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Minutes of the March 2-3, 2006, NSAC Meeting


Before the meeting began, each of the attending Nuclear Science Advisory Committee (NSAC) members was individually sworn in as a special government employee by a staff member from Human Resources, Office of Science (SC), U.S. Department of Energy (DOE).


Chairman Robert Tribble called the meeting to order at 10:05 a.m. He welcomed the new members of the Committee and asked all the members to introduce themselves. He thanked Rick Casten for his work with NSAC over the years and reviewed the agenda.


Tribble asked Raymond Orbach to give an update on the activities of the Office of Science. Orbach thanked the Committee members for their service and assured them that their views and advice were taken very seriously.

This is a very different year from the previous one. Last year, the SC budget experienced a 4% drop from the previous year, and SC had to make some difficult decisions and trade-offs. The Office wanted to maintain support that would maintain U.S. leadership in science. This year, the President's budget will support 2600 additional postdocs and researchers. In the State of the Union Address, President Bush said “I propose to double the federal commitment to the most critical basic research programs in the physical sciences over the next 10 years. This funding will support the work of America’s most creative minds as they explore promising areas such as nanotechnology, supercomputing, and alternative energy sources.”  This is a historic opportunity for our country, a renaissance for U.S. science and continued global competitiveness. The SC budget went up 14%.


This opportunity will not be given again. This proposal could double the SC budget from $3.6 billion in FY06 to $7.2 billion in FY16. However, one should note that this proposal would double the sum of the budgets of the four basic-research agencies. If DOE does not respond, the monies will go to other agencies. Earmarks will decrease the level of funding in the current year and in future years, as well; every dollar lost in FY08 will be two dollars lost in FY09. This is the time to support the President's budget.

The missions of DOE include being stewards of national science facilities [e.g., the Relativistic Heavy-Ion Collider (RHIC) and  SEQ CHAPTER \h \r 1Continuous Electron Beam Accelerator Facility (CEBAF)]. As a result of private funding, RHIC is now cooling down and getting ready for the first collisions.


In the FY07 budget, about half goes to facilities and about half to research. Some of the highlights of that budget are

· The International Thermonuclear Experimental Reactor (ITER) is fully funded. This is a self-standing international agreement for a major scientific facility. It will be the model for all future large-scale collaborations. The United States will contribute $1.22 billion.
· In high-end computation, more than 250 teraflops will be provided on the floor in Oak Ridge (70 teraflops sustained), and 100 teraflops on the Blue Gene P at Argonne; the capacity of the National Energy Research Scientific Computing Center (NERSC) will be increased to 100–150 teraflops. At these speeds, scientific discovery can be done in many fields in which it could not be done before. If funding continues to increase, peak speeds will increase to 1 petaflop.
· Linac Coherent Light Source (LCLS) construction continues; it will be the world's most powerful X-ray free-electron laser and will provide an order of leadership beyond any other facility in the world and allow single-molecule structure determinations with a pulse rate of 350 per nsec.

· The Spallation Neutron Source (SNS) is being completed on-time and on-budget. It will be an order of magnitude more intense than the Institute Laue Langevin (ILL) reactor.
· Four of five DOE nanocenters will begin operations in 2008, providing the United States with resources unmatched anywhere in the world. They will be able to look at structure and dynamics.
· The International Linear Collider (ILC) would give the United States world leadership in the study of particle physics in the next decade at Fermilab. Killing the Superconducting Super Collider (SSC) offshored high-energy physics research. It is imperative to bring the ILC to the United States and maintain collaboration with colleagues in other fields. The ILC will be three to seven times more powerful than the Tevatron at Fermilab. It will restore U.S. leadership in this field.
· CEBAF and RHIC are the two large facilities for the nuclear physics program in the United States. The upgrade of CEBAF will double its energy. RHIC goes fully operational in the President's budget, which starts in October. Supporting these facilities is what the advisory committees recommended.
· The National Synchrotron Light Source-II (NSLS-II) is slated to get $45 million for R&D and design in the FY07 budget, allowing it to leapfrog the third-generation accelerators and be the first fourth-generation machine with a 1-nm spot size. Its spatial and energy resolution will be the world's best. Nanoparticles will be grown in situ, and their properties studied. Stability is the challenge.

The Office of Nuclear Physics (NP) is slated to get a 24% increase in budget from FY06 to FY07; half will be for research, and half for facilities. That 24% increase is larger than the increase for the Office of Science. The FY07 budget request increases the NP budget by $87 million, to $454 million. The President has committed to doubling funding for the physical sciences [the sum of DOE SC, NSF, and  SEQ CHAPTER \h \r 1National Institute of Standards and Technology (NIST) budgets] over 10 years.


In closing, Orbach quoted what he had said at the Congressional hearing on the budget: “We are indebted to the President for his foresight in recognizing the vital importance of America’s continued leadership in the physical sciences to our nation’s global competitiveness position in our quest for greater energy security. We are committed to holding up our end of the bargain by delivering truly transformational science and technologies – breakthrough advances that will provide new pathways to energy security and ensure America’s continued global economic leadership in the years ahead.”

Tribble said that the scientific community was in debt to SC and to the administration for this forthcoming support.

Matthews asked about the National Academy of Sciences’ (NAS) study of the Rare Isotope Accelerator (RIA). Orbach replied that the study was set up in the 2006 budget year, and the FY08 budget calculations are now starting. The NAS report is scheduled to be completed by October 2006. The Office has been trying to see how the program can best fit under the funding umbrella. RIA does not show up until 2011. A technological assessment and an indication of what to do with it are needed from the NAS.
Heinz asked Orbach what made him optimistic that this increase in funding will happen. Orbach responded that Congress will pass an authorization (which is different from the President’s requested budget). This President means what he says. It is now the scientific community’s job to sell this budget to the public, to its colleagues, and to Congress.

