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% E Fhamaii  BRZFHEAMHAMBELELETHES
A BB THEE THRRENS RN ARETHRBZ TR
B4 2 B EA o B8 B| Z 3 (thermoluminescent dosimeter, TLD)
JER B S E B AT HEBAGEL » 750 A28 L2 4%
KRBT EELLRRBA TN ARIEFREAEZ > AMEERRE
& R B 4 66 F 4% (linear energy transfer , LET))Z 3F4& ©

HEFRAEFREHBE AR ZH > AL ZBERGHE D
BB 78 e E & T A 5Btk (high-temperature ratio, HTR) » 3 ) ¥
# EAXIE/F 42 HTR #= LET X Bflf4 {5 A =48 82 44 12 KR 88 09 B8R
FRARE B ZREA TLD > B4RV ABEARXMAZAZERE
4 OCo v HH &R 6-MV L+ Rfv kR L& BT 190-MeV H T R °
%A F 4~ BAE X TOPAS (MR 3.0.1) #i#t LET @M RE %16
4o R A BB E 3 (LIF-Mg, T E =438 + R Al 3F4 LET &
#EA1ZE10keV/um - LET Bl E A 4T Btbid § F R348
AR IR L OCo 1 B T 47 3% 6 MV 89 X 5] AL ) 288 358 M B
BOASR HR RSB BRBBEEEN ST A EH MR BN X &
RIEBREAGA D AR BREMEERIKNG > BBRFTETORE

LR FEIFTLD RMERYE Fa ey Bl =t LT A% LET B X o



Abstract

With the leap of proton therapy, the evaluation of the corresponding
linear energy transfer (LET) began to pay a lot of attention. The reason is
that the relative biological effects (RBE) becomes important in the
proton therapy, and the LET is one of the parameters related to RBE.
Thermoluminescence dosimeters (TLD) are used in the radiation therapy
dose assessment, especially in-vivo dose assessment, for a long time. The
integrated thermoluminescence signal is proportional to the amount of
radiation dose. However, it can still be extended the application to assess
the LET. In the previous (2017) project, we have evaluated the average
value of the linear energy transfer by analyzing the high temperature
ratio in the high temperature region of the glow curve. However, the

LET calibration model was established by the scientific literature.

The ratio of the integral thermoluminescent intensities at the specified
high-temperature region induced by a proton beam and a photon beam is
denoted as the high-temperature ratio (HTR). The relationship between
HTR and LET was determined. The TLDs were irradiated with the same
dose at several depths of a water phantom using three types of radiation:
a %Co gamma source at the National Measurement Laboratory of the
Institute of Nuclear Energy Research, a 6-MV photon beam, and a
190-MeV proton beam at the Chang Gung Memorial Hospital. The LET
values varied with depths were simulated using a Monte Carlo code,
TOPAS (version 3.0.1). The LET values range from 1 to 10 keV/um as
estimating using LiF:Mg,Ti for a proton beam. The LET measurement
system has been developed using comparing TL signals caused by
proton beams with those by °Co gamma rays or 6-MV X rays. It is more

convenient to build the system with Linac X rays for most hospital-based
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medical facilities. Therefore, TLDs can be not only dosimeters but also

LET detectors in proton therapeutic sites.
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#3556 % & 3+ (thermoluminescent dosimeter, TLD)®T F 7 i8] & #3
SHEIE > T AF A EHERRIRE S AR RS B F A o F e
# TLD BT B3k $hHE % # 42 (glow curve) > BP#E 5633 IE v 208 E 64
Ao — MR TLD BFANEIZRE - AME TLD X 2| R F &
SHuHOHRBHET  LRUKARSELAEARFNAREZHS
(linear energy transfer, LET)&9 4% & > #§ TLD £ 45 & Au 245 X F 3+ 3%
AT A AT B LET # A8 7K Bl A o th 694 b dh 47 > i 32 A
TRANHAERBRE TS E > EMFEFHERESHEL > UK
a4ty THY LB TEE) cRATHAKEEEBTELL BAE
LHEBERRERTE TLD mB/EB A% &3 B LRt E
MRS ARRX  FIAEREA S EREG S E 0 T EH TR
BT Bl UG FH AR TSRS > BRpTEANMITE
TR ° ' JRAEAF R ] LET #9844 - Mz 4% HTR ¥ LET Z A E
Blfh > NG RHREEAN T EAEEGmR I X EHR > Bt
BAFEUAX RBHIARE SN T B GRS 0 B8 R#HFI1F4
T4 LET $1REATARE » B b RIFE AT E F6 535 M 09 5 R AR
ERFHFBERRZEA > AURIERIT A P TR NH
B Bl & F BRARE M AL B AR IR E 1P # R 69 LET »

