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• Status of the pre-CDR.

– It’s finalised!

– Published as technical note CCAP-TN-01 

• Technical notes page on the wiki:

– https://ccap.hep.ph.ic.ac.uk/trac/wiki/Communication/Notes

• Link to the document: 

– https://ccap.hep.ph.ic.ac.uk/trac/raw-

attachment/wiki/Communication/Notes/CCAP-TN-01.pdf

• Overview of the pre-CDR.

• R&D plan and project schedule.

Introduction

https://ccap.hep.ph.ic.ac.uk/trac/wiki/Communication/Notes
https://ccap.hep.ph.ic.ac.uk/trac/raw-attachment/wiki/Communication/Notes/CCAP-TN-01.pdf
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• Executive summary

• Lay summary

– Written by Gareth Jones (Emeritus Professor in the Physics 

department, Imperial) who is a member of the Imperial Patient 

and Public Involvement Group. 

Introductory bits
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The LhARA Facility overview – accelerator 
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The LhARA Facility overview – design parameters
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The LhARA Facility overview – design parameters
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• Construction will be done in two stages.

• The goal is maximise scientific output.

– Generate scientific output during construction of Stage 1.

– Radiobiology programme using Stage 1 whilst constructing 

Stage 2.

Staging 

Beam 

from 

laser 

source

Stage 1 Stage 2
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• Produces intense beams and multiple species, e.g. proton and carbon 
ions.
– Overcome space charge limit of conventional sources since beams are 

produced with energies O(10) MeV.

• Issues to consider
– Large energy spread.

– Large divergence.

– Beam instability, especially if laser operated near the limits of its 
specifications.

Laser source
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Positive ions from hydrocarbon 

contamination on the target surface

Electron sheath generated 

by the laser accelerates 

positive ions from the target

Ion beam

Principle of target normal sheath acceleration (TNSA) 

using a thin foil target.

45°

Laser driven ion beam simulation using EPOCH.

Energy vs angle with respect to laser beam direction
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• The Gabor lens uses a plasma 
to generate a strong electro-
static focusing field.

• Focal point is energy 
dependent.

• R&D programme includes:

– First generation prototype.

– Second generation prototype.

– Theoretical studies.

– Development of diagnostics.

Capture

Original Gabor lens prototype was to be 

tested with the Cerberus laser at Imperial.

Space to 

insert 

diagnostics
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• Optics design: BeamOptics and MADX.

• Particle tracking simulations: BDSIM and GPT.

• Energy deposition in the end station: BDSIM.

Beam transport – Stage 1

Alternative 

design
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• Post acceleration done using an Fixed field accelerator (FFA). 

– Spiral FFA.

• Injection and extraction lines for the FFA.

• High energy arc for in-vitro

end station.

• In-vivo beam line.

Beam transport – Stage 2
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• Various areas requiring instrumentation.

– Laser.

– Low-energy beam diagnostics.

– High-energy beam diagnostics.

– Dose calibration and monitoring.

– Fast feedback and control.

• Combination of off-the-shelf commercial devices and 

development of new devices and techniques.

– Conventional BPMs, CTs, Faraday cups.

– Scintillating fibres, thin ceramic films.

Instrumentation
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• Two in-vitro end stations.

– Low-energy: up to 15 MeV protons.

– High-energy: 15–127 MeV protons and up to 33MeV/u carbon ions.

– State-of-the-art lab facilities and robotics for automated sample 
positioning.

• One in-vivo end station.

– 15–127 MeV protons and up to 33MeV/u carbon ions.

End Stations
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• Floor plan.

• Safety.

– Laser.

– Accelerator.

– End stations.

– Radiation.

Infrastructure and Integration
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• 10 year programme.

– Radiobiology.

• At other facilities.

• Experiments whilst Stage 2 is being constructed.

– System/near clinical aspects and outreach.

• Spin offs.

• Patient and public involvement.

• Outreach.

• 5 year R&D plan.

• Construction.

– 2 years for Stage 1.

– 5 years for Stage 2.

Schedule
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Five year R&D plan

• Aims to address the technical challenges highlighted in the 
pre-CDR and deliver technical designs for the LhARA facility.

• Facility design.

– Development of conceptual design.

– Development of technical design.

– CDR (detailed for Stage 1).

– TDR Stage 1.

– TDR Stage 2.

• End stations.

– Automation, sample handling, imaging.

– Simulation of the end stations.
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• Gabor lens.
– First generation prototype to study steady state operation.

• Verify high voltage operation in a relatively high vacuum.

– Second generation prototype to study pulsed operation.
• Electron emitter will be used to generate the plasma.

– Theoretical studies to investigate plasma instabilities and electron 
emitter design.

– Diagnostics.
• Measure electron density.

• Measure beam transport properties using an alpha source.

• Laser-driven source.

• Laser-capture interface.

• Investigation of space charge algorithms.

• Stage 1 beam line performance evaluation.

• Vertical bend.

• Capture technology milestone.

Five year R&D plan – Stage 1 specific activities
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• FFA.
– Design and simulation.

– Detailed magnet design.

– Magnet prototype.

– RF cavity design and performance evaluation.

– Injection and extraction design.

• Stage 2 performance evaluation.

• Longitudinal phase space manipulation design, simulation and prototyping.

• Final beam preparation for in vivo end station.

• Instrumentation.
– Low-energy beam diagnostics.

– Online dosimetry and dose profile.

– Absolute dosimetry at ultra-high dose rates.

– Fast feedback and control.

– High-energy beam diagnostics.

• Software and Computing.
– Development of a global data acquisition and processing system.

– Development of the controls and monitoring system.

Five year R&D plan
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• Pre-CDR is now published as technical note CCAP-TN-01.

– Thanks to everyone involved!

– Technical notes page on the wiki:

• https://ccap.hep.ph.ic.ac.uk/trac/wiki/Communication/Notes

– Link to the document: 

• https://ccap.hep.ph.ic.ac.uk/trac/raw-
attachment/wiki/Communication/Notes/CCAP-TN-01.pdf

• Review by international panel was successful.

• Push forward on the technical challenges highlighted in the 
R&D plan.

Summary

https://ccap.hep.ph.ic.ac.uk/trac/wiki/Communication/Notes
https://ccap.hep.ph.ic.ac.uk/trac/raw-attachment/wiki/Communication/Notes/CCAP-TN-01.pdf

