2004

The Utilization of High Current Cyclotron for the Mass
Production of Radioisotopes

Cyclone30
30MeV
stripper
"MULTICUSP"

cavity
(1.7Tesla)
(Dee)

250pA
H,'%0 25puAh
3Ci  1-123

, 215-4
Cyclone30
(65.5MH2z)
18MeV 30MeV
emittance
Hill Valley valley RF
7.2kW
65.5MHz 50kV
3000pAh 2.8Ci TI-201
1.6Ci F-18 , Xe 300uAh
Abstracts

Recently the high current Cyclone30 was introduced at the KIRAMS and utilized for

the mass production of Radioisotopes. The Cyclone 30 accelerator is employed a fixed

field, fixed frequency, which accelerates negative ions (H-) up to 30MeV. The energy

of the extracted beam can be varied between 18 and 30MeV by positioning of a stripper

foil at the radius corresponding to the required energy. The negative ions are produced

by an external “MULTICUSP” ion source and injected axially into the machine. An

electrostatic inflector at the center deflects the injected beam onto its acceleration



course at the medium plane of the magnets. The four sector magnets are separated by
hills and valleys that can accommodate the RF cavities and vacuum pumps. Due to the
narrow gap of the magnetic poles, the power of 7.2kW is required to achieve 1.7Tesla.
The Dees, located in two opposite valleys of the magnet, are applied by the 50kV of
65.5MHz RF field, which is isochronous with the accelerated particles rotation. The
accelerated negative ions are intercepted by a carbon foil that stripes their electrons
while heavier protons pass through the carbon. The positively charged beam is then
naturally bent outwards by the magnetic field and transported onto the target. A proton
beam can be irradiated as high as 250pA in the solid target, while 100pA for the Xe-gas
target and 25pAh for the H,'®0 liquid target.

1.
(1) :
2 ., (3) RF (4 . (5)
. (6)
Cyclone30(IBA, Belgium) TI-201, 1-
123 F-18 . Cyclone30
11
(
) (
) (~10 "mbar)
mechanical cryo
oil diffusion mechanical
stripper airlock (
) mechanical pump
5x10 °mbar
PLC

1.2.



single batch

pole
RF
(106A, 66V) . PLC
encoder
1.3.RF
RF
dee counter-dee ( , OV)
sine (40KW) Dee
(negative) (positive)
Cyclone30 low capacitance Dee cavity
5kw Dee 50kV




(1) sectors, (2) (dees), (3) conuter-dees, (4) "valleys"
: 2 » (5)
, (6) stripper carbon foil. H” H*
RF sine 40kwW
. RF
(Dee) 4 1 stem
30° dee 4
4 RF
dee cavity valley
dee 50kV . Cyclon30 multipactor
damage RF
Low-Level RF
| [T : |
j i
e T __'_“' B 2I7A"
DATA INf DATA OUT €= PLC
2.RF [1]
Cyclone30 RF . (1) RF low level
(RFLL) (65-66MHz)
(driver amplifier)
dee cavity/dee
. (2) driver amplifier RFLL
3kw . (3) final stage driver amplifier 40kwW
RF cavity dee RF final stage
vault RF cable . final
stage dee  capacitively



1.4. lon injector
S4/3N 30kV
7mA . S4/3N 3

3. (1) , (2) , (3)

filter field

mica gasket

20mm



5 4/3N S @

Arc ( ), (2) Arc , (3) , (4) , (B)
1.4.1 Arc
Arc
Arc
45A Arc
Arc
H,
filter field
35
30 F |- -@ - Beam Current
(mA)
2T —a— Electron current
2 20 1 (mA)
E
=
o
S )
0 10 20 30 A0
Arc Current(A)
. 4. Arc [1].

1.4.2



1.4.3

Current (mA)

50

45

40

35

30

s

-
-8

- -2 - Beam Current (mA)
x5
—a— Electron current {(mA)

65

70 75 80 85 90 95 100 105 110
Arc VYoltage(Y)

. [1]

%

cooling

cooling



1.4.4.

Current (mA)

Current (maA)

h0
45
40
35
30
3
20
15
10

- . Pl
= @
| - -@ - Beam Current (mA)
L *hH
—a— Electron current (mA)
0 .05 0.1 .15 0.2
Gas Flow Q(Torr I/s)
[1].
7
[ G}‘
I
|- -3 - Beam -@"@--@- o
1 Current (mA)
*h
1 —=— Electron
H current (mA)
| | | 1
1 Z 3 4
¥V bias (V)

[11.



1.45.

. Steering magnet

Einzel
(Glazer)
10% . buncher
10% 30%
RF (double) 2
RF 30keV
channel
15
(1pm)
( 1 )
, switching magnet
Cyclone30
air-lock system
12
2.
4 1 1

switching-magnet (1)

. 15kwW

stopper

cup(3)

(single)



quadrupole magnet(8)
quadrupole magnet

4 3
guadrupole magnet . AC magnet (12)
(3000G-m) hot spot
. AC magnet
120° . Faraday viewer(10)
45 . viewer 2kwW
. gate (11)
mechanical
F
2
3 1 o o
- ..' - ..
. = P . L
ri:¢ 132 g Lt 8 i B 1,
R ~- . —
’ -
\|\Z22rz77 JJ k-
IS A Ul 31 |
=
i
L
£
% .
>

8. . . (1) ,

(2) vacuum valve, (3) faraday cup, (4) diffusion pump, (6) collimator (7) ,

(8) quadrupole magnet (x,y), (9) quadrupole magnet (x), (10) Beam viewer, (11) vacuum
valve, (12) AC magnet. [1]

4.
Cyclone30 Programmable Logic Controller (PLC, SIEMENS
SIMATIC S7-400) . PLC
STEP 7 . PC Wonderware InTouch
, PC PLC



5. Target systems
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5.3. H, %0 water target
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[1] Operation manual for Cyclon30, IBA, Belgium (2002).
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