AEiE A ©4n LET AY3RIR © 3bi2 > A A LB B3t R AR TRE
T R4 > SAFRIE A 49 HTR @ BAF 8 2 ] 69 BB M L2 R A&
By o & i% 0 BCAERAR T A X BAHEM - R ETRAE
FHEHTR HEEAZETHHAKEERRIRA4 HERR
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BT EBARRERHIERRBATRAERE © Sk FEHK3
AR ERBA TR AW AT RS PP R R BB 44y
TRMERAE QAN T ATFRAL R B LTS
BERAEEBRHB AL ARHBE @AM Q)BITE FEhRA
GBS RE B ¢ ST HE U6 B B IR BE P9 64 BB IR L S AT AR R B
R EHEREERHLIE S DIRERE FERZIE
BAETHBE L LAAIBERER -

Far

pung

N

= XRRE B
(—) AT ERRAKEERS
B o6 ey M g6 st A B B 0F > sUs R E AT

5



B b oY 4 32 B & (physical dose) T LA A8 A 4 3K JE (relative
biological effectiveness, RBE) AR 3t & 4 47 % & (biological dose) °
A8 # A& M7 3% (relative biological effectiveness, RBE)&F » B AT &
2% % 7% RBE % % # 1.1(Paganetti, 2016) * 2R M i& BB 3% 2
-7 RBE &% 4 TR EF M &) 4¢ % 7R (depth) $2 18] &) 2B B
(distance)™m 41t » BH L AT B A MBIE L MBI & 50
B AT A 4k S BEHT 72 (Fager et al., 2015)E 34 RBE #1t&y
% > FEMNe& £ % ¥ (Giantsoudi et al., 2016) ° # A

I.1°

Sagittal difference: Variable -
2 Constant RBEw-Dose

, - R
1.1 “RBE ity M E EnHE () BB E0WE > RBE
R FE 1L~ (b) HaFEEHWHE  RBEMERAEE -~ (c) Hmdmhy
BlEz£RE -~ fo(d)xKmeyH = £ F B - (Giantsoudi et al., 2016)

AR EHE BT RBE 89 %19 & 4 A 2 9 #% (linear



energy transfer, LET) ~ 4 4 41 8k #8 A! A& Bl (Paganetti, 2014;
Paganetti et al., 2002) > B b3k ¥ A —# % (McNamara et al.,
2015 &4 70 B MW E F RBE 9 E B3R Z B E T
RBE & FRAIEA - E R B AT AHLATIRE &2 ®eyE F RBE
ThEF U EF e > M RBE BRIMA RSB LSHE
BE LET - A MEAH(W/PLE)E » B+ o/pLbEL A
MBS ST L O TARIEA T U 5 2] RBE
k&% LET 893% hu 38 o ~ FE % o/B HLAE 8938 ho ik o
LET Etb# RBE > B LET #yig H & B4 Bk £ M E
% Bkt EeREICTHER LET RELZA DB =
& % %% (Bassler et al., 2010; Grassberger et al., 2011) °

seIh 0 H T8k & 48 B AR B M (target volume)Z fh i mg R
LR EE SRR TRER G E TSR > b H &
A BE 4 B AE R AT S B B = ROk T PR 1% R 89 (Clasie et al.,
2010)° S F B KB FTREA KT - P FREMERT -
R SLBREFSh ey LET 47448 - RFAE = A M > M BEFIN
) LET 3P RA4ELAH » Wit A At AT B B0 518
#| £ (equivalent dose, Hr) °

EFULEHER HTHRAT RIS LET FRAR
BEFROAMB EMRIFISTHEBEZ - B AT 5 B
AR RZWF BT E L34 LET ((Bassler et al,, 2010;
Grassberger and Paganetti, 2011) > & E ZF KA € > AT A
# B X B FE 18 A 35 CR-39 B Z % #t(Sahoo et al., 2016) 3k 245

# %] & 3t (thermoluminescent dosimeter, TLD) (Granville and
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Sawakuchi, 2015) -

