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Gabor lens – Imperial prototype
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Advantages

• Focus in both planes
• Energy dependent 

focusing strength
• Cost effective solution 

compared to solenoids

Challenges

• High-vacuum, high-
voltage operation

• High plasma density
• Plasma instabilities
• Diagnostics
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Beam test results

Increasing plasma density

Lens off Lens on

Schematics of the setup
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Beam test results

Position of 3 pencil beams 
downstream of lens

Electron density 
≈ 𝟑 × 𝟏𝟎𝟏𝟐𝒎−𝟑

Variation of plasma density

No variation of plasma density

Vary the fields that 
confine the plasma
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Particle-tracking simulation

Lens off

Increasing 
plasma 
density

Lens on

Rotating plasma
(“diocotron” mode) 

lens anode

beam axis
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Limitations of the first prototype

• Plasma instability consistently observed throughout the 2 days of the beam test
• Geometry of electrodes may result in a high growth rate for the instability
• OR associated driving mechanism, e.g. electrons streaming out of the surface of 

electrodes

• No control over the production of the electron cloud

• Limited diagnostics for the plasma
• Measure current of electrons/ions that 

escape the lens on-axis
• Can infer presence of plasma + stability
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Aims of the proposed experiments at Swansea

A – Validation: confined electron plasmas vs. PIC simulations (VSim)
• Build models to predict results of existing diagnostics.
• Inform us on the suitability of the PIC code to do predictions on the confinement 

of an electron plasma in the next design iteration of the Gabor lens.

B – Development: 
• Investigate the experimental limitations of the lens in relation to the focusing 

properties called for by the design of LhARA.

C – New measurements:
• Measure focusing of positron beam by electron cloud.


