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Abstract

The medical cyclotron has become indispensable not only for diagnosis but also for treatment. We, Sumitomo Heavy
Industries, Ltd., have developed and introduced compact cyclotrons and their peripheral devices in medical market such
as radioisotopes production for pharmaceuticals and cancer treatment. In recent years, needs for metal based radioisotopes
have been increasing, as the research progresses of new medical radioisotopes for labeling antibodies and radioisotope
therapy for internal medicine. It means need for the cyclotron which can produce many kinds of metal based radioisotopes
has been occurred. In such market requirement, we have developed a new cyclotron "MP-30" that can accelerate multiple
particle for multiple radioisotopes production. "MP-30" is a unique cyclotron which has two kinds of ion sources and two
kinds of extraction system in order to accelerate and extract both positive and negative ions. Proton(15-30 MeV: variable) ,
Deuteron (8-15 MeV: variable), « (32 MeV: fixed) are available. Also vertical irradiation system and automatic target
transport system is adoptable, which can increase flexibility of the target, for example, powder or low melting point
materials and easy and safely handling of the target. We had delivered first “MP-30" to Fukushima Medical University
in May 2016 and succeeded producing 2! At which is a novel and expected radioisotope as new cancer therapy "a-emitting
radionuclide therapy" in October 2016. The development outline and performance evaluation about "MP-30" are reported

herein.
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Table 1: Radioisotopes Production by MP-30 (Example)

Radio 62 99m 68 177 211
isotopes Zn Te Ge Lu At
Projectile Proton Proton Proton Deuteron Alpha
Nuclear
Reaction Scu(p2n) “Zn ["Mo(p.2n) " 1d “Ga(p2n) “Ge | 7 Yb(dx) "Lu |**Bi(a,2n) " At

Irrad. 25 MeV 19 MeV 26 MeV 15 MeV 30 MeV

Energy

Target natey Mo0s "Ga,05 176Y1,05 20900

Foil Powder Powder Powder Grain

2. MP-30 £ RI&EES RTLDIEE

MP-30 %, SMBAA L IRE BT AT REF A 7mbm
VAR D, HETFRITIE 2 FEOAA IR R ES
TRV ST TN T IS, A4 R TAE
XS4z A 71X LEBT (Low Energy Beam Transport) T
IR &HESHL, ATV I X Lo THAmhRU AR
~AHEIhD, A 7abrr N TIEHBO =R LF —F
TSI, AA VRIS U5 SR col i, &
ACE—AR—MIE DR FHEL TS (Figure 1),
A7arar b5 HENZE — A% BT (Beam Transport)
TH—7 v MRS E ETHES L, RI ®ED7ZH D
H—2y NS5 LM TES, Figure 2 (248 B IRAT
= KBRS AS 4172 MP-30 % U /2 RTBLUE S AT A4
BOLAT YN ZRT, 2 —7y MNIBREB RO B
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Figure 1: Plane view of MP-30.
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Figure 2: Schematic of MP-30 radioisotopes production
system.
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Figure 3: Calculation model of magnetic field (OPERA).
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Table 2: Main Specification of MP-30

Extracted particle Proton Deuteron Alpha
Accelerated particle H D ‘He*
Extracted energy [MeV] 15-30 8-15 32
Extracted beam current

>400 >100 >30
[nA]
Extracted radius [mm] 639 636 656
Harmonics 4 4 4
Magnet system
Magnetic field [T] 1.17 1.20 1.20
Current of main coil

. 92,000

[A/2coils]

Current of trimming

. . C1: 2,000, C2: 3,000, C3:5,000
coils [A/2coils]

Harmonic coil [sets] 4
RF system
Frequency [MHz] 73.7 37.7 37.7
Dee voltage [kV] 50 27.5 27.5
Max. power [kW] 60
Inflector
Type Spiral
Voltage [+kV] 9.11 | 4.81 | 4.81
Injection system
Tons H | D ‘He*
Ion sources Multi-Cusp PIG
Accelerated energy

30 16 32
[keV]

Extraction system

Electrostatic

Type Foil Stripper Deflector
Voltage [kV] — — =
Vacuum system

Cryogenic pump 2sets

Pumps
Dry pump lset

Itimat i
Ultimate pressure in <5.0410°
Cyclotron [Pa]

Ultimat i
imate pressure in <50x10%

LEBT [Pa]

4. MP-30 DHREMEZRHERER
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Figure 4: Isochronous Field (Mean Field).
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Figure 5: Integrated Phase Shift due to Deviation of
Isochronous Magnetic Field.
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42 MP-30 b —ARERAEH

MP-30 Ot —APERERBRTIX, ASF, ek, 51H%h
RIZBWTEHHEBVOENELNDZ L, KR TITH
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Table 3 | Z4& & WS R RERISHID 72 MP-30 D fc KL
FEAE (Proton: 100 A, Deuteron: 50 pA, o: 30 pA) TD
B — AR ERASE R AR T, AS N, SO TORH
IZBW TR EHMELL EOREREGHZENTE-, 2T
X0, &7 — 2R KIC L DS ORI LA i
TINZ TR LT AT N THhAI LR TX T,

MP-30 Ti&, ZLOFEED Rl ZHET 570 X
Iy 22— MR - AR ISR U C i 72 B SPRE - » = %
NF—BLOE =LY A AERE CXDONLELNHD, 74
ANVARN) w2 — DAL E LA FEIZE 5T Proton C 15-30
MeV. Deuteron C 8-15MeV 23 Af 2T, o (XHET
TVIBET =N 7 F V& VT 32 MeV [EE
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T, BIHHLTED LR, 5IH= R F =TG50 T
B — AT VAR — NS ERLAT DT A—H A il L,
H—/7 MLIE THE4 732 RI S 2By — L.
=AY AR EGDH LN TE, £, %, i 8
iR AT T > CU AT AR RO E AR LT,

Table 3: Results of MP-30 Beam Test on Site

Proton Deuteron | Alpha
Extracted energy
[MeV] 30 15 32
Extracted beam current 100 50 30
[A] I
Efficiency of injection 16.2 17.8 18.6
[%]
Efficiency of
acceleration [%] 932 912 4.5
Efficiency of extraction 99.5 100 56.7
[%]
Beam size on target
[mm] 06-10 0 6-10 ¢ 6-10

5. F&&

MP-30 |3k~ 72 H R 2 8ETEHL B A2
oha LTSN, EAM AL DA, IR,
SIHATE, B R X —H A, LWV o7 dERIc >
==kt Arabar o TS, EEBHS AT LD
— A N B B R Lo 7 BRI R T SR A
HHZIET, AHENEL, RO EZ47e R BERR
i DESE CED L KL T,
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