(=) 2B AEBEHRAREETES

BB EANBARZNRNEERCA BHRAM
MBENS RTTRAELTFHEZNRAEL > FTHNSE
T 69 %8 51 B 2 3F4F L (Yasuda, 1999)° 2R M 4T i 288 A B =
3t fE B A A 2L B & £ (microdosimetry) 7T 38 #4 2] 1980 F4X,
(Horowitz, 1981) » £+ & 3% & #0485 6 3R R S B & 2 6932 s
A 7y BB 2] LS (LIF) A AR S0 A L2 e 4
#| & 2 3148 4 M (supralinearity) 89 B 14 - {28 SR H 33 31 R oy 32
WERKTHA - B AAMOARHAE S mETERT
(heavy charge particle, HCP)#494& 877t K (track shape) o473
% TLD-100 #4 A8 42 1% & J& (Rodriguez-Villafuerte and Brandan,
1999) > M T EH AR ERHER B GME 24 L
(Yasuda, 1999) 2 3 & 77 T 35 F 69 $8 4% &b & s LET(Noll
et al., 2000) °

(2) BREAMEH KR H R T X
FFE] LET e9#25t BT A LR 230 > BHAE s T
SAERE D FERESEE  FAE 12 XTEERGOMELEY
BARMFE LET mEit > TRANE M4 - BREMEL S
S ek LET Mm%/t > BT A A LET ##4 ° Vana £ A
(Vana et al., 1996)#¢ 1 1 A A ALEE & 5] 69 228 X B = 3t
(LiF:Mg,Ti, %% TLD-100/600/700)> 1% Fi #% 5t dh 4% 4 % 8 &
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T EEETFa)@AMAL (HTR) > & HTR £ 4 LET X B f4
(Yasuda, 1999) > B 1.3 @& =T A A HTR R3F4E-F 3489
LET » sk’ 4 A& & & tb (high temperature ratio, HTR) 7 7%
(Yasuda and Fujitaka, 2000) & FE J& A 7> K Z ¥ 6982 4 Bl =
3458 LET $#4%(Vana et al., 1996) » LET ¥ A bA3 B 2 4 15
ARG T E RS A B T M T SRR R 4 B R A 6 1B
#| 2 (dose equivalent) (Yasuda, 2001) ° i 1% #k B BX K % 36 %
18 ) & 3744 049 J& A (Berger et al., 2002) °

4000 | T / ‘ 8.0

3000

— 11.26 keV/um
—— 8.8 keV/pm
/,— 8.12 keV/pm
/r— 6.51 keV/pm
) — 5.43 keV/pm

*  *UF (MLD-800)
* 7uF (MD-700)
1.0
' ()

T T
100 200 300 00Rs 100 100.0
Temperature [°C] LET_ in water [keV um''}

1.2~ R ALSZAE e eh 42 LET 1.3~ E ks LET &) B 4

fud
o

/

2000 -

1000 -

3
Ratio of 1, 101, of '*"Cs-y-equivainet

TL-intensity, normalized [arb.u.]

% 1t(Noll et al., 2000) (Yasuda, 1999)

RTREMNBEHERRA L AL A BT E
FHERMED AR FRAMAREST > FHSE ML
AR A B RS SEH L AUGHE RGBS T 8-
¥ LET ° Noll FAMZERNE FRHAT > ZIrGHabd
A8 H A& M3k e 2 A48 B P (Noll et al., 2000) 5 75 =T J& A 7k T 3



4t (Massillon-JL et al., 2007; 2006; Rodriguez-Villafuerte et al.,
20006) -

(W) ATEA &R

ATEART R (ARBA 48, 2017)E 106 £t EE P R mAE L
BlE 3B 2 %R E > TEBAREETEL L 2 L0032 H
BA R TFEBOARETEENE  LRRBFERA ZH
WA - BN F R EBUFER R AT 09 8 TR 2 B
ST R G 0 Rk A RBA RN - 4235 89 R
i HUREAFAEINERAETBEIFILALATITN -

2 TR B48 4 AEHE ) HTR #2 LET Bt > B sbar 85t
KR LEE N T 0 B S s AF B tb e 2 ¥ B 2] LET 3745 4
B BHEER EAER 0 &5oN T 09w B ST B AT ER R B SRR ©
b BTzt RATHER A ik 59 X ABAK
X+ e HHE > RILRKFEYBRLTA S BITEL HTR
#LET ZRif4 > B4R B A AL E X LBHEReHEL
Bl 23T 69 AE KGN AL B A > TR R TR A By S5 -
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N>~ HARFERBR

