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Radiotherapy utilising conventional photon radiation (e.g. X-rays) is a major strategy employed to treat a number of tumours types, with around 50 % of all cancer patients receiving this modality. However, the major drawback of conventional radiotherapy is that in order to deliver a lethal dose to cancerous cells, damage is inflicted upon the surrounding normal healthy tissue which can create acute and long term side effects. To overcome this, proton and ion (such as C6+) beam therapy offers a significant advantage over photons. This is because the majority of the beam energy for protons and other ions is deposited in a narrow range called the Bragg peak, allowing the specific targeting of the tumour whilst sparing normal healthy tissue and organs. As a result, there has been a growing increase in both the need and development of facilities housing particle beam accelerators, clinical use of particle beam therapy (PBT), as well as preclinical research into the underlying mechanisms of the biological response to protons and other ions [1-3]. 
In addition to the deliverance of a variety of ion species, the laser-driven proton and ion beam housed within the LhARA facility will be capable of delivering ‘FLASH’ irradiation. FLASH irradiation is the deliverance of ultra-high dose rates (>100 Gy/s), several orders of magnitude higher than dose rates using in conventional radiotherapy (1-5 Gy/min). Originally described in the 1970s, interest in FLASH radiotherapy has spiked in recent years with particular interest in the ‘FLASH effect’, defined as the significant reduction in normal tissue toxicity in comparison to conventional dose rates, which is thought to act through local oxygen depletion [4-8]. 
Despite the large research interest into both PBT and FLASH radiotherapy, as well as the promising clinical advantages they offer over conventional radiotherapy, the biological response mechanisms and the impact upon various cellular pathways (particularly the cellular DNA damage response) are not entirely understood [2]. Therefore, a radiobiology research programme is required to fully investigate the effect of ionising radiation on cellular biology in order to optimise and effectively utilise PBT and FLASH radiotherapy for treatment of cancer patients in the future. In order to achieve this, high end and fully equipped in vitro and in vivo end stations will be housed within the LhARA facility that will fulfil radiobiological research requirements.

3.9.1 In-vitro end stations
The in vitro end station will contain two vertically delivered beam lines of up to 15 MeV protons which will be utilised for the irradiation of 2D and 3D cells in culture. The vertical nature of the beam allows the cell culture dishes and other vessels to be kept flat, which is important for both the health of the cells but also to optimise throughput of multiple irradiations. Having two end stations, along with multiple workspaces, will increase the productivity of the research when multiple groups/researchers are using the in vitro end stations. Furthermore, this also allows the possibility that one of the beam lines could be utilised for specific conditions (e.g. beam line attached with a sealed hypoxia chamber, to more closely mimic the hypoxic microenvironment of solid tumours).
The in vitro end station will be housed within a research laboratory equipped with up-to-date and state-of-the-art facilities required for developing successful and productive radiobiology research programmes. These facilities will be utilised for investigating various biological end-points in both normal and tumour cell models, and which will be developed based on our experience of having established an in vitro radiobiology laboratory at the Clatterbridge Cancer Centre that has successfully been utilised for enhancing radiobiology research into protons [9,10]. The research laboratory will include all the vital equipment and machinery for bench top science, sample processing and analysis, such as centrifuges and microscopes (e.g. light and fluorescent microscopy), along with the equipment required for contaminant-free cell culture (e.g. humidified CO2 cell culture incubators, Class II biological safety cabinets), and for the storage of biological samples and specimens (e.g. -20/-80°C freezers, fridges). Two pieces of equipment that are key to the radiobiology research programme are a hypoxia chamber and an X-ray irradiator. The hypoxia chamber will provide a model to mimic the microenvironment of solid tumours where the oxygen concentrations can be significantly lower (~1-5 %) than the surrounding normal tissues. Furthermore, and as previously mentioned, the ‘FLASH effect’ has been heavily linked with oxygen depletion, so will allow further investigation of the underlying biological mechanisms into this radiotherapy modality that is receiving significant worldwide interest. The X-ray irradiator is central because it will allow direct comparisons between the cellular response to conventional X-ray irradiation, and particle ions delivered by the accelerator. Finally, an ultra-pure water purification system will provide the laboratory with highly purified and distilled water which is crucial for highly sensitive and precise biochemical assays and experiments. 
The ability to perform in vitro biological research to the highest degree of quality and having the facilities to use a myriad of techniques and experiments is imperative to the discovery and understanding of the cellular response to the various types of particle irradiation provided by the LhARA beam. Furthering our knowledge of the underlying biological mechanisms through in vitro research will allow particle beam therapy to be translated into future effective patient treatment.

3.9.2 In-vivo end station
The in vivo end station will be housed on the basement floor and will deliver higher energy protons and carbon ions, capable of penetrating deeper which allows the irradiation of whole organisms. The ability to perform in vivo research is vital for the effective translation of the research into human cancer patients. The in vivo end station will enable the utilisation of a number of different animal models (e.g. xenograft mouse models) which can further promote an examination of particle ions on the appropriate biological end-points (e.g. tumour growth). 

3.9.3 Development of radiobiological capability
Automated sample processing via robotics is essential to the radiobiological programme in order to promote in vitro high sample processing, as well as the utilisation of high throughput screens. The robotics will be developed to accommodate a range of different formats (e.g. multi-well cell culture plates, and dishes). This would significantly speed up the irradiation of individual samples, and ultimately the amount of biological results and data that can be generated.
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