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hat’s n n?

K =130 MeV
Negative ion acceleration ((up to 300 pA) @
Heavy ion acceleration

3 ECR ion sources
proto type ECR (_all permanent magnet) @
full-scale ECR ( AECR of Berkeley )

small and high-efficiency ECR ( RI-beam of 0, !C and F )

combined with the radioactivity produced by small cyclotron
Time Sharing of beam (_ Concurrent use at different target rooms )

New equipment ?

Large Csl detector array ( high energy gamma detection )
Clover type Ge(HP) detectors ( Ge ball )

Large size magnet ( spectrometer and filter : old cyclotron )
New TOF system

New On-line Isotope Separator ( RF IGISOL )
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1998/4/9 |BHY 4 20O bhOVEixElE (KMEAETH)
1998/9 /NBiY4q o0 MNOVEEEREE (B19—45 vy MNE) HoHEF BEEH
1999/1 ¥4 o0 bOYAREETEAFEE
1999/10 AFAEAGZR., HERTEK
1999/12 £{A5AEEFA ( working 30 hours/day )
2000/3  first beam (2000/3/6) 3/10 ¥4 ~ O b O > 5ER £
2000/4 — 2000/12
6/5 fF50MeV Bl = H L BZhH
6/6 fmF70MeVE| E H L IS
6/28,29 % 1 [OIINREEZRE (AMAREEHRIRE)
E—LMETFR M (BMFFE, TRILF—, £3—X)
11/30 5 2 OIINEF[EERRE (£9—7 v NEERKRRE)
12/28 FEER R E AR
2001/1 B4 roboOvEREFARE GBRFMEA. N, KRB EEHESR)

2001/4 Y4 o0OkOrAEEEF ALK
2001/4 BAFVINETR K
2001/8 BAFVIEMETFTAN (KEEE—LA1L)
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Badn

Sendai

z {cm)

BB KAWAICL DECRES 4 ViR
ECR Ion Source

Bmax|[T]
Bmin|[T]

Weight of magnet [kg]
Inner dia. of Chamber [mm]
Total length [mm]
Outer dia. [mm]

Beam Current [pA]
Ar8+

Ar9+

Arll+

NANOGAN 2

0.881

0.373

60
36
400
260

143

60

10

CYRIC new ECR

1.026 / 1.055
0.517/0.477

51.5
28
451
362
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H- accerelation
with AVF 930 Cyclotron

T. Endo, M. Fujita, Y. Miyashita, T. Shinozuka, A. Yamazaki
Cyclotron & Radioisotope Center,Tohoku
University, Sendai, 980-8578, Japan
S. Chiba, S. Kan, A. Matsumura, Y. Omiya, S. Yokokawa

SHI Accelerator Service Ltd.,
5-9-11, Kitashinagawa, Shinagawa-ku, 141-8686, Japan

T. Honma
National Institute of Radiological Sciences

4-9-1,Anagawa,lnage-ku,Chiba, 263-8555, Japan
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The Purpose of this work.

High Intensity proton beam
The goal: 300pA, 10~50 MeV
at 930 AVF Cyclotron(renewed in 1999)

For users in

Physics: study of neutron rich unstable nuclei in IGISOL.
study of (n,p) reaction by the fast neutron beam.
Engineering: thermal or epithermal neutron source.
Medicine, Pharmacy:
study of Neutron Capture Therapy.

YRIC
TOHOKU
UNIVERSITY



orQ
fl

yund

oor

B8 B4 A VIE (CYRIC EBREKE

Y)

The course of beam for H- acceleration.

\ N

to targets

S

¥Injection Beam Linen

i
99’/@'
o

% Level

Extraction Beam line of UA/
/ Positive Ion Acceleration
) | Mode.

Negative Ion Source

]
-— Reversing
* the magnetic field of bending magne

of initial beam line.

* the electric field of inflector.

* the magnetic field of Main Coil.



Extraction Beam Line

& B4 V& (CYRIC 2EREKLY)
Around the stripper foil & arm
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&l B 44 UmME (CYRIC ZREERSLY)
Multicusp type lon Source

(BLAKE V, Y.Mori, Rev.Sci.Inst. 65(1994)4p )

H 350uwA Continuous Beam.

I cooling
water

{CsVapor 1 Col ]
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The stripper carbon foil on moving arm.

