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Secondary neutron ambient dose equivalent measurement of the wobbling @c e
system of a proton beam radiotherapy facility

Yin,g-Lgm Liao™"*, Hsien-Hsin Chen™®*, Hsin-Yu Chen™", Hsiao-Chieh Huang“*':"", Chien-
Yi Yeh, Hui-Yu Tsai*™>
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T Institute of Nuslenr Engineering and Ssenes. Matinal Teing Huo Diiversity, Hitne bu 200, Tabwan

ARTICLE INFO ABSTRACT

Faspuorda: Purpose The purpaose of thisstudy was to assess the nemton ambient dose sguivalent (FF{100) per prescribed
Nemtron ambient dose agaivalmt proton dose (D, H*{ 107/, for 2 wobbling system of the first proton heam facility in Taiwan and ompere the
Wothling noezie H*{ 10T vahess with thaseaf ather facilifies, inchiding two wohhling system, two douhle scattering system, and
Protom b radicdumapy e miform scaming proton fadlifies

WENDIIT

Materials and methods: A wide energy neutron detsctor, WENDI- I was nsed to messure the [TI0) at &
distance, d, of 50~225 cm hetwesn the eenter of WENDI-TI and the Eocenter. The effscts of proton heam rangs
amd SOEP width were assessed for a middle wobhling diameter. Thereafier, the HY 103D values wene m

with these of the uniform scamming proton heam faciity. The H*{107/D vahies were mesred ata d of 50—
225 am by wing heam energy of 230 and 150 MeV a5 well as an SOBF width of 6 and 10 an. The HY10)T
vahes of the mavimmm energy and 150 Me¥ of the proton heam facififies were ampared

Results: The measured H*{10)/D values were a fination of a proon heam range for SOBF widths of 5 and
10 cm. The HY{(10HD vahes mngsd from 02 © 2.3 m8v/Gy at a mnge of 50-269 mm for 5-cm S0EP heams
amd from 0.2 to 2.9 mSv/Gy Br W-cm S0BP heams. The H*{100/D vahes far Z30-Me¥ proton heams incressed
by 20.4% when the width of SOEF was incressed from 6 o 10 an. These values for Z30MeV at a d of 50 an
wiere fomr times those of 150 MeW. The H*(10)/T valies inoressed with the beam scanning area. Moreover, the
HY 10D vales of the meditm and large wobhling dism aters were respectively 21 and 3.3 times thase of the
amal] wobbling dismeter.

Conchrgon: We amemed the HY{ 10D valies of the wobhling system of the fimst protan beam radiotheamy
fcility in Taiwan. The H*{10}D values increased as the wobbling size inoressed, and these values derreased
with inereasing distance hetween the measurament position and isocenter. The 10/ vahes of the wobhling
neezle protaon heam system were higher than those of the miform scanming systemn hecanse of the imtedaion
hetween proton beams and the nternal componerts of the noeze. The disaemencies in H{1I0HD vales
hetween facilifies depend on the design of 2 proton henm line and the operational setp of the irmdisted
mndifion. Jur experiment @n serve as a reference for comparing secondary nentron mdiation i wobbling
sysiem of the proton heam system.

1. Introdudion therapy wses photon beams to deliver a mdistion dose to patients
thmugh theedimensional conformal radiothempy (3D-CRT), inten-

The objective of rafiothempy iz 1o deliver a preseribed mdiation sity-modulated radiothempy (IMET), or velumetrie modulated am
ddose 1o 8 well-defined target while minimizing the radiation dose to the therapy (VMATL Both technigues can provide effectively distributed
surmumnding normal tesee amd critieal organe. Conventional radio- deee conformity tea tumor and preserve nomal Hssuee. However, the

= (hirrespandmee w0 Deparment of Medizal Imaging and Radisbogizal Seimess, (hllage of Medisme, Charg Gung Unives iy, 259, Wen-Hwa 15t Rd, Kwei-Shan, Tacyom 333,
Tatwan
E-mail addnees : bytsaigm i Legn e tw {H-Y. Tsad)
b ffd wdod org /101004, j radp bypse hem 5001700030
Reasvad 2 Nowmber 2015; Rasved in reviad form & Jannay 2007 ; Accsptad 26 Janoey 2017
Awihble cnling 27 January 2017
0555806, (& 2017 Elsevir Lid. Al rights resarved.
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Monte Carlo simulations for angular and spatial distributions in
therapeutic-energy proton beams

