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- measurements to define the bottle-neck concerning the beam
transmission (ECRIS? Beam line? Cyclotron?)

- Injection voltage vs. transmission efficiency

- tests with beam viewers

- tests with quadrupoles to improve the beam profile
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Deflector -> PFC
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Conclusions concerning the transmission efficiency
measurements

- the efficiency decreases as a function of intensity only
in the section between FCJ2 - FC5

- after the afore-mentioned section the emittance of the beam
approximately equals to the acceptance of the cyclotron

Consequently, the transmission problem exists before the cyclotron
It what is wrong?



Efficiency vs. injection voltage
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Beam profiles

Beam profile has been studied by KBr-viewers

Two problems were found:

With h‘igh Intensities

Due to the wrong entrance/exit

3 angle of DJ1
S 40 Ar 9+/ACC 12,14 kV / max intensity at FCJ2 about 110 uA
O+ ALC 3—3’.1.1 k { max intensiby 4'F -2 abo DA ‘ SOLJ1 98 A/ SOLJ2 0 A/ This is the beam shape with maximum




Test with quadrupoles

quadrupole doublet was installed before DJ1
N\ = In order to correct the beam profile




Quadrupole results

Tmm mrad |
R

ST I W L) O e il

i Z0R.058304 7w mm o mrad
emittance box

o2 —

xasured: 155 1 mm mrad,
‘eshold 90 %
0—40-20 0 20 40 80 80
¥ (mm)




Tests with K130 cyclotron (with quadrupoles)

According to results with quarupoles a remarkable improvement
In transmission efficiency was expected (remarkable decrease in emittance).
But....

, | (FCJ2) | (PFC) Efficiency
| without quadr. 52 yA 4,1 pA 7.2 %
SN with quadr. 66 PA 4,7 uA 7.0 %
g, 1 + ECR tuning 110 pA 7,2uA 6,5 %
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il - however the |ntenS|ty dependence IS not seen|

The reason for the dlsappomtlng result IS still unknown |




Future beam transmission R & D

- explanation for the quadrupole result has to be found

- explanation for the hollow beam structure has to be found

ECRIS/beam formation/space charge effect?

- electrostatic focusing (like NSCL/MSU)?

- ECRIS closer to dipole?

- higher injection voltage: requires new central area of cyclotron



Results with the inductively heated oven

The latest version of inductively heated oven seems to be reliable
In operation

Time [days]




Titanium (1700°C) and Chromium (1500°C) ion beams were
successfully produced with the oven

In both cases the intensity level of 20 pA was reached
for the medium charge states

- The consumption rates: Ti (1.8 mg/h), Cr (0.5 mg/h)




Summary

1) a lot of information about the beam transmission has been gotten
- different options to solve the transmission problem will be considered:

electrostatic focusing, ECRIS closer to dipole, higher injection voltage?

) studies to understand the hollow beam structure
(also beam formation)

3) Bremsstrahlung experiments



Extra 10 minutes

List of 2nd and 3rd generation ECRIS

Applications
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List of 2nd and 3rd generation ECR ion sources

SECOND GENERATION ECR ION SOURCES

Lab./country ECRIS Purpose
LBNL/USA AECR-U 10 + 14 GHz clotron injection fob1) and 2)
NSCL/MSU/USA ARTEMISA 14 GHz cyclotron injection for 1)
ARTEMIS-B 14 GHz test bench for ECRIS R&D
ANL/USA ECR2 14 GHz (+TWTA) linac injection for 1)
ECR1, 10 GHz charge breeder for linac
TAMU/USA ECR2, 14 GHz 1)
CBECRIS, 14 GHz chargebreeder
RIKEN/Japan RIKEN 18 GHz ECRIS inj. for heavy 1on linac and RIBF
Lig. He-free SC-ECRIS, 18 GHz inj. for heavy ion linac and RIBF

CNS Tokyo/ Japan Lig. He-free SC-ECRIS, 14 GHz AVF cyclotron injection
Vienna Univ./Austria 14 GHz ECIRS, al perm. Magn. Mmtsvmbanergy HC ions
IMP/China LAPECR2 (all perm magn) 12-14 GHz mmimpose, HV platform

LAPECRL (all perm magn)12-14 GHz | 4)

LECRS, 14/18 GHz

for HIRFL cyclotrons

LECR2M 14/18 GHz

ng@teria physics, ECR)S R&D

CNTRS/Japan NIRS-ECR 10 GHz carbon jon therapy
B NIRS-HEC, 18 GHz carbon ion therapy
Ke 8/10 GHz experimental
B Kei2 8-11 GHz, all perm magn source devel opment
Gunma Univ/Japan KeGM 10 GHz rbon ion therapy >
GSI/Germany 14.5 GHz Caprice multi-purpose

test bench for ECRIS R&D

14.5 GHz Caprice

-

1)
2)
3)
4)

5)

nuclear physics
space effects testing
radiobiological
material and atomic
physics

hadron therapy




AB Dep./CERN

GTS-LHC, 14/18 GHz

for hadron injector at CERN

GANIL/France ECR4, 14 GHz 1),2),3),4)
ECRA4M, 14 GHz 1),2),3),4)
SUPERSHYPIE, 14 GHz (solid state physics D
GTS 18 GHz 1)

KVI/the Netherl.

KVI-AECR 14 GHz

cycl. (AGOR) inj. For 1) and 3)

JYFL/Finland JYFL-14 GHzZ ECRIS (+ TWTA) cycl. injection for 1), 2) and 4)
ATOMKI/Hungary 14 GHz ECRIS ?
Frankfurt/Ger. IKF-ECRIS, 14 GHz 4), ECRISR&D
JNR/Russia DECRIS-2, 14 GHz 1)
ECR4M, 14 GHz ), applications >

DECRIS-SC, 18 GHz hybrid

inj. for CI-100 cyclotron (applied phys.)