AI'IIE\ . '\]‘.Extraction
} Hole
rotative <-/ "

! b e fo i

_€arbon fo1

The thin carbon foil(50g/cm?), on the tip of arm, strips H- of electrons(H- ->

H").
The arm moves in the directions of two dimensions.  RIC

UNIVERSITY
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Typical acceleration status

* Injection beam line Current Efficiency
lon source 300 LA 1
inlet of cyclotron 100 LA 0.33

main probe(R=100mm) 30 LA 0.1

. Current Efficiency
main probe (R=780mm) 26 LA 1
before bending magnet 25 WA 0.96
after bending magnet 23 WA 0.88
Junction of beam lines 22 WA 0.84
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FETRILF—E—LZFHEWEBNCT
IRz MEFIRDO T &5

RitKEH170MAY - SVATAYVN—=TEVH—
5z £, BHERN, REALE
MAHREZMR SR KRNEH
IVO=ZT7YUIRE (%K) HEES
BPRRMTRERE (Fk) &

CONTENTS
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=z Nl - ‘,—l—:
("‘ &) RUFRAEFHIEEZE (BNCT)

A ZEHBMEFIEIEEE (Boron Neutron Capture Therapy: BNCT)
- EEICERYIATND R URFER DRSS (BSH, BSA), HMHEFIRSY
B(n, &) Li ; FIREREEDORIE, ML NILOZERMK
= FEMERDOMNEEG EICEFICAEM

ik 7B CLIFRY A —& SiEBEERBEE
- BEFIR

- INR2F
7Ot R -
Jbr & DHFER
REFRRY MLOELE

N
Be

IRE) - FLEDBEZ S
HARETHER
FREHRET
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BNCTH #% F35 D IF 1K

- BARAMEF ity A B B

- SR F - JEFESRFMT A, FEEREEDBEN A EE
BNCTHRRMEFIZ DKM

- PEFRERE :  =10°cm?s

(1 BERILLA DAL T) B

i |:F|'|‘$ % I?\ }l/ 4:\\_ ﬁj\ﬁ i :]]5]1%41\[1{]& \ Useful energy range
248 (AX)

SLRILF—FoD

2B DEE HED)

Fig:[ R FIFtE T35 & InE2R P4 Fi5 DR
HHRMFITRILF—IARY NLDLEER

LBNL (Lawrence Berkeley National
Laboratory) :D.L. Bleuel et al: Med. Phys., 25,
1725-1734 (1998).

BMRR (Brookhaven Medical Research
Reactor) :J.A. Coderre et al.: J. Neuro-Oncol., I .
33,93-101 (1997) 102 102 10! 10%

Neutron Yield per lethargy [ X 108 n/(cm?-s)]

vl rfETTT B AN ETIT B AR AT MR R
101 102 103 10* 1
Energy [MeV]

oSy
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]
/

235 5)
Vs i:l:::‘
BNCT FANE2s A4 F 5 D& EHI R
Neutron- Accelerated Beam Heat Emitted
Production Energy Current Load | Neutron energy| Group
Reaction [MeV] [mA] [kW] [MeV]
1.9 10 19 Kyoto
0.03-0.09
S 1.95 >5 10 MIT
Li(p,n)'Be
2.4 20 48 LBNL
<0.8
2.3-2.5 10 23-25 OsuU
2H(d,n)*He 0.4 5000 200 2.43 LBNL
3H(d,n)*He 0.12 1000 120 14.1 LBNL
FRR l
1. BEICVDERE-—LEBRZELIMNESRIVFEL GV
2. HWMEFERY—T v NOERE, BEMDMRE

o
TOHOKU
UNIVERSITY
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BRI F—INESRABAV/ZBNCTHHMFIE
SRR F S Ep D25 I A Li(p,n)

—Pb, T . .
Sb’ ? Neutron yield from thick Target
10°F 1 Cu, Fe (D.L. Bleuel et al, LBL-37983, Revision1, 1996)
1 %1
10' 110!
“‘ Ep Total Neutron Yield
[MeV] [n/p]
— IOD ‘E— —.E 100
¥ 2.1 2.69X105
7x102°"F 17
i s
& 2.2 5.45X 10
sl 11072 4
? Vi Vi ﬁ ] X -5
% | ME~HFRE 23 926x10
107 ¢ — Cu, Fe 410°°
: —C : 2.4 1.23X710+4
1041015'0’|'\/|é'\]',l{)2 ” ..1..1403 T 2.5 1.46X704
BBEFri/iLXx— (MeV)
Figure : Total neutron yield from several thick targets bombarded by 2 1.68X]
protons on incident proton energy as a function of incident proton .6 .
energy . T

(K. Tesch, Radiat. Prot. Dosim., 11, 165, 1985)
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> s T 3L ¥ —IEEOF A O AN

1. IREHEDE X
A=y NOBRER., BAEBEDET
- IR ARE R I EZS DEE
IBA%tCyclone C30 (BzF30MeV, 350-1500 wA)

L ASECYRICOE R E#K-130H 4/ 7O hO Y
(xR (EHE) : BBF50MeV, 300 wA)

2. MRETERRE
1) EFRE CRERREE OFERK)
2) HEFARY ML
- TRILF—, - BIRILF—RDDE e
3) StERBEDWRIE > RVYFIYT—IVFEERICL D "
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BNCTH R4 FIZDBISEE

BEICAEWRREPMETF T RILF—EIE : 4eVto 40 keV
(J.C.Yanch et al.,Radiation Research 126, 1-20, 1991.)
BEICDELRRABNAAPMEFR : 0.5-1x10°[n * cm? - s']
(IAEA TECDOC 1223, 2001.)