Zajc asked what led to this commitment and what the scientific community can do to keep it on track. Orbach responded that he did not know what brought about this commitment. The Gathering Storm document has had a tremendous effect on Washington. There were also the  SEQ CHAPTER \h \r 1President’s Committee of Advisors on Science and Technology (PCAST) and Competitiveness Council reports. It was probably a combination of those three reports and Thomas Friedman’s book (The World Is Flat) and the ITER agreement. The President wants to make sure our human capital is up to the task of maintaining our quality of life.

Matthews noted that the Secretary of Energy also had an influence on the decision. Orbach said that, when he was confirmed, the Secretary had said that he would increase the influence of the Secretary’s office and would increase the funding of SC. That is a difficult task in a year when the budget is flat. He has taken some heat over those decisions.

Dean wanted to know who on the hill were the champions of this move. Orbach responded that support is bipartisan and broad. There are 66 sponsors of the Protecting America’s Competitive Edge Through Energy (PACE) bill. There will be some tough questions during the budget hearings. The initial response has been very positive.

Bryman asked if Orbach saw value for nuclear science in ITER. Orbach said that the broad support and cooperation in bringing about this agreement is heartening. The Department’s experience in project management is being transferred to ITER. The experience at CERN has been a 30% overage. It is hoped that how these facilities are built will be changed and that the U.S. record will put the United States in the forefront for hosting the ILC. The host country has to pay one-half of the costs. The waters are being tested to see if there are partners to pay the other half.
Aprahamian asked if there is a commitment from the Department of Energy to onshore physics again. Orbach replied that the United States has benefited tremendously from its leadership and participation in science projects during the past 50 years. It is desirable to maintain that American domination in science. That domination is related to the tools given to the researchers. The U.S. students also need to participate in the discovery process.

Tribble introduced Joseph Dehmer to present an update on the NSF’s activities in nuclear science. He focused on four strategic goals:
1. intellectual frontiers, advances in science that change how people think and act;

2. broader impacts that have an effect on other fields;

3. education, preparing the next generation of scientists and the work force (which includes inspiration); and

4. stewardship of and working with partner agencies to ensure that facilities are exploited for science, that older facilities are phased out, and that the future is planned for.

Physics frontiers today encompass opportunities for discovery, like Bose-Einstein condensates, “atom” lasers, dark matter, dark energy, gravitational waves, neutrino physics, and many others.

The investment goals of the NSF include dramatic scientific advances that alter the course of physics and of other fields; seeds of major advances in health, wealth, and defense; international leadership and cooperation, working seamlessly with other cultures; recruitment of exceptional talent through education, outreach to the public, and early inspiration; production of highly trained professionals; and a significantly increased diversity in science.

The NAS report, Rising Above the Gathering Storm, called upon the federal government to increase investment in long-term basic research by 10% per year for the next 7 years and to increase the number and proportion of U.S. citizens who earn physical-science, life-science, engineering, and mathematics bachelor’s degrees by providing 25,000 new 4-year competitive undergraduate scholarships each year to U.S. citizens attending U.S. institutions. The President took ownership of the recommendations of this panel. The responses will happen for years in the future if the scientific community provides support.

The NSF FY07 priorities are to advance the frontier through grant support to university principal investigators (PIs); provide facility stewardship, instrumentation, and cyberinfrastructure; broaden participation; and sponsor education and workforce development. At the directorate level, the Division for Mathematics and Physical Sciences (MPS) is one of many. It has five divisions: Astronomical Sciences, Chemistry, Materials Research, Mathematical Sciences, and Physics.
In FY07, the directorate will put its investments into (1) elementary particle physics (EPP) at the energy, neutrino, and cosmic frontiers; (2) physics of the universe; (3) fundamental mathematics and statistical science; (4) physical sciences at the nanoscale; (5) cyberinfrastructure; (6) the molecular basis of life processes; and (7) the physical science of environmental sustainability. The budget of the directorate has increased to $1.15 billion, an increase of $65 million (6%) over that of FY06.
About $250 million of that gets invested in the MPS facilities, including the Cornell Electron Storage Ring (CESR), which is being phased out but still has connections to the ILC; GEMINI Observatory; the Large Hadron Collider (LHC) with DOE (this got a big lift with $18 million, but that put a lot of pressure on other projects);  SEQ CHAPTER \h \r 1Laser Interferometer Gravitational Wave Observatory (LIGO), which is now operating at great sensitivity and has had an upgrade approved; the Michigan State University cyclotron facility that produces exotic beams; nanofabrication; the National High Magnetic Field Laboratory at Florida State University;  SEQ CHAPTER \h \r 1Rare Symmetry-Violating Processes (RSVP), which unfortunately is now being phased out; and ground-based observatories.

The Division of Physics now has 11 programs ( SEQ CHAPTER \h \r 1Atomic, Molecular, and Optical Sciences, Theoretical Physics, Gravitational Physics, EPP, Nuclear Science, Education, Particle and Nuclear Astrophysics, Biological Physics, Accelerator Physics and Physics Instrumentation, Physics Frontier Centers, and Physics at the Information Frontier). Its priorities for FY06 are to provide strong, flexible core research programs (more than 50% of the Division of Physics budget; the Committee of Visitors (COV) recommended increasing this to 55%); to support the physics of the universe (the EPP investment package has increased 10% per year; it started with $4 million, and astrophysics is now up to $16 million); to increase diversity by 10% per year; to strengthen theory by 5% per year; to pay attention to stewardship of facilities; and to cultivate new opportunities [e.g., biological physics, physics at the information frontier, and the Deep Underground Science and Engineering Laboratory (DUSEL)].

The Office of Science and Technology Policy (OSTP) report, The Physics of the Universe: A Strategic Plan for Federal Research at the Intersection of Physics and Astronomy, came out of the 11 questions posed by the National Research Council (NRC) report, Connecting Quarks with the Cosmos. These are the big science questions. Physics of the Universe prioritized the activities that the government can do to address those questions.

