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Exciting Properties of Highly Charged lons




Exciting Properties of Highly Charged lons

Potential energy

The potential energy of an ion increases with the degree of ionization

Example: Xe#** has a potential energy that is 4600 times higher than that of Xel*

High power deposition into the surface

cpe . " N - ) 010 20 30 40 S50 -60-Y0 B0 90
The deposition of potential energy leads to ultrafast intense electronic excitations ion charge state q

Power deposition: 1012 ... 104 W/cm?2

High yield of secondary particles

Irradiation with highly charged ions results in up to 300 times higher secondary
particle yields

High specific energy gain for ion acceleration

linear accelerator: ~q )

eyclical accelerator: ~ g2 effective ion acceleration
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Applications of Highly Charged lons

The interest of using highly charged ions in both basic and applied research increases continuously

Basic Research

~ materials
~ science
= atomic
~ physics
slowy

highly chargé
ions

] solar
~ physics
biophysics

plasma
physics
X-ray ;
astrophysic:

Applied Technology

- radiation
- ~ biology

potential
sputtering

ighly charged
ion source

physics
lithography

new electronic

- devices
~ medicine:
:ancer therapy

and clus I
physics
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How to produce highly charged ions

2T S

lon Accelerators ECR lon Sources  Electron Beam lon Laser lon Sources
(GSI, TSR HD) Sources/Traps
lonization in high-dense

Stripping Electron Cyclotron electron beams Pulsed laser irradiation of
— up to bare nuclei at Resonance (ECR) selected targets
high projectile energies heating of a electrombeam

magnetically confined compression in strong

plasma magnetic fields

Arié+ Ta3s+ Ayst+ UP to small
amounts of U9%2*
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EBIT /7 EBIS
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EBIT /7 EBIS
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Germany is the land with the
highest EBIT/EBIS density!

Cryogenic EBIT/EBIS:

MPIK Heidelberg
TU Dresden
MPIP Berlin
DESY Hamburg
GSI| Darmstadt

Warm EBIT/EBIS:

TU Dresden

FZ Dresden-Rossendorf
FSU Jena

University Duisburg-Essen
GSI| Darmstadt



EBIT Design

" classical“

cryogenic EBIT room-temperature EBIT

® superconducting coils ® permanent magnets (SmCo, NdFeB)
— (3... 8) T magnetic field (250...620) mT at the axis
= j, > 1000 A/cm? = j, = (200... 600) Alcm?
® highest charge states ® bare ions up to Z=28,
Xe®2.-549% yp to U (90-.92)+ Kr34+ Xel44..48)+, |67+

¢ I_arg_e dev_lces, _ ® compact, transportable,
liquid helium cooling low Initial and maintenance
COSts,

@ latest developments: short setup times

Refrigerator cooling
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Dresden EBIT/EBIS: principle of operation

UH%E » electron
= 0 ] I ~ } l\EI beam
U, _\ﬁ‘l_ 7, trap on
trap off
U, == P
Ee
;I . TTTTTTHIEREETT T
il _ =
UE:rtr

magnetic compression of the electron beam
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Room-Temperature Sources of Q@ﬁ@@ﬂ

Highly Charged Ions Electron & on Beam Technologies

Prescent BN P aselep) B8 S Presden EBIS=A

Low initial and maintenance costs
Low specific price per ion
Compact device, simple to operate

Long-term stable, reliable
Photon spectroscopy inside the trap
lon extraction with small beam emittance www.dreebit.com




Room-Temperature Sources of
Highly Charged lons — Technical Parameters

parameter Dresden EBIT Dresden EBIS Dresden EBIS-A
B/ mT 250 400 600

max. E, / keV 15 25 30

max. I,/ mA 50 100 200

jo/ Acm < 300 < 300 < 600
L/cm 2 6 6

N 3 3 3
magnet SmCo NdFeB NdFeB
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Comparison of Sizes
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Ultimative Limits of lon Production — Selection of Electron Energy

