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Trap – Basic non-neutral plasma

Endcap electrodes

plasma
central electrode

• Cylindrical Penning, or Penning-Malmberg 
trap

• 3+ electrodes – 2x endcaps + electrodes 
(central, compensating, Rotating wall, …)

• All electrodes floating / ungrounded



Trap requirements / comparison

• Previous Gabor plasma
Primarily Nonnenmacher et al. Appl. Sci. 11 4357 (2021) ref.’s [28-34] 

• B-field 0.01-0.5T
• Electron density near Brillouin limit often 

modelled
• Although ‘Pozimski Factor’ ~ 0.1-0.75 

quoted
• Plasma radius = Anode radius

• Confining voltage 2-600kV
= space-charge 

• Load via internal discharge
• Lifetime/confinement time <1s

• Dynamic equilibrium
• Reload rate >Hz

• Proposed plasma
to be experimentally determined

• B-field ~0.1T
• Electron density at 10-20% of Brillouin 

limit  (i.e. 0.1-0.2 ‘Pozimski Factor’)

• Plasma radius ~ 0.3-0.5 electrode radius

• Confining voltage ~ 60kV
> Space charge

• Load via ext. ‘beam’ source
• Lifetime - ?

• Reload rate - ?
• Density ~ 1015 m-3

• Length  ~ 1 m

Adapted from Capture meeting presentation 18th Jan 2022



Parameter space plot



Source (beam)

Hot (field assisted) cathode/filament (Thoriated tungsten) used 
to produce a beam
• Can be located in a low magnetic field, a fringe field, or a 

high (Tesla-level) field
• Typically located on-axis 

• Fixed & ‘transparent’ to ion beam
• Movable in/out of beam

Beam directed into trapping region 
(electrodes/anode)

Static particle trap
(2-stream instability/collisions)

Dynamic particle trap
(beam capture)



Procedure

• Capture
• ms – 10s

• Study/Storage
• Times: ms – 106s
• Cooling (0.1-10s)

• Eject to MCP/P-screen
• ms - ms

Static particle trap
(2-stream instability/collisions)

Dynamic particle trap
(beam capture)

e- beam
Trap potential



Storage - I

Rw = 1.27cm
(Rp/Rw<0.2)
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Storage - II

Rw = 2.86cm
(Rp/Rw < 0.2)
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Storage - III

B-field=? (original work 40-675gauss)
Rp/Rw ~0.6

1. Notice large Archimedes spiral hot cathode filament
2. RW unused



Storage - IV

• Details difficult to come by due to 
commercial considerations

• Lifetime likely annihilation limited (but 
10s seconds)

• Pressures not unlike that possible in
Gabor lens
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Lifetimes (static)

Phys. Rev. Lett. 50 167 (1983)
Phys. Plasmas 1 1123 (1994)

Phys. Rev. Lett. 44 654 (1980)

Rp/Rw ~0.2



Some Equations

• Brillouin limit (number density):

• Space charge:

• (inverse) Focal length:
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Focal length (focussing constant)
e.g. Pozimski and Meusel Rev. Sci. Instrum. 76 063308 (2005)

• Non-relativistic, short, weak, parallel, no space-charge lens approximation
[identical to Aymar et al. fphy 08 567738 (2020)]

With expected plasma parameters:

𝑙 = plasma length (0.8-1 m)
𝜌 = plasma density [𝑛 ] (5E15 m-3)
𝐸 = Ion Kinetic Energy (15 MeV)
𝑒, 𝜖 = physical constants

One finds
𝑘 = focussing constant (1.2-1.5 m-2)
𝑓 = focal length (0.8-0.7 m)

Also expecting:

𝑟 = plasma radius (3.5 cm)
𝑟 = anode radius (5-10 cm)
𝜙 = space charge (50-85 kV)
𝑉 = Confining voltage (100 - 400 kV)
𝐵 = Confining magnetic field (0.1 T)
𝑛 = Broullion limit (~5E16)
𝑃 = 𝜌 / 𝑛 (~0.1)

Adapted from Capture meeting presentation 18th Jan 2022


