
8.0 Findings and Recommendations
Charge 2: What research modes would best facilitate international research collaborations in plasma and fusion sciences? Consider modes already used by these communities as well as those used by other research communities that have significant international collaborations.
Finding: Existing collaborations are the result of a case by case opportunity, and span the spectrum, as appropriate, from: individual investigator, institutional group, multi-institutional group and loose international groups organized by topic.

Finding: The US-HEP collaboration with LHC is an example of a successful structure for carrying out an effective collaboration on a complex megaproject located overseas.  A significant presence is required at the host overseas facility to acquire positions of leadership and to work effectively within the large collaboration.  The overseas presence is supported by strong technical capabilities at the National Labs and at Universities in the U.S. that is ~75% of the overall budget. The experiences of the US team approach for LHC can provide a model for how the US should prepare to attain maximum benefit from participation in the ITER Research Program.  However, the LHC may not provide a model for smaller collaborations

Finding: The formation of national and international research teams organized by scientific topic can be an effective research structure for international collaboration. Gaining experience with this structure in the near term would help prepare the US for participation in ITER Research.

Finding: Experience in both HEP and fusion collaborations has shown that it is essential to have effective onsite presence for the collaboration to assume a leading role in the overseas research program.

Finding: Since the cost per researcher sited overseas is significantly higher than for research sited at a home laboratory, it is critical that opportunities be carefully selected to focus on critical issues that cannot be addressed in the US and which provide clear benefit to the US program, and that their scale be no larger than necessary.

Finding: International collaborations on overseas facilities pose significant challenges for building a strong scientific workforce that must be addressed.  Challenges that are common to all researchers and institutions include:

· Extended overseas assignments challenge families.

· Extended overseas assignments can create impediments to career advancement.

Finding: There are additional issues for university participation in international collaboration which include:

· Extended overseas assignments reduce program visibility at home institutions, which can affect faculty hiring and student recruitment. While this concern is not as serious for world-class international activities like the LHC and ITER, it will be a factor in collaborating with the smaller overseas facilities.

· Overseas assignments challenge PhD graduate education programs. 

Recommendations regarding modes of collaboration

Based on our examination of existing collaborations in fusion and other fields, along with expectations for future opportunities for fusion research, including U.S. Participation in ITER, we make the following recommendations:

DOE should seek issue-based, goal-driven international collaborations that are aligned with national priorities, supported by task-based work where appropriate.

· Topics for collaboration should focus on activities that address key gaps in US capability to meet US strategic goals, evaluated using appropriate high level selection criteria such as those proposed in Chapter 3. 

· Though topical in nature, it may be best to form international collaborations with single overseas facilities, recognizing their unique capabilities and program emphases, and simplifying legal arrangements to minimize administrative overhead.

· Supporting task-based activities should be aligned with the scientific goals of the collaboration where possible.

Mutually beneficial international partnerships should be arranged which strengthen US capabilities in fusion science.

· Research should be focused, with clear goals in mind, not broadly discipline based, so that progress towards the goal is clearly evident and cost effectiveness can be evaluated.

· Collaborations or partnerships between U.S. teams and overseas groups with common goals are advantageous over simple “exchanges” since they better prepare the U.S. fusion research community for ITER operation by establishing effective working relationships with ITER partners and testing models for joint research on a common facility.

· Unique and specific benefits to the U.S. in terms of science and technology for fusion research that extend beyond what can be obtained from the published results should be clearly identified for each collaboration. 

· The support and contributions provided by the international partners should be clear from the outset.

The portfolio of international collaborations should include a range of appropriately scaled and structured collaborations that provide opportunities for new participants on a regular basis.  These include large national teams, institutional collaborations and individual exchanges, each of which has its own advantages.

· Large national teams may simplify arrangements and allow larger-scale activities. Smaller partners, such as University groups, should have opportunities to be part of such teams, and proposals should be coordinated.  However, each institution may then be separately funded by FES, as is the case in HEP.  

· Institutional collaborations offer more flexibility, and the benefits to the U.S. program may be more clear. Effective partnerships may be more easily formed and managed, with less cumbersome management and decision-making processes.

· Individual exchanges can address particular needs in a cost effective and timely manner, offering opportunities to smaller groups, broadening participation in fusion research.

For large-scale collaborations, an integrated team with a flexible mix of full time, on-site researchers and shorter-term visitors should be employed, structured according to scientific roles, with support flowing directly from DOE to relevant team member institutions wherever possible.

· General experience suggests that some consistent presence of on-site personnel is very helpful to effective collaborations.  On the other hand, this may prevent some needed experts from participating, and can lead to isolation for the overseas researcher.   

· Solicitations should encourage proposals which include a combination of longer and shorter term visits, supported by remote participation tools.  The optimal mix will vary with time and the personnel involved.     

The structure of these international collaborations should be viewed as an opportunity to develop U.S. fusion program collaboration modalities that prepare for effective participation in ITER.

