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Plasma parameters
• 𝑛𝑒 = 3 × 1013 m-3

• 𝑅𝑝 = 2mm

• 𝑇 = 1 eV
• L ≈ 10 cm
• D = 3 mm

• B  = 3 mT
• V = 5 V
• 𝑅𝑤 = 2 cm

• “Long, thin” plasma
• 𝑅𝑤 ≪ 𝐿, 𝑅𝑝 ≪ 𝑅𝑤

Analytical model

Simulation overview

(no corrections)
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Run 1

𝑻 ≈ 𝟏. 𝟖 𝝁𝐬

N ≈ 𝟑. 𝟖𝟓 × 𝟏𝟎𝟕
L ≈ 𝟖 𝒄𝒎

𝑻𝒅 ≈ 𝟓. 𝟒 𝝁𝒔

• 𝑑𝑥 = 0.7 mm
• 𝑑𝑧 = 0.7 mm
• 𝑑𝑡 = 1.5 × 10−10 s
• Mptcls_per_cell = 27
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Run 2

𝑻 ≈ 𝟏. 𝟑 𝝁𝐬

N ≈ 𝟑. 𝟓𝟐 × 𝟏𝟎𝟕

L ≈ 𝟖 𝒄𝒎

𝑻𝒅 ≈ 𝟓. 𝟕 𝝁𝒔

• 𝑑𝑥 = 0.7 mm
• 𝑑𝑧 = 0.7 mm
• 𝑑𝑡 = 1.5 × 10−10 s
• Mptcls_per_cell = 64

(need scaling)
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Run 3

𝑻 ≈ 𝟏. 𝟖 𝝁𝐬

N ≈ 𝟑. 𝟕 × 𝟏𝟎𝟕

L ≈ 𝟖 𝒄𝒎

𝑻𝒅 ≈ 𝟓. 𝟔 𝝁𝒔

• 𝑑𝑥 = 0.4 mm
• 𝑑𝑧 = 0.7 mm
• 𝑑𝑡 = 1.5 × 10−10 s
• Mptcls_per_cell = 27
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Run 4

𝑻 ≈ 𝟏. 𝟐 𝝁𝐬

N ≈ 𝟑. 𝟓𝟒 × 𝟏𝟎𝟕

L ≈ 𝟖 𝒄𝒎
𝑻𝒅 ≈ 𝟓. 𝟖 𝝁𝒔

• 𝑑𝑥 = 0.7 mm
• 𝑑𝑧 = 0.7 mm
• 𝑑𝑡 = 0.5 × 10−10 s
• Mptcls_per_cell = 64

(need scaling)
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Run 5

𝑻 ≈ 𝟏. 𝟔 𝝁𝐬

N ≈ 𝟐. 𝟗𝟓 × 𝟏𝟎𝟕

L ≈ 𝟖 𝒄𝒎

𝑻𝒅 ≈ 𝟕. 𝟎 𝝁𝒔

• 𝑑𝑥 = 0.25 mm
• 𝑑𝑧 = 0.7 mm
• 𝑑𝑡 = 0.65 × 10−10 s
• Mptcls_per_cell = 64

(need scaling)



Corrections

Up to factor 
of 2 or 3



Corrections



Temperature

• Extracting a temperature from simulation is an issue

Run 3 Run 4



Initial conditions

• Calculate the “equilibrium” length of 
the plasma (different from anode 
length)

• Similar method to

• Calculate the “equilibrium” radial 
profile for the electron density

• Solve radial Poisson’s equation
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Run 6

L ≈ 𝟖 𝒄𝒎

• 𝑑𝑥 = 0.4 mm
• 𝑑𝑧 = 0.7 mm
• 𝑑𝑡 = 0.9 × 10−10 s
• Mptcls_per_cell = 64

Plasma still 
expands in 
the initial few 
time steps z z
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Run 6

L ≈ 𝟖 𝒄𝒎

• 𝑟𝑝 = 0.42 cm

• L = 5.79 cm Analytical model with 
corrections:

𝑻𝒅 ≈ 𝟏. 𝟐𝟏 𝝁𝒔

(uniform density assumed)

𝑇𝑒 = 1.6 eV

𝐷 = 0.5 cm
• 𝑁 = 6.5 × 107