The NSF budget increased by 1.8% from FY05 to FY06 and is up 7.9% from FY06 to FY07 (in the President’s budget request) to $6 billion. MPS is up 6% in the FY07 request. Research accounts in the NSF are up 7.7% in the FY07 request. The hope is to increase physics funding about 7% per year for the next 10 years. These are substantial increases. The Division of Physics has gone from $140 million to $250 million from 1997 to 2007. During that 10 years, funding was flat from 1997 to 2001, buoyant from 2001 to 2004, and flat again until this year.
Core research has declined in the percentage of funding from 65% to 55% between 1996 and 2004. Facilities increased from 27% to 33%, and centers increased from 5% to 10% during the same period. This shows the emphases placed on the sectors from year to year. There will be an open competition for new centers in 2008.
The Directorate’s 664 awards support 969 senior personnel and about 4000 people overall. These awards support 536 postdocs, 370 other professionals, 997 graduate students, and 419 undergraduate students plus about 500 others at Research Experiences for Undergraduates (REU) sites. The directorate tracks active awards. New PIs (the refresh rate) are about constant at 27%. Women are increasing (from 10% in 1996 to 17% in 2005), and other minorities are increasing very slowly (from 5% to 8% from 1996 to 2005; this is not a substantial improvement yet).

DUSEL has an interdisciplinary scope (including particle physics, nuclear physics, astrophysics, geosciences, engineering, biosciences, industry, and defense). All of these interests are shared with DOE. A lot of physics experiments would benefit from the lowest cosmic-ray flux possible anywhere (e.g., proton decay, neutrinoless double-beta decay, dark matter detection, long-baseline neutrino experiments, solar and supernovae neutrinos, and low-energy nuclear cross-sections for nucleosynthesis research). The planning for this facility has been going on since 2001 and includes mention in NSAC long-range plans, Connecting Quarks to the Cosmos, the Earth Lab 2003 workshop, Physics of the Universe, The Quantum Universe, and the upcoming  SEQ CHAPTER \h \r 1Neutrino Scientific Assessment Group (NuSAG) report. All this started with Ray Davis’s Nobel Prize-winning research on solar neutrinos in the 1960s. It will be a hazardous endeavor and must be done well. There have been several previous attempts. This effort has had a site-independent science-scope solicitation, a conceptual design solicitation (two awards were made for preconceptual designs), and a solicitation for technical description (which will be issued in June). This effort could lead to a Major Research Equipment and Facilities Construction (MREFC) candidate for FY09 funding.
Heinz asked how the United States could attain world domination in science given the problems in visitation by foreign students and researchers since 9/11. Dehmer agreed that that has been a challenge. The United States needs to attract talent. What is going on needs to be mitigated; it hurts the programs. It is an unfortunate development but outside his abilities to solve.

Tribble declared a break for lunch at 12:02 p.m. he called the meeting back into session at 1:16 p.m. and introduced Dennis Kovar to review the DOE Nuclear Physics Program budget for FY07.
The FY06 budget is $370.4 million, –8.4% or $34 million less than FY05.  In FY06, the overall research operating funding was reduced by about 5%, damage to University grants was mitigated by carryover and budget-period changes (the universities were facing a 10% reduction). The original 14% reduction in PhD researchers and students will be less than projected (perhaps 6%). Facility operations have been reduced overall by about 14%. All facilities run less. RHIC would have been unable to run without a $13 million contribution from the private sector, which represents 20 weeks of running time. All facilities have reductions in forces. All of the projects that had been started have been continued.

Some of the reductions in nuclear-physics appropriations for FY06 were significant, with the base funding experiencing a 9.0% decrease from the previous year. However, FY06 looks like a glitch that can be lived through if FY07 funding increases as expected.

The context is the President's American Competitiveness Initiative (ACI). Nuclear physics is rising with a rising sea, which is partly due to the review that NSAC produced, a solid document that allowed the Office to make its case. What is not in the FY07 request is funding for RIA. 
Under the proposed FY07 budget, university and national-laboratory research efforts are restored to approximately FY05 levels. About 10% of Ph.D. researchers and students are restored. Support for  SEQ CHAPTER \h \r 1Scientific Discovery Through Advanced Computing (SciDAC) is increased. And there will be $2.4 million for enhanced efforts in nuclear data/measurements relevant to advanced fuel cycles for nuclear power. Later this summer, there will be a workshop to plan for producing that data during the next 5 years. National user facilities [RHIC, CEBAF, ATLAS,  and the Holifield Radioactive Ion Beam Facility (HRIBF)] will operate at near-optimum levels. RHIC will receive detector and accelerator upgrades. The LHC program will get support . The Gamma-Ray Energy Tracking Array (GRETINA), the Fundamental Neutron Physics Beamline (FNPB) and Electric Dipole Moment (EDM) experiment at the SNS, and the Lattice Gauge Quantum Chromodynamics (QCD) Initiative will be started or continued. The 12-GeV CEBAF upgrade project has obtained CD-1 approval, and its project engineering and design is supported in FY07. R&D that supports next-generation capabilities at the  SEQ CHAPTER \h \r 1Thomas Jefferson National Accelerator Facility (JLab) and RHIC is supported; R&D funding is there for an exotic beam facility.

In the FY07 nuclear-physics budget request, there are significant increases from FY06, but they reflect just about cost-of-living increases. Significant investments in construction at CEBAF and RHIC are beginning to be made. The research portion of the budget request provides flexibilities for funding past proposals and starting new centers. These opportunities will be sifted through in the coming weeks.

Facilities are operating at about 92% on average. Several facilities have been closed. The RHIC operating schedule includes 20 weeks not funded by DOE. The HRIBF and ATLAS should grow because they are not ready for seven-day-a-week operations yet.

If the projected 6.4% increase per year occurs, the user facilities will be able to be operated at the new optimum levels to achieve their scientific goals. The 12-GeV upgrade at CEBAF will begin, construction of RHIC II will start, ATLAS and HRIBF will mount forefront programs, and R&D will be conducted to provide the basis for a decision to initiate preliminary engineering design (PED) for the construction of a U.S. world-class exotic-beam facility.

