5 29 %45 12 W] oW OOt 5 Ok O F K Vol. 29, No. 12

2017 £ 12 H HIGH POWER LASER AND PARTICLE BEAMS Dec. , 2017

ETVRHXESFHERRTAEUNEFMITES T

% o®, #uw, AL, Kk, kRE, AR
(1. MEMEMRRE BRI S5 THRR, At 2100165
2. VLI RS B 2# D R BB bt , L 210016)

WoOE: FPXTEUERRIATT P IR R s = A ER R R R Y Tl R, R T O R SR B S U R R
T Z AR OC R 3R — i T U R 5 58 S 0 R G T 0 IR R I AR T . R SRR B T AR
Geantd , BB P A% 3211 TR 7K RS 70 A0 FH bR R ASE TR oy = A YA B SR 4 4 5 700 et U AR 10 40 A 16 00, O 1
MUREFRATFHENEZMARR ., THREERFY AR 2 m EOR R R F RSz EE
B AE AR fb R 3, B A G A R e oy A A s R Y TE A B T A UIME R RO F RS R E WA Z
AT — B LR, XA R SR M AITOTCE, AFFE S RAE S X Rl M R AE A B b
7R A UIAE R SRR S T P R ) a2 B AR R B RN A .

XKW UMEeRRES; WRERE;, R, BRRT, FERRPTE

PESES: 059 XEKFRERG: A doi:10. 11884/HPLPB201729. 170236

TR VAL BB YT AT Sy — A 7 B 8 M B9 A 80T B AR L T ANIBBA T ARST T RGBT B R A DT R
6 A S A ey A S /N R DI A 2 T ok DXV 0 1) P B R o T 0 PR A SRR T T RO AR W . R
FIRYT TR 225 T Rk A R B A R IR X LR A 8 R A 3k YA T B B LR 5 T4 T A Y R B
iRy AT DX B TE R LU R AE 32 B 2 RO B e L kg DR 2 S S B R R SR AT DE i R
7 LA e F AT E A = PR 2 T ik TR IR T R B D I R A P R S o R 2
(MIRD) J7 ¥ R i i BT ik RISERE R 2 J7 0k . N BRSO 4 2 (MIRD) J7 i MU v AR 5 SPECT
AR IBCUR A T A A 2 SR A% FR 3 BE 3 A AR 2 IR ) R L ik — 2D 25 A A IR G R o MIRD 23 U4k
SR H S XA P R SR A (E R 3 R O vk LR S RO DX T 4 B S W SGR)  EAT I  R) E A
BOFEM SR R 2 7k FIRE SR 2 SPECT 8i# PET M — R R AR IX 0 A 09 B 15 B 1545 5 F R 3
LT AL XA R i R X P A T A AL B R B B A o DAL =R N BN R S TR AR AR 2 A AL
X T BRIRYT U6 AR B8 et — i o 38 118 700 5k 25 T ok X TS e A 2R R R Xl g g R S ) ek R AT o o0 e £
S SR UM R IR SR R T SU R A ARz BB TE . [ SN I TS R D AR B AR R
NS 45 ) S SR B AT ARG AR RSN IRAA ST P UM R AR A S B 2 MR SR AL IR iF 2 T
BWHNAYT B R B T AR WA B h P AR UME R R R ST r e 03X — A R T UME B R R ST R A A
TN TSR] B ST AT T . AR e A PN SRR SR B D7 TR AR L K DA R SR B AR T P R R R A
B e AR BE SO R AR R EVR R 1. ASCRAE T 55 R P T E M Geantd IF A TR T 444
RO PEAZ R P TE A B R DURRBE B 5 77 AR U R RO 7 1 B ) K MR ASE s o 73 BT A% 38 A AN [] 23 A 5 B0 R 1)
RO T RS B Z M G R IR E— P A5 & MR B X 3R 7 R LS A% 28 20 A1 1 B0 X DIAE B 50k
TR 5 R 2 8] YOk R AT .

