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15) Applications of ion sources and examples 
 
Ion sources are applied in basic science and in industry. In basic science ion sources are used as 
injectors for heavy ion accelerators. One of the main applications there is the accelerator mass 
spectrometry (AMS): 
 
 
 
Typical structure 
of an injection line:  
 
 
 
The beam from the ion source 
must be matched to the acceptance 
oft he accelerator. 
In case of heavy ions a mass separation 
is also required. 
 
Examples are the GSI injectors. 
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RFQ requirements

Specific energy: 2.2 keV/u       131 kV acc.

Max mass to charge ( A/z): 65       238U4+

Space charge limit RFQ: 0.25 ³A/z[mA]       15 mA U 4+

Acceptance RFQ: ex,y =138pmm mrad
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The GSI ion source types: 
 

 
Multi Cusp Ion Source   Metal Vapor Vacuum Arc 
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Mass analyser 
 
These are the devices used to separate 
the ions produced in the ion source into 
their individual A/q-ratios and focus them 
on the detector. 
 
A number of different mass analysers exist 
in modern mass spectrometry one of those 
is the sector magnet. 
 
 
Add a second electric sector to provide 
energy focussing of ions independent of 
their mass. Can be in a geometry with electric 
sector before magnetic sector (Nier-Johnson 
geometry) or reverse geometry with magnetic 
sector before electric sector. 
 
Resolution in mass spectrometry is defined as 
the ability to separate an ion of mass M from 
another with mass M+æM. 
 
The resolution is defined as: 
 
 

M

M
R
D
=



WS2014/15 15.5 

Accelerator mass spectrometry (AMS): 
 
Determination of the age of organic materials via a non-destructive measurement: C14 ï Method 
C14 is only accumulated in living organisms Ą CO2 from the atmosphere 
 
After the death of the organism Ą the ratio 

12
C/

14
C changes due to decay of 

14
C. A calibration is done 

with annual rings of trees and historical data. Half-life of 
14

C is t = 6730y, 
12

C/
14
C å10

-12
, accuracy of 

1% å 83 y  Ą AMS: Counting the 
14

C-atoms (material of mg/h) using an ion accelerator 
 
 
 
 
 
 
 
 
 
 
 
 
AMS combines several selective processes, which can deliver a high 
suppression of isobaric contamination. 
 
The different process steps are composed by conventional 
techniques and methods: 
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1. Selective ionization for the chosen species by choice of negative ionization in a Sputter source. 
2. First conventional mass separation within a magnetic sector field (low energy side). 
3. Acceleration in a Tandem-accelerator to energies from some hundred kV up to a few 10 MV. 
4. Charge reversing of negative ions within the accelerator terminal by electron stripping within a gas or  

foil target to a charge state of +1 or higher, depending on the energy. 
5. Energy filtering and second conventional mass filtering within magnetic sector field (high energy side). 
6. Where required, TOF measurement for further mass selection and background reduction.  
7. Where required, use of a gas-filled sector field magnet for charge state compression to increase 

selectivity.  

8. Element and mass selective particle detection via nuclear physics DE/E-Detector. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



WS2014/15 15.7 

Example: VERA in Vienna: 

C¯

12C¯ 13C¯

14C¯+ 12CH2¯+
13CH¯+ 7Li2¯+...

No 14N¯ !
12C3+

13C3+

14C3+
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A Cesium-Beam Sputter Source for Negative Ions is used: 

Cesium Vapor

Acceleration Region

Carbon Target

50 ɛA 12C¯Cs+

400 14C¯/s

hot surface

~ 1000 °C
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Plasma-Oberflächen Konversion 
 
 
Plasma wird vor dem Target generiert und das 
Target auf negatives Potential gelegt. 
 
 
Ionen aus dem Plasma sputtern negative Ionen 
aus dem Material 
 
 
Die Produktion negativer Ionen ist besonders 
effizient, wenn das Atom die Metalloberfläche 
mit v verlässt, das etwas größer ist als die 
thermische Geschwindigkeit. Das Elektron 
wird während des Ejektionsprozesses übertragen. 
(siehe Graphik) 
 
 
Ein Beispiel für die Produktion negativer Ionen 

an einem Mg-Target zeigt die nachfolgende 

Graphik. 
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Furthermore, ion sources are used for the production of radioactive ions, in fusion and plasma science 
as well as atomic and molecular physics.  
 
 
Target ion sources for radioactive isotopes: 
 
For the production of radioactive 
isotopes one uses the coupling 
of an ion source with a target,  
which is hit by high energetic 
beam. 
 
After the ionization the ions are  
Accelerated and afterwards 
separated by mass. 
 
 
The isotopes can be produced 
by high energetic p or ions. 
Also thermal neutrons form  
reactors in combination 
with 

235
U can lead   

to fission fragments. 
 
 
 


