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Problem Statement

• Plasma transport across the magnetic filter is complex to

understand due to different drifts and instabilities.

• In partially magnetized plasmas, only electrons are

magnetized (not ions).

• Presence of potential gradient with magnetic field, density

and temperature gradients introduce drifts and instabilities

in the plasma.
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 Heating of ITER plasma by injection of 

neutral beam at 1 MeV.

 Neutral beam generated by 

neutralization of negative ion beam.

 Negative ions generated in a low 

temperature plasma source. 

Motivation
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Length and Time Scales

Table 1. Different length scale using electron temperature 

Te = 10 eV, Ion temperature Ti = 0.026 eV, and B = 7 mT.

5

Table 2. Different time scale using electron temperature 

Te = 10 eV, Ion temperature Ti = 0.026 eV, and B = 7 mT.

Electron and ion collision cross-section = 1.00 x 10-19 m2
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Time Scales
6
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7ROBIN 
(RF-Operated Beam source in INdia)1

Simulation Domain

[1] G. Bansal et al., “Negative ion beam extraction in ROBIN,” Fusion Eng. Des., vol. 88, no. 6–8, pp. 778–782, 2013.

Experimental Setup
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2D-3V PIC-MCC kinetic model
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Case:1 B =0 mT, Vbias = 0V

Case:2 B =0 mT, Vbias = 20V

Case:3 B =7 mT, Vbias = 0V

Case:4 B =7mT, Vbias = 20V

Case-studies

Bias Voltage



www.daiict.ac.in

10

Case-studies

Case 1:

B 0 mT – 0 Vbias

Case 3:

B 7 mT – 0 Vbias

Case 4:

B 7 mT- 20 V bias

Case 2:

B 0 mT- 20 V bias

Changing Magnetic field and Bias voltage
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Case-studies

Case 1:

B 0 mT – 0 Vbias

Case 3:

B 7 mT – 0 Vbias

Case 4:

B 7 mT- 20 V bias

Case 2:

B 0 mT- 20 V bias

Peak at 

1e6

1 more 

peak at 1e5
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Observation from FFT analysis

• FFT analysis shows that in case of 0 mT magnetic field, no 

frequency peak observed.

• In case of 7 mT, two peaks are observed at 105 Hz and 106 Hz, 

but amplitude of peaks are different.

• In case of 7 mT 0 V bias (case-3), 105 Hz peak is stronger than 

106 Hz.

• In case of 7 mT 20 V bias (case-4), 106 Hz is stronger.

• In Case 3, E and B both fields are present.
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Case-studies

Case 3: B 7 mT – 0 Vbias Case 4: B 7 mT- 20 V bias
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14Ion-acoustic wave past work
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• In absence of magnetic field (with and without bias voltage Case-1 and Case-2), no 

frequency found in FFT analysis. 

• 105 Hz and 106 Hz frequencies are observed on case -3 and case-4 (with B).

• Strong E and B both are present in case -3 (with B=0 mT, 0 Vbias), but in case-4, weak E 

and B field present.

• 105 Hz suggest to frequency related to EXB drifts instabilities. 

• 106 Hz is due to lower hybrid.
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REQUIRES BRAINSTORMING

• Potential time series plot shows enhancement in potential 

structure (B 7 mT 20 Vbias)  –

Is that any resonance effect? 
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