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CT conversion method for retrospective analysis of carbon radiotherapy treatment

plan using Monte Carlo simulation

Weishan Chang, Yusuke Koba, Shunsuke Yonai, Shinosuke Matsumoto

Purpose: Dose by secondary particle Dg, is
considered as one of the reason of second
cancer; nevertheless most of the treatment
planning system (TPS) used in heavy charged
particle therapy facilities are not able to
calculate dose distribution of secondary patrticle.
Monte Carlo (MC) method is thought as the
solution for calculating Ds,. Since density and
material composition need to be assigned for
MC simulation, the purpose of this work is to
provide an evaluation of the CT conversion
method for retrospective analysis of carbon
radiotherapy treatment plan using MC
simulation.

Materials and methods: In this work, the CT
conversion method proposed by Schneider ™
and the conversion method proposed by this
The CT number to

stopping power ratio table used in TPS and the

work were evaluated.

standard tissues of reference adult phantoms
published in ICRP-111 were used to converse
CT number to density and material composition.
We formulated polyline relations between mass
density, electron density, stopping power ratio
and elemental densities for the representative
material@. Figure 1 shows the materials used
in this work and sections based on the density
were established for conversion.

To verify the conversion methods corresponding
to the TPS, we made a treatment plan with a
human phantom. The treatment plan was

converted using DICOM2PHITS to re-calculate

~1000 -850 -400 -150 100 300 2000
) air () Extra Lung &) Adipose (T Muscle @ Mineral
@ Lung @) Fat ) Soft tissue (B Scapula () Teeth

Fig. 1 The allocation scheme of CT number
and materials used in this work.

by PHITS. The MC re-calculated result was
compared to TPS.

Results: Figure 2 shows the comparison of
depth and lateral dose distribution between
Schneider method, method proposed by this
work and TPS. Difference of Rsy (Range of
50 % dose level) between this work and TPS is
smaller than that between Schneider and TPS.

%—__— ——
100 150 200 250 =00 350
2ERE (mm)

Fig. 2 Comparison of dose distribution between
Schneider method, this work and TPS.
Conclusion: Two CT conversion methods were
demonstrated to facilitate MC simulation for
retrospective analysis of treatment plans. The
propose method shows higher correlation with
TPS compared to Schneider method.
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Simulating gamma spectrometers with PHITS: examples of LaBrs(Ce)
airborne detector and shielded HPGe detector inside a vehicle

Alex Malins!, Kotaro Ochi?, Yukihisa Sanada?, Ichiro Yamaguchi2, Tatsuhiko Sato?!
IJAEA, 2NIPH

This talk will present two examples of using PHITS for simulating gamma ray
spectroscopy. The first example concerns a LaBrs(Ce) detector used in unmanned
helicopter radiation surveys in Fukushima Prefecture [1,2,3]. The detector geometry
was modelled based on drawings provided by the instrument manufacturer. The T-
Deposit tally was used for simulating the detector response. The parameters dresol
and dfano for T-Deposit were determined by fitting peak widths in gamma spectra
measured from 137Cs and 152Eu sources. The simulated spectra were validated against
various measurements from the laboratory with different source positions and
thicknesses of shielding. The purpose of creating the PHITS model was to characterize
the peak-to-Compton method for estimating the distribution of radiocesium within soil
in Fukushima Prefecture. The simulations were used to understand how the ratio of
counts under the 137Cs primary gamma energy peak of the spectra to the Compton
continuum depends on the radiocesium depth distribution and height of the helicopter
above the ground.

In the second example a simple o° .
model of a HPGe gamma spectrometer 1008 VCsSample |
was created to understand the effect of “}Jf i E
background radiation when measuring ;:woo; JL |
the radioactivity of samples in the field .-»'.\‘Li |J

