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The | DEAL Plasma Model (less possible free parameters)

Elementary processes cross sections Sour ce coupling

- Bulk collisions - V(1): Poisson’s equation
- Particle-surface interaction - 1(t): Faraday’s law
- P(t): Ampere's law

L ow temper ature plasma kinetic description

____________________________________________________________________________________________

Neutral
Plasma.charged atomic/molecul ar
particles gas
(internal degree of freedom)

Field equations
- Poisson’s equation: electrostatic <
- Maxwell’s equations. electromagnetic

Diagnostics




Particle-in-Cell Basics: Mathematical For mulation

O _[ofaj N afa_Df gt

+* Solution of Boltzmann + Maxwell egs.

\ 4

Fﬂ o
ot or m, ov

ot

p(tr) =3 q,[f,(t,r,v)dv

it =>q, jfu (t,r,v)vdv

Dawson
E_ L gt vVE=F
Birdsall ot gyu, €, €
Buneman @z—VxE V-B=0
ot

¢ Particle-based (Klimontovich-Dupree discrete)

% Substituting gives eg. of motion —
(characteristics of Boltzmann eq.):

+¢ Solution of fields on a mesh + interpolation from
mesh to particle (mixed eulerian-lagrangian description)

¢ The macro-particles can be regarded as Lagrangian
markers embedded randomly in the Vlasov

fluid moving with it through phase space \f\J X AR




Particle-in-Cell Basics: the cycle

I njection 5 Particle-mesh 5| Field solver
Particle/Energy sourceterm inter polation
A l
Di " Mesh-particle
|agn2 1S PIC-MCC cycle inter polation
Monte Carlo Particle-Boundary : Y :
- < : :  —
collision interaction Equation of Motion




Gas Discharge Plasma-wall

| on Source transition

- Hall-effect thruster

- RF-1CP negative ion source

- Atm-press. and microdischarge
- Microwave discharge

- Sheath
- Divertor region

Object in Plasma F ‘ L aser-Induced

- Langmuir probe

Plasma

- dusty plasma i -_-"‘

- nanoparticle synthesisin pI asma - plume expansion

- Supersonic object in plasma - cavitation bubble dynamics

- Solar wind-planet interaction - laser-induced photodetachment




- Sheath
- Divertor region

Plasma-wall [BA& L
transition i

Particle-based Plasma Virtual L ab




Particle-based Plasma Virtual L ab

L aser-Induced
Plasma

- plume expansion
- cavitation bubble dynamics
- laser-induced photodetachment




Particle-based Plasma Virtual L ab

Object in Plasma F ‘

- Langmuir probe t-;- ' e

- dusty plasma . _—

- nanoparticle synthesisin plasma

- supersonic object in plasma g i‘;ig{;ﬁ-iv?ﬂ: Sl

- Solar wind-planet interaction e m.;;:ﬁ_;_-ﬁ"'f:':‘-’::' o :;;,’:;,
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Particle-based Plasma Virtual L ab

Object in Plasma F ‘ 3
Y O

- Langmuir probe ==
- dusty plasma =
- nanoparticle synthesisin pI asma
- supersonic object in plasma

- Solar wind-planet interaction




GasDischarge

| on Source

. i

v HdE

Hall-effect thruster - Induced flow pem .

RF-1CP negative ion source \, / —— Dielectriclayer
Atm-press. and microdischarge A |

Veltage
source

Microwave discharge




GasDischarge
lon Source
- Hall-effect thruster
- RF-1CP negativeion source
- Atm-press. and microdischarge
- Microwave discharge

Particle-based Plasma Virtual L ab




SPACE: Hall-Effect thruster




Hall-Effect Thruster

Column length x
Inner radius x Outer radius

L=25x%
R.,=3.5x R,,=5cm
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RELATED TOPICS
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CODES

L CHANNEL -> 3D PIC (acceleration discharge) o

L NEAR-FIELD PLUME -> 3D PIC (first 10 cm from exhaust) -

0 CHANNEL+NEAR-FIELD PLUME -> 3D PIC
U FAR_PLUME -> 3D Hybrid PIC (plume of single/cluster)
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Sheath instability induces azimuthal fluctuations (1)

v" The secondary electron emission coefficient fluctuates in time taking value larger than the critical SCS
regime value for very short period.

v' Theinner and outer wall value are correlated showing aradia connection between the walls.

v' The period of SEE oscillation is correlated to the radial electron transit time At=2x10" s: electrons
emitted from one wall behave like a beam impacting the opposite wall

SEE cosfficient

SEY evolution

evolution of SEY map @ outer wall
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Sheath instability induces azimuthal fluctuations (11)

v" The secondary electron emission coefficient fluctuates in time taking value larger than the critical SCS
regime value for very short period.

v' Theinner and outer wall value are correlated showing aradia connection between the walls.

v The period of SEE oscillation is correlated to the radial €lectron transit time At=2x107 s electrons
emitted from one wall behave like a beam impacting the opposite wall

SEE cosfficient

SEY evolution
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evolution of electric potential in Xy map
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Sheath instability induces azimuthal fluctuations (111)

v' The secondary electron emission coefficient fluctuates in time taking value larger than the critical SCS
regime value for very short period.

