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Executive Summary – Observations and Recommendations


The 2004 Visiting Committee of the Universities Research Association (URA) reviewed the Fermilab program on March 12-13, 2004.  The Appendix of this report includes the meeting agenda, the charge to the committee from the URA, and the committee membership.  The main body of the text describes the state of the Lab, its research programs, upgrade plans, and its future prospects.  In the executive summary, below, we summarize our findings and supplement them with comments, concerns, and recommendations.

Program Planning and Management


The Fermilab Long Range Planning Committee (FLRPC), which was appointed by the laboratory director, presented draft proposals from a report that will soon be released.  Two alternative scenarios were presented, in which the Linear Collider (LC) is built either onshore at Fermilab, or offshore.  Both scenarios foresee Fermilab playing a role in both LC and in neutrino activities, but they differ in the levels of emphasis in the two areas.  If very high fluxes of neutrinos are required, an 8 GeV “Proton Driver” needs to be built to replace the Booster.

The committee:

· commends the Laboratory on beginning the process of longer term planning

· encourages even more attention on vital long range issues, with broader involvement of the US HEP community

· strongly supports the engagement of Fermilab in the international development and planning efforts for a Linear Collider

· endorses the FLRPC draft Linear Collider recommendations, that Fermilab should:

· re-iterate the directors commitment to Fermilab serving as host for the LC

· create a full-time position within the directorate to co-ordinate LC activities

· prepare for a (warm or cold) Engineering Test Facility at Fermilab

· assure that LC planning is based on the host laboratory/international project model

· would support a Fermilab bid to host the LC Global Design Organization

· congratulates the Lab on building the first RF structure to reach the NLC specifications for breakdown rate at the design voltage gradient

· supports the preparation of a “mission need case” (CD-0) for a 2 MW proton source, after the elaboration of the physics case and the choice of Proton Driver technology

· strongly supports a careful comparison of the two proton driver options before a technology choice is made, and a Technical Design Report is written.  Only a cost-effective solution will make the proton driver competitive with similar neutrino super-beam proposals from other accelerator laboratories.

· concurs with the Lab’s view of the importance of long-term accelerator R&D (such as high-field superconducting magnets), and strongly supports strategically-targeted increases in resources devoted to this work

· urges Lab management to continue to vigorously support activities that provide the next generation of accelerator physicists, through the graduate fellowship program

· encourages debate over the potential broadening of the Lab mission to include interdisciplinary science, such as medical accelerators and other technology R&D

Run II


The Directorate has focused most of its attention in the past year on improving the luminosity performance of the Run II accelerator complex.  Both the “base” and “design” instantaneous luminosities for FY04 have already been surpassed, and the design integrated luminosity for FY04 is within grasp.  The Recycler ring has a much improved vacuum system, and has progressed significantly in its commissioning performance.  Version 2.0 of the Run II Luminosity Upgrade plan has been released, describing the technological steps that are planned in order for Run II to meet its base or design goals through FY09.  Nonetheless the successes of the past year have been achieved without a significant expected improvement in the anti-proton stacking rate – upon which future luminosity improvements nominally depend for a factor of 4 increase in the anti-proton bunch intensity.

The committee:

· enthusiastically congratulates the Lab for the great strides of the last year in increasing the luminosity and the reliability of the Tevatron complex, and in improved Run II upgrade planning

· concurs with the assessment of the February 2003 Lehman Run II review that “.. the base goal of 4.4 pb-1 by the end of FY09 [has] a good probability of being met or exceeded.  Meeting the design goal of 8.5 pb-1 by the end of FY09 remains a very challenging goal.”

· is concerned with the apparent difficulty in increasing the anti-proton stacking rate

· finds that electron-cooling in the Main Injector, stack-tail cooling in the Accumulator, and strong-strong beam-beam compensation in the Tevatron, are all high risk activities that need close attention.