Research efforts and investments are supported to

· complete the CEBAF 6-GeV program,
· characterize the newly discovered new states of matter and establish the contributions of gluons to the spin of the proton at RHIC,
· search for new states of matter at LHC,
· study new nuclear structures and nuclear behaviors with GRETINA,
· measure fundamental neutron properties at the FNPB at SNS,
· fabricate a neutrinoless double-beta decay experiment,
· invest in lattice chromodynamics (LQCD),
· conduct accelerator R&D for next-generation nuclear-physics-research capabilities,
· perform nuclear-data measurements and code development to improve designs of next-generation nuclear reactors, and
· support graduate students to produce more than 400 PhD degrees. 

Heinz asked if the SC research for nucleus science theory shows up here. Kovar replied, no.
Glasmacher asked if there was a mission need for RIA. Kovar replied that the Department has said that there is a mission need. The document needs to be redone.

The time is appropriate to begin a new long-range planning exercise. The 2002 long-range plan (LRP) is serving the nuclear-physics community well, but it has been 5 years since that was developed. The President has set a new budgetary framework for the physical sciences into the next decade. A charge will be presented in the summer of 2006, requesting a new LRP, and a report is needed by the end of 2007. The National Research Council is conducting a science assessment of RIA, which is due in October 2006. The  SEQ CHAPTER \h \r 1Organization for Economic Cooperation and Development (OECD) will articulate nuclear-physics efforts, abilities, plans, and opportunities and will identify opportunities and issues for international cooperation; its report is due in 2008. The OSTP High-Energy-Density Physics Interagency Working Group (IAWG) is developing a roadmap. The Office of Nuclear Physics is examining the efficiencies of facilities (cost-effectiveness of facility operations); it is holding a workshop review with a report due later this year.
Other activities of the Office include awards to outstanding junior investigators (to be announced later this month), two early-career scientist and engineer awards, funding of 16 proposals (totaling $3.96 million) for RIA R&D, preparation of the FY08 budget request, selection of two division directors, selection of a new program manager for Advanced Technologies R&D, filling two new vacancies, and enrolling three new detailees.

Geesaman asked when the NRC's decadal survey would likely occur. Kovar replied, by 2010 if they start by 2008.

Heinz noted that the budget assumes a $130 million reduction in Congressional earmarks and asked how realistic that was. Kovar said that he did consider earmarks. If the requested budget has $130 million in earmarks, that money will not be included in the FY08 budget request, reducing the levels of funding and any out-year increases to that funding. Heinz asked how many of these earmarked projects will continue to be funded in FY08. Kovar said that he did not know. Many of them seem to be 1-year projects. They will be detrimental to the out-year budgets and should be avoided.

Glasmacher asked if the  SEQ CHAPTER \h \r 1Small Business Innovative Research (SBIR) program was terminated. Kovar responded, no, it is in the budget.

Aprahamian asked what the international working group on assessing nuclear physics was. Kovar answered that it is on basic nuclear physics. It has been set up for more than a year. It was proposed by SC. It arose in the depths of the FY06 budget, when there was an enormous focus on research with economic benefits. Its purpose is to talk about the great opportunities in nuclear physics and how the facilities around the world complement each other.
Ullrich noted that the LHC has three experiments in heavy ions slated and asked if all three were going to happen. Kovar replied that it will all become clear soon.

Bradley Keister took the floor to make additional remarks about the activities at the NSF.

In research and education, NSF supports more than 200 faculty, 80 postdocs, 200 graduate students, and 150 undergraduate students. It also supports facilities at several universities and a user group program in which DOE/NP is a critical partner. A lot of coordination is needed among these entities, and NSF is attuned to the comments and recommendations of NSAC and other advisory committees.

In setting budget priorities, it is important to have well-articulated science goals. The NSF values and appreciates the time put in to develop them. 
For DOE, nuclear physics is a line item. However, there is not a specific line item for nuclear physics in the NSF's budget. In FY06 there was a 1% rescission applied to all facilities and centers, including the National Superconducting Cyclotron Laboratory. Nuclear astrophysics was flat. Nuclear theory was up about 6%; this year there is a 2:1 ratio between requested and available funds (it was 5:1 last year); at the same time, NSF is trying to implement the NSAC recommendations to increase the size of theory grants (which means fewer grants). These decreases were especially heavy to third-year research awards. Nuclear experimentation is off 2% from FY05, which was decreased 7.5% from FY04. NSF made one Faculty Early Career Development (CAREER) award this year, to John Beacom of Ohio State University.

In terms of people, the NSF has a new deputy director, MPS Assistant Director Michael Turner will be leaving on March 30 (there is a search under way for his replacement), and there are three staffers over nuclear-physics experiments who will be rotating off at the end of this summer (replacements will be needed).
Tribble asked about several items on the drawing board that Dehmer had mentioned. Keister said that those were his personal list of what seems exciting and interesting. Conversation with the Office of Management and Budget (OMB) normally takes place at the NSF Director’s level. Dehmer was talking about what has the best chance of funding in the future, for example pursuing funding for physics of the universe.

Glasmacher asked what the ratio of experiment to theory was. Keister answered, about 2 to 1.

Tribble introduced Peter Meyers to make a presentation on the report and recommendations of NuSAG. 
NuSAG reports to both the High Energy Physics Advisory Panel (HEPAP) and NSAC. This is the second report to those advisory committees. The subject of this report is the physics of neutrino mass and mixing. This is beyond the standard model physics, and it is here now. There are connections to the big questions of high-energy physics and cosmology. This effort is experiment-driven, not theory-driven. There has been a big U.S. investment over the past 5 years in neutrino experiments.

The next round of experiments is what NuSAG was charged to look at. There is lots to do in this area. This is a worldwide effort with much international collaboration, with a well-developed conceptual plan, and with reuse of a lot of expensive, existing facilities. There are opportunities for the U.S. program to take a leading role and to lift the worldwide program to a new, more-comprehensive level.

NuSAG was asked to make recommendations on the specific experiments that should form part of the broad U.S. neutrino-science program. One charge asked NuSAG to address the American Physical Society (APS) study’s recommendation on a phased program of sensitive searches for neutrinoless nuclear double-beta decay. That topic was the subject of NuSAG’s first report, which was approved in September of 2005.