1 YIMER KBS
DIAE B I 0 S 2 FORE A 38 W 9 o T 5 AT 9 3 58 R 3 DG A I A T ) A 5 S R I T A IR e Y — L
T RO BV B AR v AR SR AN BT DG DX, MR 9 2 v B A e, A D = B DR T AR R

BB L L bR T

* W HH:2017-06-21; &iT B #1:2017-08-14
ELTH :FHEKAAREEETH (11475087) 5 4 5512 ALK K 2 0 98 42 B8 B 3l 7 0 4 950 H (kfj520160610) 5 YLIR A PR3 = BF e i TR
E o EH
TEEB N3 #A992—), B w4, N BB AR LR B i B 5T s aiyaol22@nuaa. edu. cn,
BEMESE R 1978—) . B #% N BH AR K HI#F 5T 5 tangxiaobin@nuaa. edu. cn,

126011-1



oo ot 5 s TR

dN _ 2maz’ 1 1 1
anN _ 1—— S
dox hc l: ‘827’12:| (/12 /11) <1)

Ao RN EE Y EC1/137) 51 AR I 500 B 400 A, AR Y VIS B ROE 7 BB L 5 8 i
FLFEN TR 0 o S EZS T ¢ WHEB=v/0) 24 B SN RITHE » BHFRMKTF 1 RIA] £
FRRE AR IS+ DA FOE 5 T 2 X — 2R AR A REAE A B P AR DR B RO 7.

AR BT 55 3, AT 1A HUORL T AR A BT 7 A DR I A A3 114 1 30 g

ET:7710C2|:(712;771)1/2_1] (2)

A e S RURE T B R R . R 2 E0C2) AT B AEOK G0 = 1. 33) B BN 0. 263 Me V. 1EALA
HAR e = L O RIBE 0. 219 MeV, BUA BYRFR S H T 00 TR G2 W AR IT BRUN TR I F, 2 14
TEAL A LT A 3 RE B TG AR R AR AL AR DR R IO T AR A

2 HEEBRES
2.1 REFFTHEGeand FEEFE

SRR R 5 R — R T A AR RS T R Sy FE A A TRk R Bh Bl ATL BSOR S R S R s 1
B, FERER PN AR Geantd H RN FAFRA LT C+ +4fdif 5 & BATC F &I 24>
A s Geantd BE 5 #2404 FiokL 1 7E 9 50 Hh (9 4 iz i 72 5O F s ik 72 . A SCRI A Geantd 725 A B 4L0RL
Y TP UL R R R AR Ve B RO F A R R B N Geantd. 10, 1. p017% . F| H DetectorConstruc-
tion 28X 524 L () TUAT 45 44 BEA T B L 7E PhysicsList 28 FP IR IR MEMR AE B G IS 12 Db W B 12 L
it B A iz L #E  IFH ] PrimaryGenerator 28 W B AilVRE eR B0 PR I00E A7 S0RE | 45 OB D00 AE O B 3R 8 A 80
A 1X10°, 5 5 7F RunAction 28 i By T HB 4%
2.2 kEEITEER

WET iR M HE— KR 6 ecm X6 em X6 em B KRR ZE AR ARBL ) Ho AR 15 B — A2 1.5 cm
(R BRTE AR R ASEAR 2 g 1) /D L 158 B I SR A5 R /MR ST RSE 2 0.5 mm X 0.5 mm X 0. 5 mm., #% %K 43 1 78
I EIE K i, B S A% 2 O T X A% 2 T HUR RS i IZ W AR YT . IR 7 U M R
N E g vh o BRAEUR B0 A% 3R 0 1 B 20 A 7 IR N A IR D A I 0 52 A0 D R G R R A 5 (ER A S B
1700 R T M R 2 B A AN TR) 5 S0 3R TE IR S AR T BRI B0 BT 25 L e AR TE IR P 2 — A AR &) o0 A
AR . AN 2 s AR AR P AR T = A 2R 3% SR B~ A2 T 1) 9 20 A1 1 B0, 53 30l SR % 3R 38 20 o3 A A% R L
B0 A TR AR BRI TE K A o 8 43 A1 R L

1.04
——slow diffusion rate
0.8 —— fast diffusion rate
E —— uniformly distributed
6 cm 06
- 0.
2
=
s 0.44
0.24
0 T T T r ,
0 0.5 1.0 1.5 2.0 2.5
6 cm radius / cm
Fig.1 Geometric setup for water phantom Fig. 2 Distribution of radionuclide '*'T activity in water phantom
B 1 K A Bl 2 BRI BE B AR T 1) Y 43 A 15 L

