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Exploratory and Program Development Study for the
Radiation Damage In Accelerator Target Environments
(RaDIATE) R&D Program
I. Introduction
The primary goal of the RaDIATE R&D program is to further the understanding of materials’ response to high energy proton irradiation for candidate for particle production targets and beam windows associated with future high intensity target facilities. The program is divided into three stages: Exploratory/Development, Research Activities, and Results Reporting. The first stage, Exploratory/Development, aims to explore the existing radiation damage knowledge base and develop the research plan to be carried out in the subsequent stages. This specification defines the scope, requirements and expectations for this Exploratory and Program Development Study.
II. Scope
a. Materials to be Studied
The following materials will be initially considered in this Study (specific grades and/or heat treatments to be determined by researchers):
i. Titanium alloys (e.g. Ti-6Al4V)
ii. Amorphous, isotropic graphite
iii. Carbon-Carbon Composite
iv. Beryllium
v. Tungsten (with or without tantalum cladding)
b. Properties to be Studied
Although the underlying atomic and micro-structural changes induced by radiation damage will, of course, be central to the Study, the resulting changes in the following material properties and associated phenomena will initially be included in this Study:
i. Thermal diffusion (specific heat and conduction)
ii. Tensile properties (yield & ultimate strengths, elastic modulus, elongation or reduction of area at failure)
iii. Fracture toughness
iv. Fatigue
v. Dimensional stability (swelling, void formation)
vi. In situ and post-irradiation annealing
vii. General corrosion characteristics (e.g. weight loss)
c. Irradiation Environments to be Studied
The irradiation parameters for future target facilities vary widely. In addition, the amount of radiation damage required before seeing significant changes in properties varies by the material. However, the Study should consider the following ranges as appropriate for each material under evaluation:
i. Proton energy (100 MeV-120 GeV)
ii. Irradiation temperature (500-1400 C)
iii. Atmosphere (Inert, Vacuum, Low-humidity Air)
iv. Displacements per Atom (0.1 – 10 DPA)
d. Researcher Recruitment
The research plan developed via this Exploratory and Program Development Study will be carried out in stages 2 and 3 by a post-doctoral researcher. Recruitment activities are within the scope of this Study. The post-doctoral researcher must be capable of taking substantial responsibility for the planning and day-to-day running of the program activities, and be expert in one or more of the following techniques (preferably in the context of radiation damage of materials):
i. Material property testing, using the unique expertise and facilities in small-scale mechanics, such as developed at Oxford.
ii. Electron microscopy, including characterisation of structural radiation damage post-exposure to protons and physical simulations by ion-beams, and real-time damage studies in ion beam / TEM facilities such as the IVEM-Tandem at ANL.
iii. Microanalysis by electron microscopy and atom-probe tomography of the effects of irradiation on local chemistry, especially effects at vulnerable grain boundaries. Perform data analysis, computations, and simulations to understand and/or develop models of material response to high energy proton radiation damage.
III. Requirements
The Exploratory and Program Development Study shall address and/or explore the following issues:
a. Review existing radiation damage literature and data, including past target facility experience, with a view to how they can be used to correlate low energy and/or fast neutron radiation damage data and heavy ion irradiation data to the high energy proton accelerator irradiation parameter space.
b. Identify where the high energy proton accelerator irradiation parameter space falls outside or overlaps with existing data (e.g. damage rate, static and dynamic stress levels, temperature, particle production) for the materials under consideration. 
c. Identify what further experimental work is both recommended and feasible with existing facilities, e.g. PNNL, the IVEM facility at Argonne National Laboratory, ion and proton irradiation facilities such as the UK Ion Beam Centre and the Dalton Cumbria Facility (DCF), and materials-directed proton irradiation facilities such as those at the University of Michigan.
d. Explore synergies with superconductor and detector materials research and fusion materials research
e. Identify synergies with Culham Centre Fusion Energy (CCFE) at Culham Laboratory (e.g. for computational capabilities and in materials - radiation interactions).
f. Identify overlapping proposals that are in development (e.g. for Post Irradiation Examination (PIE) capabilities) that could be influenced or expanded to meet our future requirements.
g. Using the information gathered from the above activities, develop and recommend an experimental program plan to execute as the RaDIATE R&D program. The plan should maximize benefits for near-future high power target facilities utilizing, as much as possible, existing irradiated materials and test facilities. It is expected that the plan may include a sample irradiation run at a willing facility and the appropriate Post-Irradiation Examinations and data analysis/computations to achieve the previously described goals. The plan shall include a cost and schedule estimate with milestones set to identify significant progress points.
IV. Reporting and Documentation
[bookmark: _GoBack]Deliverables for the Exploratory/Development Study will be the following written reports:
a. Post-Doctoral Researcher Recruitment Report – This report will summarize recruitment activities and recommend two qualified candidates for the position. The report shall include the relevant background information for both candidates.
b. Interim Study Status Report – This report will summarize progress during the first half of the Study. The report shall include any preliminary conclusions from the literature and data reviews and identify areas of research that warrant further investigation. The report shall identify any significant encountered or potential obstacles to the Study and include an estimated date of completion.
c. Final Study Report – This report will summarize the findings of the Study, including a detailed description of the recommended experimental RaDIATE program plan. The description shall include a discussion of how the plan makes efficient use of existing data and irradiated materials as well as existing facilities for new irradiations and post-irradiation examination. The plan shall include an outline of the activities, a preliminary cost estimate, and schedule.
In addition to these written reports, it is expected that summary presentations coinciding with the interim and final reports shall be presented.
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