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The general features and measured results of the 143cm, variable-energy, three sector-focused MC-

50 cyclotron installed at Korea Cancer Center Hospital are described. The MC-50 cyclotron is designed

to produce beams of protons, deuterons, He-3 and alpha particles of maximum energies 50MeV, 25MeV,

66MeV and 50MeV respectively to be used for neutron therapy and radioisotope production. The

azimuthal field varjation is produced by three sets of spiral ridges having a maximum spiral angle of

5°. The RF system, a two-dee quarter-wave system is designed to provide a continuously variable
frequency from 15.5 to 26,8 MHz. The first external beam was obtained in January 1986. Subsequent

internal and external beam studies with prdtons and alphas show a well-behaved beam through the whole

beam transport system.
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Table 1. Specification for MC-50 electromagnet.

Pole dia. 143 cm

Root dia. 155 cm

Min. gap (hill) 11 cm

Max, gap (valley) | 19.7 cm

Magnet dimension | 3.62m x 1.55m x 2.36m

No. of sector 3

Spiral angle max. 55°

Circular trim coils | 10 pairs

Extraction radius | 57 cm

Fe-weight 88.2 ton

Coil-weight 3.8 ton

Colils 320 turns, water cooled
hollow Cu conductor

Max. current 900 A

Power 126 KW

Max, average field { 17.5 KG

Min. average field | 10.5 KG

Max. hill field 20.5 KG

Main coil current | 10°°

stability

Cooling water 90 L/min
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Table 2. Specification for MC-50 RF system.

Dee electrode 2
Dee angle 90°
Dee voltage 40 KV Max.
Dee voltage stability] 107

2.0 cm
Frequency range 15.5—26.8 MHz

Frequency stability {107

Min. aperture

Mode puch-pull, push-push

Water cooling 80 L /min per system

Compressed air 7-9 Bar

Time for frequency | 8 min

change

Inter dee phase, 1°

stability

Power tube 4CW 50000E
(Eimac.water cooling)

Total power 60 KW

1. 3) |24
o] 23 FTAIRe FAL AT 29
90° Dee, A AFq 2749 dummy Dee,o]-&
4 2z ol AR AAYE B Aa 29
A2 =eiglcl o] Y dgs ‘?‘“M o]
& s3EkA £ =0 A7) U o Aol W
<+ 942 9% E&% =olud ;i‘"’]'. ::“’ﬂ‘i 7|
=%t ups; o] RF-¥AAl:= 2712 mode &
Zt7) W Eel] o) YR 222 T4 Aok
we}d P, d,He-3,He-4 & 7}44]5 H:— Aol
7b5Ekth P.1.GYoj-9Y 3L 4,3 Yo-
ke 8] FAHES 53t AR % 510‘]
2 anode ¥-%#-2 lower cathode 333 ZA¥
side 1294 A% 3}
7t&e 27 HE ¥

= =19+ LaBsY &, N=2
£ Hfc® 4839 2E LaBg, HfcY
2 n2AF AdolA mof AHAEHAY
<+ evaporation & 4ko| v} 7hEE ko] 2o
913l sputtering 8 4le] o3 A 3L ukx]ulLa

Fig. 1. Initial ion paths

B¢t HT¥ 1.5749 HICE 40473 4%
ZA e},

1. 4) %33

H AERRE SRR RA
deflector ¢ EMC (Electromagnetic Chan-
nel ) 22jx AR T3 2 Fgo] 22 Lty
o 9+ A% Channel [,12 F4dsle] gk
Wol deflector @ < Ag ® off- cente-
ring-& S~6moln] ¢lF4] HE AL ok 5
mol e}, Deflector & ISR $13o e}
4,5~6m% {2383, anti-septumol] Q7=
£ 3w A2 60KV#AR 753t deflec-
tor 9] $X& servo A& %o 4Rz}

s Q1EAR ) EMCE 39 =bake] o
o2 g W47 = A2 We] EMC
S 53¢ A UL o 2 94FS 2eA) A
EMCY 3o AFzhe]l 1050Ad«, 3 1,7
KGauss 8 #2471 fF9yskez 356 2
H 74 A7+ Aok A4 Channel & $19)

electrostatic

=
T AAE AN HE £4¢e] W 2l Q&7
2 2de 482 e 4R W e o)
% o] Channel & o¢]-83ld 745 = Frin-
ging Fieldo] 93} o}7)s):= wl o) $ugy 3