Counts / 10 mins

using a monitoring vehicle. In areas with mu;f A Th- ‘, i | 1
high radiation levels, such as near to the ol ._ , Il el
Fukushima Dai-ichi nuclear plant, there » ||'J'f|1"h.lrf'l.‘l| ‘ r '-"“‘-....”J _
is potential for gamma rays from the o 'm‘:m""""' Y ‘[;m
outside environment to penetrate Energy (keV)

through the shield around the detector. | Figure 1: Example simulations of the
In some instances this effect can | spectrum from a sample and the
significantly alter the gamma spectrum background specjcrum 1ns1’de a shielded
HPGe detector in Fukshima in March
measured from the sample.
The main difficulties in solving this
problem in PHITS were the need to simulate a large environment to correctly calculate
the amount of external radiation penetrating through the shield, and the problem of
transporting a sufficient number of gamma ray histories through the shield. These
1ssues were solved using a multi-step calculation method employing PHITS dump files.
In the first step the radiation from the outer environment was transported to the edge
of the shield. In the second step the PHITS T-WWG tally was used to generate weight
windows for transport through the shield. In the third step transport was simulated
through the shield. In the final step the gamma spectrum at the detector was
calculated using T-Deposit. A new idmpmode setting was added to PHITS which
enables the tallying of gamma histories with different weights with T-Deposit. This
new mode and results of a test calculation (Fig. 1) will be presented in the talk.

[1] Y. Sanada et al. 2014. Explor. Geophys. 45(1), 3-7.
[2] Y. Sanada et al. 2015. J. Environ. Radioact. 139, 294-299.
[3] K. Ochi et al. 2017. Int. J. Environ. Res. Public Health 14(8), 926_1-926_14.
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MESLISA R R & 70 %, TOHRBAERAN I, I v a VIR OBIE<BEDO TRIROEE & |
HERGE O FEL B D, FRCHIE<BMEO TR KR OEEIZOWT, Fa i, Bt =— R
ERAWEHEH S I 2 L—va B HRE L FIEONLZ B L TV 5, K FIEOMEN KOS
Ly va rOEAICIE, B 2 — REOTFHERREE T VORBE, WIS, FHEY A4 £
MU OEG)Z2REICET DM NSLETH D,

Al BEFOFHEREET VORKE, KOFEES A A N OREICET 252175 720,
EEFHAT— g > (ISS) 1T 9 HAERBM JEM) KOZDFRFEROEY 2 — Vi 5T
ISS 4y 8D-CAD 7/ (LLF ISS EF /&Gt d) &, JEM KUY Node2 V= —/LDA
"7 % JEM 3D-CAD €5 /v (LT JEM 5/ E5T) 2EK L., %40 JEM N O
B4 PHITSUZ W' T A a v 2l —2a S CRHAELE B, 72, MEHHEMELE
Area PADLES (Passive Dosimeter for Lifescience Experiments in Space) FEERiZ THELNT=
JEM AN O & EHED ik 21T 5 72,

ISS 7 /L i, JEM KOZDEFADEY 22—/ (Columbus, U.S. Lab, Nodel-3 72 &) <%°
b7 AR E R GUHMR A A MY & L, JEM 7 V%, BER, M, mESLE S
LbOE L, FICHER LA, MIEEE, 77 U N oS ERE VAT LT v 7 JEM
TTuy I OYAA M) EHB LZ, SuperMC (Super Monte Carlo simulation program for
nuclear and radiation process)3 ¥ 7 h 7 =7 % CAD €5/ 7 7 A LK (stp) @ PHITS
ATy N7 7 ANERASNOEHIHEH L7z, ISS KN JEM ET/LOFK5 %2 D/3— 1, Al F
2iX Al G&roR5bD e L, TOEELZHESTHZ L TEETOEREL AR /2 #iH THEL
Lz, BEFEOTHEETT /L L LT, Matthia £5 /L W @RAFHR) KO APS Bl L (1
PR T#Y) ZEA LT,

Area PADLES #t&dt Gt 17 @EpTiCiE) & RALEICRE L7 AR R O I & K Ot
MEBLMEZFE L L 2 A, KEBDORMEALE IOV T, FHRMEIZERIE S 20% KT 30% LA
WT—E L7, 22X v, PHITS, Matthia %' AP8 €5 /L, 4 E{ER L7- ISS &' JEM
ETNVOMAET TIE IS FBICB W CEHAMRERBELF T OMEEENARETHDL Z &N
IRENT, ISS T V&M L TR LAEHRIET, JEM 7 /W THELNIZEIRE LY 5
HE L DB/ EL, DA A M) OREIPHEHBERBEICEET LI ERbhoTe, L LA
W, UAA N OENPFHEEICGZ2ZBIIRELIRNWED, HEFHOMELEET DL L.
b HIRRE DR 2T 2 Mt RIS IRl RS P OBHER A B L7 U4 2 Y OEANE
BLEZOND, ARGHCHRIARLAE RIS, IR v a S THEA TRE 2881 < BRE T K
DVHEETFEICONT, ELRIMHEEDDEHTH D,

[1] T. Sato et al., J. Nucl. Sci. Technol. 55, 684-690, 2018.,

[2] A. Goto, K. Shimazaki, T. Sato, 42nd COSPAR, F2.2-0005-18, 2018.
[3] Y. Wu et al., Ann. Nucl. Energy, 82, 161-168, 2015.