Yi-Chun Lin™, C.Y. Pan®, K.J. Chiang”, M.C. Yuan®, C.H. Chu", Y.W. Tsai®, P.X. Teng’, C.H. Lin®,
T.C. Chao®, C.C. Lee”, C.J. Tung®, A.E. Chen”

* Huaalthy Physhes Divisdon, Tnstii e of Nuslear Ensrgy Ressareh, Tduan, RO

" Depa remant of Phyysi s, National Central D wrsity, Tatuan, ROC

© Institute of Py des, Acodenia Sinks, Tabvan, ROC

A Department of Medical Imoging & Radielogien] Ssences Chang (g [niversiny, Tabvan, ROC

ARTICLEINFO ABSTRACT

The purpose of this smdy i to mmpare the angular and spatial distributions of therapeutic-snergy promn
hexms obtined from the FLUEA, GEANTA and MONPG Mante Carlo ndes. The Monte Carlo simulations of
praton hexms pessing through two thin targets and 2 water phantom were investigated to compare the primary
and sseondary profon flnence distributions and dosimetric differenoes among thess codes. The angular flnence

Fampueords:

Proton bean

Lateral scatiering
Momte Carlo simalation

o distritutions, entral axis depthdese profiles, and leter] disributions of the Bragg pesk Tom-ficd were
& " @lmlated to compare the proton angular and spatial distibutions and energy deposition. Benchmark

verfficatims from three different Monte Carlo simuletions could he med to ovaliate the residoz] proon
fluenece for the mean rnge and to estimate the depth and lateral dosedistribofions and the chamceristic depths
and lengthe along the cemtral axis 2= the physical indices corresponding to the evalnation of trestment
effactivensss.

The results showed 2 general agreement among mdes, sweept that some deviations were found i the
penumbra megion. These mlalsted rembs are ako particulardy helpful for undemstanding primary and
seoondary proton components foir sy mdistion cakeulation and reference proton. standand determination,
a well a5 for determining lateral dose distribution performane n pobon smalHick dosmery. By
demaonstrating these calmlbtions, this work @uld serve 25 2 goide o the recent field of Monte Carlo methods
for thera pentic-ener gy profons.

1. Introdudion hazed on the Monte Carlo technigue to determine the contributions
from primary and secondary components, as to the photon prmary

Fmton thempy las dear theoretical dosimetde advantages with stamdard (Lin et al, 200%). Moreover, Monte Carlo based treatment

Bragg peak (BF) dose distribution compared to conventional radio-
the mpy wsing photons. [1s supedor gratial dose distribotion ean deliver
a high confrmal dose to the tumor and spare normal tissee owing to
sharper distal dose fallof¥ (Tpep e, defined as the length from 80% to
% dose level) followed by BF. Corrently, pmton therapy delivery
technigues trend toward making the pmton beam smaller and wsing
imtensity-modulated and spot-by-spot approaches to improve treat-
ment quality and efficlency and creste new treatment capabilities for
clinical therapy { Mewlauser and @ang, 301 5; Ped mod etal |, 2005). On
the smaller latera] profile, better sccumey in simulation is desrable for
lateral penumbra infleencing dose detonation and conformity (Gelover
et al., 2015). Furthermore, absolute proton dose determination in
providing a reference beam wseally demands perurbation correct lons

= (hirmisp o v, ansh ar_
Eamail address : jas minaf iner_gorwtw (¥4 Lin).

b {d x e corg /1010106 jracip hpe b 201702018

plinning systems can be wsed to determine the configeration, and
testing data for patient dose prediction relies on accurate simulations
{Mewlauser et al., 2007a). In additon, one of the dlinkeal reguirements
15 to use an ndependent tool to verify the correciness of the treatment
plan. Therefore, a validated Monte Cado system for the siomlation of
radiation tramspod could be a useful tod for pre-clindeal and elinieal
research studies {Paganett et al, 2004; TiH et ., 2008).

