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Development of Helium lon CT Image System for Particle Therapy
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This research aims to address particle range uncertainties in therapy
planning. The goal is an ion CT (ICT) system using helium, which experiences less scattering and
fragmentation than protons/carbon, for high-resolution imaging.Experiments use a 150 MeV/u helium
synchrotron at Hyogo. A cone-beam approach allows fast data acquisition. Neutron noise was reduced
by optimizing the CMOS camera and shielding.

Reconstructed 3D images showed good reproducibility and linearity of water-equivalent thickness. ICT
can directly measure particle interactions, eliminating x-ray CT Hounsfield-to-stopping power
uncertainties. This could enable tighter treatment margins and more conformal plans.Next steps
include system refinements, range accuracy validation, and assessments of improved treatment
planning with ICT. This innovation has potential to advance particle therapy by providing more
accurate anatomical information for safer, more effective cancer treatments.

helium CT



B X C—19,. F—19—1., Z—19 (@)
1. WFFEBRMA L P D 5

B RUIEOF 2o HRREEALTE S L, BHMICE WXV —ZFHICH T2 (T T v 7 E—7),
T ZTHBT 5D & WO MEEREE A R o T D R FRIREIZE OMEE 2RI L, S E
DIHTENT R X—=NE 2 5, JREEEZ M ITEET 5 BRI IE T )L X — 2
HLROWESICHES N TWD, 7o R HI3EHE O X #R &0 AR R smn =011
~ 3%, EEIITIRVIEENRZ T 208, EFHERKICS KV ROEWERREL S, 207
B, S &R s O M OB E AR IET T LB REE TIE, D728 mm 720 Ok 1
FREED ANHED S T, JEGMED AL — P ORTR, TRREF s OFF AR EOBIERR & BRH
ICREWREZ RIFT L SN TWD, HEEH O OBKREER E. U R 7 ligids O AT CRL - FR AR A3
FUXY IEFEDIEFICBN T, PR EORIERANR OGN 03D 5, ZTOERE L TR 7
e BELIE BEHE DREZELC

0 A U TR DR
MEELER DR
_ (R, TR
_ SHME RHENSOENE L
Wi 7 T, HIFHLE RO

e | sl
100 150 200

i
250
Depth jmm)]

ARFE. TARIENLE S
OEFREL | M7 EABRANEENC L HFRER ENET O 50, (B A DY RAE & ARG E)
AL, =Ty b=V EIERBENE R & TR ATRE CTH D, L L, IRIREFEIREC
fiff 9B F-BRIERELL DRRZEIX, A F TO X R CT £ TIFMRIH ke W7, HIFEE S I1XE OfRdk
FRDTAER DA B O EFBT DICESTRETH D, HFEE DITTHER T TR
Licar Ry MR ICT g v A7 5T, ~U UL CT BBROEAIIRE LTS, Jl&kiE @
53 fRRE DR T HHi e & G PR AR RE DBRFE OHEEEIZ L 0 Fex PMRE LT A 4 CT &~
AT LRSS LIV ET H 2 LICEBRT LA R L TV D,

He}

2. WMHEDOHK

ABFFEIT 20 FE TEEEHDR R Dy o 7oKL 7 BB B R T FRERAHE D S RIRE O MR T, Bl

RIGEICHW BN DR FRRICHES S A 42 CT lifg v A7 LD Z HNE T2,

3. WHEDTik

M DITRE RS FRERE L ¥ —D v 7 br U INERRC K0 AR &5 150 MeV/u
IRAF—DOANY T LA HE D (FR), ZOVAT MIERBRIETHY | a—r B — LD
HT— 8 RICIEETE D, ZHUC KV R 2 0T 0 2 & Sk D, RO RGN —