[4] Matthia et al., Adv. Space Res. 51, 329-338, 2013.

[5] Vette, J. I., NSSDC/WDC-A-R&S 91-29, 1991.
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J-PARC /™ N1 > EBRHEFR O SAZRIEER F 0 2 Wit RE &
PHITS / DCHAIN-SP iZ & % BUHRIERH A RS BR R RS R D Lk
BT ICACHS 12, #RIFHES 12, JEDOLSR 18, F6)113— 12, A6 1 18,
BUESE KR 1, ZEESE 12, 48 A HAF O 15
1J-PARC & > % —, 2 KEK Wil , s KEK S0, 4 KEK M, 551 /1 kgt

J-PARC /~ K > FEBRHERE CTlx, 2013 4 5 H OGEMER 2 WEiE I E 2, T
HBEEDORFE DR E LIS EIC b TN ZREITHRIT 5720, B — AER ORI ZXH
LCHEBRT DY U AT AT OREHRE L SNV ZHGEET 5 AT AEEH LTS,
VAT DMIHABPIAEN TN D Ge FEIKRIBERIC L DT o~ AT FAIEND, B — A
R S AR & 22 B R DS R e Y S b EH BICHEER A~ U 7 AW APIAEE LR
ENDHZENTDoTND, THDOKRIISENRLT ¥ A& e — ARICER S
BICKAIZBAT L TR SN2 SO T, TS EMOZEMIGIZ L D FEENA~DAR & |
BB RFA~OBATOKLBRIZ OV TRFT ZED TV 5,

B — LIS O F o BRAR T W EBR #R(511 ke V), 38 KX UV C-10, N-16, O-14,
0-19, 0-20, F-20, Ne-23, Ne-24, Na-24 (Ne-24 #), S-37, Ar-41, Au-192 (Hg-192 #),
Hg-191m, Hg-192, Hg-193m, Hg-195, Hg-195m ZZ)RE SN b v — 27 B8l s 5, M
BB D & LT, B — MMF IR ER OB 5. C-11, N-13, F-18 %A%
BRI LTEZLNT WD, ZOMOBIEON o~ RIZHONWTIL, B — 23R, fER
LURFREHI KR 5 Ge WA O HZ MR (T 2~ #E SRR KT 2 B R T o%)
FRE L PHITS fAAAD EGS5 12 X2 Y1« OBt 2 FIH 2 Ge
FEEORBELFIRIC I VIRE) 26, TERKEERKICE T 28O EL RS
o7z, —Ji. 30 GeV B FDOREHNIIE D SIFERY « B — A TOR BT O L & % |
PHITS / DCHAIN-SP ZFIIJ§ L Tt L7z, MIEIZ &V Red 7= KUR T O B PERZHE D 1A
EE ., BETOZREAEREOFEMELZET LT L, FHEE#Eam L.

[T O EREBREEEITIONTND, BRI THENE T ¥ 54
—ABIZAERIND Z &, PHITS (X 2#EN ORISR, 720, &EMNTIE
Au-196, Au-198, Au-194 %, ' — AN TIL Sc-44, Sc-47, K-42 OGRS £ &I AR S
N5 ETFRENDND, ZNOOEMIZEMEN LR STV, LLEORERIZ, [EiARH
AR SN EED S 6, ROV FRELZ LR T 5 C, N, O, F, Ne, Ar, S, Hg D
FED L BN KABICBAT L, TRERRAET OS2 bo LIREN D, Eiz,
R OERKEIZRT 5 KMH~OBITE AL, C-10, N-16, 0-14, 0-19, 0-20, Ne-23, Ar-41
IZOWTIE 4—6x 104 OFPHENR VI LIZEE /R L, BE» L EME~BITT HEAE M
OO CTHEELL TS Z 2R L TW5, F-20, S-37 &M Hg X, Zh
HIZHAR 1/20~1/4 BE DR/ S REZ R L KUBICBATT 2EIG D/ NS N &350
2o TIHOKMHBITEIA ORMIL, BROFEAFREENM LIZLDEEZLND,