· While the detailed plans and structure for forming and operating the ITER experiment are not yet developed or in place, it is reasonable to expect that international collaborative teams will be executing the bulk of the ITER research program.  Through international collaborations over the next decade, the U.S. DOE can gain valuable experience building effective partnerships with other nations to develop successful teams for ITER participation.

· International collaborations based on multi-institutional national teams, with national lab, university and industry researchers, will provide experience relevant to making a smooth transition from existing national programs to broad U.S. participation in ITER research.  

· Issue-based collaborations addressing specific topics relevant to burning plasmas will position U.S. research teams to make leading contributions towards the success of ITER in areas of fusion research of strategic interest to the U.S. fusion program.

· International collaborations involving university programs will be an essential element in attracting the best and brightest young scientists and helping them develop the special skills needed to move the U.S. forward in international fusion energy development.

· The US should be proactive in recommending to the ITER organization future modes of participation in ITER experiments; this process should involve a broad cross-section of our research community.
Recommendations Regarding Implementation
The overall success of international collaborations in fusion depends also depends on a number of practical issues which can either facilitate or impede achieving desired goals.   A long history of collaborations, both successful and problematic, informs our recommendations on how to proceed with expanding the U.S. overseas collaboration program in fusion research.
While solicitations should seek issue-based collaborations, it should be recognized in the selection and award process that it may be most effective to establish separate collaborations with each overseas facility utilizing a DOE-FES umbrella collaboration agreement with the host facility as needed.

· Each facility has unique capabilities and programmatic emphasis, with its own institutional mix, management structure, operating environment, and culture (ES&H, access, language, roles and responsibilities).  

· Organizing and managing collaborations on a facility-by-facility basis can reduce management costs and complexity, streamline decision making, improve project coordination and tracking.

· Organizing collaborations on a facility-by-facility basis makes it easier to obtain reciprocal agreements or partnerships which result in significant tangible benefits to the U.S.

The solicitation and selection process should allow a range of modalities, partnerships, and opportunities in order to best utilize expertise in the U.S. fusion program, and it should be clearly defined on the national level with open calls to establish new international collaborations or to renew existing collaborations.

· Solicitation and selection should be aligned with DOE priorities and scientific objectives for fusion research and the selection criteria for international collaborations recommended in this report or its equivalent.

· The process for obtaining funding to establish a new collaboration or grow an existing collaboration should be transparent on the national level; there should be open calls to establish new international collaborations or to renew existing collaborations.

· The selection process should recognize that increased travel costs to maintain on-site presence or to host visitors from abroad (as opposed to remote participation only) may be offset by producing much more effective collaborations and better return on investment. The benefits as well as costs should be considered when comparing proposals and allocating budgets.

· Regular renewals can offer opportunities to adjust the mix, goals, tasks, and participation for international collaborations. A balance must be maintained between the need for stability in long-term collaborations and commitments, and the need for flexibility, allowing for new participants and ideas. 

The division and funding of collaborations should be structured according to scientific roles, with support flowing directly from DOE to relevant team member institutions wherever possible.

· U.S. teams should seek full program integration at international facilities as appropriate.
· All large collaborations should have clearly defined arrangements between partners which includes not only scientific responsibilities, but also identifies governance structures such as personnel management, project teams, and advisory panels, as well as safety oversight and equitable travel support, 
· Financial support from DOE should flow directly to U.S. team members wherever possible to minimize cost.
DOE-FES should have a plan in place to assist collaborating institutions navigate the complex Intellectual property, and Export Control issues, and ensure safety of their personnel. 

· US. government regulations regarding export control are complicated and can pose a significant barrier to international collaborations involving transfer of certain hardware, software or even personnel. An informed contact at FES who can advise as to what is required and permitted will be important.

· Conflicts regarding intellectual property and publication rights for work produced during international collaborations are common.  Each US and overseas institution has its own policy, and these can be contradictory; this is already preventing some collaborations, including contracts for the ITER organization.  A coordinated policy negotiation, in consultation with the US laboratories, universities and companies likely to be participants, could be helpful in reducing the delays and difficulties encountered.  

· Sending institutions must be assured that their personnel, including students, will have a working environment which is as safe as would be expected in the US.  This may be a challenge if local language and regulations differ. 

Capabilities for effective remote collaboration from a number of locations should be provided and expanded as remote communication technology advances.

· FES should invest in the needed infrastructure, including videoconferencing, data access and analysis tools, to allow routine communication and effective work to be conducted with overseas facilities, from many US institutions.  Use of common tools greatly eases complexity. The tools being developed and routinely used on US facilities (such as for USBPO activities) can serve as an effective platform or model. 

· Adequate and open high speed internet connections to overseas sites must be ensured as part of collaboration agreements.  

· These investments will pay off in terms of increase participation, and reduced travel 
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