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Advisory Committee Meeting Minutes

November 3-4, 2005

Thursday, November 3, 2005

Morning Session

Welcome and Introductions

Dr. W. Carl Lineberger, Chair, called the meeting of the Directorate for Mathematical and Physical Sciences Advisory Committee (MPSAC) to order at 8:00 AM.  After those present had introduced themselves (Attendees are listed in Appendix I), he noted that Dr. Kathie Olsen, the Deputy Director of NSF, would be meeting with the MPSAC. 

Meeting with NSF Deputy Director Dr. Kathie Olsen

Lineberger welcomed Olsen to the meeting, and publicly thanked Michael Turner for his work as MPS Assistant Director. 

Olsen was asked about the search for a new Assistant Director for MPS. Olsen responded that she felt that in her position as DD, one of her critical roles is to find the new Assistant Directors.  She had already formed a small, focused search committee and that Dr. Richard Zare of Stanford University was chairing the search committee.  She wanted the committee to have a list of names of individuals who would be brought in for interviews by January 2006.

With respect to the NSF budget for FY 2006, Olsen said that she hoped that NSF would have a slight increase compared to FY 2005, since a major concern in FY 2005 was that the Congress had not appropriated the amount requested in the President’s budget request for NSF in FY 2005.

In response to a question concerning the development of NSF’s new strategic plan, Olsen stated that it would be an open process involving the community. There would be a meeting of all of NSF’s advisory committee chairs to gather input on the plan.  She intended to ask the chairs of these committees to discuss the plan during the April advisory committee meetings. The plan would have to be submitted to the Office of Management and Budget in August of 2006. She did not want NSF to work in a “stove pipe” configuration and wanted the plan to include more crosscutting science.  The National Science Board (NSB) would provide the vision for NSF, and NSF would take this vision and incorporate it into the strategic plan.

Dr. John Huchra asked Olsen about her view of the Division of Astronomical Sciences (AST) Senior Review and how it would carry over to Dr. Michael Turner’s (the Assistant Director for MPS) successor.  She congratulated the Division on how it managed its facilities and stated that the Senior Review had to be done, that it was very important, and that it is probable that similar reviews will be done in other areas of the NSF.

Dr. Lucy Fortson stated that there was a need for more program management oversight of facilities. Olsen responded that it was very important to have a reasonable assessment of the budget needs of a facility and that she and NSF were very serious about the management of facilities.

It was noted that there had been considerable interaction between MPS and the Education and Human Resources Directorate (EHR).  Olsen said that a major theme at NSF was the integration of research and education and that MPS had some excellent programs that helped to address this issue. Turner commented that interactions between EHR and MPS would be discussed at the joint meeting of the two advisory committees.

Fortson asked whether there were plans for the new Assistant Director to use the advisory committee in a more effective manner.  There was a feeling among some advisory committee members that the committee was not being used to its full potential. Olsen responded that she was a strong supporter of advisory committees, and that she wanted advisory committees to be vocal, strong, and forward looking.

The meeting with the Deputy Director concluded with further discussion about the search process that was taking place for an Assistant Director for MPS.

High Magnetic Field Subcommittee Presentation 

Dr. Thomas Weber, Director of the Division of Materials Research (DMR), in introducing the Chair of this subcommittee, Dr. Robert Richardson of Cornell University, stated that is was important to note that the committee did not review the National High Magnetic Field Laboratory (NHMFL).  The subcommittee had been charged with providing a recommendation on whether NSF should have another open competition for support of this facility. He stated that the subcommittee had concluded that high field science is thriving, that the US is the world leader in this area, that there still remained a wealth of opportunities that can be realized through this field, and that the United States should maintain a high magnetic field laboratory.

Dr. Robert Richardson, Chair of the subcommittee (the Panel on Future Support for High Magnetic Fields) stated that it was important to realize that the report he was presenting was not a general survey of what opportunities exist in high field science and was not a detailed critique of the current facilities; this was not the panels charge.  The subcommittee’s recommendations were:

· There should be a renewal review of the NHMFL award rather than re-competition (this was a unanimous recommendation of the subcommittee);

· High magnetic field studies continues to be a source of new discoveries;

· The infrastructure provided by the NHMFL is excellent.  The state of Florida has provided significant sums supporting the NHMFL and it was not conceivable that anyone else would provide the same type of dollar commitment that Florida had done in order to build another facility comparable to the NHMFL;

· The management of the NHMFL was outstanding;

· New science discoveries were intimately linked withy new technology capabilities;

· The potential for major new science discoveries at the NHMFL continued to be high;

· It did not make sense to spend money on newer smaller facilities; and

· The current facility provides resources for a broad range of science.

The subcommittee’s conversations with users of the NHMFL showed that users were very excited and enthusiastic about using this facility. The subcommittee unanimously recommended continuation of support for the facility and did not see it becoming outdated within the next 10-15 years.

The MPSAC unanimously accepted the report of the subcommittee and its recommendation that the renewal of the NHMFL not be recompeted. The report is attached to these minutes in Appendix II.

Joint EHR/MPS Advisory Committee Meeting: Education Activities and Work Force Issues 

In Spring 2005 senior staff of MPS and EHR met in joint session to discuss past and current collaborative activities and possibilities for future activities. Based on subsequent discussions, the Assistant Directors for EHR and MPS formed three working groups and a steering committee to move forward on enhancing collaboration between the two directorates. The purpose of the collaboration was to improve education and broaden participation in MPS disciplines. Three working groups, with three members from each directorate, were formed to address the following areas:
· Evaluation and Education Research;

· Interplay of Research-Embedded Activities with Curriculum and Informal Science Education; and

· Broadening Participation.

Each working group had three members from each directorate, including a co-chair from each directorate. Each working group was charged to:

· Identify current mechanisms and areas of collaboration, both formal and informal;

· Explore possible areas for future collaboration, focusing on areas that leverage

· existing programs and activities of the two Directorates, rather than on creation of

· new programs that would require significant commitment of funds;

· Describe alternative mechanisms for enhancing collaboration, including possible

· structures for building upon or facilitating ad hoc cooperation;

· Associate possible outcomes and related measures with the most attractive

· areas for future cooperation and mechanisms/structures; and

· Recommend specific opportunities for joint action.
Each of the 3 working groups provided a summary of their work and conclusions.  The charge to the working groups and their reports can be found in Appendix III. 

The discussion following these presentations began with anecdotal evidence of the impact that MPS interaction can have. An example give was that of Norfolk State University (NSU), a historically black college.  Because of the interaction with MPS programs NSU now has a PhD program. The importance of the evaluation process in defining good and bad programs was stressed.  Information about NSF programs that have worked should be made widely available. It was noted that NSF education programs have positively affected New York City schools but very few of the students receive direct NSF funding. There was also the issue of budgets and how funds are allocated. Another major issue is attracting student to science, technology, engineering and mathematics (STEM) disciplines. Turner noted that NSF’s primary responsibility is for basic research and that NSF could not have a substantial impact in the area of human resources. A comment was made that in the 1950’s people went into science and engineering in order to achieve economic advancement but that the key to economic advancement was no longer a science career. It was also noted that faculty are forced to concentrate on research in order to get tenure and to advance at their universities.  As a consequence teaching has become a secondary issue.  

 The MPSAC adjourned for lunch and met with the individual divisional breakout groups.
Thursday, November 3, 2005

Afternoon Session

The MPSAC reconvened in plenary session at 4:00 PM.

Reports from Divisional Breakout Groups

 Membership within each breakout group can be found in Appendix IV.

Division of Mathematical Sciences (DMS): Dr. Robert Kohn presented the DMS report.  He stated that NSF was completing the mathematical sciences priority activity and alliances had been built between DMS, other NSF divisions, and other agencies. Concerns had been raised as to how to continue these alliances once the priority area ends. With respect to the mathematical science institutes, he noted that some had rather broad mandates, while others were more focused. The program benefits a wider community of mathematicians, many of whom don’t receive direct NSF support.  The breakout group was happy with the program. The breakout group also noted that a number of universities are now partnering withy minority institutions, that there was need for a new program for conferences, and that the cyberinfrastructure activity NSF is currently undertaking needed to recognize the importance of the need to develop better algorithms and software. Kohn concluded by noting that the management of DMS is very good.

Division of Chemistry (CHE): Dr. David Oxtoby presented the CHE report.  The breakout group had discussed CHE budgets and priorities.  CHE has only a few centers.  Most of its funding is for individual principal investigators.  However, the renewal rate for principal investigators was decreasing significantly.  CHE has two major priorities: Molecular basis of life processes, and sustainability.  Within the chemistry community the traditional areas are slowly changing and a great deal of interdisciplinary work was emerging, such as chemistry in the environmental sciences. It was noted that with respect to broader impact, CHE was planning conference of department chairs to help raise awareness of the need to align departmental hiring with university diversity policies. Major research instrumentation was needed at both graduate and undergraduate institutions, and it was noted that the latest CHE Committee of Visitors report had recommended that NSF allow more than one submission per year from an institution. However, the breakout group disagreed with this recommendation.  The subgroup congratulated Dr. Arthur Ellis, Director of CHE, on his performance.

Division of Materials Research (DMR): Dr. Sol Gruner presented the DMR report. Compared to other divisions, DMR is very cross disciplinary.  The success rate for individual investigators is low and the amount of money provided per grant is low.   The number of proposals to DMR is increasing rapidly The materials community has been hit hard by cutbacks at other agencies such as the Department of Energy. The breakout group was pleased to see that NSF’s nano initiative had been mainstreamed, but the group was concerned that condensed matter theory had not received sufficient funds.  This needs emphasis in the future.  With respect to facilities, this has been a tremendous success.  The capabilities of the facilities are being used by a very broad set of users.  While this is a success story, MPS should address the issue of operating funds as the user communities of the national facilities are much broader than the materials community.

Division of Astronomy (AST): Dr. John Huchra presented the AST report. With respect to the budget for FY 2006, there is a good deal of concern as to the consequences of a rescission.  AST should set priorities for FY 2006 in order to react to such a funding situation.  The Senior Review subcommittee of the MPSAC held its first meeting two weeks ago and the next meeting would be at the American Astronomical Society meeting in Washington in January.  He noted that about two-thirds of AST’s budget is for facilities and the breakout recommended that the highest priority for FY 2006 should be the individual investigator program. AST is anticipating increased proposal pressure due to NASA cutbacks. With respect to cyberinfrastructure, he noted that the breakout group encouraged further funding of the national virtual observatory concept. It is important that this involve international cooperation.  The breakout group was very pleased that three new staff positions had been provided to the AST.  With respect to theory, postdocs who are not U.S. citizens should be funded, and there should be a connection between theory and facilities.

Division of Physics (PHY): Dr. Lars Bildsten presented the PHY report. The breakout group felt that the current practice of PHY to maintain a funding distribution that ensured that 50% of the funds went to individual investigators and 50% to facilities and grants was very good and should be maintained.  Advanced LIGO was coming on and was very expensive.  It represents a perturbation of 10% to the PHY budget. The portfolio within the grants programs is very diverse, with PHY activities in biology and geology are new. There should be more opportunities for theory. The cyberinfrastructure activity should have science associated with it.

Movie: Einstein’s Messengers

The MPSAC viewed a preliminary version of NSF’s Office of Legislative and Public Affairs video entitled “Einstein’s Messengers.”  “Einstein's Messengers” is the National Science Foundation's most recent video production, a 25-minute documentary on LIGO, NSF's Laser Interferometer Gravitational Wave Observatory. Aimed at the general public, the video examines how LIGO is spearheading the completely new field of gravitational wave astronomy and opening a whole new window on the universe. It explains how LIGO's exquisitely sensitive instruments may ultimately take us farther back in time than we've ever been, catching, perhaps, the first murmurs of the universe in formation. The video is designed to be shown at LIGO outreach activities and at the LIGO visitor centers, and will be made available to secondary schools nationwide.
Adjournment

The meeting was adjourned at 6:00 P.M.

Friday, November 4, 2005

Morning Session

The MPSAC convened at 8:00 A.M.

Broadening Participation: Update on the CEOSE Report

Lineberger introduced Dr. Samuel Myers of the University of Minnesota, who summarized the recommendations made to Congress by the Committee on Equal Opportunity in Science and Engineering. Copies of the report and executive summary were distributed to the MPSAC.  Myers noted that this should have been the second ten-year report from CEOSE but they had neglected to write their first.   Myers summarized the recommendations:

1. Although it has spent substantial amounts on broadening participation, NSF has no metric for evaluation of its programs and assessment of their effectiveness and impact. Myers stressed the need for rigor in data collection and analysis.

2. NSF should sponsor research in the “science of increasing participation.”

3. NSF should use ‘policy levers’ to foster institutional change and achieve diversity goals.

4. Efforts should be made to establish linkages between tribal colleges and research institutions.

Myers discussed the myth that there are no qualified candidates from underrepresented groups for academic positions.  He asserted the “fact” that the gap occurs between the granting of the Ph.D. and the hiring into a tenure line.  This is not a supply-side problem. He concluded that we would all be better served if we develop ‘pathways’ instead of ‘pipelines.’

Myers left shortly after his presentation due to a prior commitment.  The AC continued the discussion, however, and among the issues discussed were:

1. The need for an interagency coordinating council for efforts to broaden participation. (Dalton).

2. Where is the ‘leak’ in the pipeline?  After postdoc? Prior to tenure?

Discussion of the leaky pipe followed.  Kohn made some remarks questioning the impact of the gap.  He noted that post-PhD. candidates for academic jobs may see a chilly climate at the best institutions.  They may also see more lucrative positions outside of academia; these may draw more heavily on those from poorer socio-economic background.  Kohn felt that it should not be construed as a failure when a young Ph.D. moves out of academia, 

Lucy Fortson felt that academic ‘power’ is centered in the tenured faculty and that this will not shift until there is better representation in terms of minority representation at that level.

Aizenman provided a summary of the discussion on the representation of women in academia that had taken place at the Spring 2005 MPSAC meeting.  He then introduced Ron Branch, Director of NSF’s Office of Equal Opportunity Programs.  Branch gave a presentation on “Understanding Title IX” to familiarize MPSAC members with the compliance provisions of Title IX of the Education Amendments of 1972.

There was extensive discussion following this presentation concerning the extent to which information could be legally gathered about gender and ethnicity.  Branch noted that much of the information requested in this area is voluntary and is maintained separately from the proposal. With respect to compliance with Title IX, the first cycle of reviews that NSF would conduct is about to take place.

Chemistry Workshop on Status of Women

Art Ellis, Director of the Division of Chemistry, described the planned meeting CHE was organizing with respect to gender diversity in chemistry departments.  The department is the quantum of change, and there is limited faculty representation by women.  The “pipeline” leaks occur between receiving a PhD degree and obtaining a faculty position. The workshop, which would be a joint activity with the Department of Energy and the National Institutes of Health, would gather department chairs from around the country to address this issue.  

In the discussion that followed it was noted that a report of this workshop at the April meeting would provide the MPSAC with a sense of how this workshop worked, and if it could be replicated in other MPS disciplines. A number of members of the MPSAC expressed interest in attending the workshop.

Diversity Session at April 2006 Meeting of the MPSAC

Dr. Luis Echegoyen agreed to lead this session at the April meeting of the MPSAC. He expressed the desire to do something different from the usual discussions that are held on these issues. Monica Olvera de la Cruz, Larry Dalton, and Venkatesh Narayanmurti volunteered to help Echegoyen in organizing this activity.

CyberInfrastructure Activities Within  MPS and NSF
Dr. Thomas Weber’s presentation started with a discussion of the history of supercomputing and networking at NSF. An Office of Cyberinfrastructure (OCI) has now been created that reports to the NSF Director. The creation of this office is NSF’s response to recommendations of the Atkins Report. There is an Acting Director of this office, but candidates are being interviewed for the permanent position. In response to a question as to whether was coordinating activities in CI with other agencies, Weber replied that is not, as yet, an interagency group for CI, although there is one for NITRD. (Networking and Information Technology Research and Development, see the coordination office web site at http://www.nitrd.gov )  Some coordination does go on, but it can be very difficult when other agencies reduce their commitment and think that NSF should absorb the costs.

There was considerable discussion following this presentation, particularly concerning supercomputer centers.  It was clear the scientists want different things from cyberinfrastructure than computer scientists.  It was suggested that a subgroup of the MPSAC be created to address this issue, made up of Jose Onuchic, Lucy Fortson, Jon Kettenring, and Eve Ostriker.  Jon Kettenring would lead the group.

MPS Response to Theory Workshop Report

MPS hosted a workshop “Theoretical Science in the Mathematical and Physical Sciences Directorate” October 28-29, 2004, chaired by Thomas Appelquist of Yale University.  The report of the workshop was accepted at the Spring 2005 meeting of the MPSAC.  MPS prepared a detailed response to the report’s recommendations, which was provided to the MPSAC for discussion at this meeting. The report is attached as Appendix xx.

A vigorous discussion sprang up just as Dr. Sunley began her planned presentation.  Several members of the MPSAC felt that the report could have been stronger or more aggressive in its recommendations.  One of its most important outcomes is the message to experimenters that theory is important.  It was generally concluded that the report did not lend itself to a point-by-point response.  The MPSAC recommended that MPS prepare a one-page response illustrating how the report has influenced MPS’s thinking with regard to theory.

State of the MPS Directorate and Strategic Planning

Turner briefed the committee on Congressional actions on the NSF FY 2006 Budget.  As of the date of the meeting, NSF was under a Continuing Resolution and there was the expectation of a rescission of unknown magnitude.  Thus, there was an atmosphere of significant uncertainty.  He went on to outline the planning for the FY 2007 Budget.  NSF submitted a FY 2007 budget to OMB in September and expects feedback around Thanksgiving.  The FY 2007 Budget to Congress will be made public on February 6, 2006.  Concern appears to be growing about the deficit.  Other priorities include the War on Terror, Homeland Security, the Economy, Katrina, and Pandemics.

He continued by pointing out the existence of an NSF Facilities Plan on the NSF website at http://www.nsf.gov/pubs/2005/nsf05058/nsf05058.pdf.  He noted that the ALMA antenna contract had been signed in July 2005; that the RSVP Project had been terminated in August, due to escalating cost estimates; that ATST had advanced to the “readiness stage” of the MREFC process; that the potential number of sites in contention for DUSEL had been reduced to two: the Henderson and the Homestake mines; and that AST is providing Design and Development funds for GSMT and for LSST.

On personnel matters, he noted that a search for a new AD/MPS was underway with a search committee headed by Richard Zare.  Searches for Division Directors for CHE and DMS were being conducted and he hopes to name the new people before he leaves at the end of March 2006.  He identified new program officers in the MPS divisions.

He informed the committee that the NSF Strategic Plan is being revised and that the input of the MPSAC will be sought in the process.

He provided the breakdown of the MPS budget into Workforce, Facilities, Centers and Institutes, and Advancing the Frontier.  He went on to describe the internal NSF discussion attempting to define more clearly the characteristics of an “NSF Center” and to differentiate centers from institutes and from large group grants.  With the recent clarification on NSF “centers”, MPS now has a real number of 45 centers. Two other classifications are “institutes” and “groups.”  The difference between “centers” and “groups” is that “centers” have a sunset clause of a finite duration of 5-10 years and significant funding. NSF is making progress on defining “institutes,” which generally have not sunset clause but do not last forever. DMS has utilized “institutes” more so than some of the other MPS divisions. “Groups” are very undefined as yet. Members of the MPSAC offered comments on the various definitions.

In conclusion, Turner reflected on the MPSAC itself, noting its importance as a valuable connection to the community, its statutory responsibilities in receiving COV and other subcommittee reports, and its other valuable activities. MPSAC provides valuable insight, they are an essential part of NSF, and they offer a close connection with the community. Strategic planning activity will be important for AC to be involved with MPS. MPSAC could also help with idea of transformative research and how to deal with fact of funding these with falling success rates. Another area for guidance may be the notion of a physical sciences workforce problem. It seems to be a problem for both developed and developing countries that there are not as many people going into STEM. It is an issue that is not as easily defined as it is with broadening participation. The NSB will be tackling three big issues: 1) risky research 2) facilities and 3) scientific workforce.  These are all areas MPSAC may be helpful.

The Division of Astronomical Sciences Senior Review

Dr. G. Wayne van Citters, Jr., Director of the Division of Astronomical Sciences, described the Senior Review being undertaken by AST.  He began by providing an overview of his presentation.  He intended to address the following questions:

· Why does AST need Senior Review? 

· What are community aspirations, current resources, and budget prospects?  

· What is the Senior Review? 

· What are the Goals and Boundary Conditions? 

· How will it be carried out? 

Van Citters began by noting that the National Academy of Sciences Decadal Survey recommendations highlight a number of moderate initiatives and some major initiatives in astronomy. If one looks at the past decade, AST was spending, at its peak, approximately $17,000,000 per year implementing these recommendations. The current survey would require, at peak, approximately $37 million per year. This represents a significant disparity between what the community wants and what NSF can spend or is spending.

In order to make progress on these major recommendations, AST will have to free up approximately $30,000,000 per year out of its existing budget. The Senior Review committee will be making recommendations as to how this is to be done.  Boundary conditions are that the astronomy grants programs are not to be included in what must be taken from existing budgets.  The earliest budget that would be impacted by such reductions would be the FY 2008 budget.

In May 2005 letters were sent to National Observatory directors on this matter requesting input by the end of July 05. These responses are available on the NSF/MPS/AST website. 

AST has established a website for this review and has been and continues to hold regional town meetings to gain community input. AST staff is also visiting all of the facilities that might be affected by recommendations of the Senior Review in order to meet with staff to discuss the management implications of all identified issues. The Senior Review is modeled on the reviews conducted by NASA, but is more complex in the sense since it will involve the divestiture of research on land.

The report of the Senior Review subcommittee is expected by March 31, 2006 but that date is flexible. As NSF is the steward for ground-based astronomy AST must ensure that scientific capabilities are not lost through the closing of certain facilities. 

In the discussion that followed this presentation, Huchra noted that the center reports on the web showed that national facility directors were thinking very hard about fitting in decadal priorities. He also pointed out the total cost of new facilities does not include contingencies and the operating costs will be very large.

Community input into the review has reflected a concern over the education and training of astronomers, over radio astronomy, and the impact on operations of observatories.
NSF Strategic Planning

Dr. Judith Sunley, Executive Officer of MPS described NSF planning activities for development of the new NSF strategic plan for the period FY 2006-2011. It will have to be completed by September 30, 2006. There will be more in-depth discussion of the strategic plan at NSF’s spring advisory committee meetings. 

It is likely that the new plan will have strategic emphasis in ideas, tools, people, and organizational excellence. There will also be a discussion of priorities for NSF over the next five years. Questions that have to be addressed in developing the new plan include how NSF thinks about organizational excellence, who benefits from organizational excellent, how is NSF’s performance evaluated against the plan, and what are the critical evaluation components.

In the discussion that followed, it was noted that NSF tries to do expert assessments throughout NSF. Examples are the Committee of Visitor assessments. It is likely that the current process used in reporting on the Government Performance and Assessment Act (GPRA) will be maintained but there is some question as to whether this will be done on an annual basis for all strategic goals or on a three-year basis.

It was felt that a small working group of the MPSAC should be established to help MPS with strategic plan development. 

Concluding Remarks

Lineberger stated that a few subgroups of the MPSAC are needed to address issues that have arisen during the meeting. The previous day’s meeting with EHR brought up the value and difficulties of merging the two groups. He proposed setting up a group that can establish contacts with EHR and find meaningful ways to integrate EHR and the Research Directorates. This group includes Lucy Fortson, David Oxtoby, Larry Dalton, and John Kettenring. Rhonda Hughes (not present) may have an interest as well. Lineberger expressed his hope that most of the work of the group could be handled by phone. 

The second subgroup will be tasked with dealing with the legal issues of obtaining data on gender and diversity for in order to respond to NSF and Federal requirements. It would be valuable to establish and talk with the Equal Employment Opportunity office (EEO) and the Office of General Counsel (OGC). This group would consist of Elizabeth Simmons, Michael Witherell, and Douglas Arnold.

The third group will help MPS develop the NSF Strategic Plan. The input that this group can provide is very important. Sunley felt that the group could address areas within the strategic goals that could be emphasized in the near term as well as priorities, and themes applicable to the foundation as a whole.  Members of this group would be Sol Gruner, John Huchra, Jose Onuchic, Mostafa El-Sayed, and Carl Lineberger.

Membership in the MPSAC Working Groups is listed in Appendix VII.

Finally, Lineberger noted that this was the last meeting of MPSAC with Michael Turner serving as Assistant Director for Mathematical and Physical Sciences.  The Advisory Committee then expressed their deepest appreciation to Dr. Turner for his leadership, dedication and tireless service both to NSF and to the entire community served by the Mathematical and Physical Sciences Directorate. 

Adjournment

The meeting adjourned at 3:00 P.M.

Appendices
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APPENDIX III

Reports of EHR/MPS Working Groups on Education Activities and Workforce Issues

· Formation and Charge to Working Groups;
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· Evaluation and Education Research;
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· Interplay of Research-Embedded Activities with Curriculum and Informal Science Education; and
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· Broadening Participation.
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APPENDIX IV

MPS Advisory Committee Meeting

November 3 - 4, 2005

Divisional Breakout Group Assignments

	
	
	
	DIVISIONAL ASSIGNMENTS FOR MPSAC MEMBERS

	
	
	
	
	
	
	
	
	

	
	
	
	AST
	PHY
	CHE
	DMR
	DMS
	

	
	
	
	Room
	Room
	Room
	Room
	Room
	

	
	
	
	SII-525
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	SII-545
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Term Ends 09/30/06
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	X
	
	
	
	

	ABSENT
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	ABSENT
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	LINEBERGER
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APPENDIX V

MPSAC DIVISIONAL BREAKOUT SESSION REPORTS

Report on MPSAC Breakout Session with 

Division of Materials Research (DMR)

November 3, 2005

Attendees:
MPSAC:  Susan Coppersmith, Sol Gruner, and Venkatesh Narayanamurti 

DMR is facing many challenges in the present tight fiscal environment, and coping as best as it can. For example, special “nano” solicitations were folded into the different components of the main call for proposals of the division, since “nano” is already intrinsic to many main-stream activities in DMR. Main-streaming nano solicitations has the effect of lessening the proposal review burden upon overworked program officers. The committee agreed that this seemed to be a sensible way to balance the support of principal investigators in the nano areas with the need to keep administrative costs in check. Another change has been the move to a yearly Fall “window” for submission of most proposal programs. The purpose is to help curb the practice of multiple yearly submissions of marginally different proposals, under the philosophy that one might get more sympathetic reviewers on a second try. While many on the advisory committee would rather see two windows a year, DMR argued, with reason, that the practice would only be curbed with one window a year. A third cost-cutting move was to defer a solicitation of the Instrumentation for Materials Research (IMR) for 2005. The rationale was that some instrumentation needs would be met by the Major Research Instrumentation (MRI) program. While the advisory committee agrees that there is overlap between the IMR and the MRI program, it is noted that this overlap occurs mostly for high-end instrumentation. We advise that deferral of the IMR program for two years in a row should be avoided. 

A New Biomaterials program will be introduced in the division to best review and fund this fast growing research area. Proposals with an experimental component in biomaterials will be supported in this program and a search for new director has been initiated. 

There was discussion of programs aimed at increasing the participation of underrepresented groups, such as the PREM, REU for deaf students and other programs initiated by Centers. It was noted that these programs can be very effective if properly administered. A new initiative to promote international collaborations was also discussed. 

There was much discussion of the success rate of proposals. There is great concern that the success rate has decreased from about a third a few years ago to the low 20% range. Materials science is one of fastest growing areas of research within MPS. Furthermore, we believe that materials scientists have been particularly hurt by the cuts from DOE and DOD support to principal investigators. We recommend that if the success rate continues to decrease it will be important to form a committee to re-examine the balance between PI grants, centers, and special programs and to consider the optimal size of grants. Increasing success rates by decreasing grant size is an inappropriate response. 

It was noted that DMR facilities (e.g., x-ray neutron, and magnet facilities) are unique in MPS in the degree to which they serve an interdisciplinary clientele of users. This is to be applauded. However, it places special burdens upon DMR that need to be considered in the context of cross-divisional, or even cross-directorate support.

There has been concern for several years that opportunities for support of materials theory have been especially hard hit. Theory is central to condensed matter and materials research. The theory program officers have done a good job at keeping the funding from disintegrating, but only at the cost of getting funds from initiatives. This puts improvements at risk when the initiatives expire. We advise DMR to be especially sensitive to enhancing opportunities for theorists. As a practical matter, this means finding ways to support theory students and post-docs. 

Report on MPSAC Breakout Session with 

Division of Mathematical Sciences (DMS)

November 3, 2005

MPSAC Participants: Doug Arnold, Raymond Johnson, Jon Kettenring, Robert Kohn (reporter)

NSF's funding of the mathematical sciences has grown dramatically in recent years, with particular emphasis on workforce development and connections with other fields. As we enter an era of flat budgets, DMS continues to emphasize the same goals, but the mechanisms for achieving them are evolving. With regard to workforce development, the one-size-fits-all VIGRE program has been replaced by EMSW21, a more flexible family of programs, to achieve greater reach and efficiency. With regard to connections, the Division is alert to the emergence of new scientific communities, and to the importance of nurturing relationships developed through the Mathematical Sciences Priority Area and other cross-cutting programs. 