Another charge involved a multidetector reactor experiment with sensitivity to sin22θ13  0.01, an order of magnitude below present limits. The charge specified some experiments to look at:
· a U.S. experiment,

· U.S. participation in a European reactor experiment,

· U.S. participation in a Japanese experiment, and

· U.S. participation in a reactor experiment at Daya Bay, China.


Another charge concerned U.S. participation in a timely accelerator experiment with comparable sin22θ13 sensitivity and sensitivity to the mass hierarchy through matter effects. The options include

· U.S. participation in the T2K (Tokai to Kamioka) experiment in Japan (which has two options: B280 and 2km),

· construction of a new off-axis detector [the  SEQ CHAPTER \h \r 1NuMI Off-Axis νe Appearance (NOvA) experiment], and

· liquid argon, which is currently directed to other applications and is in an R&D phase.

NuSAG was charged with looking at the scientific potential of each initiative, the timeliness on its scientific output, the likely costs to the United States, and the project’s place in the broad international context. NuSAG was then to recommend a strategy of one or more experiments in that direction.

Membership of NuSAG was drawn from nuclear science and high-energy physics, from the United States and abroad, from theory and experiment, and from neutrino physicists and the broader field of physics.

Meyers’ presentation on the NuSAG report can be found at http://www.sc.doe.gov/np/nsac/Mtg_3206/NuSAG_to_HEPAP_mar06.pdf . 
All the experiments that NuSAG looked at were well-motivated and scientifically interesting. The region of sin2 2θ13 > 0.01 seems to be a sensible target; it is an order of magnitude below current limits. Reactor experiments are not a faster path to this level of sensitivity, as was first assumed. Reactor and accelerator experiments give complementary information, with reactors measuring fewer parameters. (They do not do all the physics.)  However, the reactor experiments do not have the ambiguity that accelerator experiments have. The experiments already under construction (T2K and Double-Chooz) do not and cannot do all the physics required. In combination, NOvA and a reactor can add mass-hierarchy resolution, would have about equal sensitivity, and would provide a substantial extension of CP-violation sensitivity. NuSAG concluded that Braidwood and Daya Bay are scientifically very similar. There are some advantages to Braidwood and its symmetrical layout. There are also some complicated international and nonscientific issues involved here. The accelerator program is both enriched and complicated by future potential development paths.

NuSAG recommends that

· The United States can and should be a leader of the worldwide experimental program in neutrino oscillations.

· The U.S. program should include both accelerator- and reactor-based experiments.

· The United States should conduct the NOvA experiment at Fermilab.

· The United States should continue to play an important role in the Japanese program, focusing on T2K B280 in the short term and on the 2km on an appropriate timescale, if possible.

· The United States should support R&D on liquid argon to establish scalability to 10 to 30 kT.

· The United States should mount one multidetector reactor experiment sensitive to neutrino disappearance down to sin2 2θ13 of about 0.01. Both Braidwood and Daya Bay meet the scientific needs; one should be done.

· External issues rather than sensitivity are likely to be decisive. Determination of Daya Bay cost sharing with China must be clarified, and a full technical review of both experiments is needed. These experiments are not yet even proposals.

· U.S. participation in Double Chooz is encouraged as the quickest path to lower sensitivity. However, it should be given lower priority because it does not have the sensitivity required by the broader program.

The next round in neutrino oscillations needs a well-developed conceptual plan that calls for the reuse of expensive existing facilities. It will require a worldwide effort with much international collaboration, and there are opportunities for the U.S. program to take a leading role, lifting the worldwide program to a new, comprehensive level. Experiments should be carried out.

Eugene Beier explained that the United States designed itself out of ντ-appearance research because, to do such research, one needs a certain energy in the beam. The Fermilab beam did not meet the parameters for sensitivity. CERN proceeded with ντ-appearance research. Their goal was to do something important. In the meantime, Super Kamikande found two pieces of evidence that the oscillations of the νμ will produce ντ. They are (1) the effect of matter on the neutrinos as they go through the Earth and (2) searches for ντ appearance with statistical indication of such appearance. These are the two paths being followed by the world.
Meyers and Beier answered questions from the Committee.

Heinz asked how the ντ fits in. Beier replied that, in the quark sector, the controlling matrix looks like the matrix controlling mixing in the neutrino sector. In the quark sector, one can do four independent tests; but in the neutrino sector, one does not have anywhere near the information needed. Meyers added that, if one believes that there are three neutrinos, then one has only four parameters. Phenomenologically, it is not so simple. Heinz asked if there was anything one can do with this program if one poses a 5σ limit. Meyers replied that he did not know; the Subcommittee did not look at that. Most programs are statistics limited. There is room for longer run time.

Bryman asked if the backgrounds were known. Meyers replied that they were; they can be estimated now, but the experiments would measure them very well.

A break was declared at 3:17 p.m. The meeting was called back into session at 3:37 p.m., and Tribble opened the floor to questions.

Dean asked about the relationship of charges one and three to the Nuclear Physics side of the aisle. Meyers replied that the reactor and accelerator (but not NOvA or Braidwood) are a mixture of HEP and NP interests. It is heavily on the HEP side. Dean asked if the report implied that the decision on NOvA depends on the funding of the ILC. Meyers answered that, if the ILC were built at Fermilab, there would not be the time or money to devote to neutrino research. There would not be two facilities built at Fermilab. If the strong contributions of NOvA were in the later phases, why build the early phase(s)?  Waiting to see how all that plays out is not very reasonable. If one has no facilities, one does not do any physics. Dean observed that the Subcommittee was making a judgment under limited knowledge of the future and leaning toward NOvA. Meyers agreed. To imagine that one knew the starting date and funding profile is a stretch.

Glasmacher asked if NOvA would be run by Fermilab. Meyers said, yes. A lot of other experiments would be affected. It depends a lot on the ILC and Fermilab’s R&D. If one dumps the full operating costs on the flagship experiment, that will kill it; and several small experiments have already been killed off.