RAAFEHEICEE SR TS0, B—F = 3 v T =T A& ANT, JE D L I T —

wat valent block d bbl
%H&%%“é—éo %{}%%%Tﬁt PTW ﬁiﬁa) 2 Yk :olei;i)(;:;lnfo: collu(:lcat,or mo(r)::or elecvé:om:;net
Pk phantom i
SERRH RS 5mm2) % ] L7278, 225> - Heton beam
FRRED BT — 2 %2155 Z L3 R 7220 i ®
ST, ARG TIIEMIEED MW T —

rotatlon

2D-array table ndge filter scatterer

2 EWETHEZD, Yoo FL—v gt detector
CMOS 1 # 7 & fl & oW T W R 2 AERT

Do YUFL—va NIRRT R NLX =BT
BELETIZ A 2 ERIEICERL TV DY 7 K=
AT A KIS RIS, TRIZEST A g e 1|/ A8
LRV L 2 A E CTIERICHEL, HoM v
Hge D2 M D fFiEZ 0.6mm2 FREZICE Trl b
S5,

4. HFIERH
(1) B AT AT MMESNBE R

HEEHEDIZY v FL—ra e ON0S I A T Z A DR TR 2 BUE L MR SR v A
TLEHNT INKT 7 o b b R LT, K7 m Y =7 va VEGR AR LT, i)
BoNThF7T ey =2 va Vg EHE L, XD/ A AREBRICHET LN
PR L7z, CMOS 7 A T ODALEZE B — 5T A Hul) b 15em, 30cm & 45em O FRfEZ B> T,
wllcvuyzrva BgO ) A X EEfIZFEH L7z (T, 45em OALED 15 5 V72
BITHIMLENSEONTZEG LY, ) U A XOEN 1/3 TR LIZZ Ehbhotz, 2Ok
RITEY | WEEINTZWEFE T AT LD CMOS 71 A T DNLE Z it L, /A A7 FEER
NROND XK IITRoT,

off-center 15cm offcenter 30cm off-center 45cm Dark field

(2) 77> MAC K DT & Ffk

REEBRIIL 70 ha UINERRCAR IS 150 MeV/u D= R VX —E R ORI -2 L7z,
ZOVAT A, AU B AORET — X & EICIET IR ENEEA R L TR Y | )
IR D BLE DS FTRE T D0 KL TRRO IR R — MIAKEICEHE SN TN D, n—F—v a7
—T7NEER LT, BE D LIRET — 2 2 5 Uiz, WIHIBRRE T, BB WE & OB #t



Sensor Position (cm)

-100

ka7 al e g VEGEMR LE L, Ll THEFICE D A XDNEGI

EPNHIAL, ZoORMEERT 5729

TN =0 L EEEROMERT vy 7 LT, FET ) A XDk
=R AF NV T LA F UL DT BV =7 ¥ a VERERY
EROBESMEEE
TUWE L7o, FERUFHIEAS LT —

J /f 12375§§§§ﬂ5ﬁ é§ j’b 25 ?Elégzagfﬁﬁgwu l./Eii L/7E:o
T —2 N5 3Rt CT B % FAE R 5 Bk &1

L IOARYE T g O T—

400(
80 I

1 350(

-60
-40 1 300¢

-20
1 250(

0
200¢

20
40 150(

680
100¢

80
100 500

20 40 60 80 100 120
Rotation Anale (dearees)

(3) ICT i Pk

EFFETIZ 60O T ey =g T —E b EREE LT ICT

PE2 R L7z,

W72 R Eh & LD 7,

bl 0]: 1]

Sinogram

Sensor Position (cm)

-100

-80

-60

-40

-20

20

40

60

80

100

L UEBRE S OmgIE ) 4 OB TENBETEX S LUl
S 5725 FEFIERR & R T L 2 X LD BNLEETTA,

D 1CT

b5z
2, BT AT A0 CNOS 7 A 7 O & ek L, &5
B e/ DRICI A F LTz,
L. sl bk
T, /MK T 70~ L OB
4 (F2)

4500

4000

13500

13000

i 2500

20 40 60 80 100 120
Rotation Angle (degrees)

{5 D 7K St = oD P B & AR
[XE 2TV,
B {5 B L2 ) 4]

cube Ram-Lak Linear



(OKIMOTO TOMOAKI)

(20295067) (14501)
(SASAKI RYOUHEI)

(30346267) (14501)
(DEMIZU YUSUKE)

(50452496) (14501)
(AKAGI TAKASHI)

(50500005) (14401)
(TOKUMARU SUNAO)

(90304899) (14501)
(MASTUO YOSHIROU)

(90749201) (14501)