DMS spends about $19 million per year on Institutes, providing major support for MSRI, IMA, IPAM, SAMSI, MBI, and partial support for AIM, IAS, and BIRS. These are best viewed as a single "Institutes portfolio" – amounting to a virtual national facility for the mathematical sciences. The Institutes serve NSF's goals with great efficiency. Their workshops and concentration periods drive scientific progress by providing platforms for leaders with vision.

In addition, the Institutes contribute strongly to "broadening participation" by providing modest amounts of financial support to many people who do not have grants of their own. DMS manages this activity well; a recent,

important development is its insistence that the Institutes do more to coordinate their planning and avoid inappropriate overlap. The grants supporting MSRI, IMA, and IPAM were renewed recently. Those supporting SAMSI, MBI, AIM, and IAS are up for renewal soon. In view of the flat budget, difficult decisions may have to be made concerning the quantity and balance of funding. 

Broadening participation is an important goal throughout NSF. DMS has been creative in this area. One mechanism, as already noted, is the Institutes portfolio. A second is the MTCT (Mentoring through Critical

Transitions) component of the EMSW21 workforce program, which is reaching many underserved groups. A third mechanism is the division's new call for proposals for "special meetings" such as summer schools or

winter schools.

It's clear we will soon have an NSF-wide initiative in cyberinfrastructure; it's far from clear, however, what the nature and scope of this activity will be. DMS has been an articulate proponent for the view that new algorithms are as important as new hardware. We strongly endorse this viewpoint; if it prevails then the mathematical sciences will have a lot to offer.

The breakout group was very pleased with the leadership Bill Rundell and Deborah Lockhart have provided to DMS. We were equally pleased with the dedication and teamwork displayed by the DMS program managers.

They have been receptive to input from the community, creative in the pursuit of NSF's goals, and energetic in the pursuit of opportunities. 

We particularly appreciate their thoughtful approach to the evaluation of  DMS's large programs, including the Institutes (all of which had site visits during the past year) and VIGRE (whose evaluation scheme is still under

discussion). We also commend their success in reducing the proportion of the annual budget that's committed to continuing grants -- an essential but difficult preparation for the coming lean years. 

This is Bill Rundell's fourth and last year as Division Director. A committee was appointed in September 2005 -- consisting of current and recent MPSAC members from the mathematical sciences, plus Carl Lineburger -- to help search for Bill's replacement. Applications are due November 30, and the committee is cautiously optimistic that there will be several well-qualified candidates.
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APPENDIX VII

MPSAC Working Groups

CyberScience and CyberInfrastructure Working Group

Lucy Fortson

Jon Kettenring (Lead)

Jose Onuchic

Eve Ostriker

Data on Gender and Diversity Working Group

Douglas Arnold

Elizabeth Simmons

Michael Witherell

Diversity Working Group

Dr. Luis Echegoyen (Lead)

Monica Olvera de la Cruz

Larry Dalton

Venkatesh Narayanmurti

Education and Human Resources MPSAC Working Group

Larry Dalton 

Lucy Fortson

Rhonda Hughes

John Kettenring

David Oxtoby

Strategic Plan Working Group

Sol Gruner

Mostafa El-Sayed

John Huchra

Carl Lineberger 

Jose Onuchic

APPENDIX VIII




University of Colorado at Boulder
W. Carl Lineberger

Department of Chemistry and Biochemistry

JILA


440 UCB                   







February 11, 2006

Boulder, CO 80309-0440





Dr. Michael S. Turner, Assistant Director

Directorate for Mathematical and Physical Sciences

National Science Foundation

4201 Wilson Boulevard

Arlington, VA  22230

Dear Dr. Turner:

I have reviewed the final version of the minutes of the Directorate for Mathematical and Physical Sciences Advisory Committee meeting that was held on November 3-4, 2005 (attached), and am pleased to certify the accuracy of these minutes.  I especially appreciate the efforts of Morris Aizenman, both in preparing this record, and in incorporating those changes suggested after my review of the draft minutes.

With best wishes,
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W. Carl Lineberger

Chair, MPS Advisory Committee
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13-Jun-05 


Working Groups for MPS/EHR Collaboration 
 


Charge 
 


On March 22, 2005, senior staff of MPS and EHR met in joint session to discuss past and 
current collaborative activities and possibilities for future activities.  Based on subsequent 
discussions, the Assistant Directors for EHR and MPS are forming three working groups and a 
steering committee to move forward on enhancing collaboration between the two directorates.  
The purpose of the collaboration is to improve education and broaden participation in MPS 
disciplines in service of NSF’s PEOPLE goal. 
 
The Working Groups and Their Charge 
 
The three working groups will address: 


• Evaluation and Education Research; 
• Interplay of Research-Embedded Activities with Curriculum and Informal Science 


Education; and 
• Broadening Participation. 


 
Each working group will have three members from each directorate, including a co-chair 
from each directorate.  Each working group is charged to:  


• Identify current mechanisms and areas of collaboration, both formal and informal. 
• Explore possible areas for future collaboration, focusing on areas that leverage 


existing programs and activities of the two Directorates, rather than on creation of 
new programs that would require significant commitment of funds. 


• Describe alternative mechanisms for enhancing collaboration, including possible 
structures for building upon or facilitating ad hoc cooperation. 


• Associate possible outcomes and related measures with the most attractive 
areas for future cooperation and mechanisms/structures. 


• Recommend specific opportunities for joint action. 
 
The Steering Committee and Its Charge 
 
The topical areas covered by the three working groups will provide focus for the 
continuing planning efforts of the two directorates.  However, the three topics are 
interdependent – for example, one issue is how to evaluate progress of NSF activities 
aimed at broadening participation in MPS disciplines.  The steering committee is 
charged to provide coordination among the three working groups so that common 
issues are properly addressed.  It will also prepare progress and final reports for 
presentation to the MPS and EHR ADs and senior staff.  The steering committee will be 
formed from the co-chairs of each working group plus OAD staff from each directorate. 
 
Timetable 


June 15, 2005 Working Groups Formed 
July 13, 2005 Working Group Progress Report to Steering 


Committee 
July 19, 2005 Steering Committee Progress Report to MPS/EHR 


Senior Staff 
August 15, 2005 Preliminary reports from Working Groups 
September 1, 2005 Steering Committee Report submitted to ADs 







 


13-Jun-05 


 
Working Group Details 
 
� Evaluation and Education Research  


Examples of topics include project, program, and portfolio evaluation, 
mechanisms for evaluating efforts proposed or carried out under NSF criterion 2, 
research that informs education in the MPS disciplines (including research on 
learning), and use of MPS discipline environments as platforms for education 
research. 


 
 EHR    MPS   
Bernice Anderson*  Art Ellis* 
Janice Earle   Lloyd Douglas 
David McArthur  Randy Ruchti 


 
� Interplay of Research-Embedded Activities with Curriculum and Informal Science 


Education 
Collaboration will promote the interplay between research in MPS disciplines and 
both curriculum and informal science education. In the area of curriculum, the 
Working Group is requested to focus on the undergraduate level, with particular 
emphasis on the early college years, exploring elements of curricula that support 
student engagement in research and how research-like activities might enrich the 
curriculum. 
 


 EHR    MPS   
Rosemary Haggett*  Eileen Friel* 
Sylvia James   Beverly Berger 
Harry Ungar   Wendy Fuller-Mora 
Lee Zia (Designee for Rosemary) 


   
� Broadening Participation 


This Working Group will focus on strategies for linking the research-embedded 
activities of MPS with the EHR managed programs, including, but not restricted 
to, targeted programs such as LSAMP, HBCU-UP, AGEP, TCUP, CREST. 


 
 EHR    MPS   
Victor Santiago*  Jack Lightbody* 
Julio Lopez-Ferrao  Joan Frye 
Ruta Sevo   Carmen Huber 
 


______________________________________________ 
* Denotes Working Group Co-Chair 
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Theoretical Science in the Mathematical 


and Physical Sciences Directorate 
 


Report of the Workshop of October 28-29, 2004 
 
 
                                                    “There is nothing so practical as a good theory”.   
               
                                                                                                           Kurt Lewin, 1940 
 
 
  
 
I.  Introduction 
 
If there is a single defining theme for the mathematical and physical 
sciences, it is the deep partnership between theory and experiment. 
Powerful experiments and observations lead to impressive advances and 
discoveries as they do in the life sciences. But in the mathematical and 
physical sciences, highly developed theoretical structures play an equal role. 
They provide an elegant and often simple understanding of the physical 
world and generate the questions that shape much of frontier research.  
 
Theoretical research in the mathematical and physical sciences ranges from 
the fundamental constituents of matter to the molecules of life to the large-
scale structure of the universe. It can reduce to the study of a single particle 
or expand to the description of emergent collective behavior. Its tools 
include abstract mathematical concepts, careful analysis, physical intuition, 
powerful computation, and the interpretation of large data sets. Theory is 
highly interdisciplinary, with common themes often playing out in many 
different physical arenas. An example appearing throughout this report is 
the challenge of understanding phenomena that span disparate length and 
time scales.  
 
The Directorate for Mathematical and Physical Sciences (MPS) supports a 
rich array of theoretical science in each of its five divisions. This work takes 
place in university and college departments, national laboratories and 
facilities, and research centers throughout the country and beyond. Theorists 
work as individuals, in small groups, and as members of research teams and 
experimental collaborations.   
  
The theoretical science supported by MPS represents an important resource 
for our nation and the world. Its excellence has been nurtured over the 
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years by a strong partnership between the scientific community and the 
National Science Foundation. The scientific staff of MPS draws on community 
advice through reviews and panels, and broadly through the MPS Advisory 
Committee (MPSAC).  
 
The MPSAC has often discussed issues of special concern to theory. At its 
Spring 2004 meeting, it considered a set of such issues, some of which had 
been brought to its attention by Assistant Director Michael Turner.  Following 
these discussions, the MPSAC decided to establish a two-day Workshop on 
Theoretical Science in the Fall of 2004 at the National Science Foundation. A 
Steering Committee (Appendix A) was established to organize the Workshop 
and to choose a broad set of participants from each of the MPS Divisions 
(Appendix B). The invitation letter to the participants from Michael Turner 
(Appendix C) describes the charge to the Workshop.  
 
The meeting began with a set of five science talks, one representing each of 
the five Divisions. It then broke into five parallel Divisional sessions, each 
organized around three broad areas: the science, modes of support, and 
education and outreach. Reports from these sessions were heard at the end 
of the first day. These were drawn on to organize a set of three MPS-wide 
topical breakout sessions on the morning of the second day, on the science, 
on modes of support, and on education and outreach. The Workshop 
concluded with a general discussion of all the observations and 
recommendations. 
 
This report first samples some of the exciting theoretical science supported 
by MPS, highlighting open questions and challenges. It then presents the 
MPS-wide observations and recommendations emerging from the Workshop. 
Next, it describes a set of division-specific observations and 
recommendations. All of the recommendations appear in bold face 
throughout the report. The appendices include the membership of the 
Steering committee, a Workshop participant list, the invitation letter of 
Michael Turner, a set of questions provided to the participants in advance of 
the Workshop, and the agenda of the meeting.  
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II. Frontier Theoretical Research  
 
 
A. Astrophysics and Cosmology 
 
                                                             “I ask you to look both ways. For the road to a  
                                                              knowledge of the stars leads through the atom;   
                                                              and important knowledge of the atom has been                     
                                                              reached through the stars”. 
 
                                                              Sir Arthur Eddington, 1928  
                                                             


 
Several decades have elapsed since the discovery of the X-ray and 
microwave backgrounds, neutron stars, black holes, and quasars. In the 
intervening period, the entire 70-octave electromagnetic spectrum, from 
Megahertz frequencies to TeV energies, has been opened up for study, and 
cosmic ray, neutrino and gravitational wave astronomy have begun. Theory 
has been at the core of this transformation in our understanding of the 
universe, and it is shaping the design of the next generation of instruments 
that will extend our knowledge even further.  
 
 Observations of microwave background fluctuations, supernova light 
curves and X-ray-emitting clusters of galaxies have revolutionized our 
understanding of cosmology, demonstrating that we inhabit a spatially flat, 
accelerating universe. However, these observations are intelligible only as 
a result of theory, which has furnished the framework for interpreting these 
data and for transforming accurate and reproducible measurements into a 
quantitative description. Many challenges remain: What is the nature of the 
``dark matter’’ that dominates the material content of the universe—is it 
made up of as yet undiscovered elementary particles? Why is it that there 
are more baryons than antibaryons in the universe? What is the physics of 
inflation? How did the first stars, galaxies and black holes form, ending the 
“dark ages” that prevailed after the universe recombined? The greatest 
challenge of all to cosmology is to divine the nature of the ``dark energy’’ 
that has been invoked to account for the acceleration.  


Another great advance in astronomy has been the discovery of extra-solar 
planetary systems in relative abundance, all of which (so far) differ 
significantly from the solar system. These systems present major 
challenges to theory. Their origin is tied to the formation of stars, a 
classical and as yet unsolved problem in astrophysics. Planets originate in 
disks of gas and dust around newly formed stars, and it is believed that 
magnetic fields control the dynamical behavior of these disks. Such disks 
control not only the formation and growth of planets, but also of moons, 
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stars, black holes, and galaxies, and they are ultimately responsible for 
most of the non-thermal, high-energy phenomena that we observe.  The 
greatest roadblocks to further understanding of disks and the stars they 
orbit involve nineteenth century physics operating over very large ranges 
of temporal and spatial scales—e.g., multifluid, compressible turbulence in 
shearing, magnetized, self-gravitating media in which the transfer of 
radiation is important. Twentieth century physics is also essential: Disks 
are partially or fully ionized, and plasma processes operating on small 
scales determine the non-thermal emission from disks and the evolution of 
the magnetic fields threading the disks. Nuclear and condensed matter 
physics is central to our understanding of neutron stars and planets. 
Distinctive spectra, outflows and oscillations are observed that are within 
the reach of theoretical explanation as computational astrophysicists 
achieve greater resolution and the capability to combine more of the 
relevant physical processes within a single simulation. 


A third major development has been the discovery of the great prevalence 
of black holes in the universe. Essentially every large galaxy has a massive 
black hole at its center. How did these objects form, and how are they 
related to the formation of galaxies? Galaxies also contain stellar-mass 
black holes, some of which may form in gamma-ray bursts. Black holes of 
all sizes provide a laboratory in which we can test the laws of physics, 
particularly gravitational physics, under conditions that cannot be 
replicated on Earth. The most spectacular events involving black holes are 
believed to occur when they merge with other black holes or with stars, 
and it is an outstanding challenge to theorists to predict the gravitational 
wavetrains produced by such events. 
  
 
 
B. Atoms, Molecules and Materials Chemistry 
 
                                              "Every natural science always involves three things: the              
                                               sequence of phenomena on which the science is based; the 
                                               abstract concepts which call these phenomena to mind;  
                                               and the words in which the concepts are expressed. To call  
                                               forth a concept, a word is needed; to portray a    
                                               phenomenon, a concept is needed”.  
 
                                               Antoine Lavoisier, 1789  
 
 
Chemists seek to understand, design, and control the properties of 
molecules and materials. Theory is at the very center of this enterprise, 
providing the framework for the atomic and molecular level description of 
chemical reactivity and structure. Theory is critical for the interpretation 
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of experimental data, for the prediction of new behavior, and for the 
inspiration and guidance necessary for designing the next experiments. 
Great strides have been made in the development of accurate theories of 
atomic and molecular behavior for increasingly complex processes, in bulk 
states of matter as well as at interfaces. Moreover, theoretical chemists have 
adapted their tools for use in industry and by experimentalists. While 
chemists, physicists, and molecular biologists all seek to understand 
complex systems, many opportunities and challenges remain squarely in the 
domain of theoretical chemistry, including quantum mechanical treatment of 
complex molecular processes, transition path identification, multi-scale 
chemical phenomena, and design of molecules and materials from first 
principles. 
 
Quantum-based molecular theories describing combustion, atmospheric 
chemistry, and biochemistry are crucial for developing fossil fuel 
alternatives, for understanding global warming and ozone depletion, and for 
uncovering the molecular basis of life processes, including disease and 
aging. Solutions to such problems await accurate electronic structure 
methods for (i) excited electronic states of molecules (which play a crucial 
role in atmospheric chemistry and solar energy conversion); (ii) open-shell 
molecules (e.g. free radicals present in fuel combustion); (iii) large 
molecules (e.g. proteins that dictate disease evolution, and polymers found 
in fuel cells); and (iv) molecules with heavy elements (e.g. for extraction of 
heavy metals from the body and the environment).   
 
The calculation of static molecular properties is a necessary beginning, but it 
is not sufficient. The time evolution of molecular behavior must be 
understood as well.  We must be able to characterize quantitatively the 
dynamics of chemical reactions, which will require theoretical advances on 
many fronts. New approaches are needed for the treatment of nuclear 
dynamics, Born-Oppenheimer breakdown, and multiple potential energy 
surfaces.  Quantum treatments of van der Waals forces are essential for 
describing polymers and biomolecules such as DNA; sufficiently quantitative 
theories have yet to be formulated. Accurate force fields describing 
interatomic interactions are critical for molecular simulations; both their 
derivation from quantum mechanics and well-founded analytic forms remain 
elusive. Biomolecules such as proteins inhabit potential energy landscapes 
with numerous pathways from initial to final states; theories for sampling 
such landscapes and characterizing transition paths are still in their infancy.   
  
Many molecular and material phenomena are characterized by multiple 
length and time scales. Molecules vibrate in less than a pico-second while 
reactions often occur in greater than milliseconds. The length scales over 
which defects in solids affect material behavior range from nanometers to 
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the macro-scale. Fully general analytical and numerical methods that 
seamlessly span such scales do not yet exist, while extraction of new 
phenomenological equations and concepts from such simulations has only 
just begun.  Ultimately, multi-scale theories should be able to describe long 
time, macroscopic behavior, starting purely from quantum mechanics at the 
atomic level, accounting for critical rare events. 
 
Finally, the ultimate grand challenge is to solve the inverse problem: given a 
desired macroscopic property, design from first principles the molecule or 
material possessing it. This last challenge remains an open frontier.  
 
 
 
C. Condensed Matter and Materials Physics 


 
                                                                                               "We often think when we have completed our  
                                                                   study of one, we know all about two, because  
                                                                   'two' is 'one and one.' We forget that we have 
                                                                   still to make a study of  'and'."   


 
           Sir Arthur Eddington, 1930 


                                                                                        
The laws of quantum mechanics that govern the behavior of atoms are well 
understood. But when large collections of atoms are assembled to form 
matter, new and surprisingly complex behavior emerges. Coulomb 
correlations can take what appears to be a metal on short time and length 
scales and turn it at large scales into an insulator, or a broken-symmetry 
state such as a superconductor or magnet, or even an exotic phase with 
topological order but no local order parameter as in the fractional quantum 
Hall effect.  Small changes in parameters can lead to quantum phase 
transitions among these novel phases. At some non-zero temperature, 
classical behavior ultimately emerges, but the essential degrees of freedom 
and the parameters in the effective theory are often determined by quantum 
mechanics at shorter scales. Even beyond the scale at which the behavior is 
classical, there are numerous other multi-scale phenomena at the frontier of 
theoretical research including turbulence, non-equilibrium pattern formation, 
crack initiation and propagation, and protein folding.  
 
New concepts are therefore needed at successive length, time, and energy 
scales at which distinct, collective phenomena emerge. These concepts 
constitute the organizing principles of emergent matter that cannot easily be 
simplified or reduced to the well-understood first principles of quantum 
mechanics. Although theoretical advances in the study of emergent 
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phenomena are crucial for the development of new materials and new 
technology, these studies are most often projects in pure theoretical physics.  
 
Equilibrium statistical mechanics is an enormously successful theory capable 
of dealing with emergent phenomena. But no general theory exists for the 
many systems that are changed drastically by external influences and are 
never close to equilibrium. Recognition that classes of such systems often 
exhibit common (‘universal’) patterns of behavior is a key step in 
understanding the organizing principles. Many materials exhibit poorly 
understood non-equilibrium phenomena. For example, crack initiation and 
propagation is challenging because of the interplay of many length scales, 
and is very important in contexts ranging from aerospace to earthquakes. 
 
Electron-electron correlations yield many unexpected phenomena . Examples 
include high-temperature superconductors, new ‘strange metal’ (non-Fermi 
liquid) phases, the fractional quantum Hall effect, and hitherto unexpected 
effects of disorder. Standard methods of electronic structure calculations 
based on density functional theory, unable to account for correlations, are 
inadequate to describe these new phenomena. Dynamical mean field theory 
(DMFT) is a new technique, which captures the quantum fluctuations 
associated with strong correlations and yields quantitative accuracy for the 
electronic structure and new insights into the physics of some of these 
strongly correlated materials. Other important new techniques involve 
Chern-Simons theory, Green’s-function Monte Carlo methods, and non-
perturbative approaches to exotic ordered states such as spin liquids and 
topological superconductivity.  
 
Quantum uncertainty, long thought to be only a limitation, is now 
understood also to be a resource for computation and secure communication 
in ways that are impossible classically.   While the goal of creating a large-
scale quantum computer remains remote, rapid experimental progress is 
now being made in a number of areas, with strong and growing interactions 
among the atomic, optical, condensed matter and NMR communities.  An 
important offshoot is a host of new ideas in signal analysis and noise 
reduction in NMR and atomic clocks, and in quantum measurements. 
 
The study of "soft" materials, such as liquid crystals, where entropy 
dominates the physics, continues to be vibrant, and has expanded to 
encompass biological matter. The constituents of cells, such as the 
cytoskeleton or the cell membrane, are soft materials, with mechanical and 
rheological properties akin to those of conventional soft matter, but are kept 
out of equilibrium by a constant input of energy via chemical or biochemical 
reactions. 
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D. From Atoms to the Planck Scale 
 
                                                  “Nature has always looked like a horrible mess. But                        
                                                  as we go along we see patterns and put theories  
                                                  together; a certain clarity comes and things get simpler”. 


 
                                                  Richard Feynman, 1983 
 
The past ten years have seen an exciting convergence of research interests 
in atomic, molecular and optical (AMO) physics and condensed matter 
physics. The exquisite experimental control available in the AMO arena 
makes this a fascinating field for theoreticians. Ideas developed over the 
past four decades in the study of driven, damped, open quantum systems in 
quantum optics, are now being applied to quantum coherence in condensed 
matter systems such as superconducting qubits. Conversely, the condensed 
matter language of quantum phase transitions, and exotic order parameters 
is being applied to new regimes of strongly correlated ultracold bosonic and 
fermionic gases. Additional forefront areas of AMO theory include ultrafast 
light pulses (now pushing into the attosecond regime) and their use as 
probes of electronic and nuclear dynamics in atomic and molecular systems 
at their natural time scales; and calculations of extraordinary precision 
essential to the interpretation of symmetry-violation tests and possible 
variations of the fundamental constants.  
 
The strong interactions of the atomic nucleus have challenged theorists for 
decades, leading to some of the most elegant and broadly applicable tools of 
theoretical physics. In recent years, effective field theory methods have 
been refined to provide a beginning picture of the two- and three- nucleon 
interaction. Precise calculations of the properties of light nuclei have been 
carried out using Greens function Monte Carlo techniques. The underlying 
theory of the nuclear force, QCD, emerged in the 1970’s, drawing on the 
advent of Yang-Mills gauge field theories. It was shown that these theories 
are “asymptotically free”, the interaction strength weakening with 
decreasing distance. For QCD, the gauge theory of quarks and gluons, the 
weakening sets in at sub-nucleon distances. At the nucleon size itself, the 
interaction is strong, confining the quarks and gluons, and making analytic 
solutions enormously challenging. However, much progress is being made 
using sophisticated Monte-Carlo algorithms, on fine-grained space-time 
lattices. Among the current experimental studies of QCD, none are more 
fascinating than those at the Relativistic Heavy Ion Collider (RHIC). Large 
nuclei are compressed and heated, creating for an instant a plasma of 
unconfined quarks and gluons. Numerical simulations of QCD as well as new 
analytical techniques for the description of strongly interacting thermal 
media, are essential for the interpretation of these experiments.  
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QCD and the electroweak theory comprise the successful Standard Model of 
particle physics. But the large masses of the W and Z bosons show that the 
electroweak gauge symmetry is somehow broken. How this happens remains 
one of the most important questions in particle physics. Every idea, from a 
single Higgs boson, to the appearance of supersymmetry, to the existence of 
extra spatial dimensions, involves new symmetries and new phenomena. 
Theory assures us that the new phenomena will be observable at the next 
generation of high energy colliders, in particular the Large Hadron Collider. 
And somewhere in the array of new heavy particles are those that make up 
the dark matter dominating the mass density of the universe. 
 
There are many other mysteries. Why are there three families of quarks and 
leptons and why do their masses differ so dramatically? And can the 
electroweak and strong forces be unified at some high-energy scale? The 
neutrinos are especially intriguing. The significance of their tiny masses, 
revealed in the neutrino-oscillation experiments of the past decade, 
continues to elude theorists. But these masses may be our most direct 
window on grand unification. Finally, there is CP symmetry, the combination 
of space reflection and the reversal of sign of a particle’s charge. Its small 
breaking, observed only in rare meson decays, is unexplained so far, and its 
consequences are profound. It is essential for understanding why the 
universe contains so much more matter than anti-matter.  
 
Gravity is weak in laboratory experiments, but strong and surprising in 
astrophysical environments such as black holes. It is described by general 
relativity out to cosmological distances, where it appears to be coupled to a 
mysterious dark energy. But will general relativity persist to all scales? 
Further, the gravitational coupling grows with energy, becoming comparable 
to the other forces of nature at the Planck scale of 10^19 GeV, not far 
beyond the energy scale of strong and electroweak unification. There, a 
complete unification of the forces of nature may emerge. The most 
promising idea is string theory, which proposes that at the smallest 
distances all matter is composed of tiny loops, or strings. Shaped by 
compelling ideas of consistency and symmetry, including supersymmetry, it 
incorporates gravity and quantum mechanics, and could provide the answers 
to many of the deepest questions posed by the Standard Model.  
 
 
E. Theory in Biology 
 
                                                   “The fact of evolution is the backbone of biology, and     
                                                  biology is thus in the peculiar position of being a science  
                                                  founded on an improved theory.”  
 
                                                  Charles Darwin, 1876 
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The scientific study of living systems is undergoing a major transformation. 
Genetic technology is providing vast amounts of data regarding the 
components underlying life, and high-resolution real-time imaging of living 
matter has become commonplace. The challenge for physicists and 
chemists, in partnership with biologists, computer scientists and 
mathematicians, is nothing less than to elucidate the principles whereby the 
microscopic parts self-organize and work together to accomplish the task of 
survival. 
 
The role of theory in this new era is to develop new concepts and 
methodologies for non-equilibrium complex systems such as living systems 
and eco-systems. There must be a two-way flow of ideas between theorists 
focused on the new physics and mathematics, and theorists applying these 
insights to a broadening array of biological processes. A difficulty is that 
living systems do not break up into subsystems at different spatiotemporal 
scales that can be individually tackled. Instead, information seems to pass 
back and forth readily between the microscopic scale of individual bio-
molecules and genes and the macroscopic level of single cell and single 
organism functionality. Thus the foldings of prion-type proteins (of mad-cow 
fame) have been implicated in such large-scale processes as Darwinian 
evolution (in yeast) and neural memory (in Aplysia).   
 
There are many questions whose answers require advances in the theory of 
complex systems.  Starting from evolution, we need conceptual guidance as 
to how biological information is stored and processed in a way that makes it 
functional and yet conducive to adaptive change. We need a theory of 
biological network functioning that will go beyond static graph theory and 
deal with actual task performance. We need to understand how the cell uses 
molecular interactions, spatial compartmentalization, and multiple levels of 
feedback to respond accurately to differing environmental cues. Even at the 
molecular level, there are mysteries. How do bio-molecules reliably perform 
their tasks in the crowded cellular milieu without aggregation and non-
specific (incorrect) binding? At the multi-cellular scale, cells communicate 
and cooperate using an alien language of chemical signals, direct contact 
interactions, and forces mediated by the extra-cellular medium; we need to 
learn this language. The grandest challenge is the physical basis for human 
cognition, where even our most complex models seem like inadequate 
cartoons of a bewilderingly complex multi-faceted system.   
 
What theoretical constructs will be needed for this new era?  Although it is 
difficult to make predictions, some hints seem to be emerging.  The notion 
of a special landscape in protein folding is perhaps more generally 
applicable, for example to signal transduction networks such as those that 
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control the cell cycle.  Ideas from dynamical pattern formation in non-
equilibrium physics seem to be necessary to explain how cells process 
spatially varying input information.  Information theory approaches are 
spreading, from sensing in the brain to cell-cell communication.  Will all 
these trends somehow merge to form a coherent set of principles for a 
theoretical biology?  Are these principles different for different levels of the 
biology hierarchy? Will we be able to use this to synthesize more powerful 
"bio-mimetic" technology?  Opportunities abound for theoretical physical 
scientists to participate in the generation of a whole new approach to the 
biological world. 
 
 
F. Mathematics and Computation 


  
                                                                       “The enormous usefulness of mathematics in  
                                                                        the natural sciences is something bordering   
                                                                        on the mysterious.” 
 