Zajc asked when T2K would become operational. Meyers replied that three-quarter beam power is expected to be reached in 2011, and the 5-year run would start then.

van Kolck asked what would have changed if the LSND results were correct. Meyers answered that some things do not change. LSND sees evidence for longer oscillations (a fraction of a percent) that indicates more is going on than three neutrinos. One might postulate sterile neutrinos. One can also rule out one sterile neutrino, leading to several sterile neutrinos. One could still measure these things proposed, but it may make it harder to pull out the information from the measurements. In the reactor experiments, the effect cancels out with the two detectors. For other experiments, the question may require some reconsideration.
van Kolck asked what would happen if θ13 is not so small and Double Chooz measures it. Meyers answered that, if Double Chooz shows something quickly, it indicates something is big and within measurement. 

Ullrich asked what the big boost in intensity would come from for accelerator-based experiments. Meyers replied that the NOvA proposal quotes their protons per year as a factor of 2 larger than the values reported for other experiments. That is realistic (it is the Phase I intensity). Some of the incremental improvements may work, and others may not, but they should get some credit.
Ullrich asked about the cost. Meyers said that it may be $500 million. Either one is going to run a laboratory or not.

Ullrich noted that the recommendation on argon detection is very short and asked if there was an alternative. Meyers said that the Subcommittee did not spend a great deal of time on that. It was assumed to be an alternative to NOvA. It was seen to be an internally funded program at Fermilab. It is appealing, but there is not a lot of experience or confidence in it. For the NOvA program, one is talking about using the same technology. 
Ullrich asked about the other reactor proposals. Beier said that the Korean experiment and a Brazilian and Japanese experiment have been talked about. Their sensitivity to θ13 is not high enough. 
Matthews observed that the Subcommittee would like to see Braidwood or Chooz go ahead. A technical review is needed. The other difference is that Braidwood is on U.S. soil, and there is no assurance that Daya Bay would go ahead without U.S. participation. It would be easier for graduate students to go to Illinois than to China. She asked if there was any timetable for going ahead with Braidwood. Meyers replied that NuSAG was asked for a science assessment. The agencies told NuSAG that it was not to consider locations and timetables. That is being left in the hands of the agencies. The subpanel does not want to tie the hands of the agencies or to delay any decisions. It considered Daya Bay to be a United States-led collaboration. The Chinese experiment is a new possibility. The monetary participation of United States at Daya Bay has to be clarified. The next step in HEP is P5. If the Chinese were willing to go it alone, that would change the calculus. The decision to have a U.S. neutrino program or not is important, also.
Heinz asked what the minimum cost might be for a program to make significant new discoveries. Meyers replied that the large reactor experiments would cost about $60 million. In Braidwood, the United States would bear most of that cost. NOvA costs $165 million (according to the physicists' proposal). The accelerator experiments look at CP violation, at mass hierarchy, and at whether θ13 is not zero. In Phase II, NOvA adds a chance to measure the mass hierarchy and perhaps to determine if there is something to learn in Phase II.

Aprahamian asked how many scientists are interested in the various experiments. Meyers replied that 150 to 200 are interested in NOvA. It will not exceed 500. About 60 are interested in Braidwood, of which 55 are in the United States.

Dean observed that it is really Phase II where the collider comes in. If Phase I is ascribed to, there is really no guarantee that Phase II would happen. Meyers agreed.

Glasmacher asked if NuSAG had considered these programs separately or in combination. Meyers replied that different people on NuSAG have different thoughts on this. NuSAG looked at it as an overall program. It is happy to pass the question of how costs affect the decision on to P5.
Savard stated that the reactor experiment alone can never provide all the answers sought.

Bryman asked if NuSAG had overridden the possibility of just having a reactor experiment. Meyers said that, within NuSAG, some would like to have just a large-reactor experiment. One gets an unambiguous number from a reactor experiment but nothing else. NOvA might bring about big discoveries, but no specific determinations. Makins stated that the subpanel was instructed to look at all these categories equally. Meyers added that there are programmatic issues and lots of opportunities.

Tribble asked what his opinion would be between reactors and accelerators on the following day when he has to make a presentation to HEPAP. Meyers answered that with HEPAP an issue is whether Fermilab will push this independently from the ILC. There is a collision between the two even in R&D money.

Tribble called for discussion of the NuSAG report. A decision on whether or not to support the report's recommendations must be made by this Committee by the following morning.

Dean asked what the report does if this Committee signs off on it. Kovar answered that, if this Committee accepts the report, that means the Subcommittee has done its job and the report becomes input to the decision-making process. The double-beta decay assessment was excellent. The charge asked what the reactor and accelerator experiments were capable of, and the Subcommittee provided an answer. Meyers added that a lot of other things were hashed out in committee and not put in the report. The report only touches on the scientific assessment.

Matthews noted that the report does not set priorities, but the Subcommittee did its job.

Heinz asked if this report will come back to this Committee again. Kovar stated that the charge is whether there are scientific opportunities, and there will be a lot of them. By knowing how far one can go in each phase, one can make investment decisions. Dean asked Kovar what this Committee's signing off on this report would mean to him. Kovar responded that it would mean that a defensible scientific assessment has been done.

Geesaman asked why there were not more quantitative statements. Meyers replied that the Subcommittee had two alternatives, neither of which worked out well. Geesaman said that the report gives the impression that the scientific community does not know the sensitivity that each facility would achieve. Meyers responded that the Subcommittee did not have the time or expertise to verify all the numbers that were used. Glasmacher noted that the numbers in the text came from the experiments. Meyers rejoined that the Subcommittee could not vet all the numbers. Its conclusions were qualitative. The big comparisons are Braidwood vs. Daya Bay and NOvA vs. T2K. For reactors, the Subcommittee spent a lot of time looking at the differences in the approaches and why they led to slightly different numbers. NOvA's statistics are more aggressive, but that does not change the sensitivity very much. The Subcommittee spot-checked the numbers provided.
Bryman stated that this is a fair assessment. The Subcommittee should be complimented. These claims are clearly stated. The report does the job required of it. This is an excellent report. It sums up the world view well.

