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PIC Modeling - ITER Negative Ion Source for the NBI System
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Negative Ion Source
RF Operated Beam source in INdia (ROBIN) negative ion source

◻ Four sections: 
driver, an expansion 
chamber, the 
magnetic filter, and 
extraction system. 

◻ Magnetic filter –  
Gaussian shape – 
perpendicular to the 
plasma flow - cool 
down electrons.

◻ Magnetic filter – 
introduces drifts and 
instabilities – cause 
anomalous 
transport.

B

• 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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Different time and length scales using, electron temperature Te = 10 eV, Ion 
temperature Ti = 0.026 eV, B = 7 mT (typical ROBIN parameters)
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Important length and time scales
Length and Time scales – Development of PIC MCC kinetic model
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6Experiment And Simulation Method
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Development of parallel 2D-3V PIC-MCC codes for Multi-core (CPU) and 
Manycore (GPU) architectures
Hybrid (OpenMP + MPI) architecture:
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8Convergence studies and speedup

Speed Up studies on single node with multicore highlighting 
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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9Convergence studies and speedup

Convergence studies are used to optimize 
computational load and accuracy

The study examined convergence based on particles 
per cell (ppc) with ∆x fixed at 650 µm, varying ppc 
from 21 to 40. Electron temperature (Te) showed a 0.5 
eV variation, while ion density and electric potential 
profiles varied minimally, supporting a ppc of 21 as 
optimal for accuracy and computational efficiency. 
Average Te and electric potential profiles along the 
axis confirm stability without numerical heating, 
achieving convergence across parameters.
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10Convergence studies and speedup

Convergence studies are used to optimize 
computational load and accuracy

The axial profiles of electron temperature (Te) and 
electric potential (V), averaged in the y direction, with 
grid spacing variations. Using 21 particles per cell, 
electron temperature remains stable in the source 
region due to thermalization, with no numerical 
heating observed, and all parameters converge 
reliably
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111D studies of plasma transport across magnetic field

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

2D simulation domain

[1] Shah et al. (2020), Fusion Engineering and design, vol. 151, page no- 111402, 2020.
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12Plasma profiles with walls and without walls

B = 0 mT B = 7 mT
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131D Plasma profiles of top bottom asymmetries
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14Electric field in X and Y direction
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15Energy Distribution Function 
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16FFT analysis 

FFT
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17Streamline flow in the presence of the magnetic field
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Spatial and temporal evolution of plasma density
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Splitting of ion velocity in the presence of 
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24Experiment And Simulation 
Method

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.

Negative ion source
1. 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. 

2. 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

1. 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.

2. 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.

3. Stability is reached after 10 µs.
4. Wall effects?