1) R. Muto et al., EPJ Web of Conferences, 153, 07004 (2017)
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REMEAREBHOBER L I 2L —a v
{5 &2 R
e AR R A RN I e A

i LV BURMEBESE I 3 E AL 5 R D R W R F AL 3 HA R A B2 28 T 30 AR,
b LITAMEREE D A 71 U CTEIRET 509838 2 N B O S8 rabiF 78 bR Fe HEte —
7 77 2 ImPACT (Impulsing PAradigm Change through disruptive Technology) C i
LCW5, ZOFT, Hdgs% A7z LLFP (Long Life Fission Products) k% 28 vk O e T
D=2, ImPACT @ PJ-2 7'u =7 s Ti, #4f RIBF # H\, LLFP O+ - &G
NS BOGHIE RS, BRSO & 2 RGBT 7 — 2 2 B L, PJ-3 7m¥ =7 |
Tk, ZHODMET —Z LEEFEOMEICT — 216 BT OBEICH, B EHR
BEfE L, ALY R 2 b— 3 a VICRERBIUST — A N— AR LTz, £/, Z
NHDTF =2 _X=2L L Hi, PHITS ICROBRIGY R 2 Lb—a &2 nT, BERRE
RICBIT DT vt AGUTM IR BHNR, BRFEORREFTETND, A%
#ZTlX, ImPACT O30 PJ-3 v =7 N TIERK L7= LLFP HOT —# | ARkt
Wriki T — % . T oz AV 57290 O PHITS [ZBI SN FReSE 2045, /2. &
o &AW ERBRR TOEBGR, BEEE, AR SN D REMEREOME, =
NETPHITS VR ab—vavicko THEONABEEZMHT 5.

AWFFET, MEBFEM - A/ N—a UREHNTFET L ORI EREHEE T 2 7T A
(IMPACT) O—Bt& LTHEEL7=HDTT

16



A K — RN BE

17



Windows kit PHITS @ MPI A3 BREAR S H1EDOHEST
AT, W&, BEESR
5 Ve 3 s e 2

B

Wit EA A EHE 2 — R PHITS IE, Er7UvaitHia— RThood, Z0d
FIZIZZ K2 CPU R 23 25803 5, 16RO PHITS BlAi/N v 77— 1ZiE, Windows
i —REY2—L (exe 77 AL) L LTy ZNALy RHE AT HAF (OpenMP)
WHHOBRKEMENTEY, AU 8 (MP) WHIFHEEZITY LN TEeolz, 22
TAMFZE TIZ, Windows PC % iV /= MPI RO 11— REY 2 — L OER G IEKR O PC 27 F A
B OGS ETAE L. ZOFIEELMER L B, AskSic L v Windows > MPI IEFIFH
HHe—REV 2= VEGATE /Ny r— O AN /N— 3 > 3.06 K 0Bt LTz,

BEFEDOFIR

MPI 7' b =L b UCKET VA > XESAFFEFT A L Cnd 7 U —Y 7 s MPICH2
ZRIAS 5, FIEEIZIZOWindows PC ~D MPI 7’11 k=LA A h—)L )51k @MPl A A bk
—/V LT Windows 2N~ U —2 CHfed 2 574 3Windows TPHITS % MPI IlZ =
AN LHED 3THHE M@ L T\ 5D,

WAL A
PHITS #iIfE 7 7 A O Fpi- i3 5 (Shielding) . #% K& a5 (NuclearReaction) & ki
1R (ParticleTherapy) 2 W CHESE L 7= PC 7 7 A X2 X B 3 E ORMGEE 1T - 7=,
FREEIZFHWIZ PC DAy 7 %3 112, fEREE 21877, £72 MPLIC X 2 FHEFF# O
AR A 112”9, OMP T PC1 B LA Ly REERCEFHEICRENEL S
23, MPLIZPC 7 7 AH ZHE4E+ 5 Z L CRHARFM 2 K 0 BfE T & 2 mRetk 2 e 7o,