2.3 BRBAEEERITERER

K40 B9 NI R KBRS Monte Carlo BT ANES & B 07 15 T )2 B T 58 5 B 4 BT 58 02 opr . Sk
TN HLBTZ ISR (CT) A% R 3% P 15 (MIRD B85 i 51 Pl 6 0 7 ) A 352 1 R 8 v b i Jd A\ A 41 1
B IE A A R AR BT B A5 A AR A B W3 TR L O T — 2D S R UL R AR A R D 11 4y

126011-2



X EAF . FETUMERE I B AR 207 50 i DA T AT 2 B

fifE o, BT E S % ARSI R P —4 30 & &k
0 A ZEASE ALy T — A B AT HOIR R A R AR A,
WEEHFMEZERHR ST H0.2 mmX0.2 mm X0, 2 mm,HzxZ&
g 7 £ P B A TR B A K RS em, BE M3 em, JRE N
3 cm; 1 ICRU (5 46 S5 Fl ICRP 55 89 Sl 4511 3k
BRI — FFCBR R AR 4 41 2 L B AT B R Ol 1. 40, B
A% 2 T HOIR BRASE Y o 2 5 43 A

3 %%ﬁﬁ'ﬁ? Fig.3 Thyroid phantom
3.1 KEFEERYBERXAFHEFNENSHHER B3 R A

K 4Ca) R AZ R TR R R 2 20 43 A3 I U RS0 7 805 0] B B~ A2 07 1) 9 28 AR 0 % i 2k B 4%
AT IH— A B, [ 4Ch) A 4Ce) 7l 3R o AR A AR A vy LS 1 A0 50 PR Y 1 S5 ™ B, D4R )
IR R BB AR T 1 AR A DL il AR A AR R (B HEAT I — A AR B . TH IS R R T A X R A 1 L
T REER S TR AR O A A DR R IO 1 R -5 500 R A AR D7 1 AT 3 A [R] 9 A AR B, T 2 1] A AR G O

1 « —d 1 —d
L0 10 —_Ceiénkov photon 10 —_Clienkov photon
208 208 208
E g E
Z0.6 206 206
2 2 2
=04 =04 =04
bt bt e
0.2 0.21 0.2
0 T T T T | 0 " T ; ' J 0 T T Y T |
0 0.5 1.0 1.5 20 25 0 0.5 1.0 1.5 2.0 2.5 0 0.5 1.0 1.5 2.0 2.5
radius / cm radius / cm radius / cm
(a) uniformly distributed "'l (b) with low diffusion rate (c) with high diffusion rate

Fig. 4 Plots of relative Cerenkov photon and dose curves for '*'T uniformly distributed, with low diffusion rate in water phantom
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Fig. 5 Two-dimensional distribution of Cerenkov photon number and dose for *!T in water phantom
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Fig. 7 Two-dimensional distribution of Cerenkov photons and dose of '*'T at the transverse section in thyroid phantom
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Feasibility analysis for radionuclide therapy dose measurement
based on Cerenkov radiation

Ai Yao', Shu Diyun', Gong Chunhui', Geng Changran', Zhang Xudong', Tang Xiaobin'?
(1. Department of Nuclear Science and Engineering , Nanjing University of Aeronautics and Astronautics ,
Nanjing 210016, China;
2. Collaborative Innovation Center of Radiation Medicine of Jiangsu Higher Education Institutions ,

Nanjing 210016, China)

Abstract:  This paper aims to determine the relationship between the emission of Cerenkov photon number and radiation
dose from internal radionuclide and proposes, a potential dosimetry based on Cerenkov radiation for radionuclide therapy. Water
and thyroid phantoms were used to simulate the distribution of Cerenkov photon number and dose deposition produced by radionu-
clide "'I through Geant4 toolkit, and the relationship between Cerenkov photon number and dose deposition was quantitatively an-
alyzed. The calculation results show that the Cerenkov photon number and dose deposition have the same distribution trend in wa-
ter phantom, and this relative distribution relationship also exists in thyroid phantom. Moreover, the Cerenkov photon number
exhibits a specific quantitative relation to dose deposition.

Key words:  Cerenkov radiation; internal dose; radionuclide; radionuclide therapy; Monte Carlo method
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