) > Al,O5:C (OSL) > “LiF:Mg,Cu,P (TL)
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Results III: MESSAGE & MOBILIZATION (cont.)

Efficiencies
LET

. . . Al,05:C Al,0,:C

keV/ium]  LiF:Mg,Cu,P "LiF:Mgq,Ti S it
NE::m. #al&e g g (OSLD) (TLD)
2.26 0.78 1.12 0.83 0.89
10.8 0.51 0.92 0.53 0.56
55.5 0.32 0.55 0.33 0.37
189 0.29 0.45 0.3 0.32

Same ordering:

7LiF:Mg,Ti (TL) > AlL,O4:C (TL) > Al,O5:C (OSL) > “LiF:Mg,Cu,P (TL)

PNTD data show that >95% of the OSL/TL signal
from low-LET
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Results IV: BRADOS
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Results IV: BRADQOS (cont.)

ALO,:C - OSL LiF:Mg,Ti - TL
Layer ‘Corrected’ Layer ‘Corrected’
(detector #) dose (mGy) (detector #) dose (mGy)
R-method HTR-method
#1 18.6+1.0 #1 227+£0.5
#2 16614 #2 222+0.6
#3 170+ 2.8 #3 22.3+0.4
#4 159+49 #4 20.7+£0.5
#5 18.5+1.7 #5 21.0+0.9
#6 16.1+0.4 #6 20.5+0.9
#7 17.0+£1.0 #7 19.9+11
#8 149+ 0.7 #8 19.9+ 0.1
#9 152+1.9 #9 19.8+04

Weighted average LET =0.8+0.1 Weighted average LET =2.5+0.1



Conclusions

® OSL (and TL) measure primarily the low-LET component.

o Differences in evaluated doses are primarily due to differences in low-
LET efficiencies, rather than high-LET efficiencies.

e The OSL signal from Al,O5:C using both R-Ratio method and t -Ratio
method can be used with good accuracy to estimate the absorbed dse
for: (@) unknown low-LET single radiation fields, and (b) unknown
mixed radiation fields with a strong low-LET component and a weak
high-LET component.

e For increased high-LET contribution to the incident radiation field, the
errors in estimating both the absorbed dose and (especially) dose
equivalent increase.
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