Experiments


Five experiments dominate the Fermilab landscape into the next decade.  The two Run II experiments – CDF and D0 – will run until the arrival of physics results from LHC makes their continued operation redundant, around the end of this decade.  The MINOS experiment is expected to turn on in January 2005.  It will make significantly increased demands on the total average number of protons per hour that the Fermilab complex can deliver.  “Proton economics” issues, rooted in the need to limit Booster activation levels, work to the detriment of the currently running MiniBooNE experiment, which is nonetheless expected to receive a substantial number of protons by the end of the calendar year.  The BTeV experiment will be commissioned when CDF and D0 turn off.  It hopes to reach CD-3 “start of construction” status by early 2005.

The committee:

· congratulates both collider detectors for their readiness to take maximum advantage of the recent Tevatron luminosity improvements

· anticipates impressive science from the prodigious amounts of data that CDF and D0 are recording

· commends CDF for their aggressive action in trying to understand unexpected aging effects in their Central Outer Tracker

· commends D0 and the Lab for supporting development of a radiation hard silicon layer that will be inserted inside the existing detector in summer 2005

· recommends that CDF and D0 pay special attention to aging effects on all their sub-detectors, given the ever increasing luminosities

· commends the Lab for establishing a Tevatron Electro-Weak Working Group

· applauds the invaluable role played by the Computing Division in enabling CDF and D0 to analyze their data with admirably short turn around times

· notes the successful use of SAM-GRID services in CDF and D0 data analysis, to be extended to MINOS and CMS

· urges Lab management, CDF, and D0, to plan for the long-term health of the collaborations in the face of likely future outflows of physicists to the LHC

· believes that the total delivery to MiniBooNE of about 5   1020 protons (expected at the end of this calendar year, when NuMI/MINOS turns on) will provide a good start to validating or ruling out the LSND anomaly

· applauds the remarkable progress of NuMI/MINOS construction in the last year, and applauds the project management focus on safety that resulted in no injuries

· congratulates Fermilab on the attainment of CD-0 status for BTeV

· is pleased that the BTeV IR upgrade capitalizes on the development of high gradient quadrupoles for the LHC

· is concerned about the beam impedance of the RF shield for the BTeV pixel detectors

Large Hadron Collider


The first phase of the US-LHC Accelerator Project is a collaboration of 3 US labs (BNL, FNAL, LBL) working with KEK to support the construction of the LHC.  Nearly complete, this phase is segueing into the US-LHC Accelerator Research Project (LARP), which also includes SLAC membership.  Initial LARP goals are to help commission the LHC, while later goals are to play a major role in a luminosity upgrade of the LHC interaction regions.  Fermilab manages these projects, and is the host institution for the CMS collaboration, as well as being a Tier I computing center for LHC data analysis.  A significant increase in the number of CMS collaborators is foreseen as CMS approaches completion, and scientists divert more of their attention to LHC issues.

The committee:

· commends Fermilab and the US-LHC project on the successful delivery of critical superconducting magnets, feed boxes, and specialized absorbers to the LHC.

· finds the two US-LHC Accelerator Projects to be excellent examples of international collaboration in the construction of high-energy accelerators

· notes the sharp contrast between LARP and typical HEP experiments, in which LARP physicist salaries are carried by the project, and not by the base program

· applauds Fermilab’s continuing effort to advance the construction of the CMS experiment

· strongly supports the Labs plans to build a CMS Virtual Control Room, and a Physics Analysis Center, on the 11th floor of Wilson Hall.

· appreciates and encourages the active involvement of FNAL/CMS in QuarkNeT

Particle Astrophysics and Theoretical Particle Physics


The Experimental Astrophysics Group (EAG) is leveraged by membership in multi-institution collaborations such as the mature Sloan Digital Sky Survey (SDSS), the Supernova Acceleration Project (SNAP) proposal, and (potentially) the Dark Energy Camera (DECAM) project.  All three EAG projects are well supported by the Lab’s world class Theoretical Astrophysics group.  In additional activities, the Pierre Auger project is constructing large arrays in the southern hemisphere (Argentina), and in the northern hemisphere (perhaps Utah), to help answer the mystery of ultra high energy (1020 GeV) cosmic rays.  Southern Auger is just beginning to take scientific quality data, after a funding shortage delayed its installation and commissioning.  The second version of the Cryogenic Dark Matter Search (CDMS-II) is also just beginning to take data, in the Soudan mine in northern Minnesota, to seek Weakly Interaction Massive Particles (WIMPs).  The Theoretical Particle Physics group is strong in phenomenology, perturbative QCD, lattice gauge theory, model building, neutrino physics, and super symmetry.

