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4% 5E
® 19734 FLY 3 HL

® HRKIARI)LE¥X—: p8OMeV,d50MeV, He
100MeV, C 144MeV, Ne 120MeV

FEE
® RIAE 48%
o EERRBRST (WIHE8%. £WM7%E)

Tuning operation and machine studies, 250 h, 16%

Studies on radiation ‘ RI
dosimeters, 19 h, productions,
l& 729 h, 48%

Biological experiments,

102 h, 7%
Radiation damage

tests
(Proprietary research),
309 h, 20%

" 20-2021 4 &

Nuclear and atomic physics experi ents 125 h, 8% T. Honma et al., Proc. 17th Int. Conf. Cyc. and their Appl., (2004), p. 154.
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Robert Rathbun Wilson S Robert R. Wilson, Radiology. 47
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1954 LBNL Optivus A

1957 Uppsala [230MeV Sync.]
1961 Hervard 1991 Loma Linda - AR OBRR B
1967 JINR
IBA / I R EH#H
1969 ITEP e
1979 EH 1998 #H [250MeV Sync.] —
1983 =T B 2001 Boston 2001 Tsukuba =EEH
2004 Bloomington [235MeV SynC.]Varian (Accel)
1984 PSI oA L2
ibo 2003 &M [250MeV SC Cyc.]
. 2006 Jacksonville 2006 Houston |
1989 Clatterbrldge 2006 Ilsan .
1991 Qrsay, Nice, 2007 Villigen Mevion
Louvein 2009 Oklahoma 2008 ZBLL 2008 Murich [250MeV SC
1993 NAC 2010 Philadelphia unic Syn—Cyc.]
1995 TRIUMF 2010 Warrenville
1998 HMI 2010 Hampton 2010 ¥578
2002 INFN 2011 Krakow 2011 {23 2013 St. Louis

2014 San Diego
2016 Baltimore, Cincinnati 2015 |
2018 Manchester, Delft, Jacksonwlle.,
St.Petersburg, Atlanta New Braunswick

2012 Prague, Somerset 2014 #L1%
2013 Essen, Seattle 2015 Menphis 2016 [& 1L
2014 #AK 2015 Rochester 2017 KR

2015 Seoul, Taipei 2016 Pheonix 2017 P 2016 Cleveland
2019 Washington DC 20 B " 2018 Oklahoma,
WashingtonDC
1 50 13 7 97 13
Various type of Duo- Cold & € ln b4 2.45 GHz Cold Cold

proton source plasmatron cathode PIG 1A 2ViR ECRAA IR  cathode PIG cathode PIG
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ST RATEE 2 —HEBE (NCC) cathose PIG

Ion Beam Applications s.a. (IBA) %J/Reﬂem,

{ﬁ— Cathode

E/x EHH IR (SHD HF';EJ% 1.,

Extraction
Slit

Filament

235 MeV cyclotron
1998 Kashiwa

2001 Boston

2004 Bloomington

Type: Livingston—type internal ion source

2004 Zibo Arc voltage: 140 V
2006 Jacksonville Arc current: 500 mA
2006 Ilsan Max. Beam intensity: 10 ¢y A, H*

2009 Oklahoma

2009 Philadelphia Y. Jongen et al., Nucl. Instrum. Meth. B79, 885 (1993). |
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Synchrotron

http://www.pmrc.tsukuba. ac_jp/engOurFacmty html

Type: Microwave ion source
Microwave frequency: 2.45 GHz
Microwave power: 1.3 kW

Max. Beam intensity: 30 y A, H*

250 MeV Synchrotron
2001 Tsukuba
2006 Houston
2014 Sapporo

M. Umezawa et al., Proc. of the 2001 PAC, Chicago, 2001, p.648. T. lga et al., Proc. IPAC 2010, Kyoto, 2010, p.85.
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“the biological damage depends not

only“orlithe Inumber OLIO(;]S produfced in EE'% S5<h
a cell, but also upon the density o N

ionization. Thus the biological effects )L%‘\‘b %EHHEWD!,\IQ
near the end of the range will be " %*Ef’a‘

considerably enhanced due to greater
specific ionization, the degree of
enhancement depending critically upon
the type of cell irradiated.*

Robert R. Wilson, Radiology. 47 (5): 487, 1946.

