LhARA Presenter Brief: 
Wider applications and spin-offs

THE WHOLE SYSTEM
Description:
· LhARA uses a high-power laser to generate beams of protons and ions, which are then shaped using electron-plasma (Gabor) lenses and accelerated using an FFA accelerator before reaching research end-stations.
Interest or novelty:
· No facility has combined laser-driven particle generation with conventional accelerator technology at these parameters before – delivering multiple ion species, ultra-high dose rates, and flexible beam structures all from one facility.
Spin-offs:
· Ultra-high dose rates will enable the exploration of tissue-sparing of microbeams and other dose-volume effects in living and moving subjects. 
· The acceleration of heavy ions beyond carbon will enable the exploration of high LET effects in highly penetrating beams suitable for organ model systems and large organisms. 
· LhARA system can be scaled down to the full-scale clinical proton therapy facility.


IMPACT ON SCIENCE
What are LhARA’s potential biological applications or spin-offs?
Biology:
· Systematic experimental study of the effect of ionising radiation on tissue.
· Development of AI and ML tools to advance the present biological simulation tools (e.g. TOPAX, G4DNA) will allow the results to be interpreted to advance the understanding of the fundamental biology that underpins the therapeutic effect.  
· Exploitation of the biological understanding and advanced numerical methods to make treatment planning more precise and targeted to the particular tumour.

What are LhARA’s potential clinical applications or spin-offs?
· Microbeam radiotherapy has the potential to go mainstream, where, with current technologies, only niche applications can be envisaged.  Microbeam radiotherapy in humans requires a unique combination of a high coherence source, low secondary scatter products and high dose-rates. 
· With greater acceleration tumours can be accessed at human dimensions to deliver truly high LET (~100 keV/micron) treatments. The management of hypoxic tumours with an external beam also has the potential to go mainstream.  Such high LET is only possible with ion species of Z > 10 where the beam is penetrating 10s of cm.

What are LhARA’s potential applications for beams for curiosity driven research? 
· Laser-driven ion bunches are naturally of extraordinarily short duration (around a few tens of nanoseconds) and can stimulate chemical and physical processes that other types of particle accelerator cannot; the particles are also produced with a very small source size.  This makes them potentially useful not only for FLASH radiobiology and radiotherapy but also for magnetically focussed mini- and micro-beam therapy at FLASH dose rates.
· Provides a tool with which to study the time evolution of the biological response to ionising radiation.  With such short pulses, a cell has no time to detect, pause or begin repairing damage done by the ions.  The large instantaneous dose may saturate the creation of free radicals and reactive oxygen species in the targeted region.  Heavier ions have the potential to deliver high rates of massive unrepairable DNA damage in cancer cells. 
· Another application is as an intense proton source to produce medical isotopes, for example for the production of the short-lived isotopes carbon-11 and fluorine-18 that are used in positron emission tomography (PET).
· The short intense pulses of protons and ions have the potential to be exploited to carry out proton radiography and deflectometry of plasmas, such as those being developed for fusion energy.  
· Laser-driven beams can also be used to heat targets rapidly to study so-called Warm Dense Matter, which is relevant to developing our understanding the mechanisms inside giant planets and stars.
· Protons and ions produced from laser sources can also be used to conduct materials analysis, for example to simulate the effects of cosmic rays on electronic devices in satellites orbiting the earth, to better understand the degradation that can occur.

LASER-DRIVEN SOURCE
Description:
· A high-power laser strikes a thin target, instantly generating a beam of protons and ions.
Interest or novelty:
· Ultra-short, intense burst of particles can be produced, around a billion times faster than conventional radiotherapy.
· Multiple ion species, from proton to carbon, can in principle be produced with a single laser by varying the target material and beam optics.

PLASMA (GABOR) LENS
Description:
· A device that uses a confined cloud of trapped electrons (a non-neutral plasma) to focus particle beams, replacing the large conventional magnetic lenses normally used in accelerator beamlines.
Interest or novelty:
· First proposed in 1947, the Gabor lens has never previously been developed at the scale and performance required for applications such as LhARA.  It can provide strong beam focusing using a much lower magnetic field requirement — around 1/40th of that needed for an equivalent conventional magnet — offering the potential for more compact and efficient accelerator systems.
Spin-offs:
· Gabor lenses could enable smaller, lighter and more cost-effective particle accelerators by reducing reliance on large conventional magnets.
· They could improve beam transport and focusing in future high-intensity accelerators and research facilities.
· Compact plasma-based focusing technology could support wider applications in areas such as materials research, industrial processing, and advanced accelerator technologies.

FIXED-FIELD ALTERNATIING-GRADIENT ACCELERATOR (FFA)
Description:
· The FFA is a circular particle accelerator, comprised of a ring of repeating magnetic cells that rapidly increases the beam’s energy roughly threefold, before sending it on to a research end-station
Interest or novelty:
· Unlike a conventional accelerator, the FFA will preserve the unique flexibility in the time and spatial structure of the laser-driven beam all the way through acceleration
Spin-offs:
· FFAs can offer a short acceleration time, which make them ideally suited to applications such as high intensity spallation neutron sources, and acceleration of unstable particles such as muons, which are key to advanced facilities such as neutrino factories.
· FFAs can be used for hadron therapy facilities operating with high repetition rate and variable energy without the need for energy degraders.
· FFA technologies have applications within other accelerator facilities, such as arc sections in energy recovery linacs.
· Other potential applications of FFAs include security and imaging, as well as accelerator driven systems such as sub-critical reactors.

NOVEL INSTRUMENTATION, END-STATIONS, AUTOMATION
Description: 
· Instrumentation to measure how much energy the beam deposits and where, including a device called SmartPhantom, which detects acoustic and optical signals to measure dose shot by shot, and a gas-curtain monitor that tracks the beam's position without disturbing it 
· Automated end stations then deliver the beam to samples in carefully controlled conditions, with real-time imaging throughout
Interest or novelty:
· Successful operation of the SmartPhantom will be the first time this method of measuring radiation dose has been demonstrated.  No other facility combines full automation, live imaging, and this level of precise, instant dose measurement in one place.
Spin-offs:
· The SmartPhantom could be developed into a device for characterising with high temporal and spatial resolution in 3D the beams from these types of accelerators, assisting accelerator development.
· The acoustic detection method could provide in-situ and in-vivo verification of 3D dose-maps, pulse-by-pulse.
· The gas curtain (ionisation?) monitor, if combined with accurate particle transport modelling, could provide an alternative in-situ and in-vivo verification of 3D dose-maps, pulse-by-pulse.