The committee:

· applauds the first rate particle astrophysics activities being carried out at FNAL in some of the most exciting areas of research in basic science.

· supports the requested 3 year funding extension for the Sloan Digital Sky Survey

· approves directing EAG resources to the R&D phase of SNAP, assuming it does not delay SDSS completion

· supports FNAL involvement in DECAM, subject to the availability of personnel resources

· hopes that the Fermilab group playing a central role in the Auger project will develop a data analysis effort, as the southern observatory begins taking high quality data

· is very pleased with the substantial progress the CDMS-II collaboration has made in the last year, and eagerly awaits new results in the search for dark matter WIMPs

· supports the strengthening of the Theoretical Astrophysics group in particle-astrophysics, and their initiation of a numerical cosmology effort, subject to the financial priorities of the Lab

· endorses the plan to bring the various components of the astrophysics effort (theory, EAG, Auger, and CDMS) closer together, both geographically and intellectually

· encourages better communication between the theoretical astrophysics and the theoretical particle physics groups

· encourages the Lab to guard against the EAG spreading itself too thin by planning for a reasonable level of growth, as outlined in the draft FLRPC report

· commends the role of the Theoretical Particle Physics group in supporting the experimental program at Fermilab

Fermilab Users

The Fermilab Users Executive Committee (UEC) organized a significant list of activities in the last year, including the annual visit to Washington with visits to Congress people and their staffers.  The UEC also performed a visa survey of Fermilab foreign scientists prior to meeting with similar committees from other national laboratories at BNL, in order to discuss the difficult visa situation for foreign scientists.

The committee:

· commends the UEC for its active role in helping to make Fermilab a great place to do science

· wholeheartedly joins the UEC in its concern that difficulties and delays in granting work permits and visas disrupt the lives of foreign scientists, deter talented physicists from doing science at Fermilab, and restrict the ability of the Lab to build new international facilities

1.
PROGRAM PLANNING AND MANAGEMENT

1.1 Summary of Long Range Planning


The Lab has recently announced a long range plan, looking beyond LHC turn on when the major activities presently planned for Fermilab are MINOS and BTEV along with LHC data analysis.   The committee appointed by the Director to foresee this future consisted of esteemed laboratory and university physicists and was chaired by Hugh Montgomery.  After about a year of deliberations, they have recently arrived at conclusions and are writing their report.


They describe two alternate scenarios, with similar basic elements but differing in prioritization of the two principal elements.  In both scenarios, the two major items involve 

(a)
involvement in an electron-positron Linear Collider (LC) to investigate collisions at center of 
mass energies initially up to 500 GeV and 

(b)
a neutrino activity capable of shedding new light on the masses and mixings of neutrinos.  

No other scientific issue rose to a level competitive with these two activities.  Both are at the forefront of particle physics science and are likely to remain there for the foreseeable future.  Both require major accelerator facilities that push accelerator technology.  In each scenario, the Lab would continue limited efforts pursuing fixed target and other experiments, for example on quark flavor, as physics demands and opportunities present themselves.  The planning committee also supports growth in programs of particle astrophysics in either vision.


The first scenario assumes that the U.S. community succeeds, and the world community agrees, to having the Linear Collider facility sited in the U.S. and at Fermilab.  Addressing the most compelling post-LHC questions on the behavior of matter and energy at the TeV energy scale, such a facility would require contributions and commitment from a world-wide community.  To convince the funding agencies and political powers to site the LC in the U.S. at Fermilab will require a unanimous commitment and major initiative by the U.S. particle physics community of all laboratories and universities.  Furthermore, particle physicists will need to convince the broader scientific community at home and abroad of the scientific advantages to this U.S. location.  If this effort were successful, U.S. science might recoup some of the momentum lost over the past decade.  In this Lab scenario, it is anticipated that resources might still be available to support efforts in pursuit of neutrino issues.