Tribble asked whether the actual recommendations are the ones that were in the presentation. Meyers responded, yes. Tribble asked the Committee whether NSAC endorses the recommendation that the United States should be a world leader in neutrino research. Bryman was of the opinion that the recommendation was right on target.
Ullrich said that it was strange that the next recommendation leads to long-range considerations. Recommendation 6.1.2 does not follow directly from the prior one.
Zajc worried that the Committee might be making an unfunded mandate that will come back to haunt it. He said that the report was excellent. Tribble pointed out that, if the Committee offers advice, the agencies can accept or reject that advice.

Heinz commented that this report will go on to P5, and, together with HEPAP, NSAC has to decide if this recommends a good investment of resources. Tribble said that NSAC needs to assess what NuSAG concluded and whether it agrees with what they recommended. Zajc commented that this is fundamental physics that has to be done. The second sentence in the recommendations should be better written. Meyers pointed out that the conclusions and recommendations are different and do not repeat themselves. Lacey agreed that the statement pointed out by Zajc was vague and should be more explicit in stating that these recommendations will guarantee U.S. leadership. Heinz said that the conclusions split it out. Glasmacher pointed out that the charge did not ask for an assessment of how the United States should be a leader. Tribble said that there is an overriding issue: whether money should come out of the nuclear program for this.

Aprahamian suggested that some reworking of the first recommendation would be good. However, the report is good in laying out where the research should go. The general recommendations do not convey the spirit of the report. It says that both types of experiments should be done. Meyers agreed that there is a scientific case for doing both types of experiments.

Makins pointed out that the rest of the world will do this anyway. The question is whether to let someone else do it. It is not trivial to include the statement that the United States should pursue world leadership.

Ullrich still had a problem with some recommendations. The report as a whole is a good job.

Savard observed that one finding is that both reactor and accelerator experiments are needed somewhere in the world to produce the requisite accuracy. The United States can and should be a leader, but that is a different question. The big picture needs to be looked at.

Matthews did not have any problems with how the report is written. The recommendations follow logically, and she agreed with the recommendations. Those recommendations could be rewritten with more substance, but the logic is impeccable.

Sherrill stated that the report was well written and that he supported the recommendations. The main audience for the report is the agencies, and the report addresses their interests.

Heinz was satisfied with the report; the recommendations are acceptable.

Tribble asked the Committee to think about this report overnight and to continue considerations on it on the next day.

Aprahamian offered that any concerns of the Committee could be included in the transmittal letter rather then recrafting the words of the report.

Tribble said that he would supply the Committee members with a draft transmittal letter for them to consider overnight. He adjourned meeting for the day at 5:12 p.m.
Friday, March 3, 2006

Morning Session

Chairman Tribble called the meeting to session at 8:11 a.m. and asked Dean for his assessment of the NuSAG report. Dean said that the report was good and should be supported in its entirety. Tribble asked if others wanted to add comments. No one did. He asked the members if they were willing to accept the report. The response was unanimously affirmative. He presented a draft transmittal letter that he had provided to the Committee members the previous day. They considered the draft paragraph by paragraph. Minor grammatical changes were made in the second paragraph. Word changes to alter the emphasis were made in the fourth paragraph. Consensus was reached on the wording of the transmittal letter, and the final version of the letter was accepted by unanimous voice vote.
Tribble introduced Thomas Ludlam to review recent activities and developments at RHIC.  His presentation can be found at: http://www.sc.doe.gov/np/nsac/Mtg_3206/RHIC%20Highlights%20NSAC%202006_3-1.pdf.  After his presentation, Ludlam answered questions from the Committee.
Savard asked what the differences are between RHIC and LHC. Ludlam replied that LHC collisions will be higher energy, higher temperature, and longer lived. The effects on this new state of matter will be seen everywhere. The interplay between RHIC and LHC may be small. The statistics for RHIC II and LHC HI will be about the same. The machines will look at jets of different energy regimes, and there will be a strong interplay between these programs.

Matthews asked whether the LHC will take people away from RHIC and leave it weak when the LHC comes online. Ludlam and said that the RHIC program has not been affected by other current programs. The upgrades will bring in new collaborators and funding. He was concerned about this problem, though.

Makins asked if there was any smoking gun for a quark-gluon plasma. Ludlam responded that there was not, but there is jet suppression, and other observations indicate an extraordinarily high density. The point of questioning whether there is a quark-gluon plasma is past, however.
A break was declared at 9:17 a.m. to set up for the next presentations. 
Tribble called the session back to order at 9:24 a.m. and asked Konrad Gelbke to review highlights of the National Superconducting Cyclotron Laboratory (NSCL) at Michigan State University.  The talk can be found at: http://www.sc.doe.gov/np/nsac/Mtg_3206/NSCL%20Highlights%20for%20NSAC%20DOE.pdf.  After his presentation, Gelbke answered questions from the Committee.
Dean asked about the facility’s 5-year plan. Gelbke replied that the machine runs very well. The question is how much it runs. It will be competitive for the next 4 years. The goal is to build the next-generation radioisotope facility. New techniques are being developed (trapping, beam stopping, and reacceleration).

Heinz asked what major questions were being addressed. Gelbke replied that the important questions are in the reorganization of shell structure. Theory's predictive power needs experimental cornerstones, pushing knowledge far out in stability. A database is being built for astrophysics modelers. Also, r-processes are being looked at in the low-mass range. Precision measurements will be made in this domain. A lot of this work is technology driven. Heinz followed up, asking to what extent the program is driven by theoretical uncertainties. Gelbke acknowledged that they exist. The facility has an in-house theory group. On astrophysics, the situation is more complex. There are several centers that contribute to the dialogue to determine where experiments would make the biggest difference.

Aprahamian inquired about the demographics of graduate students. Gelbke replied that most are physicists. The facility is recruiting students in accelerator physics from physics and engineering departments.