Before going into the dinical dedgn of beamlines and treatment
heads in proton facilities, it i= important to underst and the physics of a
pmton tmveling through matter. In the traveling direction of the
proton beam, the latem] vadation in the transverse direction is affected
by multiple Coulomb scattering (MCS) and the width of the prton
beam spreads out with increasing depth. In addition to these elastic

Revetved 30 Septeribey 2006; Reosved in revsed form & Marsh 2017; Accepted 7 March 2017

Anaihble onling 08 March 2017
ORES-BOEN ) 2017 Elsavier Lid. Al rights resarvad.
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Dosimetric comparison of different @
treatment modalities for stereotactic
radiotherapy

Shibving Hea'™T, Yu-Thun L', ChierrChung Jeng® and Chia-ting Teng'™

Abstract

Bacigmund: The modaities for performing seeoncc radotempy (58T an $e brain indude S oone-tased
Iinear acorlaraar Jinac), e famening Aerfrae (FFF) wolumertc moduased anc Sempy WWWAT) lirac, and
womatempy. In Sis sudy, the cone-tased Irag FREWMWIAT linac, and omoshmapy madalities were evaluaned
by meamuing the dfrances In dones delivered during bain ST and expesmean@lly azessing e acumcy
of the ot mdaton doss firough clinial measoements

Methods Wi employed a hamemade aqyic dosimesy pramom regresm @ng e Fead, within which a
e oluminescent dosimeses (TLD) and radiocheomic E2T2 flm weare retalied. Ukng the confo mminyigradient
Index (003 and Paddick methods, the quallty of $e doses delvered by the variows 31T modallties was
eaiaed The quly indcos induded the unifiomizy, conform iy, and gadient indices. TLDs and EET2
fiims were used 1 expamataly ases e amuracy of the AT dose oo

Resulte The dowe homogenely Indices ofall e mesment modalEes were lower an 125 The cone-tased lnac
Ihad the best confiormisy for all wmars, regardless of e tumon locron and size; follo vwed by S FFHWUAT Tnac,
omograpiy wias T worstpediomming e rment modaliny in s egand. The cone-tased Inac fad she best g adien,
regadless of the wumor locwion and soe, wheneas te FF-MAT Trac had a bemer gmdiert timn omotkempy fora
lange: umor diameter (38 mm). The TLD and EST2 measurermants of the dose & the canter of sumaors Indcaed $at
e avemage diference bevaeen T memanemens and the @louimed dowe was gereally les fan S When e
4TIM gamIma pREing e meTic wis wed, the aorage passing mesof all Seee i mment modaldes eoneded E%
Cnndasion & Angarding e dose, e cone-taed lrac had the best conformity and seepest dose gradient for
wmors of different sizes and disan ces from e bairsem The eouls of this sudy suggest far 58T shoud be
pesfiormed wsing the mn e-haeed lirac on wmors fat egquine earment plars with 2 steep dose gadian g, e
& e mmar & slighdy megular, we should alsa corelidar using a high d ose gadient of S oone baee 1o e
and prosecs S normal S IF roemial tesues necquine snecal prosecEion edstat poslinre Tat ae sunerion o
Inflerinr 1o $he wmor, we N consid ar wsing tomoth arapy o Cone Base with coudh at F for memment

Keywords Lrac, Seeofcic mdiothempy, Tomofeapy, Tresment plinning saems, YNAT
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SHIELDING ANATYSIS OF A CARBON-ION THERAPYACCELERATOR:
A COMPARISON BETWEEN SIMPLIFIED AND MONTE CARLO
METHODS+~
+
B.L.Lai and R.J. Sheu*+
Institute of Nuclear Engineering and Science, Mational Tsing-Hua University+
101, Sec. 2, Kuang-Fu Road, Hsnchu, Taiwan+

s500014ty20@hotmail.com; gsheu@mx nthu edu.tvw+

« ABSTRACT..