The second scenario assumes the LC is located offshore.  Though Fermilab would be strongly involved in both the LC accelerator and its operation, the primary Lab focus would involve scientific issues related to the neutrino masses and mixings.  One potential need foreseen for this next era of neutrino science is very high fluxes of neutrinos, requiring substantially higher fluxes of protons to produce them.  The Main Injector is capable of accelerating and targeting substantially more high energy protons than presently; the limit is in the now aged 8 GeV Booster injector.  Specifically a linear proton accelerator, or “proton driver”, to replace the Booster would provide roughly an order-of-magnitude more protons for the Main Injector to make neutrino beams.  A detailed physics case is needed to quantitatively address this option and to compare with other capabilities.


Either scenario requires more attention and support for these long range issues than has previously been the case.  Both organizational and technical work must be done to accomplish either.  The specific recommendations made by the FLRPC to accomplish them are discussed in the next section.

1.2
Future Accelerator R&D


The A0 research program at Fermilab that is partially funded by the Department of Education through Northern Illinois University is a cost effective way of introducing young physicists and engineers to the excitement of accelerator physics.  The program is centered on generating and using low emittance electron beams to study a variety of accelerator physics issues.  The acceleration system uses superconducting RF cavities that were developed as part of the TESLA project and provides experience in developing and using this important technology.  The goal of a new Fermilab graduate fellowship program in accelerator physics is to recruit up to ten graduate students to work in both the A0 program and in the Accelerator Division on various problems in the array of accelerators that support the Tevatron.


The Committee is pleased with these developments and urges the Laboratory Management to continue to vigorously support these important activities to provide the next generation of accelerator physicists.  An important benefit from this program is to have bright young people in residence who are interested in the daily operational problems, and who will help Fermilab realize the potential of Run II.

Linear Collider


There is now a worldwide consensus that the next large facility in particle physics should be an international high energy electron-positron Linear Collider. This consensus recognizes the central importance of the physics to be studied, as well as the maturity of the accelerator designs. The importance of this facility to the future U.S. program in high-energy physics has been highlighted recently in the DOE 20 year plan, in which the Linear Collider was identified as the highest mid-term priority for the Office of Science. As the largest high-energy physics laboratory in the United States, Fermilab should play a key role in the development of the international effort to advance the Linear Collider. 


Fermilab is a member of both the NLC and TESLA collaborations, and has played a leading role in recent siting studies for Linear Colliders in both Illinois and California. As part of its recent long-range planning exercise, Fermilab is actively considering the issues related to the siting of the collider’s Engineering Test Facility(ETF) at Fermilab, as well as the promotion of a U.S. “bid to host” a Linear Collider in northern Illinois, with Fermilab as the Host Laboratory. 


As part of the NLC collaboration, Fermilab has built a number of X-band accelerating structures, both for the upcoming system demonstrations at NLCTA and as part of the industrialization process. The Fermilab FXB-006 structure was the first structure built by anyone to reach the NLC specifications of breakdown rate at 65 MV/m, and another Fermilab structure, FXC-003, which has the full complement of wakefield control features, has also met the NLC specifications. Fermilab is also active, at a reduced level, in R&D on superconducting RF. A consolidation of this work is expected following the international technology choice recommendation later this year.  


The committee strongly supports the engagement of Fermilab in the development and planning efforts for the international Linear Collider, and applauds the significant contributions already made to the warm technology, especially given the very limited resources that have been available for this work.  Four draft recommendations regarding the Linear Collider were made by the Fermilab Long Range Planning Committee (FLRPC).  These are: 

1. that Fermilab reiterate its desire to serve as host of the Linear Collider, 

2. that a full-time person be appointed within the Directorate to co-ordinate Linear Collider activities at Fermilab, 

3. that goals and design studies be developed for both warm and cold ETF’s at Fermilab, and 

4. that Fermilab’s future planning for the Linear Collider be based on the host laboratory/international project model. 