                                                                        Eugene Wigner, 1960 


 
 


Modern research in pure and applied mathematics and statistics ranges over a 
vast landscape, much of it shaped by interactions with the physical sciences. 
Work in high-energy theoretical physics, in particular string theory, has led to 
entirely new developments in geometry and topology. Computational 
simulation is an important tool across all the natural sciences. The analysis of 
massive data sets has become crucial as the scale and sophistication of 
experiments has grown.  And some of the most exciting current theoretical 
research has evolved from problems purely internal to mathematics. 


 
The formulas of high-school algebra for solving polynomial equations are 
actually rare. We can’t solve most systems of algebraic equations by concrete 
formulas. But spectacular progress has been made at understanding the 
qualitative nature of the solutions: how many there are, and what geometrical 
and topological properties they have.  While these techniques are helping to 
provide the theoretical underpinnings for modern string theories, the influence 
travels in both directions: correlation formulas from string theory and 
quantum field theories have stimulated vigorous geometric developments in 
mathematics.  One recent development: a new use of the topological tool 
known as K-theory, originally developed by pure mathematicians from purely 
internal motivations, but later encountered by physicists in the study of 
anomalies, and now appearing in a brand new form.  


 
Computation has become an important tool throughout the physical sciences.  
Computer simulations can bridge intellectual gaps, such as the relationship 
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between quantum-scale models and continuum-scale models of a physical 
process or material; moreover, computer simulations can be the most 
convenient channel for communications from theory to the design of 
experiments. Mathematical scientists are confronted by deep problems in the 
study of theoretical models that span disparate scales of length, time, or 
energy.  Numerical methods for reliable computation at multiple length or 
time scales are extremely challenging to design, since the passage from small 
to large scales by summing many small changes enacts the numericist's 
nightmare by adding many small errors that may compound into a large one. 


                  
The nature of experimental data is changing rapidly. Astronomers, particle 
physicists, meteorologists, neuroscientists, and geneticists, are all blessed and 
cursed with data-gathering techniques that can put terabytes of information 
on record in short periods.  These data have features that confound traditional 
statistical methodology: signals may be tiny compared to noise, features to be 
identified may be rare and unknown in shape, statistical properties of noise 
and signal may be non-stationary in time and unknown in distribution, and the 
data sampled in a single instant may have enormous apparent dimension.  
Ongoing work by statistical scientists addresses problems of pattern discovery 
and description, dimension reduction, and compression by applying methods 
of topology, computer science, and approximation theory. 


 
Some of the most striking recent discoveries concern problems that originate 
from within mathematics.  Thirty years ago, Robert Langlands proposed a 
series of ideas that, if true, would unify highly disparate areas in 
mathematics:  number theory, representation theory, algebraic geometry, and 
analysis.  After much effort, great progress in this direction has finally begun 
to emerge and there is now hope that Langlands’ "program" may come to 
fruition within the next decade.  A similar story concerns Poincaré's conjecture 
from 1904 concerning manifolds that can be deformed into spheres.  Smale's 
spectacular solution (in 1961) for spheres of dimension 7 or more led to a 
revolution in topology.  This was followed by special proofs for spheres of 
dimensions 6, 5, and 4, but the three dimensional case (which was Poincaré's 
original goal) seemed to defy all attempts.  There now appears to be a proof 
in the three dimensional case, and it involves a host of radical new techniques 
that will continue to affect the subject long after interest in the original 
problem has dissipated. 
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III. MPS-Wide Observations and Recommendations 
 
Many of the issues of concern to theory are important for experiment and 
observation as well. The discussions of the Workshop often ranged beyond 
theory, as did the observations and recommendations emerging from the 
divisional and topical breakout sessions. This is reflected in the MPS-wide 
observations and recommendations of this section. Some are broad, but 
they are especially critical for theory since so much of it relies on NSF for 
support.  
 
 
A. The Science and its Support: 
 
 
The best ideas for basic scientific research emerge from the scientific 
community itself. In many cases, this inquiry-driven research is supported in 
response to unsolicited proposals. It can be found in established or emerging 
disciplines, and frequently involves the pursuit of risky ideas. 
 
In theoretical science, inquiry-driven research by individuals and small 
groups is the central, key component. Individual investigators, working with 
students and postdoctoral fellows, produce much of the most exciting 
science. Collaborating in larger groups can also be very effective in theory. 
The advantages include solving complex problems involving multiple 
disciplines and skill sets, the presence of critical mass to spark ideas, the 
leveraging of resources, and the shared mentorship of young scientists.  
 
Grants for the support of individuals and collaborative groups are extremely 
important, as are grants to groups of theorists with related interests. In 
addition, grants to experimental groups can provide support for theorists, 
who can often be important members of experimental collaborations.  
 
Recommendation A1. MPS should preserve inquiry-driven theoretical 
research at the frontiers. The support of unsolicited proposals from 
the scientific community should remain a very high priority.  
 
Recommendation A2. MPS should foster a breadth of effort in 
theoretical science, and be responsive and flexible to new and 
sometimes risky opportunities and emerging disciplines. 
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For theorists, as well as experimentalists and observers, there is a natural 
tension between the support for individuals and smaller groups on the one 
hand and for larger groups and centers on the other. This is mirrored in the 
tension between the support of unsolicited proposals and solicited ones. Both 
are important, and establishing the right balance is a continuing challenge 
for MPS. It is also a Division-specific challenge, which has been considered 
by each Committee of Visitors (COV) in recent years. It is important to note 
that MPS centers that focus on theory, or that include theory as a 
component, have played a very valuable role in the scientific community. 
 
Recommendation A3.  Each Division of MPS should continue to 
monitor carefully the mix of center support, group support, and the 
support of individual investigators in theoretical science. The 
Divisions should develop metrics to determine the appropriate 
balance among these modes of support, for the advancement of 
science and for educating the next generation of scientists. 
 
 
Grant duration and magnitude are of great concern across MPS. They are 
critical issues for theoretical scientists, many of whom must rely solely on 
the National Science Foundation for support. It is the current policy of the 
National Science Board to increase the duration and magnitude of principal 
investigator grants.  
 
Recommendation A4.  The Divisions of MPS should work to increase 
the duration of individual and group grants to theoretical scientists 
in response to unsolicited proposals. MPS is urged to secure the 
incremental funding to increase the magnitude of grants in theory.  
These steps should be taken even in times of budgetary stringency. 
 
 
Frontier theoretical research often evolves rapidly and in surprising 
directions. There will always be important opportunities that do not fit 
comfortably into any one of the established disciplines around which the 
programs of MPS are structured. The work can be inter-divisional, inter-
directorate, and even inter-agency. Program Officers look for these 
opportunities, and the Office of Multidisciplinary Affairs (OMA) provides start-
up support, although it generally does not participate in individual or small 
group awards. There is a perception among theoretical scientists that 
research proposals at disciplinary boundaries sometimes “fall through the 
cracks”.  
 
Recommendation A5. MPS should ensure that adequate mechanisms 
are in place for the review and support of proposals for theoretical 
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research at the boundaries of the established disciplines, as well as 
theoretical research that combines several disciplines. The success 
rate for such proposals should be the same as for disciplinary 
proposals of comparable quality. The Office of Multidisciplinary 
Affairs (OMA) should play a more active role at the individual and 
small-group levels.  
 
 
Major and moderate initiatives at the NSF, including those associated with 
large facilities, often do not include support for important, related theory. 
This can be short sighted, since theory is crucial for the interpretation of 
frontier experiments, and can set new experimental agendas. Furthermore, 
modern instruments and experiments require broad theoretical 
understanding for their proper design. 
 
Recommendation A6. Support for theory, including grants to 
individual investigators, should be a part of major or moderate 
programs in each of the Divisions of MPS.  
 
 
Computation is a fundamental part of theoretical science. It is essential for 
exploring theoretical structures themselves, for simulating the behavior of 
complex, non-linear systems, and for the interpretation of precision 
experiments and observations. State-of-the-art computational facilities of all 
sizes, and their support, are critical for theoretical research. Algorithmic 
development, often interdisciplinary, is also a very important component of 
theory. 
 
Recommendation A7. MPS should provide strong support for 
computational facilities, for the development of publicly available, 
professional quality code, and for algorithm development. 
 
 
MPS-supported theoretical research, some funded through the Information 
Technology Research (ITR) initiative, has played a vital role in advances in 
computational science.  
 
Recommendation A8: New resources should be sought to ensure that 
outstanding research that has been initiated using Information 
Technology Research (ITR) funds can be sustained throughout the 
theoretical programs of MPS.  
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Biologically related research is increasing throughout the Divisions of MPS. 
Theoretical concepts from the physical sciences and mathematics are being 
applied to biological systems, biologically-inspired principles are being used 
to design new materials, and experimental advances are enabling new 
probes of living systems. The trend towards doing biologically relevant and 
related research is also occurring in other NSF Directorates, and is likely to 
continue and even accelerate over the next decade.  
 
Recommendation A9:  As biologically-related theoretical research 
becomes more and more pervasive, it is increasingly important to 
coordinate the support of this research across all the Divisions and 
Directorates of NSF.  
 
 
Program Officers play a key role in developing and sustaining theoretical 
research. The demands on them have grown substantially in recent years, 
with new programs and initiatives, increasing international collaboration, and 
the mounting scale of much of modern science.  
 
Recommendation A10. Program Officers responsible for theoretical 
science are over-committed throughout MPS, and need additional 
help.  Permanent Program Officers are especially important for the 
health of the theoretical programs of each Division.  
 
 
 
 
B. Education and Training 
 
The health of theoretical science relies critically on the education and 
training of young scientists. From the advanced undergraduate level on, 
promising students with an interest and talent for theoretical research must 
be encouraged and supported. The nurturing of talented students must 
begin even at the high school level. Mentoring plays a key role at every 
stage, and it is important to insure that faculty members and senior research 
scientists in theory are engaged and effective at mentoring.  
 
NSF-supported workshops on professional development and teaching for 
faculty are oversubscribed. They have high impact and are of relatively low 
cost.  
 
Recommendation B1. MPS should encourage the Division of 
Undergraduate Education in the Education and Human Resources 
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Directorate to expand workshops on professional development and 
teaching for faculty. 
 
 
The CAREER program for young faculty has been very successful. In the MPS 
theoretical science community, however, there is a perceived excessive 
emphasis on innovative teaching proposals, especially at the K-12 level. 
Teaching and mentoring at the undergraduate, graduate, and postdoctoral 
levels are also very important.  
 
Recommendation B2. MPS should be flexible about the innovative 
teaching component in the CAREER program. A set of best practices 
and existing K-12 opportunities for investigators should be 
communicated to applicants, reviewers, and panels.  
 
 
Summer schools for the advanced training of graduate students in theory 
are highly valuable. They provide opportunities for students to broaden and 
deepen their knowledge of specialized topics, and to become acquainted with 
their peers at other universities and senior scientists from the U.S. and 
abroad. 
 
Recommendation B3. The Divisions of MPS, possibly together with 
other agencies, should support focused summer schools for 
advanced training of graduate students in theoretical science.  
 
 
The NSF has little statistical information specifically identifying theory 
graduate students and their support patterns, which can be very different 
from experimental students. Since theory grants are typically smaller than 
experimental grants, many students in theory rely more on teaching 
assistantships and other forms of university support. Readily available 
information on these patterns would be very helpful in assessing their 
impact on the education of theorists and in suggesting possible actions by 
universities and by MPS.  
 
Recommendation B4. Statistical information on theory graduate 
students in MPS should be collected routinely and maintained by the 
NSF. 
 
 
Summer programs for gifted high school students, which have been 
supported in the past by NSF, have been very successful in attracting young 
people into careers in science.  
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Recommendation B5. MPS should support summer programs for 
gifted high school science and mathematics students. 
 
 
 
C. Broadening Participation 
 
Despite the progress of recent years, there is much work to be done to 
increase diversity in theoretical science. The proportion of women entering 
the field has increased some, but the number of under-represented 
minorities remains as tiny as ever. The effort to increase diversity must 
begin at the K-12 level and continue through college, graduate school, 
postdoctoral training, and the early stages of academic and scientific 
careers. Retention is a problem at every stage. The NSF takes diversity very 
seriously, with many approaches being brought to bear. The discussions of 
the Workshop did not identify issues specific to theory, but several 
observations and recommendations emerged that were of particular concern 
to the participants. 
 
The competing demands of child care and professional responsibilities can be 
a major impediment for women pursuing scientific careers. Indeed, many 
women opt out of the pipeline after graduate school simply because they 
cannot envision means by which both family and career can be balanced. 
 
Recommendation C1. NSF should expand the definition of allowable 
expenses to grants to permit the charging of child-care expenses 
during periods of professional travel. In addition, MPS should 
explore ways to create incentives to universities and other 
institutions to provide sufficient, high quality child-care facilities.  
 
 
The availability of exciting research opportunities and mentoring by faculty 
members and senior scientists plays a very important role in attracting 
women and under-represented minorities at the undergraduate level to 
careers in science. Partnerships among universities, industry, and national 
laboratories can be especially effective, introducing students to the breadth, 
flexibility and teamwork in such venues.  


 
Recommendation C2. MPS should expand undergraduate research 
programs in theoretical science that place an emphasis on recruiting 
under-represented minorities and women, including programs 
involving partnerships with industry and national laboratories.   
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Diversity must be encouraged strongly in the theoretical science research 
community beginning at the graduate–student and postdoctoral levels where 
retention is critical.  
 
Recommendation C3. MPS should develop a mechanism, such as  
supplements to research grants, for the support of members of 
under-represented groups and women at the graduate-student and 
postdoctoral levels in theoretical science. 
 
Recommendation C4. MPS should regularly examine the diversity of 
speakers and organizing committees at meetings that it supports 
involving theoretical scientists. It should do the same for the 
advisory panels for the facilities and centers that it supports. MPS 
should identify, promulgate and reward best practices. It should 
take into account recent practice in making funding decisions for all 
meetings and workshops. 
 
 
 
D. Outreach 
 
The scientific advances of recent years have captured the interest of people 
everywhere, and the benefits of science are widely appreciated. The 
theoretical research community can take pride in this, but it also has a 
responsibility to continue to educate the general public. The funding of 
scientific research by the NSF and other government agencies, so essential 
for its continuing progress, depends finally on the support of an informed 
and support ive citizenry. 
 
Federal science agencies such as the NSF can play an especially important 
role in this effort. They can do so directly and by their support of individuals, 
centers, and laboratories across the country. The NSF, through its Office of 
Legislative and Public Affairs (OLPA), is now strengthening its outreach 
efforts in a variety of ways. This is to be commended, but the resources 
should be provided to do more, including the education of the general public 
on exciting advances in theoretical science.  
 
Recommendation D1. MPS together with the Office of Legislative and 
Public Affairs (OLPA), should take greater responsibility for  
 
– Publicizing and taking credit for MPS-supported theoretical 
research. This can be done through NSF publications themselves and 







 20


by working with the private-sector media.  NSF can learn from the 
best practices of other agencies.  
 
– Educating and helping theoretical scientists to communicate with 
the general public.  
 
– Educating journalists on the wide variety of theoretical science 
supported by MPS. A summer school for journalists could be helpful. 
 
Recommendation D2. MPS should establish a program for outreach 
grant supplements to theoretical scientists who are especially 
effective at representing science to the public. 
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IV. Division-Specific Observations and Recommendations 
 
 
The recommendations in this section emerged principally from the breakout 


sessions centered around each of the five Divisions of MPS. They were 
discussed by the Steering committee and the participants, but not necessarily 
endorsed broadly by these groups.  


 
 
A. Astronomy (AST) 
 
In Astronomy, the funding balance of theory and observation within the 
grants program is appropriate and the review of theory proposals is being 
well handled with the current organization. 
 
AST Recommendation 1: The Astronomy Division should maintain 
the current structure of its grants program. It should continue to 
form review panels in response to the proposals received so as to 
maximize the ability to compare proposals on similar topics. Each 
review panel should include both theorists and observers, with a 
balance that approximates the nature of the proposals in that panel.  
 
AST Recommendation 2: In the AST Postdoctoral Program (AAPF), 
– Letters of recommendation should be made available to reviewers 
in making their decisions on whom to select.   
– Non-citizens based at US institutions should be eligible; the Hubble 
Fellowship program shows one way to do this.  
– It is important that the AAPF program reflect the range of activities 
supported by AST, and this is best ensured by having the review 
panels reflect this range. Theory is a critical component of 
astronomical research, and AST should strive to ensure that 
theorists are represented on the AAPF review panel in proportion to 
the number of theorists applying for fellowships.  
 
AST Recommendation 3: The Senior Review of facilities planned by 
AST should include a review of the balance between the grants 
program and support of facilities. 
 
AST Recommendation 4: The scientific staff at AST-supported 
centers such as NOAO and NRAO should be strong in theory as well 
as in observation and instrumentation, subject to the condition that 
staff theorists would share equally in carrying out service for the 
centers. 
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AST Recommendation 5: Review panels should be informed that AST 
supports the concept of group grants for theorists that provide 
collective support for items such as computer personnel, computers, 
group postdocs, and visitors that the group feels are best supported 
at the group level.  
  
AST Recommendation 6: Theory Challenges should be a budgeted 
part of any major or moderate initiative in AST, as recommended in 
the Decadal Survey. 
 
 
 
B. Chemistry (CHE) 
 
Due to the successful development of software by theoretical chemists, 
computational chemistry research has increased dramatically, with funding 
from the Theoretical and Computational Chemistry program (TCC), as well 
as other programs within the Chemistry Division (CHE) and elsewhere in NSF 
(e.g., the Information Technology Research initiative). The use of these 
theoretical tools is growing, by theorists and also by experimentalists, in 
academe, industry, and national laboratories. The most recent budget 
allocations for TCC do not reflect this success.  Over the past 5 years, 
growth in budgets for experimental CHE programs has exceeded that for 
theory, even though TCC is the primary steward for research in this sub-
discipline. 
 
CHE Recommendation 1: CHE should ensure adequate budget 
allocations in the Theoretical and Computational Chemistry program 
and other CHE programs for development of new theoretical 
methods and associated software, as well as simplified analytic 
models that provide new insight.   
 
 
Solutions to complex problems often require a diversity of expertise beyond 
that held by the typical single principal investigator. A particular 
phenomenon may be explored optimally by an all-theoretical team consisting 
of, e.g., a quantum chemist, a dynamicist, and a statistical mechanician, 
rather than any one of them alone.  
 
CHE Recommendation 2: CHE should encourage proposals to the 
Collaborative Research in Chemistry (CRC) program from small 
groups of theory-only investigators, as described above. 
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Encouraging interdisciplinary collaborations to probe complex processes will 
require still larger endeavors. The remarkable success of theory institutes 
supported by PHY, DMR, and DMS in bringing scientists together is one that 
could be emulated in other disciplines.  Theoretical chemistry has no analog 
to these institutes. Funding of one or two national centers for theoretical 
chemistry, in different geographic locations, could provide a resource to 
develop new collaborations, facilitate cross-fertilization, and introduce 
students and postdoctoral fellows to a wide array of sub-disciplines.  
 
CHE Recommendation 3:  CHE should encourage proposals for one or 
two theoretical chemistry institutes, but they should not be initiated 
at the expense of single investigator grants in the Theoretical and 
Computational Chemistry (TCC) program.  
 
 
The single-investigator mode of research will continue to play the primary 
role in chemical advances for the next decade.  A mismatch exists between 
the cost of personnel and the size of the average CHE grant. There is a 
similar mismatch between the normal duration of a research appointment 
(postdoc or graduate student) and the typical duration of a CHE grant. This 
problem is particularly acute in theoretical chemistry because TCC has 
primary national stewardship for the support of fundamental research in this 
area. While the average TCC grant provides adequate support for graduate 
students plus PI summer salary for three years, there is insufficient support 
for post-docs at a reasonable salary level. 
 
CHE Recommendation 4:  CHE should develop a funding model for 
the Theoretical and Computation Chemistry (TCC) program that 
provides: 


 
• Support for “full” people, as opposed to fractions (1 postdoc, 


and 1 or 2 graduate students for their research lifetime) 
• A humane postdoctoral fellow salary 
• A minimum of 1 month of summer salary per PI 
• Base support for supplies, travel, and computation 
 


This model should not be implemented at the expense of lowering 
the current success rate of TCC proposals.  
 
 
C. Materials Research (DMR)  
 
Condensed Matter Physics is a vibrant and broad subfield of physics, one of 
its essential strengths being the close coupling of theory and experiment. 







 24


Although it often has important consequences for technology, frontier 
theoretical condensed matter physics research, as in other areas of 
theoretical physics, is most often curiosity-driven, rather than application-
driven. 
 
DMR Recommendation 1: DMR should continue to recognize the 
value of projects in pure theoretical physics, independent of their 
technological implications. 
 
DMR Recommendation 2:  The name of the theory program in DMR 
should be changed to Condensed Matter and Materials Theory.  
 
 
The breadth of condensed matter and materials theory makes 
communication of the excitement of the field particularly challenging. It is 
important for the field that this challenge be met in the form of public 
lectures, reports,  and elegant popular books.  
 
DMR Recommendation 3:  The Division of Materials Research should 
coordinate its outreach activities with groups such as the Solid State 
Sciences Committee of the National Research Council and the 
American Physical Society.  DMR should assist the condensed matter 
community in articulating the excitement of the field. Mechanisms 
include the support of community collaborations leading to reports 
written for a variety of lay and scientific audiences.  
 
 
Condensed matter physicists attending the Workshop expressed much 
concern over the possible loss of important research in computational 
science that has been supported by the Information and Technology 
Research (ITR) initiative. This led to strong support for  
 
MPS-Wide Recommendation A8. 
 
 
Discussions among the condensed matter physicists at the Workshop also 
led to strong support for the careful coordination of the stewardship of 
biologically related theoretical research throughout the NSF: 
 
MPS-Wide Recommendation A9. 
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D. Mathematical Sciences (DMS)  
 
The dichotomy in the mathematical sciences that is parallel to the distinction 
between theory and experiment in the other Divisions of MPS, is the 
distinction between core, disciplinary mathematics ("theory") and 
interdisciplinary ("applied") work. The relationship and balance between the 
two varies among different areas. In statistics or in optimization, for 
example, theoretical and applied aspects of the field are closely related. 
 
By participating in the NSF “initiatives” and by launching a number of new 
research institutes, the DMS has significantly enhanced its support for 
interdisciplinary research.  The available data on how the DMS budget is 
divided between core disciplinary support and interdisciplinary work indicates 
that the mix is now appropriate, although opportunities remain for further 
collaborative efforts between DMS and other Divisions.  A number of 
organizations and entities fund scientific research in the U.S., but the NSF 
has a special responsibility as the primary steward for the mathematical 
sciences.   
 
DMS Recommendation 1: DMS should continue to monitor the 
balance between its support for theory and for interdisciplinary 
work, and it should seek to support the highest quality work without 
regard to the field. 
 
 
There was much discussion during the Workshop about ways to provide 
support for the large number of active researchers without existing research 
grants. DMS has implemented a number of creative solutions to this 
problem, including the development of Mathematical Sciences Research 
Institutes (which function as national user facilities and represent a variety 
of core and interdisciplinary interests) and the introduction of the Focused 
Research Groups program.  Participants of the Workshop felt these programs 
were highly successful, and similar programs may be adopted by other 
Divisions of the NSF.  A possible program of international travel grants was 
also discussed. 
 
DMS Recommendation 2: DMS should continue its support of 
programs that benefit the many active researchers who do not have 
research grants. 
 
 
There are excellent opportunities for mathematical outreach, particularly at 
the undergraduate level and K-12 levels that are critical period for recruiting 
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young people to mathematics and science, and a number of examples of 
successful outreach were discussed at the Workshop.  Summer schools for 
graduate students were also identified as a valuable investment: 
 
MPS-Wide Recommendation B3. 
 
 
DMS invests in graduate and postdoctoral training through a variety of 
mechanisms, including department-wide Vertical Integration of Graduate 
Research and Education (VIGRE) grants, research training groups, student 
and postdoctoral funding in individual investigator awards, and directly 
awarded mathematical sciences postdoctoral research fellowships.  The 
VIGRE program, in particular, has become a prominent part of the DMS 
portfolio. It was originated with the idea that additional investment in 
fellowships and attention to the ways that mathematics and statistics 
departments recruit and train students should increase the number of U.S. 
students receiving PhDs, which had fallen substantially over 20 years or so.  
 
DMS Recommendation 3: DMS should conduct a review of the 
effectiveness of the VIGRE program relative to other forms of 
graduate and postdoctoral support. 
 
 
 
E. Physics (PHY) 
 
The Physics Frontier Centers have now been in existence for 10 years. Some 
include theory as a component and others focus completely on theory. There 
was a consensus among the physicists at the Workshop in favor of 
evaluating the success of these PFC’s and the impact that their support has 
had on the support of other theory in the Physics Division. The Kavli 
Institute for Theoretical Physics is a uniquely broad center. It has just 
celebrated its 25th anniversary and is widely viewed as being highly 
successful. The Physics Division plans to review this center in 2006.  
 
PHY Recommendation 1: The Physics Division should continue to 
monitor the appropriate balance in theoretical physics among 
individual investigator support, group support and support through 
the Physics Frontier Centers.  
 
 
The duration and size of principal-investigator grants is of much concern in 
the theoretical physics community. The theory Program Officers in the 
Physics Division have had to work with very small budgets, and have been 
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forced to under-fund, or not fund, many excellent researchers, especially 
new young principal investigators. The discussion of this issue among the 
physicists at the Workshop led to a strong endorsement of  
 
MPS-Wide Recommendation A4.  
 
 
The support of interdisciplinary research is another area of concern in the 
theoretical physics community. Discussions at the Workshop elicited strong 
support for 
 
MPS-Wide Recommendation A5.   
 
 
In the Physics Division, as in other Divisions, new initiatives often do not 
include support for essential, related theory. An example of this is the 
funding now being provided for high-energy physics associated with the 
Large Hadron Collider in Geneva, Switzerland. The physicists at the 
Workshop strongly supported 
 
MPS-Wide Recommendation A6.   
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V. Appendices 
 
 
A. Steering Committee 


 
Elihu Abrahams   Rutgers University 
Morris Aizenman  National Science Foundation 
Thomas Appelquist (Chair)   Yale University 
Beverly Berger  National Science Foundation 
Roger Blandford  Stanford University 
Emily Carter  Princeton University 
Susan Coppersmith  University of Wisconsin 
Steven M. Girvin  Yale University 
Frances Hellman  University of California, Berkeley 
John Huchra   Harvard University 
W. Carl Lineberger  JILA, Boulder  
Christopher McKee  University of California, Berkeley 
David R. Morrison  Duke University 
Venky Narayanamurti  Harvard University 
Vernon Pankonin  National Science Foundation 
Jeanne Pemberton  University of Arizona 
Celeste Rohlfing  National Science Foundation 
Christopher Stark  National Science Foundation 
Bruce Taggart  National Science Foundation 
 
 
B. Participant List 
 
Division of Astronomical Sciences (AST) 
Aizennman, Morris  National Science Foundation 
Begelman, Mitchel University of Colorado 
Bildsten, Lars  University of California, Santa Barbara 
Blandford, Roger Stanford University 
Deustua, Susana American Astronomical Society 
Frogel, Jay AURA 
Hernquist, Lars Harvard University 
Huchra, John Harvard University 
Kamionkowski, Marc  California Institute of Technology 
Lin, Douglas University of California, Santa Cruz 
McKee, Christopher University of California, Berkeley 
Norman, Michael University of California, San Diego  
Olinto, Angela  University of Chicago  
Ostriker, Eve University of Maryland  
Pankonin, Vernon National Science Foundation 
Salamon, Michael NASA  
Stone, James Princeton University 
Tegmark, Max University of Pennsylvania  
Tohline, Joel Louisiana State University 
Wheeler, Craig University of Texas  
Zweibel, Ellen University of Wisconsin 
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Division of Chemistry (CHE) 
  
Andersen, Hans Stanford University 
Cave, Bob Harvey Mudd College 
Carter, Emily  Princeton University 
Futrell, Jean H.  Pacific Northwest National Laboratory 
Hernandez, Rig Georgia Institute of Technology 
Hilderbrandt, Dick U.S. Department of Energy 
Hynes, Casey University of Colorado 
Ladanyi, Branka  Colorado State University 
Lineberger, W. Carl University of Colorado 
McCoy, Anne Ohio State University 
Redondo, Tony  Los Alamos National Laboratory 
Rohlfing, Celeste National Science Foundation 
Rossky, Peter University of Texas 
Schmidt, Peter Office of Naval Research 
Swope, Bill IBM 
Tuckerman, Mark New York University 
Tully, John Yale University 
 
 
Division of Materials Research (DMR) 
Abrahams, Elihu Rutgers University 
Balazs, Anna University of Pittsburgh  
Chakraborty, Bulbul Brandeis University 
Chelikowsky, James University of Minnesota/Exxon  
Coppersmith, Susan University of Wisconsin 
Girvin, Steve Yale University 
Johnson, Duane University of Illinois, Urbana-Champaign 
Kivelson, Steven A. Stanford University / University of California at Los Angeles 
Koelling, Dale U.S. Department of Energy 
Kotliar, Gabriel Rutgers University 
Levin, Kathy  University of Chicago  
Louie, Steve University of California at Berkeley  
Lubensky, Thomas University of Pennsylvania  
Marchetti, Cristina Syracuse University 
Narayanamurti, Venkatesh Harvard University 
Olvera, Monica Northwestern University 
Reynolds, Peter Army Research Office 
Rikvold, Per Florida State University 
Taggart, G. Bruce National Science Foundation 
Tesanovic, Zlatko Johns Hopkins University 
 
Division of Mathematical Sciences (DMS) 
Conrey, Brian                          American Institute of Mathematics 
Damon, James University of North Carolina at Chapel Hill 
Devadoss, Satyan Williams College  
Goresky, Mark Institute for Advanced Study  
Isenberg, James University of Oregon 
Johnson, Raymond L.  University of Maryland  
Kettenring, Jon R.  Telcordia Technologies 
Mann, Ben DARPA  
Morgan, John Columbia University 
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Morrison, David Duke University 
Rosenberger, James Pennsylvania State University  
Stark, Christopher National Science Foundation 
Wheeler, Mary  University of Texas, Austin 
 
Division of Physics (PHY) 
 
Appelquist, Thomas Yale University 
Bagger, Jonathan Johns Hopkins University 
Baym, Gordon University of Illinois  
Berger, Beverly National Science Foundation 
Bialek, William Princeton University 
Chivukula, R. Sekhar Michigan State University 
Coon, Sid U.S. Department of Energy 
Friedman, John University of Wisconsin at Milwaukee  
Goity, Jose Jefferson Laboratory, Hampton University 
Goodman, Jordan University of Maryland  
Gross, David University of California at Santa Barbara  
Hogan, Craig University of Washington  
Kirby, Kate Harvard University (SAO)  
Levine, Herb University of California at San Diego  
Mandula, Jeffrey U.S. Department of Energy 
Meystre, Pierre University of Arizona 
Mueller, Berndt Duke University 
Randall, Lisa Harvard University 
Rosen, Peter U.S. Department of Energy 
Pullin, Jorge Louisiana State University 
Quinn, Helen Stanford Linear Accelerator Laboratory 
 
 
C. Michael Turner Invitation Letter 
 
Dear MPSAC Members and Theory Workshop Steering Group Members, 
 
I would like to invite you to the October 28-29, 2004 workshop “Theoretical Science in the 
Mathematical and Physical Sciences Directorate.”  This workshop is intended to identify, to 
the National Science Foundation's Mathematical and Physical Sciences Directorate 
(NSF/MPS), approaches on how best to support and nurture theoretical research in the 21s t 
Century. The changing landscape of scientific opportunities, the emergence of exciting 
opportunities at discipline boundaries, and the increasing prominence of computational 
science provide new challenges to the support of theory. What remains unchanged is the 
transformative power of advances in theory. 
 