DECRIS4, 14 GHz

at test bench, will be used for U400 cycl.

Vincainst./Serbia and

M ontenegro MVINIS, 14/18 GHz material modifications
Biont/Slovak rep. DECRIS-2M, 14 GHz material modifications (nanotechn)
AstanalK azakhstan DECRIS-3 14 GHz inj. for DC-60 cycl., applied physics

Triumf/Canada Phoenix 14 GHz charge breeding
Kochi Univ./Japan 10 GHz NANOGAN cfon beam lithography
New Delhi/India PKDELIS, 14/18 GHz, hybrid Wmear accel erator
MSL/Sweden 14 GHz Hypernanogan inj. synchrotron (storage ring)
KEK-JAERI/Japan ECRCB, 18 GHz charge breeder for KEK-JAERI RNB
RCNP/Osakal/Japan 18 GHz SC-ECRIS inj. for cyclotron
iThemba/South Afr ECR4, 14 GHz inj. for cyclotron

GTS 14/18 GHz under construction

carbon ion therapy
N s S v



THIRD GENERATION ECR ION SOURCES

LBNL/USA VENUS 28 GHz cyclotron injection and ECRIS R&D
IMP/China SECRAL 28 GHz HIRFL cyclotron injection
RIKEN/Japan 28 GHz ECRIS inj. for RIBF, under construct.
NSCL/MSU/USA SUSI 18/(24) GHz cyclotron injection for 1)
GSl/Germany MS-ECRIS 28 GHz under construct., multipurpose

LPSC/France

A-Phoenix 18/28 GHz, hybrid

under commissioning




Total number of ion sources in the list; 70
(unknown number of 1st generation sources)
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Electronic component testing

X-ray of Hitachi 256-Mbit SDRAM
in 54-pin TSOP (plastic package)

Si-layer

déy, nearly all memories are
assembled with centre bond pads
and a lead frame on top of the die




SEE tests

Higher charge state (Xe3°%)
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Atmel AT60142F 3.3V 512K8 SRAM - Heavy lon SEU Results
(JYFLO504), (UCLO0506) & (UCLO0509).
1.0E-06
1.0E-07 = - ——8 |
= - M
3 . n oy —
“£1.0E-08 :
o
-
©1.0E-09
9
) —=— Static S2/1 - Atmel 4M - RADEF
o 1.0E-10 - —@— Static S2/2 - Atmel 4M - RADEF
© —/— Static S2/4 - Atmel 4M - HIF-Cock-2
O - - - Static S2/3 - Atmel 4M - HIF-Cock-2
1.0E-11 —=— Static S2/2 - Atmel 4M - HIF-Cock-1
—O— Static S2/3 - Atmel 4M - HIF-Cock-1 120 Krad
10E'12 T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100 110 120
lon LET - MeV/(mg/cmz)
Table 1. 9.3 MeV/amu cocktails (M/Q=3.7, *M/0Q=3.3).
[MeV] @surface [microns) @S0Pm @ Bragg peak [MeV/mg/cm?) [microns]
- [MeV;‘mg;‘cmz] [I'u'le‘uffmgfl:m‘\'] [MeV;‘mg;‘cmz]
Loy +4 139 1.8 202 Z.1 5.9 (@198Km) 2 Z10
20pgt+h ¢ 186 3.6 146 4.4 9.0 (@139um) 4 150
Igj+8 278 6.4 130 7.8 14.0 (@120um) 7 129
4pp+l2 4 372 10.1 118 12.6 19.6 (@105um) 10 118
S6pgtls 523 18.5 97 24.3 29.3 (@77Um) 18 99
B2y +22 768 32.1 94 39.2 41.0 (@69Um) 30 97
131y +35 1217 0.0 89 9.2 £9.2 (@48Um) 53 97




Effective dose [relative units]

Hadron therapy (by carbon ions)

Depth dose profiles for extended target volumes

L Figure by K. Tinschert
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Porous membranes

Oxyphen

Our pores are more uniform than others.

RoTrac® Capillary Membranes are microporcus membranes that cpen up countless new
areas of application. These high-tech products made of polyester are characterized by

* A defined pore diameter usually ranging from 0,1 pm to 10,0 pm
s A defined pore density ranging between 107 to 10% pores per cm®

The distibution of the pores across the surface is so dense that there can be several billion
pores on 3 surface of 1 square centimeter, depending upon the pore diameter.

Specialities

Based on a variety of different features, RoTrac® Capillary Pore
Membranes have already provided ideal sclutions in many applications
such as:

Liquid fittration
Controlled release of substances

Controlled release of fragrances

e life science, etc...
Venting for electronic devices
Venting for boxes and closures




Hard http://www.quertech.com/crbst 29.ntm| Frr—————

HOME TECHNOLOGY M?

Quertech Ingénierie contrals the technology of the particle accelerators which
allow a treatment at low temperature (80 °C).

Aluminium A RANGE OF MACHINES
. . The power of the ion source and the size of the vacuum chamber determing the
Titanium treatment time-and the size of the oart to be treated.
[ 3
— - k
Polymers
APPLICATIONS

Automotive area, motorization
Increased hardness and thermal resistance of the head of & piston.

Injection mouldings

Incregsed hardness of the mating planes of @ mould (hammering) and anti-
corrosion

treatment of the moulding surface (Chlorine corrosion).

"God created the Solids,

the Devil their Surfaces "
Wolfgang Pauli outsourcing for industry

Mobel Prize in Physics



Prothédse tolabe

dépaule en place