Given the importance of the physics goals of the Linear Collider to the future of worldwide high-energy physics, and to the future of Fermilab, the committee fully supports these recommendations.

Proton Driver


Expansion of the neutrino program at Fermilab is highly constrained by the limited average current capabilities of the existing proton source, which limits the Main Injector 120 GeV beam power for neutrino production to about 0.3 MW. These limitations reside primarily in the 8 GeV Booster, but also extend to the 400 MeV linac. As part of the recent long-range planning exercise, replacement of the existing proton source with a “proton driver” was considered, primarily to provide higher currents to the Main Injector for neutrino experiments.

Two proton driver options were considered.  The first option upgrades the existing linac to 600 MeV, installs an RFQ in place of the existing Cockcroft-Walton injector, and replaces the 8 GeV booster with a new, large aperture, 8 GeV, 15 Hz synchrotron, sited in a new tunnel west of the current Booster, and capable of injecting 5 times the current number of protons per cycle into the Main Injector.  The beam power at 8 GeV would be 0.5 MW. After improvements to the Main Injector to allow a 1.5 s cycle, the 120 GeV beam power that the Main Injector can provide is increased to 1.9 MW.


The second option is a 10 Hz superconducting 8 GeV linac, which injects directly into the Main Injector. This machine would use SNS-style cavities up to 1.2 GeV and TESLA-style cryomodules for the remainder of the machine. Low emittance H- beam would be “phase-space painted” into the Main Injector aperture at injection using stripping foils. Since the entire beam is loaded into the Main Injector in 90 turns, the injection time is much shorter than with the 8 GeV synchrotron option. The beam power provided by the linac at 8 GeV would be 2 MW. After improvements to the Main Injector to allow a 1.5 s cycle, the 120 GeV beam power that the Main Injector can provide is increased to 2.0 MW. 


The costs of these two options are expected to be different. Detailed cost estimates are not currently available, nor are detailed schedules. A construction start might be possible about the time of the completion of BTeV construction (~2009), with a duration of a few years.  This is approximately matched to the completion of the current NuMI /MINOS program, which is expected around 2011.


Two draft recommendations regarding the proton driver were made by the FLRPC. The first was that Fermilab prepare a mission need case (CD-0) for a 2 MW proton source. The second was that the physics case for the proton driver be elaborated,  a design be developed for the 8 GeV linac, and that R&D plans, and cost and schedule estimates, be prepared for the two options, so that a choice can be made and a Technical Design Report prepared. The committee supports these recommendations, but suggests that the mission need case must come after the elaboration of the physics case, and the choice of the proton driver technology. The committee did not hear a presentation on the physics case for the proton driver, and feels that this case will be a key element in justifying the mission need. An estimate of the cost of the machine will also be needed for CD-0, which requires a choice of technology.


The committee strongly supports careful cost and schedule comparisons of the two options before a choice is made. The proton driver at Fermilab will compete for funding with other super-beam proposals, so it must be shown to be cost-effective if it is to win such a competition. 

Long-term accelerator R&D


Long-term accelerator R&D was mentioned briefly in the presentation to the committee by Hugh Montgomery.  Such R&D includes work on neutrino factories and muon colliders, some of the work done at the A0 photoinjector, and the development of high-field superconducting magnets for future hadron colliders. The FLRPC points out that such accelerator R&D is the basis for the future tools of high energy physics and is immensely interesting in its own right.  


This committee concurs with the importance of this long-term accelerator R&D and strongly supports strategically-targeted increases in the resources devoted to this work.