Scientists representing each of the five MPS divisions (Chemistry, Astronomy, Mathematics, 
Materials Research, and Physics), NSF scientific staff members, and observers from other 
agencies and organizations will attend the workshop.  
 
The workshop will begin Thursday morning, October 28 with a set of five scientific talks 
(including yours) to provide a sampling of some of the exciting theoretical research 
currently being supported in each of the divisions of MPS. In subsequent sessions, the 
workshop will focus on the opportunities and challenges that theoretical science presents to 
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the MPS Directorate. We expect the workshop to provide recommendations to MPS in three 
broad areas:  
 


1) Important scientific opportunities for theory within the mathematical and physical 
sciences;  


2) Modes of support for theory across MPS; and  
3) The education and training of young theorists.  


 
On Thursday afternoon we will have five breakout sessions organized along divisional lines 
that will meet with the staff of the five MPS Divisions (Astronomical Sciences, Chemistry, 
Materials Research, Mathematical Sciences, and Physics) to discuss and formulate the views 
of that discipline with respect to these three areas. A plenary session will then follow, in 
which reports will be presented from each of the divisional breakout sessions.  
 
To frame the discussion in each session, a set of common issues and questions will be 
prepared in advance and circulated to all participants. In addition, I have attached a list of 
documents you can access on that web that provide some background for the workshop.  
Please be sure to look at this material prior the workshop. 
 
During the evening of October 28, the workshop steering committee will meet to refine the 
set of questions to be discussed at interdisciplinary issue-oriented breakout sessions on the 
morning of Friday, October 29. The results of these breakout sessions will then be presented 
to the entire workshop.  
 
We will conclude the workshop Friday afternoon with a discussion of the recommendations 
the workshop wishes to make to MPS. 
 
I have attached information concerning hotel reservations and background reading 
information. You will be receiving information for making travel reservations for the 
workshop (airline reservations must be made through the NSF contractor). Also, you will be 
receiving information concerning the agenda and additional background materials. 
 
Please let Morris Aizenman (maizenman@nsf.gov, 703-292-8807) know as soon as possible 
whether you intend to participate at the workshop 
 
 


Sincerely yours, 
 


Michael Turner 
Assistant Director 
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D. Questions Provided in Advance of the Workshop 
 
 


A. The Science 
 
What are the most exciting frontiers of theoretical science in astronomy, 
chemistry, materials research, the mathematical sciences, and physics?  
 
A1. What is the breadth of theoretical science being supported in each division of MPS?  
A2. What are the different approaches to theoretical research being supported in each 
division – basic, computational, phenomenological, etc.?  
A3. Are the relations and distinctions between theory and experiment changing with time 
in each division? How discipline specific is this?  
A4. In the theoretical sciences, what are the advantages provided by groups (often multi-
institutional or multi-disciplinary) working on a common effort? These can be 
theoretical/experimental, theoretical/computational, only theoretical, etc.  
A5. Do the divisions of MPS support all the theoretical science that they should, and that 
they are capable of supporting?  
 
B. Modes of Support 
 
Are the modes of support and the organizational structures within each division 
and within MPS as a whole appropriate for the theoretical science that is being 
supported and that should be supported?  
 
 
B1. What are the needs for different types of theoretical research – basic, computational, 
phenomenological (for example, stability, duration, institutional support, environment)?  
 
B2. Among the different modes of support (individual investigator, group grants, centers), 
should some be further encouraged or discouraged by each division?  
 
B3. Is there a need for more interdisciplinary research, crossing programs, divisions, or 
directorates? How should this be encouraged in each division?  
 
B4. Within funding agencies, major initiatives are issued occasionally. Are initiatives 
needed in theory? When would it work and when would it not work? Can theory take 
advantage of this mode of support?  
 
B5. What are the expectations for theory within predominantly experimental centers and 
facility modes of support?  
 
B6. How do the modes of support in each division compare and inter-relate with other 
federal science agencies? How important is cooperation with other agencies?
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C. Education and Outreach  
What should each division do in support of the education and training of the next 
generation of theoretical scientists – at the undergraduate, graduate, and 
postdoctoral levels? What should each division and the theoretical scientists it 
supports do to transmit the excitement of scientific discovery and increase 
scientific literacy among the general public?  
 
C1. For graduate students working in theory, support is provided by the NSF and by other 
sources (university fellowships and teaching assistantships, other non-federal sources, 
etc.). Post-PhD employment patterns are varied, with limited opportunities available in 
many areas. How can one judge the appropriate balance among the modes of NSF support 
and the appropriate number of graduate students to be trained?  
C2. How can students be attracted to theoretical research? How can exposure to and 
participation in theoretical research by undergraduate students be encouraged and 
nurtured? Can this be achieved through REUs or other mechanisms? With respect to 
underrepresented groups, what should be done to encourage their participation?  
C3. Divisional efforts in the education and training of theorists include support for summer 
schools, workshops, conferences, travel grants, postdoctoral fellowships, etc. How can the 
effectiveness of these efforts be judged, and are there other mechanisms that should be 
considered?  
C4. How can each division further encourage and support scientific outreach by theoretical 
scientists – to K-12 students and to the general public?  
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E. Agenda of the Meeting 
 
 


Thursday, October 28 
 


7:00 – 8:00  Transfer from Sheraton National Hotel to NSF, Sign in   


8:00 – 8:30  Coffee  


8:30 – 8:45  Welcome  Room 375  


 Dr. Michael Turner, National Science Foundation  


 Dr. Carl Lineberger, University of Colorado  


 Dr. Thomas Appelquist, Yale University  


8:45 – 12:10  Plenary Session: Invited Science Talks  Room 375  


8:45 – 9:20  Dr. John Morgan, Columbia University, “Using heat-type 


flow to understand the topology of three-dimensional 


manifolds” (Mathematics)  


9:20 – 9:55  Dr. Casey Hynes, University of Colorado, “Theory of 


Chemical Reactions: Current Insights and Future 


Opportunities” (Chemistry)  


9:55 – 10:25  Break  


10:25 - 11:00  Dr. Lisa Randall, Harvard University, “Physics in Warped 


Space-time: Extra-Dimensional Possibilities”    (Physics)  


11:00 – 11:35  Dr. Roger Blandford, Stanford University, “Coming of Age in 


 Theoretical Astrophysics” (Astronomy)  


11:35 – 12:10  Dr. Steven Kivelson, Stanford University, “Fundamental 


Issues in Materials Theory”(Materials Research) 12:00 – 


13:30  Lunch    


13:30 – 13:45  Plenary Session: Breakout Session Instructions 


 Dr. Thomas Appelquist, Room 375 13:45 – 16:45 


 Divisional Breakout Sessions for Discussion of 


Questions on Science (A), Modalities of Support (B), and 


Education and Outreach (C)  


 Division of Astronomical Sciences (AST)  Room 375  


 Division of Chemistry (CHE) Room 430  


 Division of Materials Research (DMR) Room 1060  


 Division of Mathematical Sciences (DMS) Room 1020  


 Division of Physics (PHY)  Room 575 SII  


16:45 – 17:00  Break   







 35


17:00 – 18:15  Plenary Session: Divisional Breakout Session Summary 


 Discussions, Room 375   


17:00 – 17:15  PHY: Dr.  Thomas Appelquist, Yale University  


17:15 – 17:30  CHE: Dr. Emily Carter, Princeton University  


17:30 – 17:45  DMR: Dr. Susan Coppersmith, University of Wisconsin   


17:45 – 18:00  AST: Dr. Christopher McKee, University of California, Berkele   


18:00 – 18:15  DMS: Dr. David Morrison, Duke University  


18:15 – 19:00  General Discussion  


19:00  Adjourn  


 


Friday, October 29 


7:00 – 8:00  Transfer from Sheraton National Hotel to NSF - Sign in 


8:00 – 8:30  Coffee  


8:30 – 9:15  Plenary Session: Discussion and Questions 


 Dr. Thomas Appelquist  -  Room 375  


9:15 – 11:45  Interdisciplinary Breakout Sessions on Science (A), 


Modalities of Support (B), and Education and Outreach (C) 


  


 Interdisciplinary Breakout Sessions on Science - Room 375  


Interdisciplinary Breakout Sessions on Modalities of 


Support - Room 1295  


Interdisciplinary Breakout Sessions on Education and 


Outreach - Room 595  SII  


11:45 – 13:00  Lunch  


13:00 – 15:00  Plenary Session: Interdisciplinary Breakout Session  


 Reports and Discussion - Room 375  


13:00 – 13:15  Science: Dr. John Huchra, Center for Astrophysics  


13:15 – 13:30  Modalities of Support: Dr. Steve Girvin, Yale University  


13:30 – 13:45  Education and Outreach: Dr. Jeanne Pemberton, University 


of Arizona 


13:45 – 15:00  General Discussion of Outcomes of MPS Theory Workshop  


 Room 375  


15:00  Adjourn 
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UNITED STATES GOVERNMENT


M  E  M  O  R  A  N  D  U  M


  DIRECTORATE FOR MATHEMATICAL AND PHYSICAL SCIENCES 
 


Date:  October 25, 2005 
From:  Assistant Director, MPS 
Subject: MPS Response to Recommendations of the MPS Theory Workshop 
To:  MPS Advisory Committee (MPSAC) Members 
 
I want to thank the organizers of the MPS Theory Workshop, its participants, and especially  the 
Chair of the workshop, Dr. Thomas Appelquist of Yale University, for this report. I believe the 
workshop represented the first time participants from all of the MPS disciplines convened to 
discuss the support of theory within the MPS sciences. 
 
Since acceptance of the report by the MPSAC at its Spring 2005 meeting, MPS has been 
discussing and developing a response to the report’s recommendations.  
 
Our response to the report follows.  The response consists of the report’s preamble to each 
recommendation, the recommendation, and the MPS response.  The same format is used in the 
response of each of the MPS divisions to division-specific recommendations. 
 
I look forward to discussing our response to the report at the November meeting. 
 
 
      Sincerely, 


 


 
 


      Michael S. Turner 
      Assistant Director 
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A. The Science and its Support: 
 


----A1---- 
 


The best ideas for basic scientific research emerge from the scientific 
community itself. In many cases, this inquiry-driven research is supported in 
response to unsolicited proposals. It can be found in established or emerging 
disciplines, and frequently involves the pursuit of risky ideas. 
 
In theoretical science, inquiry-driven research by individuals and small 
groups is the central, key component. Individual investigators, working with 
students and postdoctoral fellows, produce much of the most exciting 
science. Collaborating in larger groups can also be very effective in theory. 
The advantages include solving complex problems involving multiple 
disciplines and skill sets, the presence of critical mass to spark ideas, the 
leveraging of resources, and the shared mentorship of young scientists.  
 
Grants for the support of individuals and collaborative groups are extremely 
important, as are grants to groups of theorists with related interests. In 
addition, grants to experimental groups can provide support for theorists, 
who can often be important members of experimental collaborations.  
 
Recommendation A1. MPS should preserve inquiry-driven theoretical 
research at the frontiers. The support of unsolicited proposals from 
the scientific community should remain a very high priority.  
 
MPS Response A1: We concur.  The support of unsolicited proposals from 
the science community will remain a very high priority for all of the Divisions 
within the MPS Directorate. 
   


----A2---- 
 


Recommendation A2. MPS should foster a breadth of effort in 
theoretical science, and be responsive and flexible to new and 
sometimes risky opportunities and emerging disciplines. 
 
MPS Response A2: MPS sponsors theoretical research in the physical 
sciences and mathematics through its five divisions and the Office of 
Multidisciplinary Activities.  The MPS divisions will continue to be responsive 
and flexible to new opportunities in theoretical science including those that 
cut across traditional boundaries. 
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----A3---- 


 
For theorists, as well as experimentalists and observers, there is a natural 
tension between the support for individuals and smaller groups on the one 
hand and for larger groups and centers on the other. This is mirrored in the 
tension between the support of unsolicited proposals and solicited ones. Both 
are important, and establishing the right balance is a continuing challenge 
for MPS. It is also a Division-specific challenge, which has been considered 
by each Committee of Visitors (COV) in recent years. It is important to note 
that MPS centers that focus on theory, or that include theory as a 
component, have played a very valuable role in the scientific community. 
 
Recommendation A3.  Each Division of MPS should continue to 
monitor carefully the mix of center support, group support, and the 
support of individual investigators in theoretical science. The 
Divisions should develop metrics to determine the appropriate 
balance among these modes of support, for the advancement of 
science and for educating the next generation of scientists. 
 
MPS Response A3: The balance between center support, group support 
and the support of individual investigators in theoretical science is one that 
is dynamic and changing.  The MPS Divisional Committees of Visitors (COVs) 
are and will be asked to assess the current balance of center, group and 
individual investigator support across the division and make 
recommendations.   
 


----A4---- 
 


Grant duration and magnitude are of great concern across MPS. They are 
critical issues for theoretical scientists, many of whom must rely solely on 
the National Science Foundation for support. It is the current policy of the 
National Science Board to increase the duration and magnitude of principal 
investigator grants.  
 
Recommendation A4.  The Divisions of MPS should work to increase 
the duration of individual and group grants to theoretical scientists 
in response to unsolicited proposals. MPS is urged to secure the 
incremental funding to increase the magnitude of grants in theory.  
These steps should be taken even in times of budgetary stringency. 
 
MPS Response A4:  MPS agrees that an award should be supported at a 
level and duration consonant with the proposed research.  The norm for the 
duration of awards in awards supporting theory is 3 years. Awards with 
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durations longer than this are considered on a case-by-case basis.  The size 
of theory awards in the MPS Divisions has been increasing over the last few 
years. The divisions look carefully at the tradeoff between award size, 
duration and success rate. 
 


----A5---- 
 


Frontier theoretical research often evolves rapidly and in surprising 
directions. There will always be important opportunities that do not fit 
comfortably into any one of the established disciplines around which the 
programs of MPS are structured. The work can be inter-divisional, inter-
directorate, and even inter-agency. Program Officers look for these 
opportunities, and the Office of Multidisciplinary Affairs (OMA) provides start-
up support, although it generally does not participate in individual or small 
group awards. There is a perception among theoretical scientists that 
research proposals at disciplinary boundaries sometimes “fall through the 
cracks”.  
 
Recommendation A5. MPS should ensure that adequate mechanisms 
are in place for the review and support of proposals for theoretical 
research at the boundaries of the established disciplines, as well as 
theoretical research that combines several disciplines. The success 
rate for such proposals should be the same as for disciplinary 
proposals of comparable quality. The Office of Multidisciplinary 
Affairs (OMA) should play a more active role at the individual and 
small-group levels.  


 
MPS Response A5: The success rate of theoretical proposals in 
interdisciplinary fields is dependent on the quality of the proposals that are 
received and on available budgets.  Program Directors actively consult with 
their counterparts in other Divisions and Directorates on interdisciplinary 
proposals, and they will be encouraged to continue to do so.  The Office of 
Multidisciplinary Activities’ role is to actively encourage and assist in the 
support of multidisciplinary proposals.  
 


----A6---- 
 
Major and moderate initiatives at the NSF, including those associated with 
large facilities, often do not include support for important, related theory. 
This can be short sighted, since theory is crucial for the interpretation of 
frontier experiments, and can set new experimental agendas. Furthermore, 
modern instruments and experiments require broad theoretical 
understanding for their proper design. 
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Recommendation A6. Support for theory, including grants to 
individual investigators, should be a part of major or moderate 
programs in each of the Divisions of MPS.  


 
MPS Response A6: MPS will, as appropriate, consider inclusion of 
theoretical science in MPS initiatives, solicitations, and the support of new 
facility projects. 
 


----A7---- 
 


Computation is a fundamental part of theoretical science. It is essential for 
exploring theoretical structures themselves, for simulating the behavior of 
complex, non-linear systems, and for the interpretation of precision 
experiments and observations. State-of-the-art computational facilities of all 
sizes, and their support, are critical for theoretical research. Algorithmic 
development, often interdisciplinary, is also a very important component of 
theory. 
 
Recommendation A7. MPS should provide strong support for 
computational facilities, for the development of publicly available, 
professional quality code, and for algorithm development. 
 
MPS Response A7: We concur.  MPS is an active participant in the 
development of an Office of Cyber Infrastructure within NSF. There is an 
MPS working group that meets on a weekly basis providing input into various 
aspects of cyberinfrastructure. The Divisions of Chemistry (page 16) and the 
Division of Materials Research note that they are strongly committed to 
providing adequate levels of support. 
 


----A8---- 
MPS-supported theoretical research, some funded through the Information 
Technology Research (ITR) initiative, has played a vital role in advances in 
computational science.  
 
Recommendation A8: New resources should be sought to ensure that 
outstanding research that has been initiated using Information 
Technology Research (ITR) funds can be sustained throughout the 
theoretical programs of MPS.  
 
MPS Response A8: Funds that were available through MPS under the 
Information Technology Research priority area are now part of Divisional 
budgets, and we will continue to seek funds to augment this area. 
 


----A9---- 
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Biologically related research is increasing throughout the Divisions of MPS. 
Theoretical concepts from the physical sciences and mathematics are being 
applied to biological systems, biologically-inspired principles are being used 
to design new materials, and experimental advances are enabling new 
probes of living systems. The trend towards doing biologically relevant and 
related research is also occurring in other NSF Directorates, and is likely to 
continue and even accelerate over the next decade.  
 
 
Recommendation A9:  As biologically-related theoretical research 
becomes more and more pervasive, it is increasingly important to 
coordinate the support of this research across all the Divisions and 
Directorates of NSF.  
 
MPS Response A9: We agree. This is an emerging area that is attracting 
increasing numbers of research scientists in the MPS disciplines, we are 
strongly supportive of this area, and we will coordinate efforts in this area 
among the MPS Divisions and with other Directorates. 
 


----A10---- 
 


Program Officers play a key role in developing and sustaining theoretical 
research. The demands on them have grown substantially in recent years, 
with new programs and initiatives, increasing international collaboration, and 
the mounting scale of much of modern science.  
 
Recommendation A10. Program Officers responsible for theoretical 
science are over-committed throughout MPS, and need additional 
help.  Permanent Program Officers are especially important for the 
health of the theoretical programs of each Division.  
 
MPS Response A10: MPS is well aware of the problem of over-committed 
staff, and it is not limited to theory. Likewise, it is important to have a 
balance between permanent and visiting scientists at NSF. Committee of 
Visitors have brought this to our attention, and we will work towards a 
balance of permanent staff and visiting scientists. In addition, it is important 
that the community work with NSF in suggesting the names of individuals 
who might consider coming to NSF. 
 
B. Education and Training 
 
The health of theoretical science relies critically on the education and 
training of young scientists. From the advanced undergraduate level on, 
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promising students with an interest and talent for theoretical research must 
be encouraged and supported. The nurturing of talented students must 
begin even at the high school level. Mentoring plays a key role at every 
stage, and it is important to insure that faculty members and senior research 
scientists in theory are engaged and effective at mentoring.  
 


----B1---- 
 
NSF-supported workshops on professional development and teaching for 
faculty are oversubscribed. They have high impact and are of relatively low 
cost.  
 
Recommendation B1. MPS should encourage the Division of 
Undergraduate Education in the Education and Human Resources 
Directorate to expand workshops on professional development and 
teaching for faculty. 
 
MPS Response B1: The coordination between MPS and EHR is being 
strengthened with the establishment of three working groups between the 
two Directorates. We will consult with EHR on these workshops and work 
with them on possible implementation of such workshops. 
 


 
----B2---- 


 
The CAREER program for young faculty has been very successful. In the MPS 
theoretical science community, however, there is a perceived excessive 
emphasis on innovative teaching proposals, especially at the K-12 level. 
Teaching and mentoring at the undergraduate, graduate, and postdoctoral 
levels are also very important.  
 
Recommendation B2. MPS should be flexible about the innovative 
teaching component in the CAREER program. A set of best practices 
and existing K-12 opportunities for investigators should be 
communicated to applicants, reviewers, and panels.  
 
MPS Response B2: MPS follows a flexible interpretation of the educational 
effort, and follows the spirit of the CAREER solicitation, which states 
"Successful PIs will propose creative, integrative, and effective research and 
education plans."  Additionally, MPS wishes to note the solicitation statement 
that "Proposed education activities may be in a broad range of areas and 
may be directed to any level: K-12 students, undergraduates, graduate 
students, and/or the general public, but should be related to the proposed 
research". These are the types of efforts that are communicated to 
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prospective PIs, not only in the solicitation, but during conversations and 
presentations that arise before the submission deadline.  They are also the 
efforts that are described to the reviewers and the panel.  The Workshop 
recommendation emphasis on "K-12 opportunities" unnecessarily focuses 
attention on only one possible educational effort.  General examples of 
possible educational activities are, in fact, presented in the solicitation, and 
efforts proposed by successful awardees are available in the published 
abstracts.  Since NSF recognizes that there exists "no single formula for 
developing an integrated research and education plan", and "because there 
may be different expectations within different disciplinary fields and/or 
different organizations, a wide range of projects may be appropriate for the 
CAREER program", best practices (and expectations of the host institutions) 
for the proposed program should, by necessity, be conveyed in the proposal 
by the PI. 
 
 


----B3---- 
 
Summer schools for the advanced training of graduate students in theory 
are highly valuable. They provide opportunities for students to broaden and 
deepen their knowledge of specialized topics, and to become acquainted with 
their peers at other universities and senior scientists from the U.S. and 
abroad. 
 
Recommendation B3. The Divisions of MPS, possibly together with 
other agencies, should support focused summer schools for 
advanced training of graduate students in theoretical science.  
 
MPS Response B3: MPS is strongly supportive of such summer schools and 
the Divisions are already supporting a number of such activities. MPS will 
encourage PIs to submit proposals for this type of activity and we will 
encourage them to explore the possibility of support by other agencies for 
this type of activity. We will partner with other agencies should they be 
interested in this activity. 


 
----B4---- 


 
The NSF has little statistical information specifically identifying theory 
graduate students and their support patterns, which can be very different 
from experimental students. Since theory grants are typically smaller than 
experimental grants, many students in theory rely more on teaching 
assistantships and other forms of university support. Readily available 
information on these patterns would be very helpful in assessing their 
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impact on the education of theorists and in suggesting possible actions by 
universities and by MPS.  
 
Recommendation B4. Statistical information on theory graduate 
students in MPS should be collected routinely and maintained by the 
NSF. 
 
MPS Response B4: This would be a major undertaking for the Directorate 
and a number of issues must be addressed prior to beginning gathering such 
information. How would “theory students” be identified? In addition, one 
would have to determine just what type of data should be gathered, and 
whether it would be available within the data provided with a proposal 
submission or in the annual and/or final reports on grants.  We consider this 
to be a question applicable to both graduate students and postdocs and will 
consult with the Division of Science Resource Statistics (SRS) on gathering 
such data1. 
 


----B5---- 
 


                                                 
1 The Division of Science Resources Statistics (SRS) fulfills the legislative mandate of the National Science 
Foundation Act to . . . 


provide a central clearinghouse for the collection, interpretation, and analysis of data on 
scientific and engineering resources, and to provide a source of information for policy 
formulation by other agencies of the Federal Government. . . 


To carry out this mandate, SRS designs, supports, and directs about 14 periodic surveys as well as a variety 
of other data collections and research projects. These surveys yield the materials for SRS staff to compile, 
analyze, and disseminate quantitative information about domestic and international resources devoted to 
science, engineering, and technology. Each year SRS produces about 30 publications, which can be roughly 
divided into the following categories: 


• Detailed Statistical Tables reports containing an extensive collection of tabulated data from each of 
SRS's surveys; 


• InfoBriefs highlighting results from recent surveys and analyses; 
• Periodic "overview" reports, such as Science and Engineering Indicators or National Patterns of 


R&D Resources; 
• Periodic reports on focused topics such as Women, Minorities, and Persons With Disabilities in 


Science and Engineering and International Science and Technology Data Update; and 
• Special reports, such as Undergraduate Origins of Recent Science and Engineering Doctorate 


Recipients and International Resources for Science and Technology. 
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Summer programs for gifted high school students, which have been 
supported in the past by NSF, have been very successful in attracting young 
people into careers in science.  
 
Recommendation B5. MPS should support summer programs for 
gifted high school science and mathematics students. 
 
MPS Response B5: Support for such activities have taken place at times, 
primarily through centers and facilities. MPS will explore possibilities with the 
joint MPS/EHR working groups. 
 
C. Broadening Participation 
 
Despite the progress of recent years, there is much work to be done to 
increase diversity in theoretical science. The proportion of women entering 
the field has increased some, but the number of under-represented 
minorities remains as tiny as ever. The effort to increase diversity must 
begin at the K-12 level and continue through college, graduate school, 
postdoctoral training, and the early stages of academic and scientific 
careers. Retention is a problem at every stage. The NSF takes diversity very 
seriously, with many approaches being brought to bear. The discussions of 
the Workshop did not identify issues specific to theory, but several 
observations and recommendations emerged that were of particular concern 
to the participants. 
 


----C1---- 
 
The competing demands of child care and professional responsibilities can be 
a major impediment for women pursuing scientific careers. Indeed, many 
women opt out of the pipeline after graduate school simply because they 
cannot envision means by which both family and career can be balanced. 
 
Recommendation C1. NSF should expand the definition of allowable 
expenses to grants to permit the charging of child-care expenses 
during periods of professional travel. In addition, MPS should 
explore ways to create incentives to universities and other 
institutions to provide sufficient, high quality child-care facilities.  
 
MPS Response C1: This is an NSF-wide issue and we will bring this 
recommendation to the attention of NSF senior management. 
 


----C2---- 
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The availability of exciting research opportunities and mentoring by faculty 
members and senior scientists plays a very important role in attracting 
women and under-represented minorities at the undergraduate level to 
careers in science. Partnerships among universities, industry, and national 
laboratories can be especially effective, introducing students to the breadth, 
flexibility and teamwork in such venues.  
 
Recommendation C2. MPS should expand undergraduate research 
programs in theoretical science that place an emphasis on recruiting 
under-represented minorities and women, including programs 
involving partnerships with industry and national laboratories.   
 
MPS Response C2: Broadening participation in research and engineering is 
an area NSF strongly supports. In particular, we encourage REU sites to 
make strong programs in broadening participation, and will continue to do 
so.  We will encourage theorists to participate in the REU sites at their 
institution and we will also encourage, through divisional newsletters, theory 
groups to submit to the REU program.  
 


----C3---- 
 
Diversity must be encouraged strongly in the theoretical science research 
community beginning at the graduate–student and postdoctoral levels where 
retention is critical.  
 
Recommendation C3. MPS should develop a mechanism, such as  
supplements to research grants, for the support of members of 
under-represented groups and women at the graduate-student and 
postdoctoral levels in theoretical science. 
 