P E Rk T H R
#£1. PCOR~Ny Y

MPI(RL v K #%E5)

S84 -] CPU AFRLYR) | *AEY
== OMP (master)

master Core i7-7700K 4.2GHz 4(8) 32GB

node Core i7-6700K 4.0GHz 4(8) 16GB

*K 2. WEERHERER

2o e
ORNWARUNONROLORN

//

DU IVRE AT EHERELL

MPI(8+8ZL v K) | OMP(8RL w K) | Single(1XL v K) o
R FIERKR(80FE X~ 1) 273 608 2399
BRIGAEE X~ 1) 220 597 7178 012345678 91011121314151617181920
HFABRAI0FE XL 1)) 290 661 2741 ALw K #

1.3 v ZIVRR & B 7= 3R b

[1] H29 JAEA %34 [Windows it PHITS ¢ MPI W Sl 5EAkEE 7 1k O sk O FNEEOER 18 X 2 ik
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——a77u¥ v¥ Xeon Phi L ThD PHITS | & A WHIFHE O MRETAE
S PN
B AR I RFF52 B 36 s

OB EIN B2k 10 % mPERERH S (HPC; High-Performance Computing) Tl
GPGPU (General-Purpose computing on Graphics Processing Units) % (% U & IEIE%
BB LI A =— a7 VAT DX D EWHFENER ZEDTWD, A T it
HPC MDA =—a7 A7 LELT, x86 7 —F7 7 F ¥ X—AZAD Xeon Phi 77 IV
— B LTS, x86 AH#iTH S Xeon Philx, GPGPU & 135720 x86 7 —F7 7 F v
ETEET AT RS T ALY —Aa— ROBEERLICHES 22N TE D,

AL Cirx, & 2 {8 Xeon Phi (KNL; Knights Landing) EToO4#AEY (MPL
Message Passing Interface) . 325 A€V (OpenMP) ¥ X Ol H DA A DY (Hybrid)
Ffrz 25 < PHITS (28T 2 W HNFHEOMRE A FHE L7, FEHmICH W KNL (et
PP L X—=7210) 1% 1 DDA — R 64 HOBEFE 27 24 L, OBEEEHIT 1.30GHz
ThD, Eir. AVTFAMD A= R 2T v F AL v T A v 7 Hi (HTT; Hyper-
Threading Technology) (Z &5/ L TEY | ;xk 256 AL » K (64 27 X4 XLy F/a7)
DOFEFAEENAEETH D,

112, H5EAT) 7 7 1 /L [NuclearReaction.inp| % F 7= WA I2 35 < 641 F
%®ﬁ%&2&~7t)74%m¢0ttb\ﬁmfmﬁﬁ IZBW TR EZ 2.5X108E X
FU—ICEE L, EPS 77 A NA~OWINEA 7 & Uiz, HelhiXar i 2 Fo 720 gk gt

I LD ERM A WSFHREIC L 2HERM CEH -7 TH Y | REWVIFZERWIESIEFE
7533?3%.3 LxRRLTWD, £ MPLIFFIOFERICIE T, 63 W E TIHIITHIZIC mdk
ENTWDZ EDBGh 5%, PHITS IZWSHEOEHICHE 2T 2 1 >EAT 5720, 64 f#
DHEFE =27 Z2F oY% KNL Tl 63 WH a2 25 E 1 DDA TR 1 S b2 27 %
REBLL 7220372 69, 25— 807 4 23% L HEfLT %, OpenMP WHITIE, §~T
DEFE 2T 2 AT 5 63 WHNZET HANCKE MR OEATED iz, OpenMP W41
DA T WX, PHITS @ Y

250 | MPI ——— NuclearReaction. i
— 2= — 7% OpenMP Hfff 1= fri1t MPLHTT o 25100 histories
200 Opﬁ;’ﬁﬁﬁ |
éj’bf% Eﬁ‘ ﬂfﬁ”& A7 FEﬁ@Z]‘“‘/\ Hybrid-HTT = ' (2=5653+64x3

- 191

— by hY *
~v N3 REWZ R TFRIN Do 127 (=63+64) (=63+64x2)

150 |

Performance - Higher is faster

Hybrid 42T 8, OpenMP (2 100 63 (=64-1) - l J

KD IIED S L \MPL O H O H 5 l oS CEec ot

BT THREN S > T B, 1z, 1 gl ‘ | ' ’ ]