Tribble introduced Anthony Thomas to speak about CEBAF at the  SEQ CHAPTER \h \r 1Thomas Jefferson National Accelerator Facility (TJNAF or JLab). The talk can be found at: http://www.sc.doe.gov/np/nsac/Mtg_3206/NSAC_Thomas%200306.pdf .  After his presentation, Thomas answered questions from the Committee.
Matthews asked how the experiments will be prioritized in the 10- to 12-GeV transition. Thomas replied that the management of the Laboratory would determine what will go on, with advice from the  SEQ CHAPTER \h \r 1Program Advisory Committee and the Science Council.

A break was declared at 10:46 a.m. The meeting was called back into session at 11:04 a.m. Donald Geesaman was asked to review recent activities at ATLAS.  The talk can be found at: http://www.sc.doe.gov/np/nsac/Mtg_3206/NSAC3-Mar-06_ATLAS.pdf .  After his presentation, Geesaman answered questions from the Committee.
Makins asked what was left for RIA. Geesaman replied, everything below nickel and everything above dysprosium.

Tribble called upon James Beene to give an update on ORNL’s HRIBF. The talk can be found at: http://www.sc.doe.gov/np/nsac/Mtg_3206/Beene-NSAC-print.pdf .  After his presentation, Beene answered questions from the Committee.
Heinz asked what the HRIBF has contributed to the understanding of double-closed shells way off stability. Beene answered that the process has only been started. Dean added that, because of the huge (1020) degrees of freedom, it will always be difficult to pin down.

Tribble declared a break at 12:27 p.m. and called the meeting back into session at 12:38 p.m. He displayed a new charge to the Committee that asks NuSAG to look at the scientific potential, associated detector options, optimal timeline, and other scientific considerations for a megawatt-class proton accelerator as a neutrino source. The report is requested by August. Other groups working on the consideration of such a facility expect to complete their work in October. It could be that the August date would slip so that the conclusions of the other groups can be considered by NuSAG.

New charges that would come to NSAC this summer were listed by Kovar:

· A COV review of DOE's Office of Nuclear Science is to be requested in mid-July, and it is to complete its work in the following five months.

· DOE and NSF need a new long-range plan for nuclear science by the end of 2007.

Tribble said that a healthy way to proceed may be to follow the model of past reports and use the Division of Nuclear Physics (DNP) of the APS for input. Heinz said that that was a good way to go. Tribble pointed out that some issues need to be understood about the time of the April APS meeting. How to structure the town meetings and the report should be decided soon. Lacey stated that there is a strong precedent for how the process evolves. Symons said that, to be most efficient, one needs to know what the financial situation might be.

Tribble said that the town meetings should be set up at the April APS meeting. Information from the charge letter can be folded in after the charge is received. Matthews noted that, previously, one meeting was held at the time of the fall APS meeting. Savard offered that some town meetings were organized around topics. Tribble asked if that was something DNP should decide. Savard suggested announcing a long-range plan and getting feedback on how to do it. Matthews suggested looking to see how it was done the last time. Tribble remembered that four town meetings were run the last time without  a separate one on theory. Sherrill noted that there were also meetings for subfields.

Kovar expected this process to define fundamental questions, specify how they should be looked at, and recommend an optimal program. It should point out what changes are needed. The existing facilities and programs have changed, the initiatives have changed, the technology has changed, federal priorities have changed, and funding projections have changed. Several assessments have been conducted: one of the RIA and one of high-energy physics by the OECD. The federal government is trying to do more strategic planning. The American Competitiveness Initiative and  activities in support of nuclear power are influences on the field, and the need to work in an international context must be considered. Some of the questions that arise are
· How should the field the organized?

· How should it be connected with other scientific fields?

· What new technologies might be developed?

· Where does the next generation of workers come from?

The report should address these issues.

Keister said that, on the resource side, anything not in the long-range plan is not considered. It is important to write the report with an eye to the leaders of other fields, like materials science. One needs to figure out what questions should be addressed by the long-range plan, and town meetings will supply many of those questions.

Makins noted that the lines were drawn more strongly by the national laboratories last time. Keister stated that readers will be more interested in the scientific questions. Sherrill observed that dividing the town meetings by scientific discipline would make it easier to attend relevant meetings. Heinz said that he would find the white papers and the town meetings organized by physics more meaningful than those organized by location.

Tribble observed that the way the white papers are written may make it easier to write the report.
Kovar said that he was trying to figure out how to organize the Office's programs in presenting them to the director of the Office of Science. He starts with QCD with hadronic beams and QCD with electron beams and subdivides the discussion by areas of physics. Eventually, how the major facilities fit into this organization is seen. Savard commented that each subgroup does not have the whole perspective, but the first report has to.

Matthews said that previous long-range plans have set priorities by consensus and were broadly representative of the community. The presentation of long laundry lists does not do any good. Priorities have to be set across subfields. Tribble remembered that several town meeting groups did prioritize their reports and had a strong influence on the final report. Keister said that something was prepared as guidance for conducting the town meetings. 

Glasmacher noted that there is a difference if the money is chunked up before the town meetings. One must then put together the arguments for proceeding with each of the selected actions. Savard stated that physics must be the driving force.

Tribble asked if the rest of the community should be told of this charge. Keister said that they will learn about it in April.
Tribble stated that the NP community has a real obligation to push the President's budget along. This year, there should be much public comment on and support of the budget. Heinz asked who is following who should be approached. Sherrill answered, the funding group of DNP. Tribble noted that, a year ago, the RIA supporters brought a lot of people to Washington to lobby for funding. Dean added that RHIC did the same thing. Tribble stated that physical science should be promoted, not just individual projects. Lacey suggested supporting science as a whole in concert with the American Chemical Society, the APS, and others. Kovar noted that all of the light-source users get together and approach the appropriate states and congressional districts. Perhaps the user facilities' users should get together. Everyone benefits from such a broad approach.

Tribble asked that ideas for the long-range plan be e-mailed to him. He opened the floor to public comment. There being none, he adjourned the meeting at 1:32 p.m.


      Theses minutes of the Nuclear Science Advisory Committee meeting held at the Doubletree Hotel, Rockville, Maryland, March 2-3, 2006, are certified to be an accurate representation of what occurred.
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