v' Theinner and outer wall value are correlated showing aradia connection between the walls.

v" The period of SEE oscillation is correlated to the radial electron transit time At=2x10" s. electrons
emitted from one wall behave like a beam impacting the opposite wall

SEY evolution
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Azimuthal fluctuation in NFP Region

v' Azimuthal fluctuation detected in the first cm’s downstream the near-field plume region (m=20)
v Possibie ion acoustic wave driven by the cathode / lower hybrid wave
v Important role of the magnetic mirror effect and ionization

v" The electron-wall interaction on the exit plane plays a crucial role to drive the electrons inside the channel
and to cool down the electron temperature.
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EEDF in NFP Region

v" Moving upstream towards the exit plane 3 different popul ation appear:

- Low energy Maxwellian population
- Middle energy trapped (magnetic mirror) electrons

-  ExB bump ontail electrons

—

The expansion in the near field plume region needs a kinetic description
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Thefull domain (channel+plume) model

v Recently we are working on a 3D channel+plume model
v' HPC intensively used: Hybrid parali€ization (MPi+OpenMF)
320x320x160 cells with 2x10° particles

v" GUI for user friendly
Rotatlng spoke mstablllty

t=3.5 us

t=4 us
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| TER-relevant Negative | on Source

| RF-ICP Hybrid Negative | on Source |

Expansion Chamber Size —fanihoonadeaom
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Frequency

RELATED TOPICS

0 RF inductive coupling

U Vibrational kinetics

U Gas and Cs dynamics

U Electron xB Transport

U Electronegative Sheath

U H- Bulk/Surface Production
O H- transport/extraction

CODES

U DRIVE -> 2D(r,z)-cyl PIC (driver region)

Q EXP-> 1.5D DSMC (expansion region)

L EXTRA -> 3D PIC (extraction monoaperture)

Q MINUS -> 2.5D PIC (expansion+extraction multiaperture)
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| TER-relevant Negative | on Source

| RF-ICP Hybrid Negative | on Source |
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RELATED TOPICS

0 RF inductive coupling
U Vibrational kinetics 0000000
U Gas and Cs dynamics

U Electron xB Transport

U Electronegative Sheath

U H- Bulk/Surface Production
O H- transport/extraction
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CODES

U DRIVE -> 2D(r,z)-cyl PIC (driver region)

Q EXP-> 1.5D DSMC (expansion region)

L EXTRA -> 3D PIC (extraction monoaperture)

Q MINUS -> 2.5D PIC (expansion+extraction multiaperture)




| TER-relevant Negative | on Source

| RF-ICP Hybrid Negative | on Source |

Expansion Chamber Size =~ | L Beaan
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Size Driver Radius (D=24.5cm ’

U Gas and Cs dynamics

U Electron xB Transport

U Electronegative Sheath

U H- Bulk/Surface Production
O H- transport/extraction
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RELATED TOPICS '
0 RF inductive coupling l
O Vibrational kinetics 0000000]|

CODES

U DRIVE -> 2D(r,z)-cyl PIC (driver region)

Q EXP-> 1.5D DSMC (expansion region)

L EXTRA -> 3D PIC (extraction monoaperture)

Q MINUS -> 2.5D PIC (expansion+extraction multiaperture)




| TER-relevant Negative | on Source

| RF-ICP Hybrid Negative |l on Source |
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Extraction grid potential PG/EG/GG

RELATED TOPICS

0 RF inductive coupling
U Vibrational kinetics 0000000
U Gas and Cs dynamics ﬂ -
Q Electron xB Transport ’
U Electronegative Sheath

U H- Bulk/Surface Production
O H- transport/extraction

CODES
U DRIVE -> 2D(r,z)-cyl PIC (driver region)

0 EXP-> 1.5D DSMC (expansion region) L — ‘
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U MINUS -> 2.5D PIC (expansion+extraction multiaperture)




| TER-relevant Negative | on Source

| RF-1CP Hybrid Negatlvelon Source |
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EXTRA —negative ion transport towards mono-aperture

- Virtual cathode attached to PG reflects back the non-
neutralized negative ion flux: just 25% of surface-produced
negative ions are able to escape;

- Close to PG exit, the EG field penetration helps removing
extra H-;

- The meniscus penetrates 0.5 cm in the source region;

- This creates trials visible in the negative ion density which
influences the beam optics in the acceleration part.

- The volume and surface-contributions are distinguishable;

- The y-asimmetry in the resulting beam is a signature of
electron deflection magnetic field.




MINUS - Filter Field: Electron Temperature
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- Tedropsdown from 10 eV to 1 eV

- The drop starts in grad(B) region

- Cooling mechanism:

el ectron residence time increases ->

electrons loose energy via collisional processes




MINUS - Filter Field: Electron xB Transport
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MINUS - Filter Field: Electron xB Transport

- An additional anomalous mechanism driven
by instability has been detected: y-modulation




MINUS - Extracted current aperture by aperture

No correlation between plasma asymmetry and negative ion beam homogeneity:
confirmation of the leading role of atoms in the surface-production of negative ions
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Conclusions
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