Robert Rathbun Wilson
(1914-2000)
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VECTOR REPRESENTATION OF THERAPY MODALITIES
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E.A. Blakely, et al., Adv. Radiat. Biol. 11, 295 (1984).
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K AFE30cm : Si 800MeV/u
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RH

m#E: 60 x 120 m

e 4

@ Y Hiraoetal, Nucl. Phys. A538, 541c (1992). | ¥R ERER: 3268 M
(BE 146{&M)
(& 180{&M)
‘84 ‘85 ‘86 ‘87 ‘88 ‘89 ‘90 ‘91 ‘92 ‘93 ‘94
FEMR Surve Research & developments for devices technolo incl. biolody)
RERE [ Machine |
BERAE [ Buildings |
BEER | Buildings |
BEEEWRA B Electricity, cooling system, ...
FEME & A - Injector issionin
l Synchrotron 9
l Irradiation system.... o
& Bi
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MEMERLT I S—RBHEZHRA

EAE—LIR)LF—400MeV/u
E—LIRE 1x10%9&.#

EERELN120EMIZ.E2./3. 81
\. /3% A
- EBERHEIMIE4AE

Feasibility study

z Feasibility study
" & fundamental design
" (atNIRS)

Manufacturing Design of machine
and Buildings

Construction of Buildings

Gunma University
. Installation of Utilities
Heavy 1on Manufacturing

& installation of machine

/VV G H M c Medlcal Clinical trials

‘05 ‘06 ‘07 ‘08 ‘09 ‘10

‘01 ‘02 ‘03 ‘04
<
I Survey | PrOfctfunc ed by
. Japdnese gavernment
Dévdlopments of delices
Machin: Buildings

cli itri'ls

g?. ............................... (:(Er]t(}r

!m;us*mnc/a

T. Ohno, Cancers 2011, 3, p.4046.
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compact design 3:5 ct U‘% 0)11".’.@

full clinical *E%%ﬁ@{ﬁﬁﬁﬁ/ﬁ

integration -
rasterscanning only aX

low-LET modality: 3 — N

Protons (later He) & B T o ¢ HE?ILj(I*)I/:'JF_

high-LET modality: gl M- T e e Py Wi 430MeV/u

Carbon (Oxygen) =gy B e e

ion selection within g : A SR o A / ‘;, \ e GSIHEDS
5 Ay

minutes

world-wide first ko . >y Y 7 ARA—RXFT v =
scanning & oA S inIs s o

ion gantry : . % X , -
> 1000 patients/year = 2\ L 5tz £
> 15.000 ' ~

fractions/year 2 h < « HREMDERF
integrated R+D- : S0
infrgstructure Fﬁ j] >k U - %

— R4

Heidelberg lon Therapy Center

Th. Haberer, Heidelberg lon Therapy Center
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##[:C{T)EEZH%O)?&;I’L (T\c::;iation in the beam intensity after starting the ECRIS
3. BT DT REME S Y Ml @ <20min b LT EH
™ BXEMS. BIRME

Vacuum| u— —gasflow 0>0.09 cc/m

I Beam Intensity

— Magnet 0>450 A
o~ Microwave 0> 580 W

10-70 120 (min)
A. Kitagawa et al., Rev. Sci. Instrum. 67, 1996 (1996)
Mar. 2004 Mar. 2006
% Mar. 2005 May 2007
— 400
E T JC)"' Y A
S ...‘ LETT S
O 200
g | NRSECR BRI RS
]
o 0) l | I >
T several days 1 2 3year
cleaning

A. Kitagawa et al., Rev. Sci. Instrum. 79, 02C303 (2008)
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Heidelberg, CNAO, Marlburg, Kiel,

Shanghai, MedAustron

Kei2 source

HIMAC, K, £ &

2L KR, W, YL, B

Supernanogan
fzg: C*
T XRFALIAD#A

Kei series
ffizk: C*
TS5 ATEACAOHER

EXKAMA

(ST—WiIm. N1BHI5) . &XKAHA (S5—Hitm. 7\iBfgis)
IAODRELRSE: 14.25-14.75 GHz IAOREKE: 9.75-10.25 GHz
BERE—F: CWEHEL BELE—FR: /NLRIEBES
SIEHLERE: 24 kV SIEHLEE: 30kV

AF2HRX: CO,

A*+4LHR: CH,

T. Winkelmann et al., Rev. Sci. Instrum. 81, 02A311 (2010).

M. Muramatsu et al., Rev. Sci. Instrum. 81, 02A327 (2010).
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DRNEEEENETEEETE 1he charge state distributions

AR CH, co, with various gases at optimized
CEYES =A KLY Cations r——
2sF g8 4R 22 A 40 ...m--- CO2
R = () Bl 20 | S A

REBMEICITHEDTRALE |~ 20 - -

O 1 2 3 4 5 6
charge state

A. Kitagawa et al., Rev. Sci. Instrum. 71, 1061 (2000).
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INATILRILOKRTOD a %iEICKDAEME

THOF=9 L (FFEI108) Ac-225 PSMAIZ LA FREAZ HRE BRI SLIEANABED
R KD B FEIELI-2255TAHAEERMEZ RLTLV=DAUIZDODWTETEEED
L.PSAlEM &L 1=,

A B C D

2x 1x
“Ac-PSNA ' ZAc-PSMA
— 13 — '
<
*
6/2015 9/2015 2/2016 4/2016
PSA =294 ng/ml PSA =419 ng/m| PSA =3.5 ng/ml PSA <0.1 ng/ml

