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Thermoluminescence detectors have several character-
istic depending on dose, LET, and other factors. When
using thermoluminescence detector in dosimetry, we
should consider the range of dose and correction factors
sufficiently. On the other hand, glow curve of thermolumi-
nescence detector has much interesting information. The
slow heating rate method provides highly reproducible
glow curves. Thermoluminescence dosimeters still have

potential for many applications.

Keywords: thermoluminescence, glow curve, dosimetry,
dose dependence, LET dependence

1 U

BV (Thermoluminescence) (&, 2 & D oA
THHIN 270 HEAETHICT 2 LIFIEEAL
&<, HOE (Fluorescence) °##)t: (Phosphorescence)
2T O ETHFHMBIR E L THIRARDE, ZD
Ao, Xtk Lo L X —2WEPICER
L, “RICEZINAZ S &EEWL 72 2L ¥ — I Hf)
L7tz ko7, it & LT STy
%, /ANIT, IE ARE 2 SIS IR > e 0 TR R AR
75 & O Ja i 2 B e AR < EER e LCH]
VWHENTWDS, ZOBRIZSD S 350 FRETIC, RA
IVOERITHIS 115 Sir Robert Boyle) 234 4 ¥ € F
% NWUERFE O BT ili o 72 BRI 72 11 % 0l “glimmering
light (T H97%M) " 2FALOBIFILED L3N
T3, ZO¥ADS 290 413 ERE L 72 1953 4E1C

Introduction of the characteristics and applied studies of ther-
moluminescence detector

Kiyomitsu SHiNsHO" (Tokyo Metropolitan University), Yusuke
Kosa (National Institute of Radiological Sciences),

T 116-8551 HHHERRIXHRBA 7-2-10

TEL: 03-3819-1211, FAX: 03-3819-7382,

E-mail: shinsho@tmu.ac.jp

M E R F %1035 (2017)

F. Daniels? 512 & > T U & THEFROMEE LT
Hwoirz, Zo7nr—71%, 3000 P Eb D58k
YVOBAOCREZ TR, ZD 75 % T OBREMER
L7, B, HIZT3ZEDRWEEDETH 228, (F
EAEDHMINET 5 N EYERRD—D L \»w
3. BAOGHIIER L, BOHFRIEERIC X > TER L &
TR IEfLOMEAEN, (MELEIRAE) DEIRTLETH
228, BXU, XK & U CEVERIH L TREIR
RE~ L C M D SZ BT O U R g & B
FHE, PR R MR A R 1 (R EL A YR
HTHEW0.1°Cs™) HIET 2 2 LT, FrEDHHE
BTE R AICHEZF > TWwa, ZOMETFEICE>
T, BT 5% { OEMEN DR Of R LHVE ISR T
RIS CE 2006 TH B, SllIE, 0
Rl 2 R 12 X 2 IS HPEZE I 2w Tw D2
XY

2 ENVEEODRIE & —RRIN RS
2.1 EFEHDRIE

Figure 1 IZ = 3 )L F — NV FETHUIC X % B0 H
F2RY, X GO TL FIcissns &
fEmIcHREF L EL2EE SIS (©). Zo0E
EEALIRE TR BRSSP L 72 A2 I S, =i
THELIERIRFE L 0 2, SN TWVRETD, 2 X
Rz mBIc X D HOHMETF L 40, IEfLEHRAT
%, COMEARFORE L )L X —2SBEDE E L TR
Hanz (@). OCERIN2ETFLIELIERE I
TR D BB 2 72 o, QO THUH S 42 Bt
b AR ISR O RICHBIT 5. ZoRtEz R LT
FEBEIEDMTHN T 5,

22 J0O—@hig

BAOGOME X, WE e — itz e T 5,
BEADBICHE T 2 —EDATMETMAL L ED
BAOER IRIE & 2 O IEICE 1T 2 Bt R o Bk
ZRLIODTH S, 7 v — ko B 2 BRI,

13



BIF 3¢, 515

Conduction band

0 /®

H s—Cm—

| )

Valence band

Figure 1. Energy level scheme of thermolumi-

nescence®. (E; electron trap, H; hole trap, TL;

