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Introduction-
Building upon the 5 year goal developed at the 2012 PASI meeting to “Build a cohesive and coherent target systems team allowing complementarity of facilities and personnel working towards the design of next generation projects”, the charge to the High Power Targets Working Group was to:
· Review the target facility related capabilities (both existing and near-future) of participating institutions.
· Identify institutions currently not participating in PASI with capabilities likely to complement the existing PASI target related capabilities.
· Review ongoing PASI-initiated, target related work with a focus on opportunities for extension of or additional collaborative activities.
· Review plans for next generation target facilities with a focus on opportunities for new collaborative activities.
· Identify where collaborative opportunities overlap capabilities.
· Recommend, and initiate where possible, new or extended collaborative work that benefits current and future target facilities as well as supporting the 5 year goal.
Review of Capabilities-
Target facility related capabilities of the represented institutions and groups were presented in short talks and then summarized/collected in a large table. The summary table is shown in Table 1.
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Table 1. Summary of Capabilities of Represented Institutions/Groups.
Additional Non-represented Institution/Groups
Although there were a sufficient number of institutions represented in the Working Group, including two groups from CERN, several institutions/groups who could have contributed to discussions were absent, most notably those involved with liquid metal target technology. Some of these groups were not US or UK based institutions, none-the-less, the state of the art of target facilities is likely not fully explored without representation from these groups. These were identified as:
· ORNL-SNS
· LANL
· ANL
· PSI
· GSI
· J-PARC
Ongoing PASI Work and Opportunities for Further Collaboration
Status and progress on several PASI related target R&D activities was presented during the sessions including RaDIATE, single pulse target test plans, the UK-PASI programme, and several activities for HEP projects such as NOvA, Mu2e, and LBNE. Opportunities for further collaboration were identified in the following areas:
· RaDIATE
· Single pulse beam target/window tests
· Tungsten/Tantalum material studies motivated by the ISIS upgrades
· Novel target monitoring systems
· Fluidized powder targets
· Mu2e target studies (fatigue, oxidation, emissivity)
· High heat flux cooling
These opportunities are shown in Table 2 along with an estimation of the capabilities needed to address these R&D or conceptual design challenges.
New Opportunities for Further Collaboration
The RaDIATE collaboration subject matter was chosen to be relevant for most high power accelerator driven facilities. Several opportunities for future collaborative target R&D activities were presented during the sessions including expanding RaDIATE to include FRIB/MatX objectives and radiation damage testing of high temperature superconductors, conceptual design and scoping calculations for the Project X Target Facilities, and several specific activities associated with LBNE such as design and construction of the Hadron Monitor.
These opportunities are also shown in Table 2 along with an estimation of the capabilities needed to address these R&D or conceptual design challenges.
Overlap of Capabilities and Opportunities
As can be seen from Tables 1 & 2, capabilities of various facilities match well with the opportunities for future collaborative activities. Capabilities of the nuclear energy related labs and groups add a much needed material science capability for radiation damage research, while there remains a great need for design and analysis capabilities for many of the conceptual design activities.
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Table 2. Summary of opportunities for future collaboration with required capabilities.

It should be noted that, in terms of collaboration as “contribution in kind”, the specific LBNE related activities (hadron monitor, 700 kW target, and absorber) offer the traditional opportunity for a University and/or Laboratory to contribute the design and construction of a critical component of the experiment while benefiting from taking part in the scientific investigation of the experiment. In addition, several more cross-cutting activities lend themselves to “contribution in kind” arrangements simply due to the fact that the activities will need to be undertaken by many of the facilities even in the absence of collaboration in order to provide successful design solutions. These activities, such as research into high heat flux cooling and development of high intensity beam windows, will benefit from the coordination and collective expertise offered by collaboration among complementary institutions. The activities most ripe for collaboration in the near term were identified and are expressed as 12 month deliverables.
Future Outlook for PASI Collaboration on target research
It should be noted that the principal participants of the PASI Collaboration, Fermilab and STFC, have programs which differ significantly in terms of objectives and funding. The UK has a specific PASI program which is funded to cover (i) generic target research, (ii) ISIS upgrades and (iii) fluidized tungsten. Of these, (i) is of most interest to Fermilab and efforts are being made to expand the relevance to Fermilab projects e.g. Mu2e. 
Fermilab has no specific funding for PASI, and the initiative is funded from individual projects e.g. LBNE and Mu2e, including all the work carried out on these projects by STFC staff. 
Regarding the PASI targets post-doc who will be recruited by Oxford, the salary costs are shared 50:50 between Fermilab and STFC, however the project costs will be funded 100% by Fermilab.
This does not seem a sustainable model for the PASI Collaboration to develop further. As there is significant interest in STFC providing a target system for a future neutrino Superbeam facility, and there is considerable synergy between T2HK, LBNO and LBNE, it is hoped that STFC will in future be able to make a financial contribution to this program. In addition, a proposal is about to be made for STFC to fund a contribution to COMET, the Japanese version of Mu2e, and so it is hoped that STFC will also be making a financial contribution to augment the current Fermilab funding in this area. 
PASI Studentships
A significant outcome for the PASI Collaboration on targets has been the engagement with the materials science community, in particular relating to radiation damage. One way to maintain and hopefully expand the invaluable contribution from this community would be the funding of PhD studentships in areas of relevance to the PASI community. It is requested that a funding mechanism be put in place by the next PASI meeting.
Recommendations and Conclusions
The following activities were determined to be the 12-month deliverables for Working Group 1:
· Continue the RaDIATE program (FNAL, STFC, Oxford, BNL, PNNL)
· Successful recruitment of post-doctoral researcher to carry out the experimental phase of the beryllium study
· Continue carbon based material studies at BNL using the BLIP facilities for irradiations and PIE
· Begin un-irradiated material characterization
· Plan any needed irradiations
· Coordinate with other programs (FRIB/MSU-MatX)
· Add additional collaborators (CERN, FRIB/MSU)
· Continue design of single pulse target tests (FNAL/RAL/CERN)
· Design and approve test for HiRadMat (CERN)
· Procure needed equipment and test components
· Continue solid tungsten target material research for ISIS and Mu2e programs (FNAL/RAL)
· High temperature fatigue measurements
· Emissivity measurements
· Water erosion of tantalum clad tungsten
· Initiate discussions to collaborate on R&D activities addressing challenges faced by all high intensity target facilities
· High heat flux cooling for target relevant environments
· Beam windows
· Erosion and Oxidation
· Absorbers/Collimators
· Share lessons learned and operational experiences between similar target facilities
· Participate in design and operational review activities of potential new facilities and upgrades (e.g. ISIS upgrades and LBNE target facilities)
· Provide consensus input to the TRITON proposal (TRiple Ion beam Testing Of Nuclear materials) to ensure that the potential for a triple-beam ion irradiation facility to address radiation damage issues in the nuclear fission, fusion, and accelerator target parameter spaces is fully realized.
[bookmark: _GoBack]The above listed deliverables constitute an ambitious plan for collaborative activities over the next 12 months. It should be noted that, in order to execute this plan, it will be necessary to include members of the High Power Target community outside of the US/UK, identified as contributors to the series of international High Power Targets Workshops [http://www.cap.bnl.gov/mumu/conf/target-051010/]. The working group expressed concern that organizing these activities solely within the PASI framework may alienate those valued members of the community. It is recommended that PASI develop a mission statement that clearly defines the objectives of PASI in a way that does not undermine or diminish the already existing and very beneficial relationships with this High Power Target Community.
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