


SIEMENS

1. Introduction
2. Eclipse cyclotron form Siemens.

3. Novel concept of dual beam based on grid
stripper foils.

4. Experiments with grid foils.
5. Grid foil for single beam

6. Conclusion

Unrestricted © Siemens AG 2014 All rights reserved.



SIEMENS

Introduction

The medical isotopes as a biomarkers found a large application for Positron Emission Tomography
(PET)

The isochronous cyclotrons used for the production of medical isotopes.
Siemens manufactures the commercial isochronous cyclotron Eclipse long time from 1995.

These cyclotrons often use converting of negative hydrogen ions to protons by stripper foils.
The stripper foils typically fabricated based on carbon foils.
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The performance improving of Eclipse cyclotrons is main
goal.

Motivation is search of new approaches for improving of
Isochronous cyclotron.
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The main results of testing and evaluation for grid stripper foils
from 5 Eclipse cyclotrons for :

1. Production of dual beam.

2. Lifetime.

3. Performance of accelerator.
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- Siemens Eclipse cyclotrons use to produce the medical isotope 8F (primary), 1C, 50

The main parameters of Eclipse cyclotrons are:
1. Kinetic energy of protonsis 11 MeV
2. Beam currentis 120uA (dual 60uA)
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Irradiation of enriched water (180) target by proton beam for nuclear reactions with protons for
production of medical isotope 18F.

P+

Medical
isotope '°F
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The main idea based on the propagation of beam across grid foil with the separation of beam to proton beam
on stripper and negative hydrogen ions across holes

Protons
Negative

hydrogen
ions

Protons

Negative hydrogen
ions

Beam
transparency Stripper foil
stripper foil
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Protons Protons Hill of magnet system
. Protons Protons for isochronous
Negative cyclotron
hydrogen Stripper foil Valley of magnet system

for isochronous

ions cyclotron

Beam Stripper foil
transparency
stripper foil
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Stripper foil

Regular carbon Grid carbon

foil 5-10 um foil 5-10 um Diameter of holes
0.25-1.0 mm
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The fabrication of grid carbon foil 2o i (122} T
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Carousels with grid foils

Carousel — holder for strippers

Second Carousel
Regular

|_~Carbon Foil

180 Degrees

Firs_t Carousel

90 Degrees —— Grid Stripper —
S 1 carbon foil with holes

270 Degrees

Grid Strigper — Rotation of carousg¢l through
carbon foil with holes 90 Degre e Carbon foil with
E o ORGREAlth holes with diameter
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1. Forming of dual beam.

2. Study of life time.
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The goal of these experiments is test on concept of dual beam with grid
foil.

The results for 3 cyclotrons are given in table

Proton beam current |lon source lon source Difference in ion
on DV 224, 225, 227, |(Arc) current (Arc) current source
nA with Foil-Foil with Grid-Foil, |(Arc) current, mA
(current mode), |mA
mA

40x2beam=80 190-210 80-110 100-110

60x2beams=120 280-350 170-200 120-150
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Study of life time of grid foils

The goal of this study is understanding of real life time for grid foils.
The life time determines by mechanical damages and loses of beam.

The main current mechanism of destroy of stripper foil is thermal from
dissipation of beam power.

Experiments on the 4 Eclipse cyclotron showed, that after 10-15 hours we
have wrap of foils.
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Beam current 45 mA

|

Experiments with current 45 mA i y BN
were shown thermal effect from - -
beam, which leads to warp of
regular carbon foil.

Regular carbon foils after Carbon grid foils after 20

The g“d fOI lS have no thlS effeCta 10 hours for average beam hours for average beam
current about 45 pa current about 45 pa

and allows to have longer life
time

&

Regular carbon foils after Carbon grid foils after 100
20 hours for average beam hours for average beam
current about 45 pa current about 45 pa
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Beam current 60 pA

Carbon grid foil with holes after
20 hours for average beam
current about 60 pa

o

Regular Carbon foil after
20 hours for average beam
current about 60 pa
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The concept of grid foil as a foil stripper is interesting from fundamental and
applied aspects.

The grid foil allowed to produce the dual beams.

The lifetime of grid foils increased to few times.
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Thank you!

Dr. Sergey Korenev
Sr. Physicist, SIEMENS Healthcare Ml / USA / CCS R&D

810 Innovation Drive
Knoxville, TN USA 37932-2751

Phone: +1 (865) 218-2652
E-mail: sergey.korenev@siemens.com

Answers for life.