2.  RUN II

2.1
Operations in 2004


The investment in re-organization, in studies, and in effective use of maintenance periods that came into place soon after the 2003 visiting committee review have clearly come to fruition.  The reorganization of the Accelerator Division, including an explicit Integration Department to oversee the interaction among all components of the accelerator complex, appears to be effectively moving optimizations toward luminosity performance rather than performance of any individual source.  With the “projectization” of the Run II luminosity upgrade path, base and design luminosity projections have been established based on much sounder modeling and scheduling, with sounder risk analysis, than we have seen in the past.   The many technical reviews have provided improved definition of the scopes of the subprojects in the upgrade.  Fermilab should be congratulated for its effective reorganization and for the strides it has made in improved operations and planning.  


The most apparent, and most important, measure of the success of the improved work on Run II is the integrated luminosity for FY2004.  At the time of the meeting, Fermilab had already almost met its design FY2004 goal, the more aggressive of the base and design goals.   A very successful, focused and well-organized shutdown in Fall 2003 was instrumental in this success.   Much crucial ``housekeeping'' was taken care of in the Tevatron: a complete magnet survey, realignment/unrolling of critical elements, smart bolt retrofit.  Beam instrumentation continues to be added.  Intensive study of the beam optics and lattice optimization have also occurred. 


The striking gains in the integrated luminosity stem from improvements afforded by the above work in both the peak luminosity and in the reliability of the machine.  While the Tevatron has achieved a new record luminosity of 0.67 x 1032 cm-2 s-1, perhaps even more impressive is that operations over the past month have routinely obtained peak luminosities in excess of 0.50 x 1032 cm-2 s-1, well above the design goal of approximately 0.43 x 1032 cm-2 s-1 expected at the end of this period.  Furthermore, operation regularly achieves peak luminosities that approach or exceed the FY04 design goal of 0.62 x 1032 cm-2 s-1.  Thus peak luminosity has been improved by about a factor of 1.7 compared to FY03 running. With the additional beam instrumentation coming on line, further improvements are expected over the year. 


The reliability of machine operations has also improved dramatically.  The achieved store hours per week has increased to over 130 hours, which is considerably better than the design goal of 85 hours.  Individual stores exceeding 30 hours can be maintained as necessary.  Notably, the Tevatron was able to run for almost the entire month of February without accidental loss of the stored beam.  The reasons for the improved reliability are under study, but have not yet been pinpointed.  Future luminosity projections have not incorporated these dramatic gains.  The flexibility afforded by such reliable operations has had a coherent, positive effect on the reliability itself: as problems occur within the acceleration complex, the store can be maintained while the problem is addressed, mitigating integrated luminosity losses. 


Future improvements to the complex rely intimately on improvements to the anti-proton stacking.  Some confidence is given by the major improvements in the recycler performance that were achieved after the improvements accomplished during the Fall '03 shutdown (vacuum and shielding improvements, along with a systematic bake out).   On the other hand, the luminosity performance gains made to date have not come, as initially anticipated, from improvements in the stacking rate.  The stacking rate to date has not improved relative to previous years' performance.  Roughly 60% (20%) improvements thus remain to meet the FY04 end design (base) goal for this parameter. 


In summary, the Tevatron has made remarkable progress over the last year as a result of a well-organized assault on the myriad problems that impeded luminosity performance.  As a result, the Run II luminosity is now within a factor of four of the design peak luminosity.  Coupled with the greatly improved reliability of the complex, and the enhanced availability of stored beam, the Tevatron has already almost reached its FY04 integrated luminosity goal, and will almost certainly exceed it. 
2.2
Future Prospects 


The Run II Luminosity Upgrade plan to further develop Tevatron Run II performance describes “base” and “design” projections, estimating the evolution of the luminosity from now until FY09 within the same technical scope of work, but using different assumptions about the extent and timing of technical success.  The Run II Luminosity Upgrade plan has been the subject of intense scrutiny.  An updated “version 2.0” of the plan was delivered to the Department of Energy in January 2004, and was reviewed by committee chaired by Mr. Daniel Lehman in February 2004.  The Executive Summary of that review states in part that:

“…the Committee now views the base goal of 4.4 pb-1 by the end of FY09 as having a good probability of being met or exceeded.  Meeting the design goal of 8.5 pb-1 by the end of FY09 remains a very challenging goal.”

