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Ion Beam

an ion beam can change into a
non-neutral plasma (NNP).

* charge distribution with n.(X,y,z)
* V<<V,

1. Number of particles in Debye sphere
nip® >> 1
2. Debye length smaller than size of plasma

Ap<L

> 3. Observed time scale longer than

t> 2n/0)p

nonrelativistic, coasting beam (DC) with cylindrical symmetry
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Emittance Growth
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 Beam induced
* Space charge compensation induced
* Beam optics
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Beam Transport - Example
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Low Energy Beam Transport

dc extraction & transport pulsed beam operation
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Beam transport under consideration of CE dynamics

Emittance Growth by a factor of 3
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Emittance Growth due to Collective Processes
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Longitudinal Density Fluctuations
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Current fluctuation due to source noise
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Emittance Growth due to Thermalisation
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Beam Potential
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expansion and compression of the ion beam
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Beam Optics

comparison of focusing strengthes

Solenoid
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weak focusing 2my
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Chromatic, geometric and spherical aberrations




Space Charge Compensation

Production of compensation electrons
(CE)

Residual Gas Atoms / Molecules

lResidual Gas Ion

Confinement of CE within the beam potential
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Transport without focusing fields — beam drift

beam envelope
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Space Charge Compensation

Loss channel for the CE

beam focussing leads to global decompensation

partly compensated
ion beam
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loss channel for
compensation electrons
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A = 820 nm exciting of vacuum window by lost
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Influence of beam optics on CE density distribution

decompensated compensated
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Influence of beam optics on CE density distribution

n, . Solenoid
Compensation

Electrons Ion Beam

»
»

r

particle density distribution outside
of the solenoid

A

n, changing of the density distribution of the
. compensation electrons along the beam path
through a solenoid

2
er;

\ 4

Vv
r V?\, = —J‘ ¢b —
Vi

. B?

. 8m,




NNP

Space Charge Compensation

Non Ne}ltral Plasma UNIVE RS IT A T
Physics Group FRANKFURT AM MAIN
Approximation of CE distribution inside a solenoid
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Focussing under fully space charge compensation

Parameters of the lens: @, ., =65 kV B, o =
0.2T
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Gabor lens for beam energies up to 500 keV
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Performance of Space Charge Lenses
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Performance of Space Charge Lenses
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Instabilities of confined nnp Wy

transverse plane

longitudinal

0,00018 I =5
Bl e

B Ge6

000016 .
Te-b

0,00014

000012

0,00010

t /s

0,00008

0,00006

0,00004

0,00002

0,00000

-150 -100 -&0 ] a0 100 150

Z fmm




NNP Performance of Space Charge Lenses T

Non Neutral Plasma
Physics Group FRANKFUURT AM MAIN

Focussing and Mapping capabilities of Gabor Lenses
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Beam Diagnostics

optical profiles

Beam Tomography

potential distribution
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local compensation electron distribution
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Dynamics of space charge compensation
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Conclusion
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Luminosity
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Thank you for your attention.
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