— ~ BT R K BB

BERFAABE LB EN AL AL TS ERN A %00 E
B R E AR GT AT BRI B 2.1 Ao o
RAREEERSARRI S F -y BRE AR 230K
@4 (1) TLD®K ~ B4~ a4 Rt i/ &
S5#5(2) TLD 2 & BL 1 (reproducibility) $2 & 82 14 iE & F(element
correction coefficient, ECC)&93F4& : (3)F = R E3FE A F ER
iE (4)LET REZAA TLD Z3 LET Z R 4 4 ©
B3R A A RERE > BPEATE FRAGERRE B 0 B
#]F 190 MeV SOBP & F 4t & B8 4% KM £ R BAF B Br 2 LET #
B AR PTAFHLE R A & o

/ LET Measurement System \

Anncaling

—‘[ Procedure ]— ——[ Reading
—‘[ Reproducibility ] —-[ Analyzing
[ TLD Calibration ]——-[ ECC ] —‘[ Photon
—-[ Dose Calibration }——-[ Cobalt-60
—-[ LET Calibration }——-{ Dose Selection

—-l MC Simulation }

TLD Irradiation ]—-[Expcrimcmal Result
[Systcm Veriﬁcalion]—-[ Case LET Comparision
MC Simulation } [ Simulated Result

o 9%

—

HTR Result

HTR-LET Curve

Bl 2.1 ~ A 3% F R 3
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= BE B B RE
(—) BBABEHZ oM~ H8
ATIEFT 22 M T 4 2] (1) TLD 3@ K ~ B4t ~ 3B % A A A
o AT B 5 AT (2) TLD 2 5 31 (reproducibility) #2 5 84
14 iE. B F(element correction coefficient, ECC) &) 34 5 (3)# & &
BB = RO RRAE, 20173 T2+ R
ﬁi o

(=) BERE

Bl ERIEBP 2 TLR #H E&9BA > AARXAZ LT
(&t ~6MV £F) mEFE=F L& > & T HEHER
RERBAEARMBAZRETRERSE > 6 MV AT RRAMK

Ao kERBRERHERT S HELMRSB (Truebeam °
Varian) * H FH R ZMEAR D KR BRERH R T o2
B X (wobbling) & Fi& Mk - MAEK T ) B ot ATk B 2.2(a)
SAD % 100cm > ¥ 10cmX10cm > fEE REKBRERE 5
cm FRE D H TR & 1T4 B 2.2(b) * SSD % 260 cm
% ¥ X % &tk (multileaf collimator) % 10 cm X 10 cm ° £ %
% K % T 45 (high density polyethylene> HDPE)& #2 /& £ 13.8 cm
TR HTFARES 190 MeV > £ A + A4 %4 KX (middle

wobbling)f= & £ # 10 cm # SOBP Z L& % (ridge filter) °
FEME DT 0 B AT TLD €54F %4 SOBP &9+ R > &
F 9L H F 6 3K A AT R A % A A ST H B E i 4T 48 4R (quality

assurance)Z T &9 4 & o
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n
-
2

10 cm

B 2.2

G5+ REH E4TF 0~10~20~50~100~ 150 ~200 ~
300 ~ 400 ~ 500cGy > 6 MV % F R4 e EE % S0~ 10 15
20 ~25~50~75~100~ 150 ~200 ~ 250 ~ 300 ~ 400 ~ 500 cGy >
HFREHER A 0~50~100~ 150 ~ 200 ~ 250 ~ 300 ~ 350
cGy’> BEHEBERT 5 5 TLD %478Y 5 BEAF =
BlEst o g6+ ~6 MV AT RE FRAATE €4 IR
¥ % (CHECKMATETM 2, Sun Nuclear Corporation)#% 3% % & #;
BB EE - TRZ e A Lehsrey MP 36 B RIT Mt
W AR B REZ R AT kAL HRA
i (residual) By & R FE L MR SRR ZEO £ B L 3%UNA
BARERELER -

(a) (b)

SSD = 260 ¢cm

¥

// \‘\

C B ERERAME ()6 MV BFEE+ 5 (b)190 MeV H F

13.8 cm

“----

e e i
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() EREERBRE

w4 B AL 42 X TOPAS (TOol for PArticle Simulation, version

LET 4% iE#h 42 % HTR ¥ LET 2 R praZsr ey X £ F
HTR &9 €8 E & E FHkF(6 MV EFFuskx+H)eh R4 > #F
FA:t3E TLD /329t 8 5B E @EMtE > LET A8 %

3.0.1) HREB R 4 ey A4 W #3048 > A% HTR v LET #1 A %
A G gEES AN -

1.

