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Properties of Highly Charged Ions

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

Example: 

Xe44+ has a potential energy that is 4200 times higher than that of Xe 1+

Xe54+ has a potential energy that is 16700 times higher than that of Xe 1+
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Potential Energy



Properties of Highly Charged Ions

Å The deposition of potential energy leads to ultrafast intense electronic 
excitations up to: 10 12 é 1014 W/cm²
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High power Deposition into the Surface



Properties of Highly Charged Ions

Small Spatial Extent of the Projectiles
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The size ratio of a 

hydrogen - like nickel ion to

a neutral hydrogen atom is

approximately equal to the 

size ratio of the planet 

neptune to the sun. a

a) comparison after J.Gillaspy



Properties of Highly Charged Ions

Irradiation with highly charged ions result in up to 300 times higher 
secondary particle yield!
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High Yield of Secondary Electrons



Properties of Highly Charged Ions

J.W.McDonald et al: NIM B 240, 829 (2005)
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Highly charged ions give higher yields of secondary ions 
and secondary electrons

Total electron yields vs. ion
charge state q

ion charge
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Properties of Highly Charged Ions

Because of their high charge q ions can be accelerated very effectively      

~  q    for linear accelerators

~  q² for ring accelerators
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Extremely Compact Accelerator Structures are 
Possible

Example:

Xe1+ andXe44+accelerationat U = 20 kV

U = 20 kV linear accelerator ring accelerator

Xe 1+ 20 keV 20 keV

Xe 44+ 880 keV 38720 keV = 38,72 MeV

(energy gain about factor 2000!)



Applications of HCI

Highly Charged Ions in Basic Research and Industry
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Materials 
science

Plasma 
physics

X- Ray 
astrophysics

Atomic 
physics

Solar 
physics

biophysics
Molecule and 
cluster physics

Ion source 
physics



Applications of HCI

Highly Charged Ions in Basic Research and Industry

26 March 2010DREEBIT GmbH 9

nanostructuring
Radiation 
biology

Information 
storage

Fragmentation 
of biomolecules

X- ray 
projection 
microscopy

Medicine: 
Cancer therapy

Surface analysis 
(FIB, TOF -SIMSé)

Lithography



Cryogenic EBIT/EBIS ( selection )
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EBIT/ EBIS in Germany
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Germany is the country with the highest
EBIT/EBIS density !

MPIP Berlin

DESY Hamburg

FZ Dresden 
Rossendorf

TU Dresden

FSU Jena

Siemens AG 
Erlangen

MPIK Heidelberg

GSI Darmstadt

University 
Duisburg/Essen

Cryogenic EBIT/EBIS

Warm DREEBIT EBIT/EBIS



Small and stable solutions for a range of applications

Dresden 
EBIT3

Dresden 
EBIS2

Dresden 
EBIS-A

Room Temperature Ion Sources
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20cm



Room Temperature Ion Sources

Small and stable solutions for a range of applications
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Parameters Dresden EBIT Dresden EBIS
Dresden 
EBIS - A

Trap length 2 cm 6 cm 6 cm

Maximum 
electron current

50 mA 250 mA 500 mA

Maximum 
electron energy

15 keV 25 keV 30 keV

Permanent 
magnets

SmCo NdFeB NdFeB

Magnetic
induction on axis

250 mT 400 mT 600 mT



EBITs
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Comparison of the Sizes

trap

region

4 

m

LLNL  EBIT
(at the MPI for Plasma Physics Berlin)

Dresden EBIT

Shanghai EBITTokyo EBIT



Super Conducting Ion Source

Dresden EBIS -SC
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20cm

ÅHelium free 4.2 K cooling
ÅElectron energy up to 30 keV
ÅElectron beam current : up to 1 A
ÅMagnetic field strength : 6T (on axis )



Super Conducting Ion Source

Dresden EBIS -SC
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ÅLiquid-Helium free 4.2K Cooling
ÅElectronenergyup to 30 keV
ÅElectronbeam current: up to 1 A
ÅMagneticfield strength: 6 T (on axis)

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 .



Super Conducting Ion Source
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Dresden EBIS -SC ïCathode Exchange

Å̂Liquid -Helium free 4.2 K cooling

ÅElectron energy up to 30 keV

ÅElectron beam current : up to 1 A

ÅMagnetic field strength : 6 T (on axis )

Cathode exchange
can be realized without

disturbing the vacuum

in the source .

Exchange time: < 1h!

The electron gun can be moved from
outside into regions with different 
magnetic fields .

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 .



The next generation : 
Dresden EBIS -SC
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Parameter Value

Total length approx. 70 cm; DN400CF

Magnetic field (on axis) up to 6 T

Electron energy up to 30 keV

Electron current 1 A

eff. e lectron current density > 1000 A/cm 2

Trap length

20 cm,                                           

8 warm heatable drift tube 

segments individual controllable

Trap capacity up to 6·10 10 elementary charges
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Ultimative Limits of Ion Production
Selection of Electron Energy
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not available yet

Dresden EBIS - A, EBIS - SC

Dresden EBIS

Dresden EBIT

Even the Dresden 

EBIT is able to

produce most of the

possible ion charge

states of all stable

elements !
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Ion Production at Optimal Electron -
Impact Ionization Cross - Sections
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The optimal 
ionization cross section
occurs at

2.7 x E B

not available yet

Dresden EBIS - A, EBIS - SC

Dresden EBIS

Dresden EBIT

Neon 
like

Helium 
like
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Limits of Ion Production
Ionization Factor
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Electron energy
limit for the
Dresden 
EBIT/EBIS ion
source family

Dresden EBIT

Dresden EBIS
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© modified graphic after E.D.Donets



Dresden EBIS - SC

26 March 2010DREEBIT GmbH 22



The Dresden EBIS - SC Test Bench
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Dresden EBIS -SC

target 
chamber 
with FC 3

ion injection
with LMIS

quadrupole deflector

q/A analysis

FC 2 FC 1

ion extraction 
with integrated 
einzel lens

electron gun 
with adjustable 
distance 
cathode -anode

70 cm

DN350CF
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The Dresden EBIS - SC Test Bench

Seite 24
Dr. F.Ullmann

EBIS -SC without outer flanges view of the ion extraction side

Electron gun , gas insertion , potential 
feedthroughs , temperature sensors , 

heating control Dr. Falk Ullmann
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