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= Heating of plasma by injection of neutral beam
= Neutral beam generated by neutralization of negative ion beam
= Negative ions generated in a low temperature plasma source (ICP)
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« M. Shah, B. Chaudhury et al. (2020), Fusion Engineering and design, vol. 151, 2020.

* Gourab Bansal et al. (2013), Fusion Engineering and design, vol. 88, 2013.
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Important length and time scales

Length and Time scales — Development of PIC MCC kinetic model

Physical Equations Value
oo Frequency (HZ) parameter
W, N en e w, i-n i-e Plasma frequency ne* 5.64x10'° Hz
l l 19 8 ! le7 | leb le5 | led 3 1e (@p) Jine,
I 1
Tr|—v%—r|—v—v—*—~|—r%+|—iw—|—v—#—v—|—'-1—o—v-|i¢—w-} Electron cyclotron e 1.23x10° Hz
frequency (®¢e) m,
0.001 0.01 0.1 1 10 100 1000 10000
. . lon cyclotron eB 3.35x10° Hz
Time (p.S) v frequency (o) m;
Ele-ion Coulomb n;e‘Ini (3KT) ~ 32 8.81x10° Hz
colli. Freq. 4mtegm?!'?
s /
Different time and length scales using, electron temperature T_ = 10 eV, lon Ele-neutral colli. noﬂen% v 1.92x10° Hz
temperature T,= 0.026 eV, B = 7 mT (typical ROBIN parameters) Freq. ‘
lon-neutral colli. figo V3 2.29x10% Hz
Freq. -
Physical parameter Equations Value
Debye length (7.p) eokT\"? 2.35x10° m R A, R,
= |
Electron Larmor 0.0238T,'/? 1.08x10° m
radius (R}e) B
0.001 } 0.1 1 10
lon Larmor radius (1.02 x M/m)Y/2T1/2 9.96x102m 0.01
(Ry) B Length (mm) >
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Experiment And Simulation Method

- \ Grid Data structure
Block G
BlockA | ___ 0

Initialization of phase space OHON®) OO0 O O O
AR - KK =

Monte Carlo Collision

and input parameters
(external magnetic field, bias

« Update trajectories and energy of particles based on plasma

chemistry voltage, gas species and B 5 J B L
« Introduce new particles in the system through a collisional associated Chemistey et
process.

« Introduce new particles in the system using a
predetermined ionization profile.

Block F <

Mover

Update position and velocities
using the Boris Algorithm

structure
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At Block B
« Read from Grid data structure Self aware sorting
« Write to the Particle data
structure Based on iteration times it automatically
L ) decides whether to sort the particle data
structure or not
N
Block E ( \
Electric field Block D Block C
P Poisson Solver Charge Deposition
Electric field on grid points VZ(I) =-p/e0 Assign charge density to grid points (p)
Read and write on Grid Data Solve for ¢ on grid points
structure Read and write on Grid Data « Read from Particle data structure

« Write to Grid data structure

Particle Data structure
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Development of parallel 2D-3V PIC-MCC codes for Multi-core (CPU) and
Manycore (GPU) architectures

Hybrid (OpenMP + MPI) architecture:

Intel socket Communication (Through Intel omni-path Interconnect)
Level 1 => Node Level Parallelization: Particles divided equally among nodes ¢ ¢
MPI Node = Rank: 0
Level 2 => Thread Level Parallelization: Particles associated to a node, divided equally among OpenMP threads
Private grid for OpenMP thread id: O Private grid for OpenMP thread id: 1 Private grid for OpenMP thread id: 2 Private grid for OpenMP thread id: 3
Inside MPI node with rank O Inside MPI node with rank 0 Inside MPI node with rank 0 Inside MPI node with rank O
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| . Bhaskar Chaudhury et al. (2018) , Communications in Computer and Information Science, vol. 964, page no - 32, 2018. |
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Convergence studies and speedup
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Pl link > Network
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Speed Up studies on single node with multicore h|gh||ght|ng @& 2 MPI Proc Per Node (Config: CD with 4 Core/MPI Proc, Mover with 20 Core/MPI Proc)

scaling problems with CD subroutine on a shared memory

system Speed up studies on multiple nodes highlighting best

configurations to run PIC code.
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Convergence studies and speedup