Thermoluminescence)
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Figure 2. Glow curve by Randall and Wilkins
model (First order).
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Table 1. Characteristics of commercial thermoluminescence dosimeters®.
Element Effective Relative intensity | Aneeling method Linearity Fading
atomic number (®°Co-v ray) (®°Co-v ray)
Li,B407:Cu 7.3 0.8 Infrared flash 10 Gy 10 %/month
(National)
BeO: Na 7.9 0.7 450 °C 60 min 0.25 Gy 9 %/month
(National)
BeO: Na, Li 7.9 0.7 450 °C 60 min 1.8 Gy 9 %/month
(National)
LiF 8.2 1 400 °C 60 min 4 Gy 5 %/year
(Harshaw)
MgB,O7: Tb 8.4 500 °C 15 min 9 Gy
(kasei-optonix)
Mg,SiOq4: Tb 11.4 22 500 °C 20 min 0.9 Gy
(kasei-optonix)
CaSOy4: Tm 15.4 17 400 °C 5 min 0.9 Gy 1 %/month
(National)
CaF,: Dy 16.3 7 %/2 week
(Harshaw)
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Figure 3. Dose response curve for X-ray in-

duced TL phosphor Al,O5:Cr.
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Figure 4. Dose dependent glow curves of

BeO:Na TL phosphor BeO:Na.
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Figure 5. Dependence of LET on relative TL
response per unit dose to several phosphors irra-
diated with carbon ion beam.
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Figure 6. Dependence of LET on relative TL
response per unit dose to Li3B;0,,:Cu phosphor
irradiated with proton and carbon ion beams.
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Figure 7. Relative TL response per unit dose
to Al,O3 TL phosphor irradiated with several
charged particle beams (H, He, C, Ne and Ar).

ma R AL F



RELIREF OFEFE C ICAMFT OB

8 1 T T
° Li;B,0,, . . .
e IC ]
2 6 |----- Geant4 'oéo\ ] 7
é 5 ,OZA% \\\ o "
= 4 _o- -7 R K l.
PR T
2 2 e e
E 160 162 164 166 168 170 o' ,b
] . !
~ 2 I proton 160 MeV _,_s"' E
i A P i
»
0 i i " i 1 i i " i 1 i i i i 1 i 1108 i
0 50 100 150 200
Water Equivalent Depth [mm)]
Figure 8. Comparative plots of relative dose

distribution of proton beam against water equiv-
alent depth, measured with Li;B;0,,:Cu TL
phosphor and with an ionization chamber (IC).
A dotted curve denotes a simulation result with
Geant4.

FROFEMHIC X D ORI T ORIEN AR E B AR D
ZEbh B, —FT, BEADLEDOREES Z D Glow
E— 7R EOMWE L LT, @\ LET SR 16
L THOGRIFE O T OREIV NI W OIWE ST W»
%® . Figure 7 IZhk% 2 R F#RI2%T 9 % AlL,O3 (Chiba
Ceramic Mfg. CO, Ltd. A8) D X A ¥ ¥ — 7 K53 DA
WEZRT. $0.5keV/um 5> 5% 100 keV/um £ TD
HiPHCTHOCIERDZALD10 % AT TH B Z L b
%, 230 DRSS 2 BB R O HOERIE O 2
fbtz~A4 270 R A Yy 22T V2L CHW
L&) ELE#HELH D TRIHI NN,

6 NI TFHCAERANDIGRE

6.1 RFIRARICE T HREDTAEDEER &
BAEIREFTONE

BIFE, Bor-ino i k% T\ 7B B ED &
NTED, BEE~OMEEPEE L, EEHE~D
HEDUNS O EEOIBREIEBRE ST, #
UI7iB %2179 7o O ICBE~DRE 21T 9 Bk 4 7%
TR X DBELZOOMOMEIfTON TS, Z
D & 9 RO R ENE T B RS ER M X
NDENRINEZL>TV 5, BEEFBEST IS
WEICX D BEZIET 2 2 EBHRETH 2238, fE
DA RPET 27201213V OO ELRH S, 1D
DEMEFERR R 2 W COHlEHIPH 2 £ & T % kT

%103 5 (2017)

8 T T T
© Li;B,0;,
2 * IC
& 6} ; ]
PO Geant4 i
2 r:
~ H
2 S
= 2 | Carbon 290 MeV/u .0‘.' .
5'2 e ég
----------------- g8 0 © i
0 PP TP TP o - S skttt T2
0 50 100 150 200

Water Equivalent Depth [mm]

Figure 9. Comparative plots of relative dose
distribution of carbon ion beam against water
equivalent depth, measured with Liz;B;01,:Cu
TL phosphor and with an ionization chamber
(IC). A dotted curve denotes a simulation result
with Geant4.
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Figure 10. Change curve of

Li3B70;,:Cu phosphor irradiated with car-

in  glow

bon ion beam of varying LET.
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Figure 11. LET dependence of the ratio
(HTRy,) between HTRs of Li3B;0;,:Cu irradi-
ated with carbon ion beam and with gamma ray.