Taipei Veterans Generzl Hospital plans to build the first heavy-ion (carbon) radiotherapy treatm ent center
m Tarwan, specizlizimg m difficult-to-treat cancer cases. Shielding amzlysis for such an accelerator
mvolves many computational difficulties: source term estim ztion, complicated geometry modeling, desp-
penetration caleulation and streaming evaluztion. Monte Carle simulations are generally considersd the
most zccurate methed for complex accelerator shieldmg analysis, but they are ime-consuming and error-
prone for less-experienced users. Analytical models based on peint-source line-of-sight approximation are
muitive and popular i practice becanse they are ezsy to use. However, the zecuracies and limitations of
smplified medels need to be evaluated. In this study, 2 set of slueldmg data, mcludmg source terms and
attenuation lengths for severzl common targets (copper, ron, graphite and tissus) and shisldmg materials
(concrete, won, and lead). were generated by performmg Monte Carle smulations for carbon tons of
energies with 200 and 300 M=V, Possible zpplications and a proper use of the datz set were demonstrated
m evaluatmg dese distribution outside a typical carbon-ion treztment reom. The companson of medel
predictions and Monte Catlo caleulated results showed the effectiveness and advantage of applying the
data set to 2 quick slueldmg design and dose analysis for heavy-ton therapy aceelerators.
. KEYWORDS .,
Accelerator shislding analysis; Monte Carle; source term; attenuation length.,

*1. INTRODUCTION.,
Large zecelerator zpplications m Tziwan have gzmed more and more mterests m recent years. Currently,
the largest accel erator m Tarwan 15 the TPS, which 15 2 3-GeV electron synchrotron with a circumference
of 318m. The facility has been open m 2016 to users from zround the wotld. In zddition, particle cancer
therapy has been recerving much attention m many countries due to its physical and biological
zdvantzges. In Taiwan, the first proton therapy center equipped with 2 233 MeV proton eyclotron was
mstalled m Lmkpu Chang Gung Memonal Hosprtal. It has been open for routme patient treatment m
2013, Several similar facilities zre also under construction or planning. Another new fzeility with 2 400
MeV/u carbon-ton machme 15 under plannmg m Tapet Veterans General Hospatal. It 15 the target of this
study.

Accelerator operation can potentizlly produce significant smount of radiztion thar must be carefully

evaluzted, m particular for an accelerator stuated m 2 densely populated hespital. For the zbove

i

* Comesponding author: Eopg-Tiup Shey {fshen@nm. othuadu tw) .
Bl A5 €:&#m~ " Shielding Analysis of a Carbon-ion Therapy Accelerator: A
Comparison between Simplified and Monte Carlo Calculations | % % *+ 13™

International Topical Meeting on the Nuclear Applications of Accelerators
(AccApp’17)
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Abstract

Current Status of Human Biological Dosimetry

Background: There are about 44 000 radiation workers in Taiwan, indudingin

nuclear power plants, industnial and hempital areas. In order to cope withthe

accidental exposure of radiation it s necessary to build a bidogical dodmery

laboratory. When the exposed withradation acddent, the biclogical chromcsome
analysis codld as exposare dose assessment, and as a foll ov-gpmedical care
reference
METHODS: Internationa] studies on the cavent bio-dose-related effects of
individuals; biclogical dosimetry by chromcsome analyas is 4 quick, simple and
effective gold standard method In eur laboratory; blood samples of normal subjects
were irradiated with 0, 0.5, 1,2, 3,4 and 5Gy of Cobalt-60 gammarays, and further
cultared the blood lymphocites. The cultured lymph ocyte chromesomes were

photographed by a micoscope and then calculated the chromoscme vanation.

Results and conchusbon: In our laborascry from 2012 to 20146, we were completed
four dove-effect curve, and combined into a standard curve for the stan dard cure. We
alse participated in the International Competency Test with Canadan Ministry of

Health, a5 well asrecaved 15017025 Laboratory certification. Expect to become 2
credible and intemnationali red national laboratory in biclogical dogmetry:

s TARAPMEFE S5, v
B

Fi REF 3 €

B3 4 2017 & i5 5 F A
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20 International Symposium of
Radiation Emergency Management

17 sz 5t % A% & B @ % 57 3t &

Time: 2017/04/15(Saturday) 08:00~17:00

Venue: Hall 1, Chi-Der Building, Taipei Veterans General Hospital
(TVGH), Taipei

Jay Wu

Naoki Matsuda

Noboru Takamura

Kang-Wel Chang

Makiko Orita

Keiji Suzuki

B A.10.2017 & ﬁ&‘]—%ﬁ}%@%‘ PRy =R g
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2004 & %
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~

Radioactivity Concentration (Bqlms)

= -
2 & - ~ @
1 1 1 L 1

16410 - o
1e+9

1e+

e+

e+

] B.1.2. #& & SCI # 7|37

2_ SCI

¥ PRM
B PRM 3 R BR2 SRR AN AL ¢ 0 ki h BT AR
EREERE TEE ES 3 SHESE S

1e+3 -
1e+2 | i é
6 1 2 3 4 5 6 7 8 9 10 11 12 13
Number of RMS
A=

2ok R UE R o) 0 00T fER%E PRM K 22 4% -

% B.1.1.