MPS Response C3: Support for graduate students and postdocs is part of 
the normal request within proposals, and is considered on the basis of each 
proposal received. Supplements are considered on an individual basis, 
subject to budget constraints. In all instances, principal investigators are 
encouraged to draw from a diverse pool of candidates. In instances where 
specific students are identified, diversity and potential impact on broadening 
participation are among the decision factors.  


 
----C4---- 


 
Recommendation C4. MPS should regularly examine the diversity of 
speakers and organizing committees at meetings that it supports 
involving theoretical scientists. It should do the same for the 
advisory panels for the facilities and centers that it supports. MPS 
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should identify, promulgate and reward best practices. It should 
take into account recent practice in making funding decisions for all 
meetings and workshops. 
 
MPS Response C4: We are in full agreement with this recommendation. We 
will ensure that all of the MPS divisions are aware of this and we will expect 
MPS divisions to follow this to the extent that is practical in any particular 
situation. 
 
D. Outreach 
 
The scientific advances of recent years have captured the interest of people 
everywhere, and the benefits of science are widely appreciated. The 
theoretical research community can take pride in this, but it also has a 
responsibility to continue to educate the general public. The funding of 
scientific research by the NSF and other government agencies, so essential 
for its continuing progress, depends finally on the support of an informed 
and supportive citizenry. 
 


----D1---- 
 
Federal science agencies such as the NSF can play an especially important 
role in this effort. They can do so directly and by their support of individuals, 
centers, and laboratories across the country. The NSF, through its Office of 
Legislative and Public Affairs (OLPA), is now strengthening its outreach 
efforts in a variety of ways. This is to be commended, but the resources 
should be provided to do more, including the education of the general public 
on exciting advances in theoretical science.  
 
Recommendation D1. MPS together with the Office of Legislative and 
Public Affairs (OLPA), should take greater responsibility for  
 
– Publicizing and taking credit for MPS-supported theoretical 
research. This can be done through NSF publications themselves and 
by working with the private-sector media.  NSF can learn from the 
best practices of other agencies.  
 
– Educating and helping theoretical scientists to communicate with 
the general public.  
 


– Educating journalists on the wide variety of theoretical science 
supported by MPS. A summer school for journalists could be 
helpful. 
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MPS Response D1: We agree with this recommendation, and are working 
with OLPA to publicize and take credit for MPS-supported research.  We will 
encourage MPS-supported principal investigators, through our divisional 
newsletters, to include a link to the NSF home page. We will also look at 
other means of encouraging PIs in theory to submit nuggets to us. We will 
encourage the submission of proposals for workshops that are designed to 
implement the recommendation concerning journalism, and we will work 
with NSF’s Office of Legislative Affairs (OLPA) about informing journalists on 
MPS-supported work.  
 


----D2---- 
 
Recommendation D2. MPS should establish a program for outreach 
grant supplements to theoretical scientists who are especially 
effective at representing science to the public. 
 
MPS Response D2: We will encourage principal investigators to include 
such activities within proposals and coordinate such activities with the 
Education and Human Resources Directorate. 
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IV. Division-Specific Observations and Recommendations 
 
 
The recommendations in this section emerged principally from the breakout 
sessions centered around each of the five Divisions of MPS. They were 
discussed by the Steering committee and the participants, but not 
necessarily endorsed broadly by these groups.  
 
 
 
A. Astronomy (AST) 
 
AST Recommendation 1: The Astronomy Division should maintain 
the current structure of its grants program. It should continue to 
form review panels in response to the proposals received so as to 
maximize the ability to compare proposals on similar topics. Each 
review panel should include both theorists and observers, with a 
balance that approximates the nature of the proposals in that panel. 
 
AST Response:  We appreciate the Theory Workshop endorsement of the 
organizational structure of the unrestricted individual investigator grants 
program in AST.  We believe PIs with proposals in all techniques and 
astronomical topics, including those covering multiple techniques 
(observations, theory, laboratory) and topics, are best served with the no-
boundary structure of the program.  Furthermore, this structure maintains 
the flexibility to respond to shifting interests and newly burgeoning areas of 
research.  AST will continue to follow the practices described in this 
recommendation.  In particular, it is AST practice that review panels are 
made up of experts in the same range of activities as the proposals before 
the panel. 
 
 
AST Recommendation 2:   In the AST Postdoctoral Program (AAPF), 
– Letters of recommendation should be made available to reviewers 
in making their decisions on whom to select.   
– Non-citizens based at US institutions should be eligible; the Hubble 
Fellowship program shows one way to do this.  
– It is important that the AAPF program reflect the range of activities 
supported by AST, and this is best ensured by having the review 
panels reflect this range. Theory is a critical component of 
astronomical research, and AST should strive to ensure that 
theorists are represented on the AAPF review panel in proportion to 
the number of theorists applying for fellowships.  
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AST Response:  The AST Astronomy & Astrophysics Postdoctoral Fellowship 
(AAPF) program was designed to provide a comprehensive professional 
development experience for the Fellows. The AAPF fellowships are awarded 
to the individual to recognize and develop professional independence and to 
foster flexibility and portability.  They include an educational component that 
is intended to integrate the fellow into the educational activities of the host 
institution and to provide fellows with experiences that will prepare them for 
the next stage of their careers.   
 
The AST AAPF approach is intended to expose applicants to the proposal 
writing and review process, to increase diversity among the award recipients 
by removing perceptions of reputation and influence, and to judge AAPF 
proposals in a manner similar to that used with regular AST research 
proposals.  Proposals to the AAPF program are reviewed according to the 
intellectual merit and broader impacts of the proposed research and 
education projects. Additional review criteria are used in the evaluation 
process to consider the qualifications of the applicant, the suitability of the 
proposed host institution, and the prospective benefits to the applicant, host 
institution and scientific discipline. The majority of AAPF review panelists 
consistently report that letters of recommendation would not be beneficial to 
the program or the review process.  AST considers both the diversity (49% 
women, 11% non-Asian minorities) and caliber of AAPF awardees as 
demonstrative of a robust review process. 
 
The AST AAPF program follows rules and policies that govern NSF fellowship 
programs in general.  Under these rules non-US citizens are not eligible to 
receive fellowship awards.  We believe that making the award to the 
individual and not to the institution is a strength of the fellowship program.   
 
It is AST practice that review panels are made up of experts comprising the 
same range of activities as the submitted proposals under review.  Thus, 
theorists are represented on AAPF review panels as appropriate. In every 
year that the AAPF program has been active, the percentage of theorists on 
AAPF review panels has exceeded the percentage of submitted theory 
proposals. Fellows engaged in theoretical work constitute roughly one third 
of current fellowship awards, an award ratio very similar to that in the 
regular research grants programs.  
 
 
AST Recommendation 3: The Senior Review of facilities planned by 
AST should include a review of the balance between the grants 
program and support of facilities. 
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AST Response:  Given the goals and the charge for the AST Senior Review 
and given suggestions from our advisory groups, the core grants program in 
AST will not be on the table for in-depth consideration by the 2005 Senior 
Review process.  The Review committee will be free to express their view of 
the appropriate balance between facilities and grants, including the 
possibility of increased grant support over the current level.   
 
 
AST Recommendation 4: The scientific staff at AST-supported 
centers such as NOAO and NRAO should be strong in theory as well 
as in observation and instrumentation, subject to the condition that 
staff theorists would share equally in carrying out service for the 
centers. 
 
AST Response:  This recommendation will be passed on to the managing 
organizations of our National Astronomy Centers.  
 
 
AST Recommendation 5: Review panels should be informed that AST 
supports the concept of group grants for theorists that provide 
collective support for items such as computer personnel, computers, 
group postdocs, and visitors that the group feels are best supported 
at the group level.  
  
AST Response:  Review panels in the AAG program will be informed that 
proposals structured as group grants are legitimate modes for AST support, 
if there are any proposals in the panel that meet this description.  Any 
statement regarding legitimacy of group grants will apply to all such 
proposals regardless of technique (observation, theory, laboratory) and 
topic. Irrespective of the detailed organizational structure of the proposal, all 
proposals in the panels will be evaluated on the basis of the two NSF review 
criteria of intellectual merit and broader impacts.   
 
 
AST Recommendation 6: Theory Challenges should be a budgeted 
part of any major or moderate initiative in AST, as recommended in 
the Decadal Survey. 
 
AST Response:  AST is supportive of this recommendation in spirit, but the 
restrictions on the MREFC funding account prohibit use of MREFC funds to 
support activities outside of facility construction.  Recently submitted 
proposals for major research facilities include a theory challenge component.    
However, any support for theory challenges would have to be found in the 
already heavily pressured Division budget, and thus compete with other high 
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priority activities and recommendations from the community.  AST will 
continue to weigh this recommendation with many others in this and other 
community reports and to work to implement it as we see opportunity to do 
so.   
 
 
B. Chemistry (CHE) 
 
Due to the successful development of software by theoretical chemists, 
computational chemistry research has increased dramatically, with funding 
from the Theoretical and Computational Chemistry program (TCC), as well 
as other programs within the Chemistry Division (CHE) and elsewhere in NSF 
(e.g., the Information Technology Research initiative). The use of these 
theoretical tools is growing, by theorists and also by experimentalists, in 
academe, industry, and national laboratories. The most recent budget 
allocations for TCC do not reflect this success.  Over the past 5 years, 
growth in budgets for experimental CHE programs has exceeded that for 
theory, even though TCC is the primary steward for research in this sub-
discipline. 
 
CHE Recommendation 1: CHE should ensure adequate budget 
allocations in the Theoretical and Computational Chemistry program 
and other CHE programs for development of new theoretical 
methods and associated software, as well as simplified analytic 
models that provide new insight.   
 
CHE Response: As the principal steward of U.S. theoretical and 
computational chemistry, CHE has historically strongly supported this 
subdiscipline and is committed to continuing to ensure its development by 
providing adequate levels of support. 
 
Solutions to complex problems often require a diversity of expertise beyond 
that held by the typical single principal investigator. A particular 
phenomenon may be explored optimally by an all-theoretical team consisting 
of, e.g., a quantum chemist, a dynamicist, and a statistical mechanician, 
rather than any one of them alone.  
 
    
CHE Recommendation 2: CHE should encourage proposals to the 
Collaborative Research in Chemistry (CRC) program from small 
groups of theory-only investigators, as described above. 
 
CHE Response: CHE certainly welcomes submission of collaborative, 
theory-intensive proposals to the CRC program.  There is no restriction on 
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the nature of projects supported by the CRC program, nor by the other 
multi-investigator programs in CHE, viz., CBC, EMSI, and CRIF.  Any of 
these programs could serve as vehicles for collaborative chemical research 
and education involving small groups of theorists, and CHE will work to 
make the community aware of this opportunity. 
 
Encouraging interdisciplinary collaborations to probe complex processes will 
require still larger endeavors. The remarkable success of theory institutes 
supported by PHY, DMR, and DMS in bringing scientists together is one that 
could be emulated in other disciplines.  Theoretical chemistry has no analog 
to these institutes. Funding of one or two national centers for theoretical 
chemistry, in different geographic locations, could provide a resource to 
develop new collaborations, facilitate cross-fertilization, and introduce 
students and postdoctoral fellows to a wide array of sub-disciplines.  
 
 
CHE Recommendation 3:  CHE should encourage proposals for one or 
two theoretical chemistry institutes, but they should not be initiated 
at the expense of single investigator grants in the Theoretical and 
Computational Chemistry (TCC) program.  
 
CHE Response: CHE is receptive to the concept of establishing institutes 
focused on theoretical chemistry whose activities would be complementary 
to the division’s TCC single-investigator-based investments.   
 
The single-investigator mode of research will continue to play the primary 
role in chemical advances for the next decade.  A mismatch exists between 
the cost of personnel and the size of the average CHE grant. There is a 
similar mismatch between the normal duration of a research appointment 
(postdoc or graduate student) and the typical duration of a CHE grant. This 
problem is particularly acute in theoretical chemistry because TCC has 
primary national stewardship for the support of fundamental research in this 
area. While the average TCC grant provides adequate support for graduate 
students plus PI summer salary for three years, there is insufficient support 
for post-docs at a reasonable salary level. 
 
CHE Recommendation 4:  CHE should develop a funding model for 
the Theoretical and Computational Chemistry (TCC) program that 
provides: 


 
• Support for “full” people, as opposed to fractions (1 postdoc, 


and 1 or 2 graduate students for their research lifetime) 
• A humane postdoctoral fellow salary 
• A minimum of 1 month of summer salary per PI 
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• Base support for supplies, travel, and computation 
 


This model should not be implemented at the expense of lowering 
the current success rate of TCC proposals.  
 
CHE Response: CHE/TCC fully endorses the spirit of this recommendation 
and its awards are typically at or close to the levels recommended above for 
individual PIs.  This is particularly challenging in times of flat or declining 
budgets, as success rate is compromised when award size and duration are 
expanded. TCC has been pro-active in providing four-year awards, creativity 
extensions, and SGER awards, and in obtaining co-funding from other NSF 
divisions when appropriate. PIs are encouraged to request appropriate salary 
support consistent with their institution’s guidelines, as well as adequate 
support for supplies, travel and computation.   
 
In closing its response to these recommendations, CHE notes that there are 
extraordinary opportunities for the TCC PI community to provide leadership 
to the national chemistry community in three priority areas that CHE is 
coordinating: the molecular basis of life processes, sustainability, and cyber-
enabled chemistry.  The division anticipates investing substantially in 
leadership-caliber projects in these areas.  CHE urges the TCC PI community 
to engage with the broader chemical sciences community to help shape 
these future directions in chemical research and education. 
 
C. Materials Research (DMR)  
 
Condensed Matter Physics is a vibrant and broad subfield of physics, one of 
its essential strengths being the close coupling of theory and experiment. 
Although it often has important consequences for technology, frontier 
theoretical condensed matter physics research, as in other areas of 
theoretical physics, is most often curiosity-driven, rather than application-
driven. 
 
DMR Recommendation 1: DMR should continue to recognize the 
value of projects in pure theoretical physics, independent of their 
technological implications. 
 
DMR Response: DMR supports this recommendation. 
 
DMR Recommendation 2:  The name of the theory program in DMR 
should be changed to Condensed Matter and Materials Theory.  
 
DMR Response: DMR has implemented this recommendation. 
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The breadth of condensed matter and materials theory makes 
communication of the excitement of the field particularly challenging. It is 
important for the field that this challenge be met in the form of public 
lectures, reports,  and elegant popular books.  
 
DMR Recommendation 3:  The Division of Materials Research should 
coordinate its outreach activities with groups such as the Solid State 
Sciences Committee of the National Research Council and the 
American Physical Society.  DMR should assist the condensed matter 
community in articulating the excitement of the field. Mechanisms 
include the support of community collaborations leading to reports 
written for a variety of lay and scientific audiences.  
 
DMR Response: DMR will continue to collaborate and coordinate with 
relevant professional societies and governmental groups in order to 
communicate the excitement of materials research to both the scientific 
community and general public.  
 
Condensed matter physicists attending the Workshop expressed much 
concern over the possible loss of important research in computational 
science that has been supported by the Information and Technology 
Research (ITR) initiative. This led to strong support for  
 
MPS-Wide Recommendation A8. 
 
DMR Response: DMR supports this recommendation.  Much of this research 
will be subsumed by Cyberinfrastructure. 
 
Discussions among the condensed matter physicists at the Workshop also 
led to strong support for the careful coordination of the stewardship of 
biologically related theoretical research throughout the NSF: 
 
MPS-Wide Recommendation A9. 
 
DMR Response: DMR supports this recommendation.  DMR has been a 
leader in supporting theory for biological physics and materials. DMR was 
primary organizer, with OMA, PHY and MCB, of the workshop on theory in 
biological physics and materials.  DMR co-funds the PFC on Theoretical 
Biological Physics.  DMR has recently established a group to coordinate its 
activities in biology within the division and with other divisions and 
directorates. 
 
D. Mathematical Sciences (DMS)  
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The dichotomy in the mathematical sciences that is parallel to the distinction 
between theory and experiment in the other Divisions of MPS, is the 
distinction between core, disciplinary mathematics ("theory") and 
interdisciplinary ("applied") work. The relationship and balance between the 
two varies among different areas. In statistics or in optimization, for 
example, theoretical and applied aspects of the field are closely related. 
 
By participating in the NSF “initiatives” and by launching a number of new 
research institutes, the DMS has significantly enhanced its support for 
interdisciplinary research.  The available data on how the DMS budget is 
divided between core disciplinary support and interdisciplinary work indicates 
that the mix is now appropriate, although opportunities remain for further 
collaborative efforts between DMS and other Divisions.  A number of 
organizations and entities fund scientific research in the U.S., but the NSF 
has a special responsibility as the primary steward for the mathematical 
sciences.   
 
DMS Recommendation 1: DMS should continue to monitor the 
balance between its support for theory and for interdisciplinary 
work, and it should seek to support the highest quality work without 
regard to the field. 
 
DMS Response: This is a major issue for DMS and we are, in fact, 
continuing to monitor this balance and support the highest quality work. 
 
There was much discussion during the Workshop about ways to provide 
support for the large number of active researchers without existing research 
grants. DMS has implemented a number of creative solutions to this 
problem, including the development of Mathematical Sciences Research 
Institutes (which function as national user facilities and represent a variety 
of core and interdisciplinary interests) and the introduction of the Focused 
Research Groups program.  Participants of the Workshop felt these programs 
were highly successful, and similar programs may be adopted by other 
Divisions of the NSF.  A possible program of international travel grants was 
also discussed. 
 
DMS Recommendation 2: DMS should continue its support of 
programs that benefit the many active researchers who do not have 
research grants. 
 
DMS Response: DMS agrees that it is important to find ways to encourage 
and stimulate the many active, contributing mathematical scientists who are 
not supported by the necessarily limited number of individual research 
awards. 
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As stated in the report, DMS has addressed this issue in a number of ways.  
The mathematical sciences institutes function as national user facilities and 
represent a variety of core and interdisciplinary interests. The division's 
activity on Conferences, Workshops, and Special Meetings in the  
mathematical Sciences, provides participant support for conferences, 
workshops, and group international travel. Reviewing of these proposals 
stresses support for junior researchers and individuals who do not hold 
research grants. 
 
There are excellent opportunities for mathematical outreach, particularly at 
the undergraduate level and K-12 levels that are critical period for recruiting 
young people to mathematics and science, and a number of examples of 
successful outreach were discussed at the Workshop.  Summer schools for 
graduate students were also identified as a valuable investment: 
 
MPS-Wide Recommendation B3. 
 
DMS Response: DMS already supports a number of such activities and offers 
a specific competition for proposals of this kind. For example, several DMS-
supported institutes run summer programs for graduate students in annually 
changing topics in the mathematical sciences. The DMS supported Park City-
IAS Mathematics Institute has a component devoted to graduate students. 
DMS has also supported summer and winter "schools" for graduate students 
in a number of areas including number theory, analysis, and geosciences. 
Through its new "special meetings" activity cited above, DMS is actively 
seeking proposals for "summer schools" that will engage graduate students 
and new entrants to the field. 
  
DMS invests in graduate and postdoctoral training through a variety of 
mechanisms, including department-wide Vertical Integration of Graduate 
Research and Education (VIGRE) grants, research training groups, student 
and postdoctoral funding in individual investigator awards, and directly 
awarded mathematical sciences postdoctoral research fellowships.  The 
VIGRE program, in particular, has become a prominent part of the DMS 
portfolio. It was originated with the idea that additional investment in 
fellowships and attention to the ways that mathematics and statistics 
departments recruit and train students should increase the number of U.S. 
students receiving PhDs, which had fallen substantially over 20 years or so.  
 
DMS Recommendation 3: DMS should conduct a review of the 
effectiveness of the VIGRE program relative to other forms of 
graduate and postdoctoral support. 
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DMS Response: DMS agrees – in fact, it is currently working on an 
assessment of the effectiveness of the VIGRE program. 
 
E. Physics (PHY) 
 
The Physics Frontier Centers have now been in existence for 10 years. Some 
include theory as a component and others focus completely on theory. There 
was a consensus among the physicists at the Workshop in favor of 
evaluating the success of these PFC’s and the impact that their support has 
had on the support of other theory in the Physics Division. The Kavli 
Institute for Theoretical Physics is a uniquely broad center. It has just 
celebrated its 25th anniversary and is widely viewed as being highly 
successful. The Physics Division plans to review this center in 2006.  
 
PHY Recommendation 1: The Physics Division should continue to 
monitor the appropriate balance in theoretical physics among 
individual investigator support, group support and support through 
the Physics Frontier Centers.  
 
PHY Response: The Physics Division normally asks its COV to address the 
issue of balance. The 2006 COV will be asked in particular to consider 
balance with respect to theoretical research. FYI: The first PFC  started in 
response to the PFC solicitation began in FY02. Ongoing PFC-like (i.e. center 
synergy plus $ 1 M/year or higher funding level) activities have been moved 
into the PFC program. 
 
The duration and size of principal-investigator grants is of much concern in 
the theoretical physics community. The theory Program Officers in the 
Physics Division have had to work with very small budgets, and have been 
forced to under-fund, or not fund, many excellent researchers, especially 
new young principal investigators. The discussion of this issue among the 
physicists at the Workshop led to a strong endorsement of  
 
MPS-Wide Recommendation A4.  
 
PHY Response: The Physics Division recognizes that an award should be at 
a level of funding that will allow the research to proceed. In FY 05, 
theoretical sub-programs did receive incremental funding increases 
compared to other core programs. In times of budgetary stringency, 
increasing grant size must compete against the minimum cadre of grantees 
consistent with the health of the field. Increasing grant duration to typically 
5 years vs the current typically 3 years reduces flexibility in times of 
budgetary stringency. 
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The support of interdisciplinary research is another area of concern in the 
theoretical physics community. Discussions at the Workshop elicited strong 
support for 
 
MPS-Wide Recommendation A5.   
 
PHY Response: The Physics Division’s Program Directors consult with PD’s 
from other divisions and directorates to co-review interesting proposals at 
the boundaries. Some programs, such as Biological Physics, Plasma Physics, 
and Mathematical Physics, are inherently interdisciplinary and require co-
review of most proposals. MPS (and NSF as a whole) should encourage 
Program Directors to be pro-active in interdisciplinary co-review and should 
recognize the efforts of Program Directors who engage in co-review and 
especially those who are leaders in this type of activity. 
 
In the Physics Division, as in other Divisions, new initiatives often do not 
include support for essential, related theory. An example of this is the 
funding now being provided for high-energy physics associated with the 
Large Hadron Collider in Geneva, Switzerland. The physicists at the 
Workshop strongly supported 
 
MPS-Wide Recommendation A6.   
 
PHY Response: The Physics Division will include the status of relevant 
theory as a component of the review process for MREFC and mid-scale 
experimental proposals. Proposals that address gaps in the relevant theory 
will be accorded high priority on the basis of this potential broad impact. 
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C. Michael Turner Invitation Letter 
 
Dear MPSAC Members and Theory Workshop Steering Group Members, 
 
I would like to invite you to the October 28-29, 2004 workshop “Theoretical 
Science in the Mathematical and Physical Sciences Directorate.”  This 
workshop is intended to identify, to the National Science Foundation's 
Mathematical and Physical Sciences Directorate (NSF/MPS), approaches on 
how best to support and nurture theoretical research in the 21st Century. 
The changing landscape of scientific opportunities, the emergence of exciting 
opportunities at discipline boundaries, and the increasing prominence of 
computational science provide new challenges to the support of theory. 
What remains unchanged is the transformative power of advances in theory. 
 
Scientists representing each of the five MPS divisions (Chemistry, 
Astronomy, Mathematics, Materials Research, and Physics), NSF scientific 
staff members, and observers from other agencies and organizations will 
attend the workshop.  
 
The workshop will begin Thursday morning, October 28 with a set of five 
scientific talks (including yours) to provide a sampling of some of the 
exciting theoretical research currently being supported in each of the 
divisions of MPS. In subsequent sessions, the workshop will focus on the 
opportunities and challenges that theoretical science presents to the MPS 
Directorate. We expect the workshop to provide recommendations to MPS in 
three broad areas:  
 


1) Important scientific opportunities for theory within the mathematical 
and physical sciences;  


2) Modes of support for theory across MPS; and  
3) The education and training of young theorists.  


 
On Thursday afternoon we will have five breakout sessions organized along 
divisional lines that will meet with the staff of the five MPS Divisions 
(Astronomical Sciences, Chemistry, Materials Research, Mathematical 
Sciences, and Physics) to discuss and formulate the views of that discipline 
with respect to these three areas. A plenary session will then follow, in which 
reports will be presented from each of the divisional breakout sessions.  
 
To frame the discussion in each session, a set of common issues and 
questions will be prepared in advance and circulated to all participants. In 
addition, I have attached a list of documents you can access on that web 
that provide some background for the workshop.  Please be sure to look at 
this material prior the workshop. 
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During the evening of October 28, the workshop steering committee will 
meet to refine the set of questions to be discussed at interdisciplinary issue-
oriented breakout sessions on the morning of Friday, October 29. The results 
of these breakout sessions will then be presented to the entire workshop.  
 
We will conclude the workshop Friday afternoon with a discussion of the 
recommendations the workshop wishes to make to MPS. 
 
I have attached information concerning hotel reservations and background 
reading information. You will be receiving information for making travel 
reservations for the workshop (airline reservations must be made through 
the NSF contractor). Also, you will be receiving information concerning the 
agenda and additional background materials. 
 
Please let Morris Aizenman (maizenman@nsf.gov, 703-292-8807) know as 
soon as possible whether you intend to participate at the workshop 
 
 


Sincerely yours, 
 


Michael Turner 
Assistant Director 


 



mailto:maizenman@nsf.gov



		D. Outreach

		CHE Recommendation 3:  CHE should encourage proposals for one or two theoretical chemistry institutes, but they should not be initiated at the expense of single investigator grants in the Theoretical and Computational Chemistry (TCC) program.
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October 20, 2005


Dear Carl,


I have attached the report of our panel on the National High Magnetic Field Laboratory.
The panel members have unanimously endorsed the document.  I look forward to
presenting the report to the MPSAC in early November.


Robert C. Richardson
Chair
National High Magnetic Field Laboratory Review Panel


CC: Dr. Thomas Weber, Division Director, Division of Materials Research
Dr. Lance Haworth, Division of Materials Research


Office of the
Vice Provost for Research
222 Day Hall
Ithaca, New York 14853-2801
t. 607.255.7200
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Report of the Advisory Panel on Future Support


for High Magnetic Fields


1. Introduction


To address the charge to the NSF Advisory Panel on the Future Support for High Magnetic
Fields, the panelists met at the NSF headquarters in Arlington on March 16 to 18, 2005.  In
addition, all of the panel members paid visits in April to either of the sites of the National High
Magnetic Field Laboratory (NHMFL) in Florida or the pulsed field facility in Los Alamos, or
had done so in the past. The Report of the National Research Council (NRC) on “Opportunities
in High Magnetic Field Science”, the COHMAG report, was also a valuable resource for the
panel.  All members of the panel were very favorably impressed with the technical and scientific
achievements of the NHFML.  The fundamental science remaining to be investigated in physics,
chemistry, materials, and biology remains quite fertile.  The potential new applications of high
magnetic fields to technology can be critical to future economic strength of the United States.  In
the following, we provide a brief summary of some important specific observations that led us to
the principal unanimous conclusion that there should be no re-competition for management or
locations of the NHFML.


2. Charge to the panel


“NSF Advisory Panel on Future Support for High Magnetic Fields


I.  Background


The National High Magnetic Field Laboratory (NHMFL) was established in 1991. In October,
2000, the National Science Board approved a five-year award for the operation of the NHMFL.
This award, extending through December 31, 2005, authorized up to $117,500,000 over 60
months for NHMFL operations.  On 29 March, 2004, the NSB approved a two-year extension of
the current Cooperative Agreement “to allow time for a National Academy of Sciences panel to
complete a report on high magnetic field science and technology and for the National Science
Foundation (NSF) to convene a ‘blue-ribbon’ panel to recommend the best course of action
concerning re-competition of the NHMFL.”  The NSB authorized funding during this period in
an amount not to exceed $52,500,000, bringing the award to a total of $170,000,000 over 84
months.  The current Cooperative Agreement terminates on December 31, 2007.


The National Science Board (NSB) has adopted the position that “…expiring awards are to be
re-competed unless it is judged to be in the best interest of U.S. science and engineering not to
do so” (Appendix D to NSB 97-241).  To address this issue, the NSF Division of Materials
Research is convening the Advisory Panel on Future Support for High Magnetic Fields. The
members of the panel are distinguished scientists from a wide range of scientific disciplines.


Prior to convening the panel, NSF asked the National Research Council to assess the current
state of and future prospects for high-field science and technology in the United States.  The
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resulting report of the NRC Committee on Opportunities in High Magnetic Field Science
(COHMAG, appended) states:


“The United States should maintain a national laboratory that provides its scientific community
access to magnets operating at the highest possible fields.  The National High Magnetic Field
Laboratory has successfully met this need for about a decade.”


COHMAG went on to identify a number of opportunities for consideration as the U.S. explores
future investment in high magnetic field science, namely,: enabling the study of neutron and x-
ray scattering properties of materials in high magnetic fields; drawing all relevant communities
into the development of new approaches to building the magnets and ancillary technologies
needed for research; and developing novel technology and methodology for magnetic resonance
and magnetic resonance imaging.