FARTOFEICHBNT HIT AT o Lol | | | - - -
0 50 100 150 200 250

»H V. HTT % H\ 7= MPI W53 b Number of compute cores ()

EBWVEREZ R T 2 & A3y s .
=] l‘iﬁb%T‘a— kz)‘)?ﬁ)’)f M1 WHEHEOMEEE A r—F ) 5 ¢
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IRAB B BRIR & P T IO R B D B 56
Bl ACsE 1, AR EE 2, RIEHH 1, BULER 1, AR
1) 1 i SR P AR, 2 RO R e

(BRI SN TEET L 2 L

Windows PC,

iﬁ%’@%’%#ét?%%?“@% D, =4

& USB 145

WO T IEE RS EIILETH D,
ARFZEEE Tld Augmented Reality(AR) &

D REFIEE OB OB % %
2010 FELVITHCTEL[L], ZOV AT
LEHHN T EGSE ZHAWTEHE L
MERAA PR C D HUR B DI E DR % |
AR % HWTHERE 22 12 3DCG T M1 AT LK

FR L, HRNICBIETE2HM TH L7120, BEENRBEMICHKEOT2E0T 0, L LARBS,

@/XTATiA”%i%6#Lb#§éﬂtﬁ%ﬁ@ﬁwL#ﬁ%f%?”Am% o<
RATHEDIRNE M L2 > TLE D LW BER H o 7o, AFIETIE, SR H A HRIT L
B IEHRTEIC DN TR T 5 Z B TE LV HEDROEmWIEREM 2T 52 2 HI
L7z MLIICARY AT AR AZTT, AVATLIXUSB I AT TIRE LIZAT— Lo
B b | R ORLE G D T H BRI E R R 2R LERGHA 217 5 720, FEEIZA |
(RS 2 B L IERR R R & 0 D Z E N TE 2D,

AREM CIIHSHROMERMTTIE DO O 1= 2 FRE ORI 15 % FIE U B O MR T E D%
BHEATo, H21TRT X918, MO 28 TRBLT 2 REFE— | m%ﬁ®%W$%F/
N CHRETD2WUIRET— RO 2FETH D, RBFE— KT, v, #R. BEEETRR

ﬁ@m%%\ﬁ\%\%\*@4@ﬁ@ﬁ:;of%ﬁb\wWﬁg%—F?i\%m%ﬁ@
WA F, R fk BOAFEO Ry FORIRICE > TRET D, Zhb 2 BEORB L
AT 22 L2 X0 FEE IR OREE, B X o THURBROMER T 15 % BRI BR R
THIENARETH D,

(@) USB # 2 7§ (b) FEBFE—F (c) WuipEE— N
B2 ROk FR B
[1] Ayako Yano et al.:”A Tangible Augmented Reality System to Support Comprehension of Radiation Shielding”,
Progress in Nuclear Science and Technology, 4, pp.565-568, (2014).
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BTRIBH 2 AW SN OREHRE & NERSREFF il
Offe &M, WK K& MO EZ
HURU L SRR A v S —

1. [FLHIC

PAERTHEIC K DBTFEIT TR 4 FLE, IR OZE DML & EEbivd 224 1
DN, 2011 (K 90%) BT EICL D SE DRETHETH 7=, ZD7=®, WD/ AN
DEESHRALEE & SEASLERRAT O TV D03, JHMEZR TR Th 0 SRR EBER DB ~D
ARAEET S, ZOREFES LT, JEINEN - s BRIz shii L7z BU & vz
ERFE SN CE 72, AARENTIRRL~O KRB TR M AL L, BHZEOFEIRD
RO TN DD, BMORYRAESCE SFHINZE S X #AE Tl 0.1Gy L FORfH~D
SRR TR b T 5 (BAEFERE 370 5), 21T 0.1Gy L FOMETHIVEA
mOMENE LN Z 2R LTEY, IIN (FTRE) ORI &L 0.1Gy LA FThi
XEAFEE OB AT 2 LE L PICRET HZENAETH D, £ 2T, AT TIIINH
(2T R AR B Bk Gy) IR S W72 F O r[ A O &Y 0.1Gy LLF & 725 K 9 70 I 4=
% 926k & PHITS Tt L7z,

