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Energy ranges & example of cyclotrons
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Cyclone® 70P installed in IBS, Korea

Installed in existing bld complex:

= 70 MeV — 700 pA end of line \7 P
= Total ~24.5 m to 2" target > -
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Nov 2022: effective completion ba

= 12 month after the rigging, the Cyclone 70 is now ready for operation.

= Beam power 50 kW,
Elec load 238 kW

Beam line 2.1 e
e et *
See IBS . : L wnceima
[ 2 (1) ‘
Ext valve colimator 74 NI 05 -
‘ 15 I 00 '::E..I:....!_mo’i \
SWIChngMagnet3. | ey oomiemms:
Daonlmo 8013w
Isckation vadve 5 colimator ¢SS © o RF power: 855 kW
* O O Anode current: /DA
EINCEEN FIRAS -.:& e Sereen current ;| 286.7 mA
Inckation vidve 6 colmator  ++ QS 0 Grid current:| 13,4 mA
ok o & 25 T 01 Filament voltage : | 10,01 v
40 oot mmmSmmm: | MPAforward power:| 3200w
TR ot 01 MPA roflectod pawer: 260 W
e e — M"—— o MPAVSWR: 2
= ‘
01w 01 Beam power ;| 50.14kW
Beam line collmator :
ot e
T *Poo
Target colimator: i’ ] !
11 o !
Target: 715 7—5-! l.m 24 30 ulx,__,m,lool |
CLA_A Mains electrical power: 1283 kw
Targetpower: | 501 kw 1argens SUpper. 115.4) % I APS olactrical power: 1103 W

| Enegy| 700 mev M [ % [ \
Integrated current, 12438 | paAh ! |
Maximun: 2000

Public | 4



IBA in-house BPM ‘wire scan’ ba

= Beam shapes measured using a film dosimeter and a
wire scanner for beam profile monitoring, upstream of
the beam dump.

= |ISOL target will be placed at position of beam dump
» Possible beam tuning:
(customer needs ‘donut’-shape)
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Multi particle cyclotron: Cyclone®30XP m
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CYCLONE'IKON

Clean Powerful & compact

High safety vacuum design
standards

High efficiency
beam lines

Large range of
target solutions

Proven IBA
RF technology

State-of-the-art
external ion source Large proton
energy span
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Cyclone® 30P vs IKON
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Construction and assembly has finished ba

= 3D modelization versus reality...
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I
Cyclone® IKON — mapping and isochronisation

= Magnetic field shaped by machining patented pole inserts according to field map results:
+ External elements (hydraulic jacks, feet, switching magnets yoke)
- Deformation of magnet yoke due to atmospheric pressure and magnetic force
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Extraction & BTLs

| Bt | Bz lveBis

Orientation Trans. Orientation Trans. Orien.
13 MeV 25° 96% -10° 94% -35°
30 MeV 10° 99% -25° 99% N.A.
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Space Charge effects in AOC o

= Particle-to-particle method used for calculation of self-field of a bunch.

= Assume self-field acting on one particle is obtained as sum of contributions of all
other particles in bunch.

| Usze multi-threading to calculate self-hields |

= Advantage is that one can immediately include SC option together with existing 3D

features of the E- and B-fields and with a complex 3D shape, such as for the spiral
inflector.
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No SC
-+ With SC
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Glaser
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(1360.058)

Similar to injection line used in upgraded
Cyclone® 30HC

D-pace DC volume cusp source for
, 15 mA of H- beam with 89 pi.mm.mrad at
NE=2 30 keV for injection

- W Machine tuned for 40 keV to reduce SC
ol .g%? effects
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Injection : AOC calculations VS transport

= Measured in mm from source, the focal point is at :

___________[scomA SC 15 mA

Transport 300 mm 350 mm
AOC 285 mm 290 mm

* No matter the distribution used in AOC, the position of
the focal point hardly changes, and never gets near the
350 mm of Transport.

Public

Xrms

BN

3%
:

2%

run 25 einzel -32.5%,

jguncher

0 glaser 0.232

4T

«« SCcurro0
- - SCcurr 15 ]

0.05

0.10 0.15

0.20
bunch_s

0.25

0.30

0.35

0.40



SC effect on trans. distr.

" Transport assumes a gaussian
distribution everywhere. In AOC
however, the distribution
changes.

" In this example, beam starts out
gaussian in 2D, and is still such
just before the waist, see left
distributions. Just after the
waist, see right distributions,
this has changed.

= Comparing the rms(X) values of
transport with the rms of the
patches in AOC is thus not
equivalent.
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Approximate DC by 3 bunches

500

400 1 mA
Starting longitudinally with flat uniform 300
distribution, 3 RF periods long, with buncher 0
at 563 V: " Bl
= with 1 mA, at inflector : i
- Three sub bunches visible. SEEEEEEEEEEREES N
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» Distance between the two is ~36 mm,
* As expected from beta*lambda (=37mm) -
450

= With 5 mA, at inflector: 400

350

« Distance between the two bunches 300

250

increase to 45 mm 200

150
100
50

»“injecting” 1-by-1 the particles in AOC
creates an artificial longitudinal force, non-
existent in real DC bunches
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Summary

High intensity cyclotrons for medical radioisotopes continue to develop

At IBA, the new generation of cyclotrons, which started with the 18 MeV
Cyclone® KIUBE, has expanded with the 30 MeV Cyclone® IKON and
9 MeV Key

For the IKON, the construction phase has finished, and it is currently
being installed

Started study on the Space Charge effects in the high intensity beam
along the injection line