90 = >30keV | not available yet
>25keV | bresden EBIS-A, EBIS-SC

= >15keV | Dresden EBIS
Dresden EBIT

(@]
o

Even the Dresden EBIT
iIs able to produce most
of the possible ion
charge states of all
stable elements!
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lon Production at Optimal Electron-Impact lonization Cross-Sections

ionic change
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Dresden EBIT The optimal ionization

cross-section occurs at
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Limits of lon Production — lonization Factor
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Upper Limit of the Electrical Trap Capacity

C=1*101* L[m] * I, [A] *a > f/ (E. [eV])'? elementary charges

L — trap length
|, — electron beam current

E. — electron energy
o - ratio of useable ions in the ion charge state distribution

f - compensation of the electron beam

lon source max. trap capacity

role of a
Dresden EBIT 3 x 108 e
Dresden EBIS 2 x 109 e 200 |
Dresden EBIS-A 4 x 10° e 3
Dresden EBIS-SC 6 x 1010 ¢ o care e
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Examples of Produced lons
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EBIS(W):
An Innovative New Generation of lon Sources

new

product

EBIS + Wien filter 9 ion beams with

individual ion charge states
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W — Family :
A new Generation of lon Sources

Dresden EBIT-W Dresden EBIS-W Dresden EBIS-AW

New product family:

EBIS/T with integrated Einzel lense and Wien filter

Seite 19



~W — Family : Some lon Extraction Spectra
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~W — Family : Some lon Extraction Spectra

'*Xe-Spektrum im Leaky Mode bei E_=13,6keV, p=3x10~mbar
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Comparison of Sizes — Dipole Magnet and Wien Filter

Dipole Magnet Wien Filter

resolution > 80

Wien filter
DREEBIT GmbH

product number 21007
http://www.dreebit.com

00§00

5 Electron & on Beam Technologies

50 cm
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Dresden EBIS-A: Beam Emittance

aperture

Linear feedthrough

45 Mirror

Aperturg/'

Micro Channel Plate,
phosphorus screen

(a) Pepper Pot System




Dresden EBIS-A: Beam Emittance

90° Bending Faraday Einzel Dresden § Image created by the
magnet cup 1 lens EBIS-A pepperpot system

) «

.E " Faraday

Pepper Pot w0 |
Cup 2

System

&0
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RMS Emittance of a C%* lon Beam
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RMS emittance of a 30 keV C%* ion beam
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The Next Generation: Dresden EBIS-SC

A new generation of EBIS sources, the Dresden EBIS-SC, is being
designed for new fields of applications.

The Dresden EBIS-SC is a
superconducting compact ion
source which is based on the
most modern principles of
refrigeration technologies as
well as electron-beam
technologies.
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The next generation: Dresden EBIS-SC

Paraimeter VValte

Total length approx. 60 cm; DN350CF
Magnetic field (on axis) upto6 T

Electron energy up to 30 keV

Electron current 1A

— eff. electron current density | > 1000 A/cm?

Trap length 20 cm,

8 drift tube segments
individual controllable

— Trap capacity up to 6-1010 elementary
charges
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The Dresden EBIS-SC Test Bench

.. without outer
- flanges

Eler.ktm.n gun

gas’insertio
tertial
feedthroaghs
temperature
sensors

heating control Dr. F.!Ilmann




The Dresden EBIS-SC Test Bench

target _ tracti electron gun
chamber lon extraction with adjustable

with FC 3 with integrated distance

einzel lens cathode-anode
ion injection
with LMIS

g/A analysis
Dresden EBIS-SC

quadrupole deflector 60 cm
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Dresden EBIS-SC: First (preliminary) Results

parameter value
electron beam current 750 mA
electron energy 10.5 keV
electron beam 0.9984
transmission
ion pulse widths (6...10) us
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Applications In
Accelerator
Technology
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Low Energy lon
Irradiation Facility

Seite 32



Applications: Low Energy lon Irradiation Facility

ion deceleration
down to 10 eV*q

ion acceleration up

== _"““--—*Hﬁ_h_,_};—;rh to 1.5 MeV
;fl‘-‘ 1‘ - ion pulses from ns
STl T to 100 us width