2. Hik
1. EBRIZHOWTIE, Fig. 1 (R THEEY 7 L2 1E
A UL AR O 0% I 7=, R ifi#itix RCD N
FRERE, AIEEOMEIT TLD CREm L7, PE7/M/A -\ Bﬁﬁ)“i
2. PHITS (Version3.02) % M\ TINDOETHrBEE
L% ik U, 99 (CaC03, d=2.0) 0.6mm, 58 (H20, T[] dige £

d=1.0) 4.5cm X 4.5cm X 4.5cm & U, #RIFE—IR2EEEE & (HENENES)
Ti{h 10 u m IOV TIEFERR & RRRICERE Lz, R , ,
Fig. 1 Egg sample using experiment

6cm X 6cm D HEFERRIR 2 FAT £ — L THRES L K O#k
& NET O ARG L7,

™
=3

3. BB LOES o — O

RRIT BkGy HRAT L 72RO TR DML o0

% %5 & PHITS C#E(li L 7= (Fig. 2), Ao E ¥
B r 01Gy BFICT i idmasE £

150kV BLFICEET 5 = & 25 EBhdi & b
BOMBIE ot A sV~150v o [T e ]
BRSH T BRI 25— 10 R S8 5 5 L & 5K T

Accelerating voltage [kV]

TOTETHL. Fig. 2 Dose of egg when eggshell is irradiated with 3kGy
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PHITS % RN FH AT & Y O B R A
kst 1, RIRDEAC 1, RS
LB ROK S H AR 2 FERY

FHEMRRELZFAET 2720, ALV EZBH LR FHECLVTFEY 7 A< EH)
BRI TN TWD, ZOBMRITHERT MR L, MERERE T CEASh D2
B, HEHRERERIC X 0 MR 2T 5, Los L, BB IT = 2 R avE BRI SH 20 |
KHIATH Z LIXTE RV, £ 2T, PHITS MW % Z & TBH¥ L7k o O R
U RPEREE R —2 L R—XZh R (TID) IZxF AMitEEZ v I 2 b—a S XV FHl L
7=

AWFFECTIO | O B T M1 OSBRI I 2 b—3a BT ADL DT, aA
NV EZOWNEOERBIKE THKRIND, ZOHMNEBE LT aA Vi, BRI Mrvaefk
H 2 & REFICERBREO KRR — L FE L TOERT 5, BSBRmE o A X,
PHITS @ T-track & T-deposit Z M 7z, FHINZSIL, = A L ORSHR S —/v REREE N
HRIZ & HEMERIEE OWIRE TH D, IA VTN EELZHDOTH Y, 5 mm JEDOHIHK
LR ES, 2T, S5 mm I, affERFNTHVIab—Ta i 2{To7m, ZOR
H. 240 MeV LN D a & k2 Z L0337z, A ME, aff 240 MeV ELFIZx L
THEHRY— Vv RE L CTHEHFRETH S, 7o, AFRORA L VIZ, v 1 MeV 3A
W LGB 2ERBBIKEOEMBIRELZ I 2 L—ra v Lz, K2 13, Bty
FIZBT DEMBIREDO Y I 2 L—r a VR TH D, EREIKEOKERIC X 5 EBRMN
FetEog M (TID) 1%, 77— ML A AR5 2 & TlRE D, 2D7ed, v =
L—a UETAVTH, SRR EZ Si0: THERE L2, F7o. EEOERIHum TH 503,
Vo b—ya URRARERTZD . 1 mm CIHMEiZIT 572, EORER, v 1 MeV &SR
TS L7255 G, BRI ORI EIE 0.052 rad/year LA T & 72572, FHZE
BT 400 krad BLEOFEHRRIIED R D B D 72 AFTREOBR & o 1+
SR O 2 LR o T,

AFFTIE, PHITS % W -0 B & o O ORI R 2 > W CTREENC k< %

. 30 mm N .08
! 20mm . ! 0.07 Integrated Circuit (IC)

o
&

I 1 r\ (SiO, plate)
Coil 05 f f\

o
o

(Copper cylinder)

Total dose (rad/year)
(=]
R

Vacuum 0.03 G G
Radiation Integrated Circuit (IC) 0.02 Copper Vacuum Vacuum  |Copper

(SiO; plate : 5% 5 X 1 mm)