C. Kratochwil, J.Nucl.Med. 57, 1941 (2016).
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64Cu-ATSM

84Cy [3 (0.66 MeV, 19 %), T!/]\u -
x=

- (0.58 MeV, 40 %),
mm4n
T.p=12.7 hr
EEERIE

AN AR
MR RE

—

: e
NIRS/QST: ;&R FEGMPELE A

EiMNARR
o3 —hREk
: B PREAER

&

/ STAR-64

SAITEEAER

I-» 150 MBq/kg

99 MBq/kg,

-

|—>60

MBa/kg,

30 MBq/kg,

E4ERRESZ XTI ZREL.
B AV OEE ST IE
TEEEDORRRZE LN
ARFLTZ A - RR
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SEEREDGMPRIE %
1ol

=£ I 1HE&Z20184
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RO RPETFREREOR:

I Boron Neutron Capture Therapy (BNCT)
RORPHEFHEREZDOFIR
1. 'BZEARERIZEBIEHIT S
2. PEFEEESEICEET S

BEDARNTIEL---
1. ERINHAAMRIZEES

2. FRELETEIRAKE R B(n, a) LiIRIGIZ&
Yrh i F DRI RICRISNI D

3. RICDEER. 2DDMEHRTIL I 7R E L
NERIND

4. 7ILID7REL ORFEIXEL AR
DREZLERIEEDNDHHICEELXEZ S

AAMREIZITERIRTES

B +n

’Li (0.84 MeV) +%He (1.47 MeV) + (0.48 MeV) 93.7 %

7Li (1.01 MeV) +4He (1.78 MeV)

6.3%
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. BNCTIZH B FE—LTRE @QsT
O IEMAL P EFE —LDITRILEX—IEIT4 eVH 540 keV.

 If neutron energy is too high, cross section of B is low, and neutron scattering by proton in the body,
which Kill the healthy cell around tumor.

« Thermal neutrons stop at skins or other healthy tissues without the reaction with 9B in tumor tissue.
J.C.Yanch et al.,Radiation Research 126 (1991) 1
ORE DT

* Number of BNC in cell = 103 captures / cell
« typical number of boron: n; = 5.9 x 10° / cell
« typical neutron fluence: ¢ = 4.6 x 10'2 neutrons / cm?
 cross section of capture: 6 =3.8x 103 b
» Biological dose = 67 GyE
» Energy deposition per cell: AE = 2.31 MeV
« massof cel m=2.15x10°g
« compound factor & relative biological effectiveness: € = 3.8

K.Kawachi, private communication

0 VELAAVE—LIRE

Proton beam energylntensity Accelerator ion source
0.1 - 0.4 MeV over 1A lon source
2 - 3 MeV 10 mA Linac, Duo plasmatron
Tandem, multi cusp
Dynamitron?
30 - 70 MeV 500pA Cyclotron PIG or multi cusp

T. Yonai, private comunication.
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Specifications of acce
Type

lon

Energy

Beam current

Heat load

Irradiation field
mm

L

erator

: Cyclotron

: H

: 30 MeV

2 mA

: 60 kW

: 250 mm X 250

(A E IR T 2E 1Rt

Specifications lon source
Type : multi cusp
Beam current :H 15 mA
Max. extraction voltage : 30 kv
Max. arc current :2.5A
Gas i H,
Product : D-pace
(Canada)

T. Kuo et.al., Rev. Sci. Instrum. 67, 1314 (1996).

31



-

AAE—LOMBEHREIZLZERAMBEORE QST

Pt

MREREER _%
— AR A A E—LDOMEHREIZ(X. AFXVEA

‘ —_—a0)
@ AF2FEAN /7 v O
D R F&F R BaAE L e
3 mE QP 0000
@ W#AmT 3% 000009

A ——@00000
REDFENALLND, —r Q0P 00

i ———>Q Q0

i W
BiETHNE

HFSNOMMRELLT,
c REMR . ERITFRDIAGEICLY . MHRAICMEDRZF-E5,
mEDZEE MfE, BT AELOT O LIKOWMEZELSZEITEY . AR

[CEHOAOH B EERDHMMEZSDH L. HAHUE. BT HEREIE bE % Hil
L CTEFRBREERT D,

WMME L SERICBELIIAVO0R—IILERRL., 2ERFICANS,

32



HF DR E AR @QsT

B
INVEEOBR THREAREIRTHADEHIRLGEED T, BEIZIE. MABIRERD
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A
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(X 197EMSD Y FDINEICKRE | -
REEHI HEERZFIRL . 20004 (2
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2006 F (21T HNFHIZh R D F hV il =
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Sy =/ N

ARELTORALE. 01TEDTY oy 2 i o5 (METHIR) EL A
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Peri infarct zone Peri infarct zone

M. Amino, et.al., Jpn.J.Electrocardiology 31 No.2, 140 (2011)
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