T/ u—ifEEYT 5 &, MEROKRETHH &
Vo4 DEREH2 I EXTE S, H oS
NTV 2 BEDEIEGH R E 2 7% C DIEHEICD
WTHBEMEZ IO TV 5.

(& F X 80

1) R. Boyle, Experiments and Considerations Touching
Colours, Royal Society, 413 (1664).

2) F Daniels, C. A. Boyd, D. F. Saunders, Science, 117
(1953) 343.

3) BIEEE, BVEOLIRIC X 2R A 2 =2 v 7,
7747 VA, 24 (2013) 26.

4) J. T. Randall, M. H. F. Wilkins, Proc. Roy. Soc., A184
(1945) 366.

5) HARBREY A 2 AR BRI B 1 2 Wk
IS i D BEHE I 7 v (BEHEM 275 01), @ R 2E £
74t (2002).

6) P. Christensen, L. Botter-Jensen, B. Majborn, Appl.
Radiat. Isot., 33 (1982) 1035.

7) T. Berger, M. Hajek, Radiat. Meas., 43 (2008) 126.

8) Y. Koba, W. Chang, K. Shinsho, S. Yanagisawa, G.
Wakabayashi, K. Matsumoto, H. Ushiba, T. Ando,
Sensor. Mater., 28 (2016) 882.

9) P. Olko, Radiat. Meas., 41 (2007) S57.

10) P. Olko, P. Bilski, W. Gieszczyk, L. Grzanka, B.
Obryk, Radiat. Meas., 46 (2011) 1349.

11) Y. S. Hrowitz, O. Avila, M. Rodriguez-Villafuerte,
Nucl. Instrum. Meth. B, 184 (2001) 85.

12) K. Shinsho, Y. Kawaji, S. Yanagisawa, K. Otsubo,

ma R AL F



RELIREF OFEFE C ICAMFT OB

Y. Koba, G. Wakabayashi, K. Matsumoto, H. Ushiba,
Appl. Radiat. Isot., 111 (2016) 117.

13) T. Berger, M. Hajek, M. Fugger, N. Vana, Radiat. Prot.
Dosim., 120 (2006) 361.

14) P. Bilski, Radiat. Meas., 45 (2010) 42.

15) P. Bilski, M. Sadel, J. Swakon, A. Weber, Radiat.
Meas., 71 (2014) 39.

16) W. Chang, Y. Koba, S. Fukuda, G. Wakabayashi, H.
Saitoh, K. Shinsho, J. Nucl. Sci. Technol., 53 (2016)
2028.

E E BB

BEIF 35 0 PR 18 4 SLBOR A HAII L RHE A H K
LB E T L (FY) WS, P18 4F
SRR PHER IS 2 v 8 — R AN R R I 0L
7 i —, PR 21 A AR TR AL R
FRAERE B, EERRE R EOR B AR AR 7E

%103 5 (2017)

BF B KRR A Bh, K 24 4 EERRSA AU (AR
FRAESA R AR B (BRI %), EHHERKR
SERHURAEBE N ERERHATTIERE OB BRI 2
B (BEIicwi22), B s, BORREHI,
R a7,

B BN PR 22 UM RER BB AN = 2O
¥—B LrER LIRS RS T L (T9)
S, PR 22 4 BURHREE AR A EZeaT B TR R
vy — EE, P26 F R RRE AR AT AT B
BRAZCHIFE 7 ey = 7 b W E, PR 27 4 HHELKR
M FEMERRE (BEICW5), K28 E BT
Fher BT 0 G FE MRS RO AR A R A I AT T
PirgEmsiat v ¥ — (BfEICW2), &M EEy
P, ORI, RREGETAN, Bk Y a¥ v, X
V7.

19