II.   Charge to the panel


The panel will determine whether the Laboratory has the potential to fulfill the vision presented
in the COHMAG report, and will advise NSF as to a course of action that is in the best interests
of U.S. science and engineering.  Specifically, the panel is asked to consider the following
options available to NSF:


(1) Renewal review of the NHMFL award, rather than re-competition,


(2) Holding an open competition for a magnet laboratory, which would include the
possibility of building an entirely new magnet laboratory and phasing out support for the
NHMFL,


(3) Holding an open competition for a distributed magnet laboratory, or


(4) Holding a competition for additional sites to be added to the existing NHMFL.


The panel will conduct site visits to NHMFL sites, as needed.  The panel is also asked to suggest
and prioritize other options that may be appropriate, and to make its recommendations in the
context of high magnetic field facilities available internationally or elsewhere in the U.S.”


3. Recommendations


In direct response to the charge set before the Panel, we recommend that NSF choose the first
option: Renewal review of the award rather than re-competition.  The Panel is opposed to the
creation of a “distributed laboratory” that is different from, or does not include, the NHMFL.


Throughout its existence, the NHFML has served the national interest very well.  It has
developed magnificent infrastructure for conducting research in an extremely difficult
environment – extremely large magnetic fields.  The laboratory has led the world in technology
development in essentially every area of significance  – high sustained fields, pulsed magnetic
fields, and extension of high field technology to important new applications, such as cyclotron
resonance.
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The infrastructure and funding supplied by the State of Florida have played an important part in
the success of the NHFML.  It is improbable that any other state or local government would be
interested in investing several hundred million dollars in similar facilities to reproduce the space,
electrical power, and magnet cooling resources available in Florida.  Florida has been an
enthusiastic partner in the enterprise.


The Laboratory has provided outstanding user services to a widely based scientific community.
Scheduling of time in the facilities has been reliable and the staff has apparently been unfailingly
user-friendly.  However, we do make some suggestions for improvements in scheduling practices
and user housing in this report.  The research facilities are the best in the world for high magnetic
field science and the forward looking design group can continue to lead in extending the strength
and volume of available magnetic fields if given the necessary financial resources.


One possible change in the organizational structure that was considered was the establishment of
‘branches’ of the NHMFL in X-ray and neutron facilities.  The Laboratory has developed an
innovative split magnet, which will permit beams of photons or neutrons to enter an
experimental large field volume.  These new magnets can add a very important new capability to
the pulsed neutron facility in Oak Ridge and any of the large X-ray facilities.   The work is still
developmental, and it would be premature to consider any major change in the basic
management structure of the NHFML.  More specifically, the split magnets should be built,
installed, and tested by NHFML personnel traveling to the new facilities.  Decisions about
longer-term questions related to management of user access to the new capabilities should be
postponed until use becomes more of a “turn-key” operation.


Finally, it is important to note that Greg Boebinger is a very effective new director of the
Laboratory.  He is a highly respected and active research scientist who is also a capable manager.
The morale of the staff seemed very high and relations between the NHMFL and its principal
partners at Florida State University, the University of Florida, and Los Alamos National
Laboratory appear to be working smoothly.


4. Advances in magnet design and development


The NHMFL is the premier high magnetic field laboratory in the world.  The Laboratory
provides unparalleled opportunities for science and technology involving high magnetic fields. It
has the most versatile collection of DC and pulsed field magnets – superconducting, resistive,
and hybrid magnets – for different applications.  The NHMFL is the world leader in providing
high magnetic fields for users, both in number of available magnets and in the supporting
equipment to perform a wide range of experiments.  The NHMFL has clearly established itself as
"the place to go" if you want to use high fields to do experiments on condensed phase systems,
and it attracts an international clientele.


The NHMFL has been at the forefront of magnet design and development and is a world leader
in this area. Magnets with much higher power density and Lorentz forces than conventional
Bitter magnets (round cooling-holes) have been developed using Florida-Bitter magnet
technology (shaped cooling-holes) (1994-96).  Examples of notable advances made by the
NHMFL include:
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Powered (resistive) magnets


These include the 35 T (32 mm bore) 20 MW resistive magnets and the 31 T (52 mm bore) 20
MW resistive magnet.  The Florida-Bitter technology has been adopted by most of the world’s
leading high magnetic field laboratories. These magnets are substantially better than earlier
magnets of that type, and high field laboratories in other countries have installed NHMFL Bitter
magnets in their facilities with NHMFL assistance.


Persistent (superconducting) magnets


These magnets are based on state-of-the-art cable-in-conduit magnets, coupled with Florida-
Bitter magnets that serve as the insert coil to form a hybrid magnet.  These hybrid magnets
include:


(a) The 45 T hybrid magnet.


This magnet was commissioned in 2000 and has set the world record for DC magnetic fields.


(b) The 900 MHZ ultra wide bore (105 mm) NMR magnet.


A one-year commissioning phase for this magnet started in July, 2004.  This magnet provides
21.1 T in an unprecedented 105 mm bore superconducting magnet that provides 1 ppb
homogeneity for high-resolution state NMR (2005) and world-unique magnetic fields for
magnetic resonance imaging (2005) and is expected to provide world-unique high pressure
and/or high temperature materials chemistry NMR.


Pulsed magnets


A suite of highly engineered pulsed magnets has been developed (1998 – 2004).  These include:


(a) The 60 T long pulse magnet with a stabilized 60 T field for 100 ms and a total pulse length of
over 2 s.


This represents an almost two-fold increase of magnetic field for controlled pulse magnets and a
five-fold increase in time-at-field for research in controlled pulsed field magnets.


(b) The 65 T short pulse magnet (2004).


This led to establishment of the 65 T NHMFL pulsed field magnet program (2004).


(c) A 100 T non-destructive 10 ms pulsed field magnet is under development.


The motivation for the development of this magnet was for studies of Pu, but it will add to the
suite of magnets at the NHMFL-LANL facility.


These magnets form the core of the NHMFL facilities for the research programs of external and
in-house research scientists.  Some of the highlights of research accomplishments of the NHMFL
utilizing these magnets are listed in Appendix D.
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The NHMFL has strong interactions with other high magnetic field laboratories in Europe and
Asia, and they share information and expertise in the design of high field magnets for a broad
range of research applications.  One of the important functions performed by the NHMFL
involves the design, development, and construction of high field magnets for other research
laboratories throughout the world.


Since its introduction in 1995 at the NHMFL, the Florida-Bitter technology has been adopted by
four of the five largest dc field facilities worldwide.  In addition to six designs in Tallahassee, the
NHMFL developed a 30 T magnet for the Laboratory at Tsukuba in 1997 and some 33 T
magnets for the Laboratory at Nijmegen in 2003.  In addition, the laboratory at Sendai developed
their own hybrid insert using Florida-Bitter technology, achieving 30 T in 1999.  Finally, the
laboratory at Tsukuba completed two Florida-Bitter inserts (32 and 52 mm bores) in 1999 and
reached a record dc field of 37.3 T.


6. Design and development of magnets for special facilities


The NRC Committee on Opportunities in High Magnetic Field Science (COHMAG) strongly
recommended the development of instrumentation that will make it possible for the community
of U.S. scientists to use synchrotron radiation and neutrons to study the properties of materials at
the highest possible magnetic fields.  It is widely agreed and has long been understood that the
scientific opportunities afforded by instrumentation of this kind are of the utmost importance.
Nevertheless, the U.S.A. has fallen behind the rest of the world in this area even though it has
excellent synchrotron light sources and a high magnetic field laboratory that is the acknowledged
world leader, NHMFL, and is constructing a neutron source that will be second to none.  The
problem at this juncture is how best to bring high magnetic fields to synchrotron and neutron
sources.


This panel was impressed that the management of the NHMFL has already begun to think about
this problem, both at the magnet design level and from the point of view of its management.
Whatever the solutions found to the technical problems, it is overwhelmingly likely that the
NHMFL will be called upon to design and produce the magnets required.  Furthermore, it is
certain that those magnets will be installed at existing synchrotron light sources and neutron
sources, rather than having a new hard X-ray light source and/or a new neutron source built at
the NHMFL.  Beyond this, the only point of clarity is the conviction that the top priority is
construction of high field magnets at a neutron source.


This panel’s recommendations regarding the organizational aspects of this problem bear directly
on two of the questions it was asked to consider in its charge: (1) the wisdom of creating a
“distributed magnet laboratory” in the U.S.A., and (2) the advisability of adding new sites to the
NHMFL.  This Committee’s recommendation that the contract for the NHMFL not be rebid
implies its opposition to the creation of a “distributed laboratory” that is different from, or does
not include, the NHMFL.  That said, it should be pointed out that the NHMFL is already a
“distributed laboratory.”  It operates at three sites: Gainsville and Tallahasee, Florida, and at Los
Alamos National Laboratory in New Mexico.  It is likely to be able to manage additional sites
should that become necessary.
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7. Review new directions (see COHMAG)


The COHMAG report suggests that were the NHMFL to stop building new magnets and
concentrate entirely on providing its users access to the instruments it already has, good science
would continue to be done at the NHMFL for many years into the future.  Many of its current
users feel constrained by the limited instrumentation time they are able to obtain.  Indeed, this
Committee believes that the NHMFL would be wise to rebalance the way it uses its resources to
favor user service over instrument development.  Serious consideration should be given to
altering the operating schedule of the Laboratory so that the scientific productivity of the facility
is maximized.  What might be possible within the constraints imposed by the current budget?
What would it cost to relax those constraints?


The above not withstanding, it is vital that the NHMFL retain its magnet design and fabrication
capabilities.  The NHMFL presented to the panel some preliminary thoughts about how magnets
that meet the specifications of the “challenge” magnets described in the COHMAG report might
be built.  This panel encourages such activities, but suggests that the NHMFL should develop a
prioritized list of the magnets it is interested in developing, both those COHMAG suggested and
others it might be considering.  Which ones can be built using today's technology, and which
ones are longer term development projects?  Which ones would have the largest impact on the
science being done by its user community.


With respect to NMR spectroscopy, the panel recommends against any immediate plans to
construct a next-generation magnet for high-resolution solution NMR, e.g., the 1.3 GHz magnet
discussed in the COHMAG report.  At this point, substantial progress needs to occur in
superconducting materials development before such a magnet, with the requisite homogeneity
and stability, should be designed.  The panel recommends that NMR-related efforts focus on
exploiting the unique capabilities of the wide-bore 900 MHz magnet at the NHMFL and on
adapting Bitter and hybrid magnet technology for magnetic resonance studies of systems and
phenomena with less stringent homogeneity and stability requirements, e.g., inorganic and
organic materials with technologically relevant properties, high-field phenomena in condensed
matter physics, and solid state NMR of biological systems.  A more detailed discussion of the
NMR program at the NHMFL appears below.  


8. Additional research activities in support of magnet development


Substantial progress in increasing the magnetic field produced by static high field magnets will
eventually require increasing the critical field and critical current density of superconducting
materials, as well as devising methods for using these materials in flexible wires or tapes of
kilometer-scale lengths that are suitable for winding magnet coils.  This has been accomplished
with the brittle conventional superconductors such as Nb3Sn by fabricating multi-filamentary
wires through processes that have been developed over the course of several decades.  Since the
discovery of high Tc superconductivity in cuprates, multi-filamentary conductors of BSCCO
have been prepared based on the “powder in tube” method that has been used for constructing
superconducting magnets that operate at 77 K and produce magnetic fields of ~ 40 T.
Substantial progress has been made on so-called YBCO “coated conductors,” tapes of in-plane
aligned YBCO crystallites on flexible Ni alloy substrates, that have enormous critical magnetic
fields of ~ 100 T and critical current densities of 106 A/cm2 that are not rapidly suppressed in
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applied magnetic fields.  These developments have largely been carried out in national
laboratories, notably Los Alamos and Oak Ridge, and represent significant progress towards
making long conductors that will be suitable for technological applications of superconductivity,
such as electrical power transmission lines, superconducting magnets for research, magnetic
energy storage, magnetic levitation, and other applications, electrical generators, motors, etc.  In
addition, efforts are currently underway to increase flux pinning in coated conductors by
introducing flux pinning centers.  There are opportunities to explore various schemes for
increasing flux pinning in the coated conductors and processing avenues to making longer
conductor lengths that will have uniform superconducting properties, as well as to search for new
superconducting materials with properties that surpass those of the presently known materials.
The NHMFL facilities at Los Alamos and Tallahassee have played a role in the characterization
of the coated conductors and the assessment of their performance.  Research and development on
new superconducting materials with the objective of developing the next generation of
superconducting wires and tapes for magnet applications would constitute a very important
component of the NHMFL program. Apparently, the NHMFL is currently exploring the
possibility of initiating a superconducting materials research and development program under the
leadership of a prominent scientist who works in this area.


The NHMFL has a materials characterization and development program that consists of two
major components.   In the first, they have acquired a detailed understanding of the physics of
magnets and established a materials characterization program to obtain information about the
materials so that they can be used closer to their limits (e.g., mechanical properties, critical
current density under stress and field, etc.)  Efforts to develop tailored materials with more
desirable characteristics have been initiated in collaboration with several companies.
Unfortunately, these are long-term investments that are handicapped by the small volumes of
materials involved.


The second phase is devoted towards the identification and development of new materials that
will make it possible to construct magnets with higher fields.  In so far as progress in the
generation of magnetic fields is limited by mechanical properties of available materials, a
significant amount of effort is being devoted towards improving the mechanical properties of
materials of interest.


A description by Hans Schneider-Muntau and Ke Han of the NHMFL program on materials
characterization and development is included in Appendix E.


9. Past, present, and future of NMR facilities


Current status


Nuclear magnetic resonance (NMR) is an extremely important set of experimental techniques,
with applications in nearly all areas of physical and biological sciences.  Among these
applications are the identification of chemical structures in synthetic chemistry, the
determination of full three-dimensional structures of high-molecular-weight biopolymers in
biochemistry and structural biology, the elucidation of electronic and magnetic properties of new
materials in solid state physics, and diagnostic magnetic resonance imaging (MRI) in medicine.
As summarized in the COHMAG report, all types of NMR benefit from higher magnetic fields.
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Higher fields generally increase the information content of NMR data, increase the size and
complexity of systems that are amenable to NMR techniques, and increase the sensitivity of
NMR measurements.  Progress in NMR, which has continued at a steady pace for six decades, is
driven in part by the development of very stable, very homogeneous magnets with ever-
increasing field strengths.  Progress in NMR also results from new ideas about how nuclear spin
states can be manipulated by radiofrequency pulse sequences in the course of an NMR
measurement, from the identification of new classes of systems and problems that are
addressable by NMR, and from developments in ancillary technology.


NMR is a primary experimental tool for thousands of chemists, biologists, and physicists.  NMR
experiments are usually carried out in the laboratories or departments of individual scientists or
groups of scientists, using their own magnets.  NMR magnets up to 14 T are quite common.
NMR magnets with 19 T fields are not unusual.  Several 21 T NMR magnets have been installed
recently in the U.S.  These magnets are manufactured by several companies (Oxford, Bruker,
Magnex).  The fields of commercially available magnets have increased rather steadily since the
1960s.  At least one commercial supplier is now advertising plans to build a 22.3 T NMR
magnet.


Given that NMR (and MRI) is primarily a "local" technique, one must think carefully about how
a national magnet laboratory such as the NHMFL can contribute to progress in NMR.  It is
particularly difficult for a national magnet laboratory to construct magnets with unique
capabilities that will have a large impact on the use of NMR in chemistry and biology.  This is
because most chemical and biological applications require magnets with very high homogeneity
and very high stability, and because the magnet companies produce superconducting magnets
that are very close to the current technological limits for such magnets.  The large market for
state-of-the-art NMR and MRI magnets apparently makes it profitable for the magnet companies
to continue pushing for higher fields.  These companies have a great deal of expertise in
superconducting magnet design and construction.


To date, the NMR program at the NHMFL has pursued several directions:


(a) The NHMFL in Tallahassee houses a variety of NMR magnets and spectrometers with
standard capabilities for solution NMR and solid state NMR in fields from 7.05 T to 19.6 T.
These magnets do not provide capabilities that are highly unusual, but they are heavily used
both by the local NMR community (at FSU and UF) and by outside users who do not have
their own high-field NMR instrumentation. Additional magnets at AMRIS in Gainesville
include a wide-bore 17.6 T system for both solution NMR and MRI.  The local NMR
community includes several excellent research groups and NHMFL staff members who are
widely recognized for their innovative work on NMR and MRI techniques as well as
applications to specific problems.  This part of the NMR effort at the NHMFL is similar in its
purpose and impact to NMR facilities supported by the NIH at MIT
(http://web.mit.edu/fbml/cmr.shtml), UCSD (http://nmrresource.ucsd.edu/index.html), and
the University of Wisconsin (http://www.nmrfam.wisc.edu/) and by the DOE at PNNL
(http://www.emsl.pnl.gov/hfmrf/homepage.html).  Each of these facilities has a strong local
NMR community and also services outside users who do not have their own local access to
high field NMR instrumentation.
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(b) A unique aspect of the NMR program at the NHMFL is the availability of 25 T resistive and
45 T hybrid magnets for NMR experiments.  These magnets have significantly lower
homogeneity (e.g., 12 ppm over 1 cm3) for the 25 T magnet and lower stability (~3 ppm)
than NMR-quality superconducting magnets.  However, the higher fields have been shown to
be useful both for solid state NMR of quadrupolar nuclei (e.g., 27Al NMR in solid catalysts
and minerals) and for studies of intrinsically high-field phenomena in condensed matter
physics.  These capabilities for NMR measurements at ultra-high fields (but with relatively
low NMR spectral resolution) are unique in the U.S. and (in the case of the 45 T magnet) in
the world.


(c) The NHMFL has constructed a 21.2 T (900 MHz proton NMR frequency) superconducting
magnet with stability and homogeneity suitable for solution NMR, and with a uniquely large,
105 mm room-temperature bore diameter.  Construction of this 21.2 T wide-bore magnet
required more than 10 years of work.  At a cost of approximately $17 M, this has been the
most expensive magnet construction project at the NHMFL.  The 21.2 T superconducting
magnet has been operational for less than one year, so it is too soon to evaluate its eventual
scientific impact.  Possible areas of application include small-animal MRI for basic
biological research, where the high field may permit improved spatial resolution and where a
large bore is necessary to accommodate the animal and gradient coils, and low-temperature
or high-pressure NMR of chemical or biochemical systems, where a large bore may be
required to accommodate the cryostat or pressure system.  One should keep in mind that,
when construction of the 21.2 T magnet began, it seemed unlikely that magnet companies
would succeed in producing their own 900 MHz NMR systems (with 54 mm room-
temperature bore diameters, or 63 mm in the case of the PNNL magnet) as rapidly as they
did.


Recommendations


The NHMFL should concentrate its NMR efforts in areas where it can provide truly unique and
scientifically important capabilities.  One obvious area is in the use of Bitter or hybrid magnets
for NMR.  It has already been demonstrated at the NHMFL and at Grenoble that these magnets
are very useful for NMR studies of materials in solid state physics with field-dependent magnetic
and electronic properties.  These magnets should also be very useful in NMR studies of the
molecular structure and dynamics of compounds with quadrupolar nuclei, in solid state
chemistry and materials science, because the ability to resolve chemically inequivalent sites in
NMR spectra of quadrupolar nuclei increases quadratically with field.  The NHMFL should
continue to support and expand the use of Bitter and hybrid magnets for NMR.  According to the
NHMFL staff, the stability of hybrid magnets can be improved substantially by implementation
of a "series hybrid" design.  NMR applications should be considered a strong motivation for the
development of series hybrid magnets with fields above 30 T.  At least one series hybrid magnet
should be designed to have homogeneity and stability specifications that are consistent with
NMR requirements.  Magnets with homogeneities of 1-5 ppm (over a volume of approximately
30 mm3) and stabilities of 1-5 ppm would be useful for many NMR measurements in solid state
physics, solid state chemistry, and materials science.  Such magnets would also be useful for
certain solid state NMR experiments on biochemical systems.  Although such magnets would not
be immediately useful for most solution NMR applications (e.g., determination of full molecular
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structures of soluble proteins), it is possible that new spin physics phenomena that are relevant to
high-field solution NMR may be discovered through the use of hybrid magnets.


The wide-bore 21.2 T magnet should continue to operate, and its utility in applications that
benefit most from the large bore size (e.g., animal MRI, NMR spectroscopy at extreme
temperatures and pressures) should continue to be explored.  So far, the NHMFL staff and
outside users have not demonstrated in real experiments that the 105 mm bore diameter permits
measurements that can not be done in narrower-bore 21.2 T magnets.  Identification and
development of applications for this magnet that require the large bore should be a high priority
of the NMR program at the NHMFL.


Other existing high-resolution magnets at the NHMFL should also continue to operate, as these
magnets are important to the research programs of many local and outside users.


At this time, it does not seem appropriate for the NHMFL to embark on a new high-resolution
NMR magnet construction project.  The COHMAG report discusses the eventual construction of
30 T high-resolution NMR magnets.  This discussion was intended by COHMAG to be a
motivation for the development of new superconducting materials, wire fabrication processes,
and other aspects of superconducting magnet design.  A 30 T high-resolution NMR magnet was
not intended to be an immediate goal, and was considered by COHMAG to be beyond our
current capabilities (until significant progress in superconducting materials, etc., occurs).
Although the NHMFL staff has begun to explore preliminary designs for a 30 T NMR magnet, it
is unquestionably premature to begin designing or building this magnet in earnest at this time.  It
is still unclear which materials and which wire manufacturing processes should be used in such a
magnet.  On the other hand, it is very appropriate for NHMFL staff to conduct tests on small
prototype coils of high-temperature superconducting materials, using wire obtained through
collaboration with wire manufacturers or by a bidding process.  These tests should be geared
toward the eventual development of a 30 T NMR magnet.  A research program at NHMFL in the
area of high-field, high-stability magnets comprised of high-Tc materials would hasten the
development of high-quality, high-critical-current wire needed.


10. Ion cyclotron resonance facility


The Ion cyclotron resonance (ICR) facility at Florida State University (FSU) operates as an
exemplary user facility serving the high resolution mass spectrometry community superbly well.
They have held for many years the world records for resolving power, resolution, mass accuracy,
and dynamic range – singularly important parameters for mass spectrometry.  Collectively, these
instrumental achievements have enabled the analysis of some of the most complex mixtures
presented by a variety of user communities from academic, industrial and government
laboratories.  Unlike most mass spectrometry facilities they have built their own instruments –
purchasing only the magnet from commercial sources – developing critically important ancillary
apparatus components such as vacuum systems, ion sources, inlets and data systems.  This
approach has kept them at or leading the state-of-the-art since inception of this facility rather
than following the traditional saw-tooth pattern of purchasing commercial instruments,
experiencing obsolescence and renewal at frequencies defined by funding sources.
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The ICR facility recently brought on-line the highest field magnet fabricated for ICR purposes to
date and the magnet design group at FSU is actively engaged in conceptual design of a much
higher field magnet (21 T vs. 14.5 T for the recently installed system, with current commercial
technology at 3 T, 7 T, 9.4 T and a just-introduced 12 T system).  Interestingly, the mass
accuracy of the new 14.5 T system required rewriting the code for data acquisition software in 64
bit/word rather than 32 bit/word used in the highest resolution commercial instruments.  Clearly,
they lead the field rather than relying on commercial developments; indeed, currently marketed
instruments have important features originally demonstrated by the FSU facility.


Scientific and support staff at the ICR facility are outstanding and at least as important as the
instrumentation; Alan Marshall is the first name that comes to mind for an authoritative review
of ICR capabilities worldwide and for a current report of research by his group and collaborators
using the facility.  A metric of the value that his technical staff brings to ICR is that a substantial
fraction of user publications – approximately 30% over the past 5 years – are research
collaborations rather than analytical service.  A steady stream of students and postdoctoral
fellows benefit from the unique educational experience the ICR facility affords.  The user
community includes visiting scholars from industry and research centers located around the
world are contributors and beneficiaries of their experience in this facility.  An unique
contribution is provision of plans, specifications and technical support for the fabrication of at
least 20 ICR data stations deployed as an integral part of “home-built” ICR systems in other lead
laboratories.


The mode of operation of this part of the NHMFL user facility extends the application of high
magnetic field research to such diverse fields as fundamental ion chemistry and physics,
biochemistry, petroleum chemistry, polymer chemistry, proteomics, protein structure and
identification of biomarkers for presently intractable diseases.  Many, but not all, of these
applications and technology developments involve the characterization of high molecular weight
species.  To that end, the current design effort to step well beyond current state-of-the-art ICR
magnetic fields is a very important development.  Many performance parameters scale linearly or
with the square of magnetic field strength.  It is important to note that a 50% increase in field
strength will enable a number of experiments not presently possible or possible only with
“heroic” efforts.  Further, one of the most important square law parameters is dynamic range, the
ratio of most abundant to least abundant masses that can be measured.  This may be crucial for
discovery of protein biomarkers present as a very small number of copies in cells.


In summary, the FSU ICR Facility is a major contributor to the successful operation of the
NHMFL.  Leading the field in technology development and deployment, educational activities,
outreach to a broad scientific community, and staff authorship of a continuing stream of
publications in leading journals are signature strengths.  Finally, it is a plausible prediction that
future contributions from this group will have even greater impact.


11. Interrelationship between three components of existing NHMFL


The pulsed field facility at Los Alamos National Laboratory, the high B/T facility at the
University of Florida and the high field magnets at FSU are three complementary components of
the existing NHMFL currently operated within one overall structure.  This arrangement now
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works very well.  The three locations provide different capabilities with little overlap and the
organizational structure provides coordination of the high field efforts in the United States.


The COHMAG report has recommended that high field capabilities be built at synchrotron and
neutron sources, a recommendation that this panel endorses.  In response to this
recommendation, the NHMFL staff has already taken the lead in designing a 35 T magnet to
meet the geometric requirements of these facilities, demonstrating the leadership required of the
NHMFL.  The operational structure needs to be examined.  One way is to broaden the existing
structure to include the new components.  Other modes of operation are also possible and should
be explored.


12. Improvement of  instrumentation and assistance for users


1.   Hard X-ray scattering


The COHMAG report correctly identifies the need to introduce probes that have lattice scale
resolution, such as hard X-ray and/or neutron diffraction. Such techniques in combination with
high magnetic fields will result in a more detailed and comprehensive understanding of the
properties of materials at high field.  To this end, it is laudable that the NHMFL has organized a
workshop that addresses exactly this point.  Both the highest brightness sources, the SNS for
neutrons, and the APS for X-ray photons were represented at this workshop, and are the leading
candidates for the sites of such a national facility. The science case that will be generated by this
workshop will be an important tool in order to push forward to obtain the funding and support
for the desired high field, high brightness facilities.


While this workshop is an excellent start, for the specific case of hard X-ray scattering, we see
this as a problem that requires three parallel approaches. While two of the three approaches are
being explored, the third requires some action by the NHMFL.


(a) High brightness sources combined with modest magnetic fields located at existing
synchrotron and neutron sources. For example there are a number of superconducting
magnets (~14 T) located at different synchrotron sources.


(b) The proposed high brightness source, high magnetic field facility mentioned above to be
located at one of the brightest sources yet to be determined, and finally,


(c) Modest/low brightness “lab” sources combined with the highest fields to be located at one of
the existing NHMFL laboratory sites, most likely in Tallahassee.


It is this last possibility that we would like to bring to the attention of the Magnet Laboratory
management, and encourage the Laboratory to proceed to explore this option promptly, with
modest exploratory funding, due to the potential immediate scientific payoff.  Since this modest
brightness/high field combination does not seem to have received much attention, we briefly
elaborate on some technical issues below.  In summary, a conventional lab or table-top X-ray
sources, with careful attention to the optical path and the restricted experimental geometry due to
the magnets, could help address some simple, but scientifically useful experiments.
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The key characteristic of hard, as opposed to soft, X-ray photons is the ability to resolve the
lattice structure from scattering measurements.  Since typical lattice constants are of order 0.3
nm, the minimum photon energy required to resolve this lattice constant in the back-scattering
geometry is of order 2 keV.


It is important to understand that the class of problems that could be addressed by such a
laboratory-based system will naturally be restricted to a subset of those that succeed in a
laboratory-based instrument. For example, feasible experiments include lattice strain
measurements from charge scattering from millimeter sized single crystals and the determination
of the broken symmetry due to a phase transition.  In contrast, at the synchrotron sources, one
can attempt more sophisticated measurements not feasible with laboratory sources such as
magnetic scattering which has a smaller (~10-4) cross-section relative to the charge scattering
cross-section, experiments with sub-micron sized beams, and chemically specific resonant
scattering.  However, a quick look through the recent NHMFL user reports turned up examples
of experiments that would be improved by X-ray diffraction measurements of the field and
temperature dependence of the crystal lattice.  The most significant limitation for these
experiments is the restricted geometry imposed by the typical magnet construction.


Careful choices must be made for sources and detectors for such an instrument.  Typical X-ray
tube sources such as commercial tube sources with efficient optical path are simple to use and
might work in this application.  However, there are alternative sources that could have special
advantages in the high field environment, such as laser based plasma sources.  Apparently, CCD
detectors have already been used successfully at NHMFL, and there is one class of X-ray
detectors based on the CCD technology, so there is at least one viable choice for detectors.


