15) Applications of ion sources and examples

lon 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): I
onen-

Quelle & LEBT - Sekfion Beschleuniger
Extraktion

¥

Typical structure
of an injection line:

RFQ

El

The beam from the ion source
must be matched to the acceptance
oft he accelerator.

In case of heavy ions a mass separation Tr
Is also required.
v >
Examples are the GSI injectors. o 4
Ausgangsemittanz Akzeptanz
der des ersten
lonenquelle Beschleunigers
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RFQ requirements

DC post acceleration

(ace) BT 1 Specific energy:
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DB: Diagnostic box

Acceptance RFQ:
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The GSI ion source types:

| |
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MUCIS, MUCIS New, | MEVVA, VARIS | PIG & ECR

CHORDIS : |
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Working material: | |
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Mass analyser

These are the devices used to separate
the ions produced in the ion source into
their individual A/g-ratios and focus them

A4

on the detector. Dispersion|
A number of different mass analysers exist Bp<Bp.r  Ref.Bp "Bp>Bp.s
in modern mass spectrometry one of those
IS the sector magnet.
mv’ . . _my
™W_-owe v Bo="M-P
r qa g9

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+a&M.

M

The resolution is defined as: R= S

DM
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Accelerator mass spectrometry (AMS):

Determination of the age of organic materials via a non-destructive measurement. C14 1 Method
C14 is only accumulated in living organisms A CO, from the atmosphere

After the death of the organism A the ratio **C/**C changes due to decay of **C. A calibration is done
with annual rings of trees and historical data. Half-life of **C is t = 6730y, **C/**C  &™f, G&ccuracy of
1% & B8 AMS: Counting the **C-atoms (material of mg/h) using an ion accelerator

SAMPLE  NEGATIVE ION
cs SPUTTER SOURCE

!

MAGNETIC MASS

' MAGNETIC MASS
ANALYZER TANDEM ACCELERATOR ELECTROSTATIC ANALYZER
FARADAY DEFLECTOR
= cup I( STRIPPER
1 numnmrulmlulmg g e,
NEGATIVE T, o PDS]TIVE_—-:H
IONS Vr IONS

AMS combines several selective processes, which can deliver a high GAS
suppression of isobaric contamination. COUNTER
The different process steps are composed by conventional Et'i;;ﬂﬂ?
techniques and methods:
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Selective ionization for the chosen species by choice of negative ionization in a Sputter source.
First conventional mass separation within a magnetic sector field (low energy side).
Acceleration in a Tandem-accelerator to energies from some hundred kV up to a few 10 MV,

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.

o1

\l

8. Element and mass selective particle detection via nuclear physics DE/E-Detector.
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= Massenanalyse
@ (Hochenergieseite)
F Ladungsaustausch Magnetsches
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Ablenkeinheit

|
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Magnetisches
Massenspektrometer 5 Filter
3 Filter__ Teilchenidentifikation
2. Filter Molekilizerstorung | (Isobarenseparation)
Massenanalyse ) - \
(Niederenergieseite) d
14C / 12(;
130 ,’ ‘12C

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.

. Where required, use of a gas-filled sector field magnet for charge state compression to increase
selectivity.
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Example: VERA in Vienna:
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A Cesium-Beam Sputter Source for Negative lons is used:

 ——
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Plasma-Oberflachen Konversion NEGATIVE IONS

Plasma wird vor dem Target generiert und das
Target auf negatives Potential gelegt.

= PLASMA,
lonen aus dem Plasma sputtern negative lonen
. Xe+/Cs+ ONS
aus dem Material
— PLASMA
. . SHEATH
Fig. 23 Schematic of plasme sputter negative ion
Die Produktion negativer lonen ist besonders generation '
effizient, wenn das Atom die Metalloberflache '
mit v verlasst, das etwas grof3er ist als die g
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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 *°U can lead

to fission fragments.
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