Charged particle

R FERRI :
SWREFERE
BuwsIRILF¥F—
bt FRAR _

WM Target- — ==

) % Collimator

SBERICERNREN
Reflector ‘ zTOH =
UNIVERSITY

R F ICE Y
Fig: MEZEBNCTOHE X
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%Q " - > t \
35 ) & B S i D EIR
e 2o 3
bW 1.0E+18
- BWHREFERE. - LLBe(p,n),(d,n)
BEVBIRLFHEFREAR s % o a4
f LOE+16 4" "M Eeaaba a0
1. B DRI R I ) g R
Pb(p,n), W(p,n), Ta(p,n)7* & _ LOE+15 )
> N
2. Be(p,n), Be(d,n), Li(d,n)/= < 1.0E+14 Rl
SL0B13 -
s = 10B+12 - * Pb-pS0MeV 90deg
A E S 'T;Jxl.OEHl - ¢ Pb-p5S0MeV Odeg. %
— X
AR ER IR S D 7 A S 1p+10 - * BepadMeVdeg N
BHEAAOREFORA | 2 B3V i
' * Li-d 23MeV Odeg. X
1.0E+08 * *
1 2%
MITERISR A 0 0 20 30 4 50
A, KEDRIGEDS
’ Energy [MeV
Ta 55 1 BEHET 2, e Crono
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=< St 2= = |

& m \ — 'l-l

@ = " L*j- O) l«_:j:J a

> FEIRIILF—ILEROER
>HBIRIF—FEFORWEAR
=5 T )b F — R iREM DR

1. BIXIF—REFREM (E—LLR)

v Pb: KEW(n, 2n) RIETEE

v Ni : REW(n,p), (n, o) RIGKTETR

v Fe : 860keVLA_E TR X W IERBE M RRELETEAE
20keV T ICHTEIFR DA T A

n/(sr-MeV-proton)]

2. BHNHBMEFTAILY— (E—LTF5R)
v" FLUENTAL*"

(AIF,:69 wt%, Al:30 %, 6LiF:1 % D;E&E )
(A3 T 14 TIE T ) Vo

OHOKU
*1 1. Auterinen et al, Proceedings of the CLINCT BNCT Workshop, TKK-F-A718, Helsinki, 14-24, 1993.

Energy [MeV]
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- PR IXRILF—E—LEHWAEBNCTDME]

1. SAEARMEFROEE \
2. EP'IE%O)’E
- TRILF—
- BIRILF—KoLL
4 L

\_  BE, FsHgoks

Table: Main elemental compositions and density of
average soft tissue for male of ICRU 46.

Element Ratio by mass [%]

H 10.5

C 25.6

N 2.7 .

T7V ML
O 60.2 Average Soft Tissue (M) (I -
. 0. 5Cm/7k ﬂ‘u I:t).] b;hof; TOHOKU
Density [g/cm3] 1.030 UNIVERSITY
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G D HNESR I T 2 B DT

=~ =r
SR i R

“BEIRILF—hUEFIARY MULIEZ RILF—ITRS W

|

RET L7 F I RILF—
v 30-70MeV : b HFE T RILX—INE2R
v 230MeV : R FHRAEBINRSS
v 600MeV : J-PARCO#EFINESS

MRETAZA :
1. 772 NLARBEREISH
=50 MeV [5FDIE & LLER

2. VBB CTHREAKRTIB-ODE—LER
= BNCTOH&EEM
- IBA%tCyclone C30 :
30 MeV, 350-1500 pA
- J-PARCOO#EFInE2s : 200 kW
(600 MeVINERE DR KIEE)
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— RIRE

1. PEFREY—T v baHIR
%= 2 U RERAA R OMRET

1. y#ERR. 3 X -9 D&EEIL

1. ¥METIVETE
BIRM, B, SIS
2. BRIRETE
BEDT
3. MR NL R - IRAEE

T FBIRKIL M DIREE
L1

Phantom

,ﬂf'fji cm-—_

70 cm

100 cm

200 cm

|
® _ YrIC
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5—4 v FFHE—RE - 2 b L R E@AT—

Y —7 v MRENRE 2 M
xmmE : 98C (<@Ehm2985C)

4

30.106
37.597
45.088
52.579
60.07

67.561
75.052
82.543
90.035
97.526

N0 CREEN

MK
KI5/ 1 131TMPa

131.258
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4. FEH

1. FE IR F—RBFZHWEBNCTY R T LDEKE
GANEE
TGRS
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M. Baba et al.
Radiation Protection Dosimetry (2007), Vol. 126, No. 1 -4, pp. 13—-17

2) Extension of Spallation-Based BNCT Concept to Medium- to High-Energy Accelerators
S. YONAI et al.
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