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Introduction
Chris



Ion Capture Requirements

• Take output from laser source (WP2), tailor output, transmit 
downstream

• Focus 15 MeV proton beam to a reasonable distance (metres)

• Use conventional, off-the-shelf technology (WP)
• Magnets, electronics, etc

• Ensure operational stability & reliability over multiple time-scales
• Shot-to-shot of high reptation rate source
• Day-to-day & beyond clinician use



Gabor lens

doi: 10.1038/160089b0
doi: 10.3389/fphy.2020.567738

Plasma
Er



Plasma in ALPHA for production
• E-field & large radius deleterious

• Low density
• Small radius

• Experimental diagnosis
• MCP imaging
• Mode analysis

• Modelling
• Manipulation techniques

• Cooling (evaporative)
• Rotating wall
• Feedback/damping

doi: 10.1103/PhysRevLett.120.025001 doi: 10.1016/j.nima.2003.09.052
doi: 10.1063/1.4801067                           doi: 10.1103/PhysRevLett.106.145001
doi: 10.1103/PhysRevLett.100.203401



Beamline
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Recent results
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Experiment at Swansea
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Main results

B

Magnetron frequency measured under various 
trapping conditions
Catch-hold-dump sequences

Destructive measurements on P-screen

beam 
current



Status of simulations

PIC code previously used to model stable/unstable plasmas in a Gabor lens prototype
Validate the PIC code against the measurements from Swansea

Ongoing work to reproduce the change in magnetron frequency observed in the experiment
Preliminary simulation shows agreement within 

ି beam



WP3 Project plan
Chris



Ion Capture overview
• 5 lens elements expected

doi: 10.3389/fphy.2020.567738



Ion Capture overview
• 5 lens elements expected
• Preliminary & preconstruction 

phases focus on 1 element

doi: 10.3389/fphy.2020.567738



Previous efforts

Appl. Sci. 11 4357 (2021)
https://ccap.hep.ph.ic.ac.uk/trac/wiki/Research/GaborLens/Meetings/2021/01/28



Full-proposal plan

• Build upon experience and techniques of low temperature non-
neutral plasma community

• Clean, controlled, heavily diagnosed environment

• Year 1-2 plan: upgrade existing apparatus & design new apparatus
• Year 3-5 plan: use new apparatus to push multiple limits currently 

present in non-neutral plasma field, with off-the-shelf components
• Year 5+ plan to design & build focussing element (Gabor lens)



Why is this cautious development necessary?

Current
Year 2
Year 5
Final



Year 1-2 plan

• Existing apparatus is currently limited as designed for ‘single particle’ 
/ low density / small volume ensemble



Year 1-2 plan

• Existing apparatus is currently limited as designed for ‘single particle’ 
/ low density / small volume ensemble

• Parallel Stream: Modest upgrades enable time to be used efficiently, 
invaluable early information will be obtained & fed into design 
process

• Parallel Stream: Simulation of upgraded apparatus & new system 

• Parallel Stream: Design & purchasing of new system



Upgraded apparatus

• New electrodes (geometry, size, electrical insulation, etc.)
• New electronics for confining higher space-charge plasma
• New electron source
• Upgraded magnet

• Utilities
• Homogeneity control

• Debug new control system



Year 2 milestone

Current
Year 2
Year 5
Final



Year 3-4 plan

• Use new apparatus to study ‘medium’ scale plasma (confirm & 
advance literature)

• Length behaviour
• Density & lifetime behaviour

• Static & dynamic
• Fill factor
• Pressure
• B-field
• Number

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

Phys. Rev. Lett. 44 654 (1980)



New System



Year 5 milestone

Current
Year 2
Year 5
Final



Year 5 milestone

Current
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Final



WP3 Proposal update
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Current Proposal Status – Staff requirements



Current Proposal Status – Equipment costs



Current Proposal Status – Timeline



ITRF call re-profiling…



Concluding Remarks
Chris



Summary
• Ambitious but cautious and reasonable 

plan based on 20+ year Antihydrogen 
programme, and experience with 
plasma at CERN & elsewhere

• Right personnel identified
• Swansea, Manchester, UC Berkley

• Some work remains on proposal text
• Reprofiling will reduce 2 & 5 year 

milestones
• Details still being discussed & digested

• We’re eager to begin the programme –
it’s very exciting!!!


