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Simulation of nonSimulation of non--neutral plasmasneutral plasmas

Martin Droba

Riezlern 2007
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OverviewOverview

� Debye length

� Figure-8 storage ring 

� Status of developed codes

� Injection Experiment
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Neutral PlasmaNeutral Plasma

Number of particles in Debye sphere 

nλλλλD
3 >> 1

Debye length smaller than size of plasma

λλλλD < L

Observed time scale longer than 

T > 2ππππ/ωωωωp

Neutrality -> +=- (quasineutrality)



14.03.2007 4

NonNon--Neutral PlasmaNeutral Plasma

Number of particles in Debye sphere 

nλλλλD
3 >> 1

Debye length smaller than size of plasma

λλλλD < L

Observed time scale longer than 

T > 2ππππ/ωωωωp

Neutrality -> +=-(quasineutrality)
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Debye length Debye length –– neutral plasmaneutral plasma
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Debye length Debye length –– nonnon--neutral plasmaneutral plasma
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Poisson-Boltzmann equation

Electron plasma
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FigureFigure--8 Storage Ring8 Storage Ring

� R ~ 1m

� r ~ 0.2m

� L~10m

� 22  toroidal 
segments

� h ~ 1m

� B ~ 5T

� I ~ 10A
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ProtonProton--BoronBoron

fusions reactions              

11B+p -> 3α (8.7MeV)   fusion cross section σ~10-28m2





Cylindrical coordinates

r, ϕ, z

Toroidal coordinates

r, θ, ξ

Magnetic coordinates

(Clebsch, Boozer.....)

ψ, θ, ξ ψ, α, χ
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CodesCodes

� Field mapping – Biot-Savart solver

(Predictor-Corrector method, Field-line integration –

1D information)

� Frequency decomposition – FFT (for every surface –

1D => 2D)

� Reverse mesh design – in new coordinates

ψ<0,1>, θ<0,2π>, ξ<0,2π>

� Poisson equation

� Guiding center drift motion
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Poisson equationPoisson equation
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Orthogonal basis

On axis – integral Gauss law

Numerical – iteration method, parallel implementation
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Electric PotentialElectric Potential

� Test charge on the magnetic axis
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Potential DistributionPotential Distribution

� Test charge off the magnetic axis
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Drift motion equationsDrift motion equations

ψ
ρµ

ψ

φα

∂

∂








+−

∂

∂
−=

B

m

eB

edt

d 2

||

1

α
ρµ

α

φψ

∂

∂








++

∂

∂
=

B

m

eB

edt

d 2

||

1









= ||

2

ρ
χ

m

eB

dt

d

χ
ρµ

χ

φρ

∂

∂








+−

∂

∂
−=

B

m

eB

edt

d
2

||

|| 1

eB

mv||

|| =ρ

∫= Bdlχ

ιξθα −= ξχ g=

(α,ψ,χ) −>(θ,ψ,ξ)



14.03.2007 16

Drift HamiltonianDrift Hamiltonian

� In vacuum field – without magnetic self 
fields
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Toroidal segments (Riezlern 2005)Toroidal segments (Riezlern 2005)

• space charge compensation in torodial beam transport

• investigation of beam drift effects

• investigation of beam instabillities

• experimental study of beam injection

• evaluation of numerical simulation with experimental 

results
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Injection Injection -- ExperimentExperiment

FÜR WEITERE INFOS...

N.Joshi, joshi@iap.uni-frankfurt.de
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Injection Injection –– Volume SourceVolume Source

Nennen Sie Ort oder Kontaktperson für Wettbewerbsanalysen 
oder Zusatzdokumente.
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Injection Injection –– ParametersParameters

Parameters

Toroidal Magnetic field on axis = 0.6 T

Major Radius = 1300 mm

Minor Radius = 100 mm

Injection Beam Energy = 20keV max

Injection Beam Current = 9.6 mA max

Auxiliary field (Helmholtz Coils) = 0.2 T max
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SummarySummary

-Code developement fast finished 

(Testing)

-Toroidal sectors experiments this year

-Injection experiment

-Data comparison with simulations