[ETREE
5 Ak

SR

L

NUREG-0473 22 A 33 & AL 2 4= 9 & 47

h
9
7L
=R

4 ,gﬂ;Z Fx
Fo3g o 1l

B4

k(R ) ER(ERA[LFH 2R) Rk B(R AN A - AE) %~ BHR(ALMF A - BE) (A #154)
b3 ] f | #@(mSvly)| i | #F(mSv)y)| fe |HF(mSviy)| i | % F(mSviy)| . | #F(mSviy)| ¥ | #F(mSv)y)| fe | ##(mSvly)| i | #F(mSv)y)| f | HE(mSviy)| i | & F(mSviy)

i(H)}3 | 10 2.45E-04 | 1100 | 2.69E-02 - - - - - - - - - - - - - - - -
$£(Mn)-54 | 0.4 7.13E-04 40 7.13E-02 0.6 | 9.10E-06 0.3 1.28E-08 10| 4.68E-06 |o0.5 1.32E-05 0.4 7.13E-04

#fi(Fe)59 | 0.7 9.01E-03 15 1.93E-01 1.2 | 5.77E-05 0.5 5.40E-08 | 40 4.32E-06 | 0.9| 6.04E-05 0.7 9.01E-03

45(Co)58 | 0.4 | 9.64E-04 40 9.64E-02 [ 0.6 | 6.66E-06 0.3 1.33E-08 |110| 4.88E-06 |o0.5 1.38E-05 0.4 | 9.64E-04

45(Co)-60 | 0.4 7.13E-03 10 1.78E-01 0.6 | 5.11E-05 0.3 6.12E-08 40 8.15E-06 0.5 6.34E-05 0.4 7.13E-03

$§(Zn)-65 | 0.9 1.07E-02 10 1.19E-01 1.5 | 5.55E-05 0.5 1.17E-07 74 1.73E-05 1 1.45E-04 0.9 1.07E-02

42(5r)-89 | 0.1 1.19E-03 - - 1 2.70E-05 1 1.56E-07 - - 1 9.69E-05 - -

48(Sr)-90 | 0.1 7.59E-03 - - 1 4.24E-04 1 1.68E-06 1 1.04E-03 10 7.59E-01

$5(Zr)-95 | 0.7 2.00E-03 15 4.28E-02 1 4.07E-05 0.5 2.85E-08 0.9 3.19E-05 0.7 1.96E-03

4E(Nb)95 | 0.7 1.14E-03 15 2.45E-02 1 1.15E-05 - - 0.5 1.74E-08 0.9 1.95E-05 - - 0.7 1.06E-03 - -
s#(1)131 | 041 9.18E-03 1 9.18E-02 0.5| 1.33E-04 30 7.99E-03 - - - - 0.4 3.28E-04 4 3.28E-03 0.1 5.94E-03 | 0.4 2.38E-02
48(Cs)134 | 0.4 | 5.55E-03 2 2.77E-02 | 0.6| 3.47E-05 |370| 1.95E-02 |0.3| 3.42E-07 8 9.11E-06 | 0.5| 3.54E-04 |[37| 2.62E-02 |o0.4| 3.43E-03 3 2.57E-02
42(Cs)137 | 0.4 | 3.80E-03 2 1.90E-02 [0.6| 2.21E-05 |740 2.72E-02 | 0.3 2.34E-07 74 5.77E-05 | 0.5 2.42E-04 |74| 3.59E-02 [o0.4 2.77E-03 3 2.08E-02
4A(Ba)140| 0.4 4.22E-03 10 1.06E-01 2 5.77E-05 - 1 1.56E-07 - - 1 9.69E-05 - - 1 1.06E-02 10 1.06E-01
sii(La)140 | 0.4 2.65E-03 10 6.63E-02 2 3.11E-05 1 1.20E-07 1 7-46E-05 1 6.60E-03 10 6.60E-02
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% B.12. AWZ R MG MEOER LB &