R APy
B ey Rt BT E 2.3(2) FIAMRD REEBRE
At e R T X TR e XE FiakMmmE LN 190
MeV B A 31 A& (pristine Bragg peak) & 74t & ~ 417k 2|
%* 0 ¥E B (source-to-surface distance, SSD) 260 ¢cm ~ MLC
BB E 10 cm x 10 cm> /£ HDPE 1582 ¥ B4R Z (d) &%
ERDHA0°26~12~134~15~16~17~17.6~18.2
184 ~18.8~19.2~19.5~19.6 cm * BAARE B R ZE 4
200 cGy "’ i B E AR TLD > XA E4wE 2.3(4)
TEEATLDAE > 8% 10 cmx10 cm X fREF -
HTR &3t 5> &85 F 6 MV kL FHéx+ 6 MV
KFFogb N TR ERAMEA B EREF 200 cGy &)
R R HE o AP R 8 % Mtk (high temperature ratio,
HTR)4w X, 2.1
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e /D
HTR =-%2*F
P ey/Dy

(R 2.1)

HTR : high temperature ratio > S ILEEE £ E a°C £
b°C

e fE SR ILE B Ay AV A3RR

p : proton > & F

Y6 MV KT RFHEN

D : ElZ(Gy)

1 ]
SSD =260 cm

!

J
n

20-d em E /
v

2.3~ LET ARE&ATH# TLD #MALE : 190 MeV H F(£) >

TLD-100 4 # A & (%)
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5
x 10
— 190 MeV Proton

~6 MV Photon
- =Co-60
~ 10}
=
=
o~ é d
] < g
=5 a b

0 100 200 300 400
Temperature (°C)

B 24 MAHRAGKBE LR

B 2.4 ¥ ZR=HAFH Rt &k 0 AR AT
Eor B X B 0 ML R AR AR ESFRE
(thermoluminescent dosimeter response, TLR)> A 4% & ¥4
(arbitrary unit, a.u.) > A3 E ¥ 2 TLR(a.u.) &6 M=
3+ # A (counts) © AR R HNAE s T 6) FH R LA
EEE@C £ b°C)T & AEZERAFAE LET &
R LA R F L4 B 6948 B M B AR EAR
W ERBEGEMLALZBZE RRAR T2 MMy
R BL R o HE B 4R 80 F 1B R A (valley) B9 B B
(Weinstein et al., 2005) 150C #o 245 C (B 2.4 ¥ c°C
Z d°C)Z M &Y &3k T & A X% (main peak, MP) » L& 2
B EAH ER ST B TLD XA SR ERAZRE
& B IR c HTIR A F ¥ e FH 8> RAE

16



2.

Fhok FXHE R B RE ZHBLEER R EER AT
BB E > B THESFOZHRILEE > f£48 B #
EARAFEHER - SRLACHBELEA AN AT E
TR A % B R A S RBAE A > RO R RS
BBt B S

F b B 0 B ATRF L R R AHE AR R 0 2
¥4 LET A7 € £ 41 A TOPAS #5475 DoseToMedium |
R EEALBR 0 B IR B B Z (percentage depth dose, PDD)
A BHER R4 LA RER LS 4 Rk oy B AEM
1% A" ProtonLET &k Z 182 % £ 89 LETd#v LETf °

HTR # LET &9B4 X > ZBEZERERAET » 7
Ex 2 A6y HTR 15 A Axdd > AL #E 4 R &) LETq 2 LETY
1§ e g > AR B EF &) 7 4% 2] HTR $2 LET &9 Bl 4% -

BELEEE R

AN SHRLER » LBARGFLEE LET RGFH
A 0 Bl E e RF AN 0 B M LET RiE
A RERIFIET AR SBRENEE  BEZERN @M%
MBI EFNMG FIABERH EHENREREEY AR
NE)E R e TLD /£ 6 MV £ F ~ 8655 T ¥ 8 T8930 &
R 2.5 Fameyt B Ak 2.1 FEHERMA ¢
225C % 300C ~245°C £ 310C ~225C & 310C »
260C % 300°C #v225C £245C 2Rl hERA 1 &

o (R ) ISR Am B3R 4 B 23R 0 R
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23R 04 B I8 R Ao B3R o EAEIER ~ 3R o B i IR e 3R
o EEASR Bk — TR A AT & R P ey 3R o BRI
RPOBBETHFRI AT &R 1 225C £ 245C A x
Eph AR 0 B LILE R E R e LL A B R AR R
(FEGERDN) MEFHENRBRAERGTHERE > £
WAL E PR SEGLAEZEHEAEYBE
H RO o) B A EN L FHERFTAEL S
225C 2300C AmEmAst P # 2R A& IZER K
FEHAEFRE TR ENMHAAADBEIRER ¥ &
B WA RAF225C £ 300C £AHZBLAR -