4 $AT + e

25



£ FA337 AgAARE,
+A4d o d+= 27/H¢ probe
(A,B) ¢} A< Channel |3 W% Steering
doll A8 Qe 2709 mA Eeodsle]
Sleh AFTE whA e W At A2
Faraday Cup,”t% Slit,SBD(Stray . Beam
Detector )% BPM(Beam Profile Monitor)
€ gt Sleh F2 49 =t 7¥5E
s iy U ug AL E 5 }“’G}f
bl o] 85+ Probe Ax 473 23 MOI]X'] 100 om
742 gAY + glow uE headd HFHEZH
I 9k 1kW7pzle] W Power 7F 3 -&59
wWalelt} Deflector probe © Deflector %
T HEFel S5t W Deflector 3% T &
% &Asted o] 8%tk Headd ot o
Yoz ¥k 55mmel4 62emrtx] SAY + A
2 3kW7z] ¥ Power & 4g-ghet,

1. 6) AITAA
AFAFEE 2 29 Fo
AF% (1,1),F Switching 244 (), T4
228 dekal (V), T84 44§ Wekad (V)
o] A FL Y3 5-08 Pump groupl @ T4
Hol ek

b4 AFE R A4 FHL 1070t
rr o]3t2 f3] solof g o] e AF A
FH =29 pumping &5 o] Yol T
bl wel A £H 1,54 ATE
9] wi7l= pumping $E7F 4,000 L/secql &
A= 2dst ¥x gled 4R dFES
719188 WA baffle A=) 7F B4 H= Ay
Fars e glth .

A7 H=aF Abolde A}E gate ¥
87} 8328} puming T4+ vacuum control—
lerql HIZAC (#El], D~64 4t )3=]o] 9
& 252" ok E3F o] controller: ¥

a&}-o]i’-i EE

Fig. 2. Vacuum pump system for MC-50

26



A% 348 HEs AAe ok

A
AT o —’F—%{—&— 5_-.— Al 2.2 Az}s]o]
aL

RF A3 ¢] feed-through, °1-29¢ anode,de-
flector probe, Q&A% & LE 4&doq=
Viton O-ring 3} Apiezon grease TS 83}
o}, AFx¢ ZH-2 Penning gauge & Pira-
ni gauge & A-83kch 67)

1. 7) AAxH

Ao} zx]= PDP 11/23% mlolzz #AFH e
1/0A 822 3A 2% 4 gk RSX-1IM
< 0S& zZ¥E PDP 11/23*¢ CPU3H 7o
%L 512Kbolm I 4L ¥ 33 o]
sk B £ A

Z CPU module & 299 10M-byte £
9] aisk drive unit, 223 49 termi-~
nal % I/0%AxZ FA45e ok 1 /0% Com
puter 4to]2] interfacing-& DMAE 35

=, 1/0#x]+& Z-80 Microprocessor of 2J3}
AE e 1/0#A £ 509 crate 2 F

4%o] 93 Z crates}t DIP,DOP, ADC,

DAC card7} 1534 Z%2 o] 231 Y=k

1. 8) ¥ 53
W FEAR L o TREEAA Y
o & Switching AH4 Ar}7px] W&
% 4% line 3, ¥ Switching 214 & 53
FTAA 2571 FHEA PA4LR B

line A,B4 344 +4 §22 7&¢
on ¥ 49 o] .S.QFEJ_"’}.

kL ’“i%i"ﬂ UE ALsAY, W 93]
Aok WY A7 Rekg 34
13t 9 AgpFe] Fatsle] gl A4
4% line & Switching 2} 2], Quadru-
pole 54, Steering x4 4, Faraday C-
up 7, Collimator 1®, SBD 9, 6 BPM
79 2 FA 287 HRel e 29 b-
ending 24 02 FA =] gk

s
Hdo,
oft
) rlr

7]

oft
_‘_.