42 §i Convergence studies are used to optimize
=10 — 2lppe - computational load and accuracy
= — 30ppc d
jl_é ~—— 40ppc -
A 0 . Igoppc. | | | |
0 10 20 30 40 50
15 —T T T
5l _ The study examined convergence based on particles
o 1 I per cell (ppc) with Ax fixed at 650 pym, varying ppc
5 ————f = from 21 to 40. Electron temperature (Te) showed a 0.5
g M T T T eV variation, while ion density and electric potential
s 0 10 20 30 40 50 profiles varied minimally, supporting a ppc of 21 as
@g/ eals _ b _ optimal for accuracy and computational efficiency.
> Average Te and electric potential profiles along the
z se417 2 axis confirm stability without numerical heating,
%; //R d achieving convergence across parameters.
L e T R

Domain Length in x (cm)
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Convergence studies and speedup
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1D studies of plasma transport across magnetic field

ROBIN (RF Operated Beam source in India) — negative ion source

Simulation domain
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Simulation domain length in x (m)

I

(a) Physic

al parameter

Simulation parameter Value
Length in X 0.52 m
Width in Y 0.10 m

Gas Ho
Pressure 0.0045 Torr (0.6 Pa)
Electron temperature 10 eV

Ion temperature
Number of species
Bias Voltage
Magnetic field (B)
Gaussian width of B
Boundary-condition
Absorbed power
Gas density

0.026 eV
2 (electron and ion)
0.00 V
510731
0.29 m
periodic on top and bottom
60 KW
1.45 x 10%%n 3

(b) Numeri

cal parameter

Simulation parameter

Value

A X
AY
NX
NY
PPC (particle per cell)
Simulation particles
Real Particles
Time step (A#%)
Debye length (Ap)
Plasma frequency (wy)
Heating frequency

6.5x<10 * m
6.5x10 * m
800
155
~ 21
2.6 x 10%m 3
0.2 x 1093
0.12 < 10 ? s
5.26 < 103 m
2.52 x 10°% Hz
1 < 10%® Hz

[1] Shah et al. (2020), Fusion Engineering and design, vol. 151, page no- 111402, 2020.

Dhirubhai Ambani

Institute of Information and Communication Technology

www.daiict.ac.in



Plasma profiles with walls and without walls
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1D Plasma profiles of top bottom asymmetries
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Electric field in X and Y direction
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Energy Distribution Function

Normalized EEDF

Normalized EEDF
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FFT analysis
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Streamline flow in the presence of the magnetic field

0.1 16
B
S5 0.08 12,
.E ..:.;o)
= 0.06 S
B0 8 °
c c
2 0.04 £
i 3
@ 4
£ 0.02

0.00 LA YR =*3 St Mo

0.00 0.13 0.26 0.39 0.52 0.00 0.13 0.26 0.52

Domain length in X (m) Domain length in X (m)

Dhirubhai Ambani v .
Institute of Information and Communication Technology www.daiict.ac.in




Spatial and temporal evolution of plasma density
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Spatial and temporal evolution of plasma density in m ™ for two cases:
(I) In absence of magnetic field (B = 0 mT) and (II) in the presence of the magnetic
field (B = 7 mT). (IIb) and (Ilc) are zoom plots of (II) for different times 0 us to 15 us
and 20 ps to 30 ps, respectively. The red dotted line in (b) shows the magnetic field

position.
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Splitting of ion velocity in the presence of
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Ion Velocities in the X-direction (m/s) under Two Distinct Magnetic Field
Conditions: (a) Magnetic Field Strength, B = 0 mT, and (b) Magnetic Field Strength,

B =7TmT.
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Figure 1. (a) A Schematic of the ROBIN ion
source is given. (b) The simulation
domain in the 2D XY plane is shown. The
transverse magnetic field is in the Z
direction perpendicular to the domain plane
and in Gaussian shape.
source is given.

Dhirubhai Ambani v .
Institute of Information and Communication Technology www.daiict.ac.in

A

w

Experiment And Simulation
Method

Negative ion source
The negative ion source comprises four distinct regions: a
driver region, an expansion chamber, a region with a
Gaussian-shaped magnetic filter field, and an extraction region.
Within the driver region, hydrogen gas (H2 ) is introduced, and
plasma is generated through RF heating. The generated
plasma then expands into the expansion chamber. As it
progresses, the plasma encounters a perpendicular
Gaussian-shaped magnetic field.

Simulation conditions

Plasma generation occurs in the driver region and expands
through a magnetic filter zone, with a bias potential applied
only at the right-side plasma grid (PG) boundary, while other
boundaries remain at 0 V to simulate wall effects.

The simulation applies self-consistent RF electron heating in
the driver region, using a simplified hydrogen chemistry
model with 16 reaction types, and incorporates re-injection
for particles lost at the boundaries.

Stability is reached after 10 us.

Wall effects?