¥ = : Bg/m?
AR AR
P\ R Fe _ iR 3
(B (IR {7 128 )?
Kr-83m 4.00E+06 1.30E+07 1.00E+07
Kr-85 2.00E+04 1.25E+05 1.00E+05
Kr-85m 4.00E+03 4.64E+03 5.00E+03
Kr-87 9.00E+02 8.06E+02 8.00E+02
Kr-88 3.00E+02 3.26E+02 3.00E+02
Xe-131m 5.00E+04 8.56E+04 9.00E+04
Xe-133 2.00E+04 2.28E+04 2.00E+04
Xe-135 2.00E+03 2.85E+03 3.00E+03
Xe-135m 1.00E+03 1.17E+03 1.00E+03
Xe-138 5.00E+02 5.83E+02 6.00E+02

Barc

()P40 541 % 2RE- 5w & /MR P EE F1PUR (N F 80 & 77 10 P B 14 )4 * ICRP-26 5.4F 2

(QUPFULIR I % 2RISR w2 = /- AR A RSHEPUEE FIPUR (B 94 £ 12 & 30 PR ) 4
ICRP-60 553F £ i£ 2%

(3) Korean Ministry Of Science and Technology (MOST) Notice 2002-23.
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2 OBA3. RESHREE AR SRR
o i $HRFE FHERZE%) | #HRE | GllE HAILFTE R #H B (%)
(Ba/g) (k=1) (8) (8) (Bq/g) (k=1)
137Cs 4332.07 + 0.90% 8.95655 | 250.32 155.00 + 0.90%
%0Co 3498.67 + 0.60% 9.05428 | 250.29 126.57 + 0.60%
134Cs 21088.88 + 0.90% 0.98052 [ 250.29 82.62 + 0.90%
858r 3809.14 * 0.90% 0.85277 | 49.83 65.19 * 0.90%
0Sr | 3872582.28 + 0.90% 0.10362 | 249.73 1606.81 + 0.90%
% B.1.4. GO RPIRES
Pife Co 134Cs 17Cs 85y gy
6the repeatability 085% 0.59% 052% 028% 028%
Othe between-bottle 3.86% 3.65% 3.69% 3.30% 3.30%
23R
3.86% 3.65% 3.69% 3.30% 3.30%
iR
4 B.15. JRAiEIng BpREES
*9— ﬁé 60(:0 134CS 137CS SSSr QOSr
Othe repeatability 0.33% 0.58% 0.66% 0.62% 0.62%
6the between-bottle 1.50% 2.10% 1.60% 2.90% 2.90%
23 R
1.50% 2.10% 1.60% 2.90% 2.90%
RIF
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Bfr LLD3# E(mSv)

A 0.06 %8 BESET GEN)

B 0.06 o

c 0.052 o

D 0.044 008

E 0.033 007 u DDE

F 0.1 0.04 1

G 0.06 0.02 -

H 007 . A B C D E F G H
By LLD#t % (mSv)

A 0.07 mSv ¥=% BnT

B 0.08 012

C 0.06 01

D 0.029 008

E 0.051 006 1

F 0.1 004 1

G 0.05 %%

H 0.0766 S
B4 LLD%t % (mSv)

B 0.09 o

C 0.051 0.08

D 0.074 o

E 0.025 ol

F 0.09 003 |

G 0.01 001 |

H 0.07 ° A B c D E F G H
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Normalized TL Intensity
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Fle Optors CaseReport About

Aberration Dose Estimate

Nomberof cell: 137 Confidence level (% [i5
Abertions: [
™ Add distribution of aberrations
Calibration coefficients:
]'
Yield= (o001 ’FI)SM “D+ [oo2s D2
£ £ Ed

Load saved coefficients

Results:
0 aberrations in 132 cells
Yield: 0.000 20.000

Calibration curve:
Yield curve used: 0.001 + 0.054°D + 0.0705'0°2

Dose (Gy): 0018 20029
Confidence fimits fom exact poisson eror on yield:

S Lower $5% limit 0,01 Gy for 0,000 aberrations
oo fows s | inimom resohable dose: 0203 Gy for 2 sbemaions
- %% CL
“Method A" IAEA 2001
v r ab

Meon fetime of reaks: [~ hours
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Mean interfraction time: [_ hours.

™ Suspected dose (Gy):

Lower: 0,075 Gy for 0.365 aberrations
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