)

PDP 11/28 + 512 Kb
KEF 11-AA CPU

Printer

|

RLV12 Disk DRVI11-B

controller DMA
| L 10
VilJ RL02 Z80
DLV1I-
__ serial line disk DMC transfer } L
interface unit 1/0 7.80
crates serial
processor
l 1 | T
Cyclotron Status Therapy Cyclotron DMC | | TMC
console display console system | 1 T
terminal terminal terminal
Therapy
system

Fig. 3. Layout of control system

27



a |F S y PMFI8IC] 0 |sls
_____ 1
. ﬁlig:?yn A ’ Switching
magnet
Fig. 4. MC50 Beam line Cydlotron

2. 4 SEMZA} Y AFAE A& A Septumd] LEAIL L
25C A Eolcl ulek Septum? LEAMEo) 42,
e §A4L 57k &9, F 43 Axq« 5C ol4to] @ Aol Septume 253}
ol 4 A 4= glch wiA okHeql e A At W QlFe] XAt ¥ JFEEL U3
2 F 33 o] o W AHEe 472 g 40 omofl 2] W A FA| 7]l tH]E, Faraday C-
oka] 2 4 9lch up lelAe ¥ AFAAY w2 Foglon,
Table 3, Characteristics for o] FFu ozl =el o4 Aelrt U7E
beam intensity gxnl AT 60%S & + Ut 2|2 F
Par ticle| E(MeV) |Larc(mA) Ibeam(pA) Clol dgt target dlAY W = F4l719 v,
18 73 51.7 Z 1Y 49 B2 +FAEE 4T Ay ¥
Proton 32 77 64.2 +5a8¢2 A,BldA 2F 90%7tA &
50 80 70.2 4 Adddel A-zdlAE W plugel4, zE
18 129 10.1 I B -8}l Switching AH4 Bell4 F2
He-4 35 328 18.2 9 Atdo] &2A sglich A =HelA Wg
48 462 35.1 7 e F2 s @ 2249 FWHMzH
9 $2l& FCleol4 £33 zoln sx =2 wWel 37 223 emittanceIE FAFo=
AE olaF3e 80mAclAL R Z7H41A H # sholg 4 g Aolgh Y B A=
7z A W AR AVE 2 2 UdHEE o ozl FH A7t ZFe]x Uz goemg A

ol AYFFAA A ERAE A WA 348 B- fieldz

not a letter

Steering magnet
Quadrupole

Collimator

BPM{Beam Profile Monitor]
Faraday cup

Beam line pump group

&, Fubg, AEAGEY A5
%

d
FE F oAUAE AAstn fdew, oFzie



{mm)

0.5%,He-49 A%+ 1%2 FWHMzZh:
Fge AR A5z U Wy ==
Fetel Ael ot W optieAlAtAz,
o 2L ARE A9

AA We z7%& SBD,BPME 53 243
£ A3, BPM54A AlAdAAYL Y& Wai-
stE Z= A& BAFH el Target
oAe ¥ =7 BPM59|4 mirror IAE
"= E AdAlslY BPM5AA WY =& et
St 4 targetodlAY ¥ =ZVE 4 $ Y=
% 3tgist 44 BPM5olAY ¥ 37 4m
2 &4 A9 ¥4 Y9 emittance &
&7 82 R 247 0,52m, ImEeIx Fo
Slit 1,28 Axstd SAgem, 2 @a= =
48 o] BF |57mm-mrad o5ty ez
ebit e}

Table 4, Characteristics for beam

emittance

Particle E(MeV) |[e(mm-mrad)

18 12,57
Proton 32 13 »

50 14 =

18 12 =
He -4 32 15 =

48 12 =

ojute] Wl 7 477} 25pALH, 50MeV

o ofx WE 8417 Tk WY Frigle] d&
452 Q% 4 Y& BF WY GWE )
5]

20 Fig. 5. Beam size for 50MeV-proton for neutron’ therapy

3. f& -

© MC-50% FAste 2 A5 S=des +
25 otd¥ 4 Sdglel z2Ea MC-50L2&8+
Fp&el =) ok W 4l 7|9 A o]7t Kol ¥ Fal of
et o ¢ okl ok HE dE F A F
Azk 2189 FHU4 A AHPLE Fals)
bl

& £ x

1. A, A. Garren and L. Smith, International
Conference on Sector Focused Cyclotrons,
CERN (1963).

2. A, J. Hatch, Nuclear Instr. and Methods,
41, 261 (1966). R

3. J. J. Lvingood, Principles of;:(;{’;‘i:'lic Particle
Accelerators, Van Nostrand, New York
(1961).

4. C. B. Milis and C. F. Bamett, Rev. Sci
Instr., 25, 1200 (1954).

5. D. M. Goebel, J. T. Crow and A. T. Forres-

ter, Rev. Sci. Instr., 49, 469 (1978).

F. M. Penning, Physics, 4, 71(1937)

M. Pirani and J. Yarwood, Principles of

N e

Vacuum  Engineering, Chapman & Hall,
London (1961).

29



