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1) Introduction 
 
Important physical quantities used in the lecture: 
 
The kinetic energy of charged particles is measured in electron volts (eV). 
1 eV is the energy a singly charged particle acquires when it moves through a potential of 1 Volt. 

 

 
 

1 eV = e * (1 Volt) = 1.6022*10
-19

 J 
 
The mass of an electron is me = 9.109*10

-31
 kg 

The mass of the proton is mp = 1.672*10
-27

 kg 
The atomic mass unit is 1 u = 1.6606*10

-27
 kg 

The elementary charge of a particle is e = 1.6022*10
-19

 As 
 
An electron with 1 eV kinetic energy is moving with a velocity of about 594 km/s. 
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The physics of ion sources comprises: 
 

¶ Production of charged particles (Electrons, Ions) Ą Production of plasma 

¶ Ionisation of atoms (Electron impact ionisation, photoionisation) 

¶ Plasma extraction 

¶ Beam shaping and charged particle transport 

¶ Beam diagnostics 

¶ Applications in basic science and industry 
 
Production of charges particles: 
 
Electrons      Ą electron guns 
 
Ions (positive or negative)  Ą ion sources 
 
Principle of a plasma ion source: 
 

¶ plasma generation 
 

¶ extraction 
 
 
In most ion sources, ions are produced in a plasma.  
 
 

plasma generator 

extraction system 
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The general scheme of an ion source (plasma volume source with filament) 
 
 

 
 
The physical process for ion beam production: 
 

¶ Electrons emitted from a filament 

¶ Electrons are acceleration toward +U electrode, in many case by discharge 

¶ Ionization of gas atoms or molecules i.e. generation of a plasma of ions and electrons 

¶ Extraction of ions through a small hole 

¶ Acceleration of ions to ground potential 

¶ Formation of an ion beam 
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Classification of ion sources: 
 
 
The classification of the ion sources can be done via 

the kinetic energy of the electrons in [eV] in the 

plasma and the plasma density + confinement time in 

the plasma. 

 
 
The electron energy determines the maximum charge 

state that can be reached in the plasma by electron 

impact ionisation. 

The product of density and confinement time 

determines the time required to reach a certain charge 

state. 
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AZ+: Atom of species A   
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Impact Ionization  Three-Body-Recombination (TBR)

Impact excitation Impact disexcitation

Photo ionization Radiative Recombination (RR)

Excitation Spontaneous emission

Photo absorption Bremsstrahlung

Non-radiative transition

Line spectrum

Continuous spectrum
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¶ positive ions can be produced by electron impact, photons or on hot surfaces 
-+- +=+ eXXe 2    (successive ionisation) 
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¶ negative ions 
 
An electron has to be attached or charge exchange of a positive ion on a hot surface or in metal 
vapour (alkaline, mainly Cs) 
 Ą  exothermal process due 
       to electron affinity 

 
 
 
 
electron affinity > 0 
Ą negative ion  is stable 
 (Table) 
 
 
 
 
 
 
 
 
 

Additional mechanism:  dissociation of molecules  YXXYe +=+ --
 

      excitation     
--+- ++=+ eYXXYe  
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From the multiple processes described above arise the dynamic balance quantities: 
 

¶ Distribution of the abundance of all charge states Z (=0...Zmax), Ionization equilibrium 

¶ Number of emitted and absorbed photons per time interval, Radiative equilibrium 
 
The density of the particle species are determined from so-called rate equations: 
 

sinkssouces-=
dt

dn
 

 
Example: electron impact impact ionization: 
 

TBRzzezzeze
z nnvnn

dt

dn
,111

1
+++­

+ ÖÖ-ÖÖ= bs
 

ß z+1, TBR : rate coefficient for Three-Body-Recombination (TBR) 
 
The rate coefficients can often not be calculated with sufficient precision; experimental data are only 
available to a limited extent. Therefore one tries to obtain data from thermo dynamical equilibrium. 
 
With decreasing electron density the TBR drops, so that the impact ionization is not in equilibrium with 
the TBR anymore. The RR rate also decreases but not as strong. With decreasing ne the photo 
ionization becomes unlikely as well. As result the impact ionization and the RR-process dominate the 
processes in the source plasma. The photons leave the plasma without being re-absorbed. 
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Type of ion sources: 
 

¶ Ion sources that deliver high beam currents 
up to several amperes, but low ion charge states. 
 

¶ Ion sources that deliver highly charged ions 
(up to U

92+
), but low intensities. 

 
simple ion source Ą surface ion source 
 
 
 
Electron impact ion source       Plasmatron ion source 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 



WS2015/16 1.10 

 

 
Magnetron ion source 
 
 
 
 
 
 
 
 
 
 
Penning ionisation gauge (PIG) 
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Volume ion source           rf-ion source 
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MeVVA (Metal Vapor Vacuum Arc ion source) 
 
Working principle for high current metal ions: 
 

¶ A discharge of very high current is triggered 
 

¶ Metal is evaporated for the cathode 
by the high current density 
 

¶ Ionization takes place in the arc 
 

¶ Ions are extracted for the arc region 
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High charge state ion sources: 
 
 
ECRIS (Electron Cyclotron Resonance Ion Source) 
 
Microwave heated plasma  
 
Ą magnetic confinement of the ions 
     via a solenoid and a multipolar field 
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The electron beam ion source (EBIS) 
 
The ions are confined in an electron beam. The electron beam is focused by a strong magnetic field 
from a solenoid. 
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Aside plasma ion source 
Ions can be delivered by 
resonance laser ionisation. 
 
 
 
(RILIS resonant laser ionisation 
ion source) 
 
 
Ionisation via multi step 
resonance laser excitation: 
 
 
 
Example: ISOLDE RILIS 
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Beam formation, -transport und -diagnostics: 
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Beam phase space representation: Emittance 
 
 
 
 
 
 
 
 
 
The position and the momentum of a particle are usually sketched in the phase space. The transvers 
momentum is related to the longitudinal momentum 
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where xô is the angle of the particle towards the z-axis. 
 
If the phase space coordinates of all particles 
in the beam are plotted they cover a phase space area. 
The beam emittance is then 
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Space charge: Beam self-generated fields and forces 
 
Consider two particles of identical charge q. At rest, 
the Coulomb force exerts a repulsion. Now, consider a 
test particle of charge q in a beam of particles (charge qi) 
with a circular cross-section. 
 
The Coulomb repulsion pushes the test particle outwards. 
The induced force is zero in the beam center and increases 
towards the edge of the beam. 
 
So a radial force acts on the charged particles inside the 
beam that pushes the particle outwards and leads to 
a defocussing of the beam. The space charge field can 
be calculated via 
 

 

 

  (1.2) 