In summary, the potential scientific benefit is high.  It is beyond the ability of most institutions,
and the NHMFL should step in and evaluate the need and interest of the users.  While the high
brightness, high field facility will take some years to get funded and constructed, there will be a
time window when the scientific needs will have to be met by the combination of low brightness
sources at the NHMFL, and medium magnet fields at the existing synchrotron sources.


2.    Operations and user equipment


One common theme from the users was the demand for more magnet time. We make here a few
suggestions for the operations that we borrow from the synchrotron community.


The goals of our suggestions are to:


(a) Provide users more magnet time per assigned run.


(b) At the same time, reduce the intrusion on family life of the NHMFL support staff and
scientists.


(c) Clarify the responsibilities of the staff to the users and, hence, set the expectations of the
users, and the responsibilities of the users to the NHMFL.


We outline a particular scenario; however, we leave it completely to the NHMFL to formulate a
plan of their own that meets the same goals.
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Currently, users seem to come in on the Friday or the weekend before their week of assigned
magnet time. They set up over the weekend, in order to be ready to run on Monday, and in the
absence of any specific problems, they then typically use magnet time from Monday to Friday.
The staff seems to come in on an informal basis on Sunday to help with the user set up.


Our suggestion is that one non-weekend day be assigned as a “Maintenance day,” and on this
day, with the full support of the Magnet Laboratory facilities, such as machine shops and staff,
the user gets to set up the experiment. On the same day, the users get trained with respect to
safety and operating procedures of the magnets and other pieces of NHMFL equipment they
borrow. A checklist will keep track of all the completed training. Additionally, the checklist
should provide the user a list of tested items that the NHMFL is providing to the user in good
working order.  Dewars that are not soft, connections that work in the specified field and
temperature limits requested by the users, and a working lock-in could be typical items on the
checklist that the NHMFL would be responsible to provide.  On completion of the experiment,
the user could be required to show that the borrowed equipment on the checklist has been
returned in working order, or steps have been taken to get them back to working order.  This
entry/exit checklist, will make it easier for NHMFL staff to keep equipment in working order,
and will provide fewer surprises for subsequent borrowers of the experimental equipment.
Clearly, this checklist should be designed by the NHMFL with user input, and should help to set
the expectations that the users have of the NHMFL.


Finally, since the insertion of a maintenance day could mean the loss of a day or segment of
magnet time to the user, we suggest weekend operation to compensate.  A minimum skeleton
staff will be required to keep magnets running safely over the weekend.  Our expectation is that
the experiments should be fully functioning by the end of the week, and so the support required
from the staff will be minimal.  Note that not all experiments may be able to take advantage of
the weekend hours; some magnets require intensive support and sophisticated staffing and, as
such, it may be too expensive to provide weekend staffing for those magnets.  Since the weekend
staffing is minimal, any serious problems that develop on the weekend may have to wait until the
weekday to be resolved.  Even the skeleton crew we suggest here may require extra staffing for
NHMFL, and the NSF should provide the extra funding if it would like to support the extra
weekend hours.


To summarize: a clearly defined non-weekend day or time segment provided for a transition,
well defined expectations of the staff and users, and extra operations time for resource-light
experiments would greatly improve the user program of the NHMFL.


13. Recommendation of development of nearby housing for users


Housing is clearly a problem that has been articulated by users prior to this review, and also has
been articulated by users in this review.  The fact that there are two different “condos” associated
with the NHMFL users is clear evidence of the mismatch between the existing commercial
housing and the user needs.  Due to the limited magnet time that users receive, it is important
that every effort be made to minimize barriers for the users, in order to maximize the scientific
output.  One key issue here is that the housing should be located within a real or virtual walking
distance from the NHMFL.  By “virtual walking distance,” we imply that for housing located
outside a practical or safe walking distance, on demand transportation available at all hours of
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magnet laboratory operation.  This transportation service could be as simple as a commercial taxi
service. Since experimenters often need to spend time with no magnet field preparing their
experiment for field, the transportation requirement could conceivably be required round the
clock. One important reason to stress the “walking distance” requirement is that with the
increasing internationalization of scientific personnel on experimental teams, a significant
fraction of users, for example, beginning graduate students, will not have drivers licenses.  It is
also more difficult to obtain short-term drivers licenses, especially for scientists from countries
identified by the Department of Homeland Security as sensitive countries.


Since housing is not an area of expertise for the NHMFL, one approach the panel suggests to
improve the housing situation is for the director to try to nucleate commercial housing in the area
that meets the NHMFL needs.  The first step in this process would be to generate a realistic
estimate of the total expected housing needs of the NHMFL; this would include the user load,
and other visitors to the Laboratory.  Next, the director could consult with the other institutions
in the immediate vicinity, and see if, collectively, the total housing need of the NHMFL and the
other local institutions would generate interest for commercial housing providers. The chance of
success is low, but the payoff is high, and it is worth at least one attempt to generate commercial
housing nearby.
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Appendix A –  Meeting agenda


NSF Advisory Panel on Future Support for High Magnetic Fields


Proposed Schedule


Meeting Agenda - March 16-17-18 (at NSF)


March 16: Dinner with Dr. Michael Turner, AD/MPS
Co-Chairs discuss charge to Panel with MPS/DMR


                            
March 17:


8:00 am Coffee / NSF Room TBD
8:15 Welcoming remarks - Michael Turner and/or Tom Weber
8:30 Sign-in. Review charge to panel.
8:45  Panel review of background and documentation provided by NSF
9:00 Peter Moore: Summary of the COHMAG Report
10:00 Break
10:15 Continue review of documentation; preliminary discussion of options


 
12:00 noon Lunch / working


 
1:00 pm Presentations by prominent users of high magnetic fields (NHMFL Staff


and other speakers)
5:00 Adjourn


                              
March 18: 


8:00 am Coffee
8:15 am Discuss findings from previous day
10:00 am Coffee
10:15 am Planning of site visits (LANL, FSU, UF, as needed) and writing


assignments
12:00 noon: Adjourn


Site visits by subgroups:   
April 1st: Site Visit NHMFL Pulsed Field Lab
April 21-22: Site Visit NHMFL Tallahassee, DC field facility and ICR
April 23: Site Visit, NHMFL, AMRIS and High B/T University of Florida
April 28: Site Visit, NHMFL, FSU Materials effort
May 9: Site Visit NHMFL, FSU, NMR and Light sources and magnets


June 30
Report due at NSF
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Appendix B –  Summary of site visits


April 1, 2005: National High Magnetic Field Laboratory Pulsed Field Facility
Los Alamos National Laboratory


Attendees: M. Brian Maple, Jean Futrell, Lance W. Haworth


Agenda 
Friday, April 1
9:00 a.m. Alex Lacerda will drive participants from Hotel (Holiday Inn Express) to NHMFL
9:30 a.m. NHMFL / LANL overview presentation – Alex Lacerda
10:00 a.m. NHMFL Users’ Program presentation – Chuck Mielke
10:30 a.m. Coffee Break
11:00 a.m. Single Turn Project laboratory tour – Mielke, Singleton, Serna, Roybal, Goddard,
and McDonald
12:00 – 1:30 p.m. Lunch Break – Katherine’s Restaurant
1:45 p.m. Tour of Optics laboratory – Crooker, Gao, and Furis
2:30 p.m. New Instrumentation tour – Migliori, Balakirev, Betts
3:15 – 3:30 p.m. Afternoon Break
3:30 p.m. Short Pulse tour – Harrison, Rickel, Lashley, Jaime, Schillig, Balakirev, Mielke,
Migliori Singleton, Coffey, Crooker, Drymiotis, Furis, Gao, Goddard, McDonald, Pantea,
Sharma, Silhanek, Furis, and Zapf
4:30 p.m. Large Magnets tour – Rickel, Sims, Schillig, Gordon, and Paris
5:15 p.m. Q & A
6:30 p.m. Dinner – Katherine’s Restaurant


APRIL 21-22, 2005: NATIONAL HIGH MAGNETIC FIELD LABORATORY,
TALLAHASSEE, FLORIDA


Attendees:  Bob Richardson, Myriam Sarachik, G. X. Tessema (NSF)


Agenda:
THURSDAY, APRIL 21


7:30 AM Panel Members and visitors picked up at Wingate Inn


8:00 AM Breakfast at NHMFL


8:30 AM Executive Session


9:00 AM Welcome
(NHMFL Director Greg Boebinger)
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9:15 AM DC Field Facility Program Overview
(James Brooks)


10:00 AM Break


10:15 AM Tour of DC Field Facility, including User Cells, Millikelvin laboratory
and discussions with users
(Bruce Brandt)


11:30 AM Series-Connected Hybrid Preliminary Findings Review


12:00 PM Lunch


1:00 PM DC Field In-House Scientific Research
(Dragana Popovic)


1:30 PM NHMFL In-House Research Program
(Lloyd Engel)


2:00 PM EMR Facility Program Overview
(Louis-Claude Brunel OR Hans van Tol)


2:45 PM Tour of EMR facilities, including discussions with users


3:30 PM Roundtable with Condensed Matter Scholar Scientists


4:30 PM Executive Session


5:30 PM Dinner


FRIDAY, APRIL 22


7:30 AM Panel Members and visitors picked up at Wingate Inn


8:00 AM Breakfast at the NHMFL


8:30 AM ICR Program Scientific Overview
(Carol Nilsson)


9:00 AM ICR Techniques Overview
(Chris Hendrickson)


9:30 AM Tour of ICR facilities, including discussions with users
(Alan Marshall)
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10:30 AM Roundtable with ICR and EMR Scholar Scientists


11:30 AM Blue Ribbon Panel Outbriefing


12:00 PM Lunch [box lunches will be provided in the event of early flights]


1:00 PM Adjourn


April 23, 2005 :  University of Florida,


Attendees: Laura Greene, and G. X. Tessema (NSF)


Agenda:
SATURDAY , APRIL 23


8:45 AM Panel Members and visitors picked up at Hotel


9:00 AM Visit of the AMRIS Facility
(Steve Blackband)


10:30 AM Travel to the High B/T facility


11:00 AM Visit of the High B/T facility
(Yasu Takano and Yon Lee)


12:00 AM Adjourn


APRIL 28: National High Magnetic Field Laboratory, Tallahassee, Florida


Attendees: M. Brian Maple, and G. X. Tessema


AGENDA:
THURSDAY, APRIL 28


7:30 AM Greg Boebinger joins Brian Maple (University of California, San Diego
and Blue Ribbon Panel member) and Guebre Tessema (National Science
Foundation) for breakfast at Wingate Inn


8:00 AM Drive to NHMFL


8:30 AM NHMFL Overview Presentation, B210
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(Greg Boebinger)


8:45 AM Tour of Facilities
Electron Microscope Lab, C124 (Ke Han, et al.)
Materials Characterization, C101 (Ke Han, et al.)
Materials Research, C213 (Justin Schwartz)
DC and Pulsed Magnet Construction, OP118 (Mark Bird, Chuck
Swenson)
Magnet Cells, including new 31 T, 50 mm magnet (Bruce Brandt)
If time allows: Superfluid Counterflow (Steve Van Sciver)
End at Magnet Science & Technology Conference Room


10:30 AM Magnet Science & Technology Roundtable, A235
(John Miller, MS&T Project Leaders)


11:30 AM Lunch (out of the building)


1:00 PM Meeting with Eric Betzig (New Millennium Research, LLC, Okemos,
Michigan), Harald Hess (KLA-Tencor, San Jose, California), and Mike
Davidson (Optical Microscopy Program), atrium or B210


1:45 PM Tour of NMR in Millikelvin Lab, EMR Facilities, 900 MHz NMR
Magnet
(Arneil Reyes, Louis-Claude Brunel, Bill Brey, Iain Dixon, et al.)


3:15 PM Adjourn


MAY 9, 2005:  NATIONAL HIGH MAGNETIC FIELD LABORATORY TALLAHASSEE,
FLORIDA


ATTENDEES: Kenneth Evans-Lutterodt, Robert Tycko, Adriaan de Graaf (NSF)
AGENDA


MONDAY, MAY 9    Kenneth Evans-Lutterodt, Brookhaven National Laboratory, BRP
Member


Robert Tycko, National Institutes of Health, BRP Member
and Guebre Tessema, National Science Foundation


12:00 PM Lunch and NMR Roundtable
Brey, William, Assistant Scholar/Scientist
Bruschweiler, Rafael, Professor, Associate Director for Biophysics
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Chekmenev, Eduard, Postdoc with Tim Cross
Cross, Timothy, NMR Program Director and Professor
*Dalal, Naresh, Professor and Chair, FSU Chemistry and Biochemistry
Fu, Riqiang, Associate Scholar / Scientist
Gan, Zhehong, Associate Scholar / Scientist
*Gao, Fei, Assistant Scholar / Scientist
*Greenbaum, Nancy, Associate Professor, Chemistry and Biochemistry
Kuhns, Philip, Associate Scholar Scientist
Locke, Bruce, Professor and Chair, FSU Chemical Engineering
Logan, Timothy, Associate Professor, Associate Director of NMR
*Long, Joanna, Assistant Professor, Biochemistry & Molecular Biology
Reyes, Arneil, Associate Scholar Scientist
Saha, Saikat, Postdoc with Bill Brey
*Shetty, Kiran, RF Technician
*Zhang, Fengli, Assistant Scholar / Scientist


1:00 – 5:00 PM 900 MHz NMR Magnet: Hands-on experience and operations
Dr. Tycko will be using the magnet during this period.


 
Dr. Evans-Lutterodt will be observing. A tour of the NMR probe design
labs (Bill Brey) and condensed matter NMR lab (Arneil Reyes) will also
be conducted at an opportune time.


5:00 PM Discussion of future of NMR magnets and capabilities
Bruschweiler, Rafael, Professor, Associate Director for Biophysics
Cross, Tim, NMR Program Director and Professor
Markiewicz, Denis, Scientist, MS&T
Miller, John, Director, MS&T
Schwartz, Justin, MS&T and Professor, Mechanical Engineering


6:00 PM Adjourn
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Appendix C – Panel membership


Members of the NSF Advisory Panel on Future Support for High
Magnetic Fields
March 16-17, 2005


M. Brian Maple
University of California, San Diego;
Department of Physics
9500 Gilman Drive, Dept 0360
La Jolla, CA 92093-0360
email: mbmaple@ucsd.edu
phone: (858) 534-3968
Lab Phones: (858) 534-2493
                    (858) 534-2487
FAX: (858) 534-1241
email: mbmaple@ucsd.edu


Kenneth Evans-Lutterodt
Brookhaven National Laboratory
Building 725D
Upton N.Y. 11973
Email: kenne@bnl.gov
Phone: (631)344-2095


Laura H. Greene
Department of Physics
1110 West Green Street
University of Illinois at Urbana-Champaign
Urbana, IL  61801-3080
(Office: 1021 MRL 104 S. Goodwin)
Phone (217) 333-7315
Fax  (217) 244-8544
Email: lhg@uiuc.edu


Myriam P. Sarachik
Low Temperature Laboratory
Physics Department Room J-211
City College of CUNY
New York, NY 10031
138th St and Convent Ave.


Phone: 1-212-650-5618
Lab: 1-212-650-5620/5621
Fax: 1-212-650-6940
sarachik@sci.ccny.cuny.edu


Peter B. Moore
Chemistry Department
Yale University
P.O. Box 208107
New Haven, CT 06520-8107
Phone: (203)432-3995
Fax: (203)432-6144
E-mail: peter.moore@yale.edu
Campus address: 124 KCL


Robert C. Richardson
Low Temperature Physics
529A Clark Hall
Laboratory of Atomic & Solid Physics
Cornell University
Ithaca, NY 14853-2501
email: rcr2@cornell.edu
Phone: (607) 255-6423
Fax: (607) 255-6428   


Robert Tycko
Solid State NMR and Biomolecular Physics
Section
Laboratory of Chemical Physics
NIDDK, National Institutes of Health
Building 5, Room 112
Bethesda, MD 20892-0520
Tel: 301-402-8272 or 301-402-4687(Lab)
Fax:301-496-0825
Email:  robertty@mail.nih.gov
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Appendix D


Ten Major Scientific Accomplishments during the First Ten Years of the National
High Magnetic Field Laboratory (Greg Boebinger)


Emphasizing successes of the NHMFL user programs, including highly-cited and
particularly prominent scientific publications that helped pioneer new areas of high
magnetic field research.


1. Powered (Resistive) Magnet Developments


The Florida-Bitter (shaped-cooling hole) technology (1994-1996) enabled magnets with much
higher power density and Lorentz forces than (round-cooling hole) Bitter magnets:


33T (32mm bore) 20 MW Resistive Magnets, and the


31T (52mm bore) 20MW Resistive Magnet, the workhorses of the NHMFL’s DC 
magnet program.


"A New Concept in Bitter Disk Design", by B.J. Gao, et al, IEEE Transactions Magn., 32 (1996)
2503.  Due of its unique advantages, including a power density as high as 12W/mm2 and a 3


0-50% reduction in hoop stress, the Florida-Bitter technology has been adopted by most
of the world’s leading high magnetic field laboratories.


Bright future: The uniquely-large 195 mm bore of the NHMFL’s 20T Large Bore Resistive
Magnet (1998) provided the background field into which was inserted the NHMFL 5T High-Tc


Superconducting Solenoid (2003) yielding a world record and key milestone in the development
of High-Tc magnets.


2. Persistent (Superconducting) Magnet Developments


State of the art cable-in-conduit superconducting magnet design, coupled with Florida-Bitter
magnet design for the insert coil of a hybrid magnet resulted in the NHMFL’s


45T Hybrid Magnet (2000), the world-record for DC magnetic fields.


July 2004 marked the beginning of the one-year commissioning phase for the NHMFL’s


900MHz ultra wide bore (105mm) NMR magnet.


This magnet provides 21.1T in an unprecedented 105mm bore superconducting magnet,
providing:


1ppb homogeneity for high-resolution solution state NMR (2005)


world-unique magnetic fields for magnetic resonance imaging (2005)


and is expected to provide:


world-unique high pressure and/or high temperature materials chemistry NMR
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Bright future:  The Michigan State Sweeper Magnet, an NHMFL "work-for-others” project, is a
non-axisymmetric large-gap superconducting dipole that represents the NHMFL entry into
uniquely-difficult accelerator magnets, a developing market that now includes initial design work
on superconducting undulator magnets, a key technology for future, brighter X-ray sources.


3. Pulsed Magnet Developments


Highly-engineered pulsed magnets (1998-2004) introduced engineering science to the suite of
these NHMFL ‘applied metal fatigue’ magnets, including the NHMFL’s


60T long-pulse magnet, providing a stabilized 60T field for 100msec and a total pulse
length of over two seconds, representing:


a near doubling of the magnetic field for controlled-pulse magnets and


a factor of five increase in time-at-field for research in controlled-pulsed magnets


the 75T short-pulse magnet (2004), which


established the 65T NHMFL pulsed magnet user program (2004), and


makes feasible the 100T non-destructive 10msec pulsed magnet (2006).


Bright future: The recent National Academy of Sciences report on Research Opportunities in
High Magnetic Fields made the scientific case for future development of a 30T NMR magnet, a
60T DC Hybrid Magnet and, perhaps most difficult of all, a 100T long-pulse magnet with pulse
durations and pulse-shaping rivaling the 60T long-pulse magnet. Each of these magnets requirse
significant new magnet technology and materials development and, thus, represent even bigger
challenges than the original three magnets called for by the 1988 Seitz-Richardson Report.


4. Advances in Strongly Correlated Matter through Magnetotransport and Magnetization.


Unusual superconductors increasingly require high magnetic fields to provide sufficiently
large energy scales to adequately probe the physics underlying superconductivity:


“Superconductivity in an organic insulator at very high magnetic fields”, by Balicas et al.;
Physical Review Letters 87 (2001) 067002.  A well-cited paper presenting a unique case of
magnetic-field-induced superconductivity, in which superconductivity exists only between 25T
and 40T.


“Metal-to-insulator crossover in the low-temperature normal state of Bi2(Sr,La)2CuO6”, by S.
Ono, et al; Physical Review Letters 85 (2000) 638.   Research seeking an eventual understanding
of high-temperature superconductivity includes this paper nearing 100 citations, a representative
of high-Tc research programs that include magnetotransport, thermopower, and nuclear magnetic
resonance experiments.


The suite of NHMFL quantum oscillation experiments continue to develop as a flexible and
accurate probe of both Fermi Liquid and non-Fermi Liquid behaviors:


“A coherent three-dimensional Fermi surface in a high-transition-temperature superconductor”,
by NE Hussey et al; Nature 425 (2003) 814.   This 45T hybrid magnet experiment is still the only
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full three-dimensional solution of the Fermi surface of a high-temperature superconductor, a tour-
de-force application of angular dependent magneto-resistive oscillations, a technique broadly
applicable to low-dimensional systems.


“Development of the high-field heavy-fermion ground state in (Ce,La)B6 intermetallics”, by RG
Goodrich, et al. Physical Review Letters 82 (1999) 3669.  The Kondo problem, especially in
heavy-mass f electron systems, is a newly fruitful area of research using sensitive quantum
oscillation techniques adapted to the NHMFL’s pulsed magnetic fields.  These particularly
intense magnetic fields are uniquely suited to studies of heavy mass and disordered systems, such
as the (Ce,La)B6 alloy series reported in this paper.


5. Novel Phases of Matter Realized Through Application of Intense Magnetic Fields


The NHMFL’s High B/T facility is particularly well-suited to study ground state properties and
complex phase diagrams in the quantum limit.  By combining nuclear demagnetization with large
superconducting magnets, experiments at 16T can remain below 1mK (holding the electron
temperature between 5mK and 10mK) for up to four months.  Two examples from quantum
liquids are:


“New evidence for zero-temperature relaxation in a spin-polarized Fermi liquid”, by H.Akimoto,
et al. Physical Review Letters 90 (2003) 105301.


”Exact quantization of the even-denominator fractional quantum Hall state at v=5/2
Landau level filling factor”, by W. Pan, et al, Physical Review Letters 83 (1999) 3530.
The two-dimensional electron system displays an exactly quantized Hall plateau at an even
denominator filling fraction only at extremely low electron temperatures of ~4mK. The
composite fermions that give rise to the conventional fractional quantum Hall effect apparently
pair at 5/2 filling, in loose analogy to the formation of Cooper pairs in superconductivity, creating
a new collective energy gap reported in this >50 citations paper.


“Closing the spin gap in the Kondo Insulator Ce3Bi4Pt3 at high magnetic fields”, by M. Jaime,
R. et al. Nature 405 (2000) 160.  The controlled pulse waveforms of the NHMFL’s 60T Long-
Pulse Magnet enabled new techniques previously only available in DC magnetic fields, including
specific heat and, in the near future (2006), terahertz spectroscopy, thermal conductivity and
resonant ultrasound measurements.


“Spatially resolved electronic structure inside and outside the vortex cores of a high-temperature
superconductor”, by VF Mitrovic et al.; Nature 413, 501 (2001). The NHMFL’s 45T hybrid
magnet enabled this study of the vortex state in a high-temperature superconductor, revealing
both the electronic structure of a vortex core and the hexagonal structure of the vortex lattice.


Bright future:  The NHMFL is developing single-turn pulsed magnets to deliver magnetic fields of
150-250T for several microseconds.  While magnetotransport becomes troublesome in such an
environment, recent NHMFL magnetization experiments of quantum oscillations suggest a
scientific goldmine from precise phase diagram and Fermi surface measurements throughout a
phase space made three- to four-fold larger  by  these dramatically more intense magnetic  fields.


6. Electron Magnetic Resonance in the Highest Magnetic Fields


“Resonant Magnetization Tunneling in the Trigonal Pyramidal Mn[IV]Mn[III]3 Complex
[Mn4O3Cl(O2CCl3)3(dbm)3]”, by S.M.J. Aubin, et al. Journal of the American Chemical
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Society 120 (1998) 4991.   This electron magnetic resonance (EMR) paper with over 100
citations is a landmark demonstration of the value of high magnetic fields in the study of single
molecule magnets, which do not give a signal at low frequencies due to zero-field level splitting.
Other systems require high-field EMR to overcome large crystal field splittings, including the
biologically important metallo-enzymes.


Bright future: The NHMFL is facilitating the rapid development of time-domain EMR, in which
multiple high-frequency EMR measurements study interactions operating on different time scales
and spin labeling studies the structure and carrier dynamics of normally-diamagnetic
macromolecules. Pulsed EMR using double-electron electron spectroscopy requires the highest
magnetic fields to provide inter-electron distance measurements out to 8nm, a distance scale well
beyond the range of NMR structural studies and a unique capability of high-field EMR.


7. Nuclear and Electron Magnetic Resonance in Powered Magnets from 25T to 45T


Field strength has long been the "enabling technology" for new NMR applications, providing a
powerful increase in sensitivity and resolution.  The NHMFL is developing unique capabilities
for NMR and EMR to be conducted in the powered (resistive) magnets.  In 1998, the NHMFL
realized an entirely new design goal for resistive magnets, optimizing the magnetic field
homogeneity of the Florida-Bitter magnet design to achieve 12ppm homogeneity over a
centimeter-sized region.  In addition to pioneering new techniques for high resolution solution
NMR spectra in otherwise unachievable fields, this hundred-fold improvement in homogeneity at
25T opened new avenues for condensed matter physics and chemistry EMR, including research
on photosynthetic processes and motional molecular dynamics. These techniques were rapidly
extended to the 45T hybrid magnet.


”High-Resolution, >1 GHz NMR in Unstable Magnetic Fields” by Y.-Y. Lin, S. Ahn, N. Murali,
W. Brey, C. R. Bowers, and W. S. Warren, Physical Review Letters  85 (2000)  3732.  B y
combining high-resolution magic-angle spinning and a technique for compensating magnetic field
fluctuation (HENPEC), 40 ppb resolution has been achieved at 25T opening new possibilities for
high resolution NMR at field strengths above the highest superconducting NMR magnets The
researchers exploit a recently discovered source of "zero quantum" coherence in NMR to achieve
a resolution enhancement of ~100, for the first time enabling high resolution NMR in the
inhomogeneous and unstable field of a resistive magnet.


”Seeking higher resolution and sensitivity for NMR of quadrupolar nuclei at ultrahigh magnetic
fields. Z. Gan, P. Gor'kov, T. Cross, A. Samoson, D. Massiot. J. American Chemical Society 124
(2002) 5634. This paper demonstrates the increasing resolution of quadrupolar resonances by
solid state NMR at high magnetic fields up to 40T. The reduction of the second-order quadrupolar
broadening and increasing chemical shift resolution result in a quadratic gain on spectral
resolution despite the less homogenous magnetic fields of these powered magnets compared to
superconducting NMR magnets.


Bright future: The design work to date on an NHMFL Series Connected Hybrid holds promise of
realizing 1ppm homogeneity at 36T magnetic fields, an accomplishment that will further expand
the applicability and success of magnetic resonance experiments using the NHMFL’s unique suite
of powered magnets. A magnetic field of 36T corresponds to a 1THz frequency for electron
magnetic resonance, pushing time-resolution for EMR into the picosecond regime.


8. Membrane Protein Nuclear Magnetic Resonance
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“Structure of the Transmembrane Region of the M2 Protein H+ Channel” by J. Wang, S. Kim, F.
Kovacs, and T.A. Cross, Protein Science 10:2241-2250 (2001).


“Imaging Membrane Protein Helical Wheels”, by J. Wang, J.K. Denny, C. Tian, F.A. Kovacs, Z.
Song, R. Fu, J.R. Quine, and T.A. Cross, Journal of Magnetic Resonance 144:162-167 (2000).  In
the 2000 paper, cited more than 80 times, Wang et al. discovered that helical structures in cell
surface proteins could be imaged directly in NMR spectra. For the first time, it became possible
to achieve detailed structural information on a biological macromolecule without assigning all of
the spectral signals to specific atomic sites in the protein. The subsequent work, which appeared
in 2001 as a cover story in Protein Science, used this methodology to help solve the protein
backbone structure of the transmembrane domain of the M2 Protein from the Influenza A virus.
This important drug target has eluded detailed structural analysis for more than a decade, despite
extensive research employing all previously known experimental protocols. This landmark NMR
structural characterization represents a major step toward enhanced pharmaceuticals against
Influenza A and is a testimony of future applications of high magnetic field NMR to solve
biological macromolecules that are not amenable to crystallization and X-ray diffraction,
including the huge class of functionally important membrane proteins.


9. Ion Cyclotron Resonance


"External Accumulation of Ions for Enhanced Electrospray Ionization Fourier Transform Ion
Cyclotron Resonance Mass Spectrometry", by M.W. Senko, et al. Journal of the American
Society of Mass Spectrometry 8 (1997) 970.  This paper has been cited more than 200 times
because it provides the preferred solution to the problem of interfacing an ion source (initially,
electrospray, but later extended to several other ionization methods) to FT-ICR MS detection.
The trick is to accumulate ions in an electric ion trap located outside the superconducting magnet
containing the ICR ion trap, and then inject the ions quickly for ICR analysis.  ICR detection can
then occur SIMULTANEOUSLY with ion accumulation, selection, dissociation, and/or reaction
of the next batch of ions.  The improvement in duty cycle was a factor of 10, with corresponding
improvement in detection limit, scan rate, and/or signal strength. Faster scan rate led to efficient
coupling with liquid chromatography and other separation methods. All three FT-ICR MS
vendors (Bruker, Thermo, and IonSpec) have adopted external accumulation and the
subsequently-developed hybrid quadrupole-FT-ICR mass spectrometers, which offer improved
dynamic range, mass accuracy (by "counting" the ions delivered to the ICR trap), and tandem
mass spectrometry for molecular structure characterization. Virtually all FT-ICR science since
1997 makes use of external ion accumulation, including:


"Biomolecule Mass Spectrometry," by F. W. McLafferty et al., Science 284 (1999) 1289. Protein
characterization is typically performed by enzymatic digestion into smaller protein fragments
(peptides) followed by chromatographic separation (to simplify the mixture) and mass analysis.
This article, cited over 85 times, features a 191,000 Da protein digest mass spectrum in which
(time-consuming and tedious) prior wet chemical separation was eliminated by high resolution
FT-ICR mass spectrometry. A computer algorithm was able to identify a world-record 600
resolved peptides, some as large as 30,000 Da.  High dynamic range was achieved by rapid signal
averaging made possible by external ion accumulation.