DC ion beams

beam diameters
from 500 pum up to
cm
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Charge Breeding
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Applications: Charge Breeding

Concept:

Primary ion source

— Beam of low charged ions

— Injection into a charge breeding apparatus — ECRIS or EBIT
— Reextraction of highly charged ions

Important properties of a charge breeder:

efficiency, rapidity, and properties of the extracted ion
beam
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Charge Breeding: Gold

Counts

500

400

300

200

100

L L L L L L
EBIT + LMIS Injection
— EBIT Background

Aut /1M

2 3 4 5 6 7 8 9
E _(keV)

x-ray
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Charge Breeding:

Liguid Metal 1on Source with Quadrupole Beam Bender

53+ Re-extraction from the EBIS

AU

quadrupole
beam
bende

into the EBIS
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New ion injection
techniques for

Bismuth
Germanium
Erbium

Indium

Gold

Ceasium
Antimony
Platinum
Praseodymium

and others



Applications in Medical
Therapy Accelerators
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Synchrotrons
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Medical Cancer Therapy — Synchrotrons |




Medical Cancer Therapy — Synchrotrons 11

magnet synchrotron

protons magnet 0b*» o8+

RFQ[H IH | Stripper
duty cycle 107

magnet

ECR

synchrotron

LINAC

EBIS-SC (W)



Medical Cancer Therapy — Other Solutions ?

Septum Magnet

Mit

i §

LClectrostatic
Delelclor

-

Sextupole
RFE Cavity

L —
g 2 m
' Hitachi

eam Injection
McWV

Seite 42



CYCLINAC
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Medical Cancer Therapy — CYCLINAC |

TERA approach to treat moving organs and solve other
problems:
high-current cyclotron + novel fast-cycling linac

“CYCLINAC”

RF generators

Fast cycling beam for
tumour multi-painting

chopped beam at ﬂjﬂT.

200-400 Hz

© U.Amaldi, A.Garonna



Medical Cancer Therapy — CYCLINAC 11

CABOTO at 12 Ghz would be shorter and would
consume less power (CNAO consumes 3=4IW)

SC EBIS source by
DREEBIT - Dresden 400 MV - 12 GHz linac

300-400 Hz — 108 C/pulse <1 ps pulses
230 MeV/u
\ e ——— —» 430 MeV/u

<
<

»
>

® <15m

Multi-painting:

10-20 times each layer “« >
45 m

Superconducting Synchrocyclotron
230 MeV/u
H,* and C*6
@ 300-400 Hz
(TERA + EPFL+ A. Laisné)

This is the
« CABOTO 12 GHz » design project
proposed for a collaboration with

CLIC, EPFL

DREEBIT - 22.04.08 - AG




Medical Cancer Therapy — CYCLINAC 111

Requirement: 1+*108 ions / puls

ions / pulse
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1x10'°}
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I L T
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1 n 1 i 1 1
2,5 5,0 7,5 10,0

ionization time [ms]
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,,” ce+
11 —
10" | —
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10 \ c
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10° R et
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Summary http://www.dreebit.com

The Dresden EBIS/EBIT ion source family consists of four
generations of ion sources:

Dresden EBIT — :
small-size room-temperature

Dresden EBIS > sources of highly charged ions
Dresden EBIS-A _

high-performance
Dresden EBIS-SC superconducting EBIS

Broad fields of applications:

e accelerator technology (medicine, surface science, AMS, ...)
e jon implantation

e nanotechnology

e surface analysis
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Thank you !

TECHNISCHE
@ UNIVERSITAT
DRESDEN

http://www.tu-dresden.de

Dr. Zschornack M.Kreller A.Silze

Dr. Ovsyannikov Dr. Grossmann R.Heller U.Kentsch

@@ﬁ@@ﬂ

Electron & on Beam Technologies

M.Schmidt A.Schwan Dr. Ullmann http://WV\AN.dreebit.com
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