(21 - SZBILERRITERILEHB T E EAHK

Region(C)
225-300 245-310 225-310 260-300 225-245
CvV
CV6MV Photon 14.9% 33.8% 16% 8.4% 35%
CVCo-60 14.8% 36.5% 15.9% 6.7% 38.4%
CV190 MeV Proton 3.7% 14.4% 4.1% 15.9% 9.1%
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%10°

25¢ —F-225-300
—1-245-310

1-225-310
2t —J-225-245
~1-260-300

HT/Dose
o-‘-o +

e e
4

0 100 200 300 400 500
(a) Dose (cGy)
x10°

—F-225-300
—+-245-310
2 f 1-225-310
—F-225-245 _—=
~F-260-300

HT/Dose
i
i

0.5
0 1 1 1 1 1
0 100 200 300 400 500
(b) Dose (cGy)
X 105 '
L —F-225-300
2.5 —+-245-310
225-310
oL —F-225-245
—1-260-300
g <4
815
=
s
1 L
0.5
0 100 200 300 400
(C) Dose (cGy)

25 -BRH @ER EERILEHRF EXMAE (@6 MV £F -

(b)& >+ ~ (c) 190 MeV &+
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3. RiFBALE
FibFEEE - ARR AR BT HER AR
BatFEE AAHE TR EFNARELARE
WA E T A B AR Gy R SR E A PETE Ak 04 1
WETY B AR 0 2R W4k 4F B B R 4k R M (dose delivery
uncertainty) ~ #84% 7 3 M4 (tissue heterogeneity) ~ & A B

I

& # E (patient immobilization) ~ 2 B #% £/ (organ motion)
BB EHEOHEEALAER - BAT R T ECHER
HEARNEENH - BATF A Z T EEEELXS
MCNPX(Monte Carlo N-Particle Transport Code) -~
FLUKA(FLUktuierende KAskade) ~ Geant4(Geometry
ANd Tracking) A & TOPAS(Tool for Particle Simulation) °
H F Geant4 A E1E A R HEE T — C+ AR ER,
£ H TR e RER T CAREA A > M TOPAS ZMEHE
34 Geantd4 FokH B byt fe X

TOPAS A %3845 & (1)ZE 3£ Geantd Z L (2)
¥ 7 Geantd &% #5(code) ~ R H (speed) ~ # & K&
(accuracy)Fo 38 1% (flexibility) 5 (3)i& & TAZ £ uydp12 £
H#M o (HMEA Geantd > TOPAS R EMHEA CH+ 3E
THRTREE AR BEHEHBENGIEREER -
TOPAS & 73 3L 7 Geantd 2 b 2 & 1% 2 7% % - TOPAS
&) B AR A RE 4R 5 H F AL #6471 12 L (reliability)Fv 7] &
A8 M (repeatability) © P38 89 7T 13 BL35 69 245 £ By 32 fu
A AR ey AR AR R R ARBRAYIE DL T EARME R4S P
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Fe b B3 B SUAE TR B B 4B A SR R BIE A K48 A B
REF)IFRIME R B R -

Granville % A(Granville and Sawakuchi, 2016)1% F
Ko Es B &t A TOPAS ##t > R ZRIEER4T R
LET>TOPAS B ##t & LETS (fluence-weighted LET °
A, 2.2 )#v LET4 (dose-weighted LET * &, 2.3 )&y 4t
LET, & #| A B4 8% # 9 &9 LET A& 3% (LET spectrum) 3R 4
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SN T A RUAFIE2 82cGy FIAMEAGM T RA#EG > &R
4wk 3.1 ° MAIE 4% (calibration curve) #9ERA B EHE A 0
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£ 3.1 Bl EREdHEFTER

y=ax+b
Dose condition (cGy) a (x10°) b R?

0 <D= 69 1.647 0.00 0.9999
Dosex

69 < D = 500 1.616 9.78 0.9981

0 <D= 28 1.665 0.00 0.9997
Dosey

82 < D = 500 1.447 10.75 0.9986

Dosep 0 =D = 350 1.641 0.00 0.9987
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