"Identification of Novel Interactions in HIV-1 Capsid Protein Assembly by High-Resolution Mass
Spectrometry," by J. Lanman et al., Journal of Molecular Biology 325 (2003) 759-772.  The
active RNA of the AIDS virus is encapsulated and protected in a mesh-like bag formed of
interlocking hexamers of a "capsid" protein. Identification of the contact surfaces between such
hexamers is a first step in the design of drugs to disrupt those contacts, resulting in collapse of a
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virulent virus particle or inhibition of virus capsid formation, thus rendering the virus non-
infective. This cover article, already cited 32 times, reports liquid chromatography FT-ICR mass
analysis (possible only with external ion accumulation) to measure HIV-1 capsid protein amide
hydrogen-deuterium exchange rates for the protein monomer and assembled hexamer.
Differences in exchange rate between the monomer and hexamer identified points of contact in
the hexamer structure, to help elucidate the full three-dimensional hexamer structure. Such
structural knowledge is increasingly the key to rational drug design.


Bright future: This capability is partly responsible for the high growth rate  in FT-ICR MS since
1997. FT-ICR MS is currently growing at twice the rate of the entire mass spectrometry market,
which is in turn the fastest among all kinds of spectrometers (Spectroscopy, March 1, 2005)


10. Magnetic Resonance Imaging


Building on the track record of its researchers in MRI 'firsts', the NHMFL MRI program has been
the first to acquire NMR spectra on a single neuron and multicomponent diffusion on single
neuron The acquisition of the first imaging of an isolated perfused brain slice has led to more
recent work:


“Observation of Significant Signal Voids in Images of Large Biological Samples at 11.1 Tesla”,
by B.L. Beck, Magnetic Resonance Medicine 51(6) (2004) 1103


“Numerical Modeling of 11.1T MRI of a Human Head Using a MoM/FDTD Method”, by F. Liu,
et al. Magnetic Resonance Engineering 24B(1) (2005) 28.  MRI continues to employ ever
stronger magnetic fields to make better images. However it is known that image inhomogeneities
can arise from wave effects as the field strength (and thus frequency) increases. Researchers at
the AMRIS facility of the NHMFL have utilized the world’s first 11.1T/40cm MRI magnet to
observe image inhomogeneities to be large enough to give rise to signal voids on both a fixed
human brain as well as a fresh cadaver head. While these limitations could greatly impact the
future imaging potential of high field MRI, more recent modeling of the observed effects and
experimentation are exploring possible solutions to this problem.


Bright future: Magnetic Resonance Images of the mouse brain have already been acquired using
the NHMFL’s ultra-wide-bore 900MHz magnet, a world-unique capability around which the
NHMFL is developing new instrumentation and hiring new staff in biology, biophysics and
biomedical engineering.


Bright future:  Rapid and multidisciplinary advances in MRI promise a growing database 'atlas'
of the structure and function for model systems, beginning with defining the 'normal' mouse and
extending to transgenic mice and, eventually, humans.  The achievement of real-time imaging of
cellular processes is a distinct possibility, including the real-time tracking and function of
metabolites, pharmaceuticals and disease processes.
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Appendix E


Materials Characterization and Development Program at the NHMFL:  A Vision
into the Future.


By Hans J. Schneider-Muntau and Ke Han


Introduction


In 1991, when we started the magnet development program of the NHMFL from scratch,
we were confronted with the task of developing a vision on how to advance magnet
technology. Based on the Seitz-Richardson report, the NSF charged us with building a
wide range of next generation magnets. The program required an enormous progress in
the generation of magnetic fields far beyond the start-of-the-art at that time (1990); from
20 T to 25 T for superconducting magnets, from 600 MHz to 1 GHz for NMR magnets,
from 25 T to 35 T for resistive magnets, from 30 T to 45 T and 50 T for hybrid magnets,
and from 50 T to 75 T in pulsed magnets. To this impressive list we added two new
pulsed magnet systems enabled through the cooperation with the Los Alamos National
Laboratory and the availability of a 600 MJ generator; a 60 T magnet with a flat top of
100 ms, and a 100 T system.


The program had two major components: development of a detailed understanding of the
physics of magnets, and establishment of a materials characterization program. We
argued that the precise knowledge of the materials used in the magnets would allow us to
exploit them closer at their limits. We installed facilities that provide the information
necessary for magnet design and construction, i.e., material testing systems for tensile,
shear, fatigue, fracture toughness and resistivity measurements and impact tests between
room and cryogenic temperatures, critical current measurements under strain and field,
and optical microscopes, SEM, and TEM for microstructure examinations. Of special
concern were the spread in the data, the unreliability or inconsistency in the delivery of
standard products, and the non-achievement of the specifications. We also started
development programs with several companies to deliver better or tailored materials
(CuNb, MP35N, CuAl2O3, 316LN mod), which are, however, long-term investments and
handicapped by the small volumes involved.


The present situation


The laboratory has now gone into its second phase. All magnet systems have achieved
the promised specifications. A detailed understanding of the physics of magnets has been
achieved, and new design ideas, such as the Florida-Bitter disk, have optimized magnet
performance.


With the present materials, for resistive magnets, an increase in magnetic fields can only
be achieved by augmenting the electric power level. At present, the NHMFL boosts its
power in the frame work of an overhaul of the technical infrastructure by 20 %. Because
of the inefficiency of materials and the basic power-field relationship, this will translate
into a field increase of less than 10%, i.e., from 35 T to about 38 T.







30


For pulsed magnets the limit is at present at 100 T for pulses in the range of 1-10 ms our
users are interested in. This limit is practically independent of the size of the energy
source, because there are no materials available that could withstand these extreme
Lorentz forces.


High-field superconducting magnets are not limited by the current
density but the conductor strength. Almost half of the volume of the
900 MHz NMR magnet consists of reinforcement. A conductor of
appropriate strength would reduce magnet volume correspondingly.
Another example are the superconducting coils of the 45 T hybrid
magnet. Only a small fraction is superconductor (5-10%), most of the
volume is reinforcement (33-38%), insulation (16-20 %), stabilizer
(21-25%) and cooling space (15-20%). An increase of the current
density of the superconductor would, therefore, help very little, and any
improvement would require even more reinforcement, diluting these
efforts (for a more detailed description of this and other related
questions see the attached article “Material Research for Advanced
Magnets”).


In summary, we conclude that progress in the generation in magnetic
fields is limited by the mechanical properties of the available materials.


NHMFL’s future needs in material research


An appropriate materials program would consist of three major activities: a)
characterization, b) application studies, and c) development of new materials.


The characterization of materials would be a continuation of the existing, well justified
and very successful activity. More than 250 engineering reports have been created over
the years with invaluable information for the magnet designer. Some upgrading and
modernization of the equipment are required.


Application studies would consist of combining known materials with known conductors
for improved performance. An example would be the integration of high-strength steel or
fibers into a superconductor to improve its strain behavior. Another example would be
Zylon braiding of conductors for pulsed magnets for higher strength and better insulation.
Cooperation with industry (such as the Bochvar Institute) for new and better conductor
geometries is recommended.


Studies of this kind would also involve investigating and adapting materials traditionally
not used in magnet design but with a high potential for improved characteristics. An
example is the intended use of Haynes alloys for cable-in-conduit conductors.


The development of new materials would include several efforts.


(1) Establishment of fabrication routes for newly developed processes. An example is
cold working of Cu and Cu alloys at cryogenic temperatures, which introduces
nanotwins and high density dislocations. This process has been investigated at the


900 MHz magnet
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NHMFL; it was funded through an IHRP, and has shown very promising results. The
necessary next step is the construction of a facility where long lengths of such a
conductor could be fabricated.


(2) Development of new processes. There are many developing techniques which
improve material characteristics, such as equal channel angular extrusion, multilayer
lamination, cryogenic cold work, cryogenic ball milling, thin-layer electro deposition
of Cu, high pressure torsion and friction stirring. These processes would have to be
explored, by themselves and in combination, for their usefulness for magnet materials
and up-scalability. A focused development activity would have to follow.


(3) Development of new materials. There is a strong need for alloys with high Young’s
modulus. Nano-structured materials, nanotubes (carbon and other elements), bulk
glassy alloys, and high-strength fibers are the most promising candidates for new
materials. Of special interest is the combination of nano-structured Cu with CNTs.
The research efforts are considerable. An association or coordination with other
laboratories would be useful, such as MST at LANL, Carnegie Mellon, Harvard,
Drexel University, or industry, such as Toyobo. These activities would not only be
useful for building the next generation of high field magnets, but also have a broad
impact on material science, other technologies
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EHR/MPS Working Group on the Interplay of Research-Embedded 
Activities with Curriculum and Informal Science Education 


 
 
Introduction. This report is based on several meetings of the working group during the 
past several months. We began by identifying representative examples of collaborations 
across the many existing activities of each directorate. These are quite varied and indicate 
a rich set of interactions that integrate education and research efforts. The nature of these 
collaborations ranges from the small to the large. In some cases the activity involves a 
focused outreach component of an individual project supported by a small supplement. In 
other cases a large facilities project (e.g. LIGO) may be implementing an integrated 
educational outreach capability. At the programmatic level there is direct co-funding of 
projects within a program, and other examples feature programs that draw their core 
funding from “up front” directorate commitments and include co-management. Informal 
interactions exist as well, often taking the form of program directors seeking cross-
directorate advice from colleagues. These different examples provided useful context to 
enable us to consider areas where enhanced or possibly new collaborations could be 
facilitated. We found it useful to categorize possible activity along several axes: internal 
and external; short-term and long-term; and potential degree of resource intensiveness. 
Finally, we found the meetings themselves productive in helping us to learn more about 
other programs and to establish contacts.  
 
Working group members: Bev Berger – MPS/PHY, Wendy Fuller-Mora – MPS/DMR, 
Eileen Friel – MPS/AST, Rosemary Haggett – EHR/DUE and OAD, Sylvia James 
ESIE/ISE, Harry Ungar – EHR/DUE, and Lee Zia – EHR/DUE. 
 
General observations. 
 


1. Organizational and structural conditions make cross-directorate activities 
challenging. For example, projects seeking funding from EHR often include 
activities that may cut across several MPS disciplines and subjects within the 
disciplines, if not also featuring an explicit interdisciplinary slant. Likewise, 
projects seeking support from MPS often include activities that span educational 
levels or combine curriculum development with general outreach or teacher 
enhancement programs, but are set within a specific discipline. In both situations, 
to whom do program directors go to find additional, specialized expertise in 
relevant science or educational areas if needed? Harmonizing the vertical 
organization of MPS by discipline with the horizontal organization of EHR by 
educational level or broad educational setting poses a challenge for the program 
director seeking advice.  


 
2. In general disciplines across directorates are different enough that, instead of 


expanding specific programs, we should maintain flexibility and an open mind to 
respond to ideas and opportunities when they arise. To date this has enabled 
numerous and varied collaborations to be supported, and we can further develop 
mechanisms to foster exchange and knowledge of each other’s programs. 







 


 


 
3. The most effective collaborations emanate from interactions at the Program 


Director level. These are difficult to maintain with rotators, retirements, and other 
staff changes. But we offer below some possible short-term actions to ameliorate 
this situation. 


 
4. Talking across directorates at early stages in a program, and bringing in the broad 


expertise as the program develops rather than when it is defined is characteristic 
of the examples where there is active collaboration within a program. Help does 
not always take the form of dollars, rather it lies in obtaining advice on reviewers, 
determining how to build assessment and evaluation into a project or over a 
program, or ensuring the right balance of expertise on a project team. 


 
5. The timing of funding decisions and the budget cycle among different programs 


can limit the amount of co-funding done. Funds are often not available when the 
decision needs to be made, even if there is a desire to co-fund meritorious 
proposals. 


 
Recommendations. We have separated this section into a discussion of opportunities for 
enhancing collaborations both internally and externally. 
 
INTERNAL: 
 


• To foster collaboration and understanding of programs, small groups might be 
formed of one or two individuals from each Directorate who serve to “broker” 
proposals and ideas that might be of interest across programs.  These people 
would stay familiarized with each Directorate’s programs, and would either meet 
occasionally to keep informed (and maybe exchange proposals), or serve as a 
resource within their Directorate for program directorates trying to find the right 
contact in program areas they are not familiar with. [short term, but with resource 
constraints in the form of program director time] 


 
• To enable synchronization of co-funding when program deadlines do not match 


up well, funds could be identified, perhaps in the form of an opportunity pool, to 
provide flexibility over a finite period. If not used by a certain time, funds would 
become available for other purposes. [medium term, contingent on senior staff 
policy decisions] 


 
• Identify opportunities to provide advice as programs are being developed (not 


necessarily co-funded or co-managed).  For example, the Communicating 
Research to Public Audiences (CRPA) in ISE is under consideration for revision 
or possible reconstitution. Program directors in MPS could provide input to the 
development and writing of the solicitation to make clear the perspectives of their 
respective scientific communities with regard to the current key issues, advances, 
and open questions. [variable term, depending on program solicitation 
development schedule] 







 


 


 
• Maintain a running listing of examples of collaboration with brief annotation. 


[short term] 
 


• Set up a rudimentary internal web site to post information. This would be of 
particular value to rotators and could perhaps be incorporated into orientation 
activities for new IPAs. This information would also be useful to the “brokering” 
activity described above. [short to medium term, with maintenance needs and 
implications on staff time resources] 


 
EXTERNAL: 
 


• Facilitate communication and other interaction among our PI communities. 
Candidates include: REU site coordinators meetings, Physics Frontiers Centers, 
MRSEC and STC education outreach coordinators, PIs of large facility projects; 
PIs in other programs, e.g. ISE, NSDL, and ATE. These cohort candidates should 
be associated with a cognizant program director. This information would be 
posted on the internal web site. [short term] 


 
Example: 


• Ask a set of leading PIs in different MPS areas of research to help identify 
the significant new trends expected that would define new areas of 
advanced technology development. [medium term] 


 
• Identify a calendar of PI meetings in relevant programs and initiatives. Meeting 


organizers and cognizant program director(s) for the program holding the meeting 
would work with interested collaborating program directors to identify 
prospective attendees. Fence off a small amount of travel support at the OAD 
levels for these opportunities. As above, this information would be posted on the 
internal web site. [short to medium term initially] 
 
Example: 


• The education and public outreach coordinators from MPS major 
facilities, centers, or projects could attend upcoming PI meetings in ISE. 
Alternatively, PIs of major ISE or DUE projects could attend MPS PI 
meetings, such as the recent Physics Frontiers Centers meeting. [medium 
term] 


 
• Encourage professional societies or other institutions to sponsor web sites with 


links to successful NSF-sponsored projects and programs, and provide 
mechanisms for exchange of information or other communication. [medium to 
long term]  
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MPS/EHR Working Group :: Broadening Participation 


 
SUGGESTED ACTIONS FOR DISCUSSION/PRIORITIZATION 


 
 
ACTION:  


• Adapt the MPS PREM model to other MPS disciplines 
Charge: 


• Broadening Participation 
National Impact? 


• Yes 
Outcomes 


• Formal, long-term, collaborative research and education 
partnerships between minority-serving institutions and NSF 
supported groups, centers and facilities.  E.g., programs like DMR’s 
Focused Research Groups (FRGs), Nanoscale Science 
Interdisciplinary Research Teams (NIRTS), Materials Research 
Science and Engineering Centers (MRSECs0, and Nanoscale 
Science and Engineering Centers (NSECs) 


• Mutually beneficial research and education projects, support for 
graduate and undergraduate students, exchanges of faculty and 
students, participation of well-prepared high school students 


Players 
• Minority serving institutions 
• MPS groups, centers and facilities 


Feasible? 
• MPS PD’s in charge of these programs would encourage 
• EHR HRD PD can make MSI’s aware and encourage 


Budget Needed 
• $250,000 to $750,000 per year for up to 5 years for each effort 


Leverages What? 
• An existing model = MPS PREM – we already know how to do it & 


have examples 
 
 
ACTION:  


• Encourage large facilities and MREFC projects to recruit 
under-represented minority students and researchers 


Charge: 
• Broadening Participation 


National Impact? 
• Limited to large projects 


Outcomes 
• Increased participation of under-represented students and 


researchers 
Players 


• PI’s of large MREFC-class projects 
Feasible? 


• Yes.  In fact, should be part of Criterion Two Broader Impacts now 
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Budget Needed 
• No 


Leverages What? 
• EHR HRD’s awareness of where the students and faculty are; ability 


to be specific about institutions and programs in MSI’s 
 
 
 
ACTION: 


• Jointly build capacity in MPS fields at HBCU’s: promote 
to MPS grantees funding available 


Charge: 
• Broadening Participation 


National Impact? 
• HBCU’s primarily, with S&E undergraduate programs 


Outcomes 
• Departments at HBCU’s obtain specialized accreditation, establish 


a new S&E program, or revamp an S&E program to meet discipline 
and industry standards.  Esp. in NSF priority areas, and 
interdisciplinary areas. 


• May include curriculum enhancement, travel, training, new course 
development, justifiable equipment purchases. 


Players 
• MPS grantees 
• HBCU’s 


Feasible? 
• Already available; need information flow to MPS grantees 


Budget Needed 
• Program already has budget 


Leverages What? 
• HBCU “Targeted Infusion Projects” initiative:  five-year capacity 


building projects;  up to $150K for one to two years 
• Initiative is funded for $700K per FY 06 and FY 07 
• Expect to fund four to seven each year 


 
 
 
 
 
ACTION: 


• Encourage MPS grantees to recruit REU students from EHR 
grantees that are intensively supporting minority 
undergraduates 


Charge: 
• Broadening Participation 


National Impact? 
• Yes, to the extent that MPS grantees are everywhere 


Outcomes 
• Percentage of REU students who are from under-represented 


groups is increased 
Players 
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• All MPS grantees 
Feasible? 


• Entails promotion of the opportunity, and information about 
schools from which to recruit 


Budget Needed 
• REU program covers this already 


Leverages What? 
• MPS grantee base, REU program, and HRD awareness of minority-


serving institutions having relevant S&E undergraduate programs 
 
 
ACTION: 


• Extend GK-12 program to GK-14 (community college level):  
have graduates in MPS fields enlist to teach at community 
colleges 


Charge: 
• Broadening Participation 


National Impact? 
• Yes – community colleges are everywhere 


Outcomes 
• More community college students elect to enter MPS fields due to 


exposure to graduate students as part-time teachers 
Players 


• Graduate programs in MPS fields 
• Community colleges including programs in MPS fields 


Feasible? 
• Requires significant addition to a program or a new program 


Budget Needed 
• ?  significant 


Leverages What? 
• NSF experience with GK-12 program & its outcomes, experience 


with costs, benefits, higher education interest in participating 
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 Final Report of the EHR-MPS Evaluation and Education Research (EER) Working Group 
September 19, 2005 


 
The EERWG Progress Report of July 13, 2005, which appears at the end of this document, lists a 
set of recommendations that could be used for future actions.  The EERWG subsequently met to 
prioritize these recommendations using the following criteria:   
 
 Significant involvement of both EHR and MPS 
 Foundational capability, both internally and as a prerequisite for future actions 


Ability to leverage existing expertise and resources 
 Value added to ongoing activities 
 Cost/effort associated with implementation 
 Timeline associated with implementation 


Potential for external impact  
  
As a result of these discussions, the following recommendations are offered and ranked in order 
of descending priority.  Each recommendation is also characterized by the cost and effort 
associated with it, along with its timeline and likely impact.  While the EERWG believes that 
several of the high priority recommendations could be initiated shortly, no specific plans are 
provided.  Such plans will depend on recruiting new members to the EERWG, to form the EERG, 
as noted in 1., below. 
 
1. Establish a mechanism for ongoing EER discussions, the EER Group (EERG) 
  
The current EERWG agreed to form the nucleus for an ongoing EER Group (EERG) that could 
sustain joint discussions of evaluation and education research related to teaching and learning in 
the MPS disciplines.  Modeled loosely after EHR’s Internal Resource Group (IRG), the EERG 
would meet periodically and invite visitors and paid consultants to attend meetings as appropriate.  
The EERWG endorsed the idea that the EERG would set up email distribution lists, newsgroups, 
and wikis.  Through these mechanisms the EERG would provide a platform for ongoing EER 
initiatives involving EHR and MPS. 
 
Cost/effort: Moderate 
Timeline: Immediate and continuing 
Impact: High 
 
2. Identify a group for guiding evaluation of the College Board’s project to update 
Advanced Placement tests in Biology, Chemistry, Environmental Science, and Physics 
 
There was great enthusiasm for the College Board’s proposal, 0525575, to update four science 
AP tests.  Presuming the project receives funding, it affords an extraordinary opportunity for 
evaluation and education research, as it will have national reach and impact.  The EERWG 
identified a critical need to nucleate a cross-directorate group at NSF, including GEO and BIO 
representatives, which can monitor the project and work with the College Board on its EER 
components.  The EERG could help constitute this internal working group.  Interest was also 
expressed in making a joint EHR-MPS award to study the impact of the College Board’s project. 
 
Cost/effort: High  
Timeline: Approx. two years for the initial phase of the project 
Impact: High 
 







3. Develop EHR-MPS collaborations to enhance the quality of program announcements, 
proposal review, and project implementation 
 
For MPS and EHR programs that have EER components, members of the EERG would assist in 
the preparation and revision of program announcements, or would identify other EHR or MPS 
staff members who have the appropriate expertise.  This form of staff participation would help 
ensure that EER components are described appropriately.  These staff members would also help 
to locate education researchers and evaluators for preparation and review of MPS proposals; and 
disciplinary experts for preparation and review of EHR proposals.   This type of collaboration 
could lead to establishment of a reviewer database that would serve both directorates.  
Refinement of the current CHE intelligent reviewer database (portal URL: 
http://www.nsf.gov/mps/che/reviewer/reviewer_info.jsp) to facilitate this process will be 
investigated for a pilot effort and other options will be explored. 
 
Cost/effort: Moderate or High, if database construction is included 
Timeline: Immediate and continuing 
Impact: High 
 
4. Develop a joint EHR-MPS knowledge base of resources on evaluation and 
education research, targeted to EHR and MPS program directors and PIs 
 
Although development of a sophisticated set of resources would be time- and labor-intensive, the 
EERWG felt that a limited, basic set of resources could be identified quickly and inexpensively 
with assistance from REC and using resources from, e.g., SRI, Westat, NRC publications, and 
Western Michigan University.  If they were easily accessible and comprehensible to non-experts, 
these resources could substantially raise awareness among program directors and PIs of the 
importance of EER and lower the barriers to utilizing this body of scholarship.  The EERG could 
organize and publicize this effort.   
 
Cost/effort: Low  
Timeline: Immediate  
Impact: Moderate 
 
5. Train a cadre of evaluators and education researchers for MPS and EHR awards 
 
The EERWG recognized the need for building EER capacity both internally and externally.  
Some mechanisms that have been used include supplements to awards to train individuals in 
EER, support for Fellows associated with CLTs, and internships in education for PhD candidates 
in the sciences as part of CLTs.  The emergence of information visualization tools (see, e.g., 
http://ella.slis.indiana.edu/~katy/events/index.html) may afford excellent opportunities for 
individuals having interests in EER and could be promoted through EERG-initiated activities.   
The EERG could help design a strategy for advancing these efforts, or could identify other MPS 
and HER staff members who are interested in doing so. 
 
Cost/effort: Moderate to High  
Timeline: Long-term  
Impact: Moderate 
 
 
6. Develop a joint EHR-MPS educational research agenda for emerging areas 
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The EERWG felt that education research will play a vital role in understanding frontier 
developments like cyberscience (including visualization and analysis of massive 
cyberinfrastructure databases and use of the Open Science Grid), emergency/crisis response, and 
use of game-based learning to enhance science education. These frontiers of NSF research are 
often highly interdisciplinary.  The EERG could provide leadership in organizing seminars to 
raise awareness of EER opportunities associated with emerging areas, in collaboration with 
appropriate partners from across NSF.  As noted above in 2., an award to the College Board to 
update AP tests would also provide an opportunity to establish a joint research agenda. 
 
Cost/effort: Low  
Timeline: Immediate and continuing  
Impact: Moderate to High 
 
7. Nurture talent at the K-12 level through EHR-MPS programs and projects 
 
The K-12 educational enterprise is enormously important to the nurturing of future scientific 
talent.  The EERWG felt that the EERG could play a significant role in initiating activities to 
promote more effective recruitment of the future technical workforce and ensuring that they are 
informed by EER methods and tools.  An example of EERG involvement would be the College 
Board initiative described above, as students in AP courses represent a particularly rich and 
increasingly diverse talent pool.  Re-conceptualization of high school science laboratories and the 
former Young Scholars program in which DMS participated were identified by the EERWG as 
worthy of consideration.  PHY’s QuarkNet and DMR’s Strange Matter exemplify other projects 
where EER expertise would be valuable in assessing effectiveness with respect to student interest 
and learning.  A role for the EERG might be to convene workshops to invite community 
participation in identifying appropriate initiatives.   
 
Cost/effort: High 
Timeline: Long-term  
Impact: Moderate to High 
 
8. Identify criteria for success for broader impacts 
 
The EERWG felt that the EERG should track developments related to the community’s response 
to the broader impacts review criterion but decided that the information and tools are not 
currently in place to make this a higher priority at this time.  Because examples of broader 
impacts are becoming increasingly available (see, e.g., www.nsf.gov/chem/broaderimpacts for an 
example of a more systematic collection effort) and data mining tools are becoming increasingly 
sophisticated, the EERWG believes that this recommendation should be revisited periodically.   
 
Cost/effort: High 
Timeline: Long-term  
Impact: High 
 
Bernice Anderson, EHR, Co-Chair 
Lloyd Douglas, MPS 
Janice Earle, EHR  
Arthur Ellis, MPS, Co-Chair 
David McArthur, EHR  
Randal Ruchti, MPS 
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Appendix 
 
Progress Report of EHR-MPS Evaluation and Education Research (EER) Working Group 


July 13, 2005 
 
Over the course of our meetings, the Working Group identified a number of areas where 
productive collaborations between EHR and MPS staff have occurred.  Examples include EHR 
input for the Physics Education Research program; DMS participation in the MSP and MIE 
programs; linkages of CHE REU and LSAMP programs; EHR assistance with unsolicited 
proposals like QuarkNet; and cross-directorate input for program announcements like CCLI, 
URC, and DCF.  In general, these interactions have been ad hoc and largely at the program 
officer level.   
 
The Working Group feels that this is an opportune time to think about a more systematic 
approach to EER involving the two directorates.  A draft set of potential initiatives is presented 
below.  These initiatives represent a combination of short- and long-term efforts.  Their 
implementation costs and benefits need to be better defined, but the Working Group believes that 
these initiatives have the potential to strengthen EER connections across the EHR and MPS 
directorates.  
 
• Establish a group for ongoing EER discussions for EHR-MPS 


Create mechanisms for MPS and EHR to continue joint discussions of education research 
and evaluation related to teaching and learning in the MPS disciplines.  Meetings, email 
distribution lists, newsgroups, and wikis could be used.  
  
• Pursue collaborations that benefit from sharing expertise 


For MPS and EHR programs that have an educational component, include representatives 
from both directorates when preparing/revising program announcements.  


Develop mechanisms for enabling MPS projects to locate education researchers and 
evaluators; and for enabling EHR proposals to identify disciplinary experts. 


Establish an MPS and EHR common reviewer pool and selection process, as the two 
directorates often need expertise that can be identified through the other directorate. 
 Develop a joint MPS-EHR knowledge base of resources on evaluation and education 
research, targeted to MPS and EHR program directors, as well as to PIs.  
 Create a mechanism for training a cadre of evaluators for MPS and EHR awards. 
 
• Develop a joint EHR-MPS educational research agenda 
 Co-sponsor a series of seminars to raise awareness of evaluation and education research 
and to identify gaps in our understanding. This can be done in collaboration with the EHR’s IRG 
on education research. 
 Identify emerging areas that are ripe for investment in evaluation and education research, 
such as cyber-enabled MPS education and earlier exposure to undergraduate MPS research. 
 
• Develop joint EHR-MPS programs and projects to nurture talent at the K-12 level 
 Partner to support projects and mechanisms that might enhance opportunities for 
identifying and nurturing talent through AP courses, high school laboratories, a reconstituted 
Young Scholars Program, etc.  
 
• Identify criteria for success for broader impacts  
 Collaborate with our communities to enhance the broader impacts components of projects 
and to establish means for determining their effectiveness.   
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