0.01
0 -
-16 -11 -6 -1 4 9 14
Length (mm)

M1 vIal—varesiL BReY) 4 2. WSt ot O IR &
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B XX —NbEBERNEEER T ISR EMO PHITS % A\ 2hREH M FiERE R
IR R, i 2R
O RE LR 7 e TSR

BE: BUEOHETFHRETIE. BHETRETIT L
X—% KR ENLTERUICEBRL WD, JEWshEs
BJIHETHEZF ORI, BENHEOZR VX —ZBHIEE
KUCEBT DL DD DD, BHEZHIZITN< OO FEFH
DD, AW CIIE R EICAE H Uiz, B
W 1 RTINS D EMEED FH B SN
PREFCRERR S CUND,, BZIREI DBl S 7= sE At (2 +
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Conference on Nuclear Engineering, Arlington, April 14-18, 2002, 125-132.
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Evaluation of lithium glass scintillation detector responses for tritium production
rate measurement in the blanket neutronics experiment by the PHITS code
Neng Pu!, Takeo Nishitani?, Teruya Tanaka'-?, and Mitsutaka Isobe'

'SOKENDAI (The Graduate University for Advanced Studies)

2National Institute for Fusion Science, National Institutes of Natural Sciences

Lithium (Li) glass scintillation detectors have been utilized to measure neutrons for evaluation of the
trittum production rate (TPR) in the fusion blanket neutronics experiments [1]. The Li glass
scintillation detector method (Li glass method) perform to be the on-line measurement of TPR which
can compare with off-line measurement of TPR by using the activation foil method and the SLi,O
pellets method. Due to the large thermal neutron cross section of the ®Li(n,a)T reaction, enriched °Li
glass scintillation detector has the large efficiencies of the thermal neutron. TPR in a neutron and
gamma-ray mixed field can be evaluated by the spectrum of °Li glass scintillation detector subtracted
that of Li glass scintillation detector (°Li glass - Li glass). TPRs in the Li,O blanket have been
measured by °Li»O pellet method and Li glass method in the benchmark neutronics experiment with
D-T neutrons at the Fusion Neutronics facility (FNS) of JAERI [2]. TPRs measured by Li glass method
have been found the discrepancies from that by 6Li,O pellet method in the front side of blanket which
close to the neutron source. In order to study the reason of the discrepancies, the neutron responses of
Li glass detectors have been calculated by the Particle and Heavy lon Transport code System (PHITS).
The neutron spectra are obtained for calculation of Li glass detectors at the different position in the
blanket. From the PHITS calculation, the neutron spectra change to harder from blanket back side to
blanket front side. On the one hand, the reaction rate of several reaction such as ®Li(n,n’a)D, "Li(n,n’
a)T, "Li(n,2n)5Li and the elastic scattering of 6Li and "Li increase with neutron energy. The counts
loss of Li glass method has been found to come from those reactions. On the other hand, thermal
neutron peak were only considered for calculation of TPR from Li glass in previous work, where lose
the information from the 6Li(n,o)T reaction on high energy neutron range. Therefore, the ratios of

thermal neutron peak reaction rate of (°Li glass - 'Li glass) and total TPR from °Li glass were evaluated

o [T T
10 e§cn
Bg 0e

T T T

to be a correction factor to correct TPR measured by
Li glass method. By using the correction factor, TPR ' . R
L

o

measured by Li glass method agree well with TPR
measured by ®Li,O pellet method.

10% | - g
Reference:

[1] S. Yamaguchi, et al., “An on-line method for tritium production measurement = 9,0 pellel (JAERI - M 86 -182)
® Liglass (JAERI - M 86 -182)

with a pair of lithium-glass scintillators”, Nucl. Instrum. Meth. Phys. Res., A 254,
Correction for Li glass by PHITS calculation

413 (1987).
30 1 1 1 1 1 1 1
[2] H. Maekawa, et al., “Fusion blanket benchmark experiments on a 60 cm-thick 10 20 30 40 50 60 70 80

Lithium-Oxide cylindrical assembly”, JAERI-M 86-182 (1986). Distance from trarget (cm)
Fig. 1 Comparison of TPRs measured by ®Li,O pellet method

and Li glass method, and correction for Li glass method.

Tritium production rate (1/°Li/neutron source)
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