The URA Visiting Committee concurs with this assessment.


The “base” projection includes conservative assumptions about schedule contingency, and so it is very likely that it can be achieved.  It uses historical data on the number of Tevatron running hours per week, and models the increase of luminosity from very low to normal values after shutdowns.  The “design” projection is more optimistic, but there is still a reasonable probability that it will be achieved.  It has no explicit schedule contingency, and assumes that the number of operational hours per week will improve with time.  Its model of return to normal luminosity after shutdowns has a faster rate of increase.


The Luminosity Upgrade Plan (v2.0) lists the technical changes needed to continue to improve the luminosity by the final factor of about 4.  Almost all of this increase is expected to come in direct proportion to an increase in the number of anti-protons per bunch, enabled by an increase in the average anti-proton stacking rate.  In brief, the needed technical changes include:

· More protons per pulse on the anti-proton target, through “slip-stacking” RF gymnastics in the Main Injector, and beam sweeping to avoid target damage.

· More anti protons per proton (a better anti-proton yield) through larger acceptances in the AP2 transfer line and the Debuncher ring, as well as a higher gradient lithium lens.

· Improvements in stochastic cooling systems in the Debuncher to accommodate the larger emittances and the increased flux of anti-protons.

· Full commissioning of the Recycler storage ring to permit the rapid transfer of anti-proton stacks from the Accumulator ring every 30 minutes.

· Installation and commissioning of electron cooling in the Recycler ring.

· Accumulator ring “stack-tail” stochastic cooling upgrade.

· Beam-beam compensation in the Tevatron.

While none of these items are devoid of technical risk, it is clear that items 5, 6, and 7 – electron cooling, stack-tail cooling, and beam-beam compensation – are relatively high risk activities needing close attention.  They are discussed individually, below.


Recycler commissioning paused for almost a year in 2003, due to a vacuum incident.  A full bake out during the 2003 fall shutdown was successful, and rapid progress has been made since then.  The delivery of anti-proton shots from the Recycler to the Tevatron via the Main Injector has been demonstrated.  Next comes the demonstration of Recycler readiness for the installation of the electron cooler, including an RF gymnastic scheme for producing 36 anti proton bunches with a longitudinal emittance of 1.5 eV-s, ready for Tevatron injection.


The Booster becomes a bottleneck for the total proton flux, with the advent of MiniBooNE and the Neutrinos at the Main Injector (NuMI) projects, since the average beam loss power in the Booster must not exceed 400 W so that hands-on maintenance is possible.  This pits the interests of Run II (the highest priority) against those of MiniBooNE and NuMI, for a limited resource – protons.  An improved two-stage collimation system was installed in fall 2003, preliminarily with only mediocre results.  Further work is needed in the Booster on collimation, orbit correction, transition crossing, and magnet alignment.

Electron Cooling


It is a significant achievement that the Pelletron design current of 0.5 A has been achieved at the expected voltage of 3.5 MV in the electron cooling test stand.   Only after installation of the electron cooler in situ in the Main Injector (with the addition of an accelerating section) will it be possible to simultaneously demonstrate both the design current and the design voltage of 4.3 MV.  Full success also depends on demonstrating a factor of two reduction of the electron beam angular divergence, on an increase (ideally by an order of magnitude) in the recuperation efficiency, and on the elimination of as yet unexplained drifts in the electron trajectory.  There is also a concern that the Recycler ring may need a transverse damper with a higher bandwidth  than currently envisaged, if electron cooling works as well as anticipated by spring 2005.


These beam dynamics challenges represent a significant technical risk to the successful early commissioning of an electron cooler that will be, by far, the highest energy electron cooler in the world.

Stack-tail cooling upgrade


If slip-stacking, increased lithium lens gradient, and AP2 and Debuncher aperture improvements are all achieved as expected (items 1 and 2, above), then the momentum spread of the anti-protons delivered to the Accumulator will increase.  Nominally, this would lead to an increased gain requirement for the stack tail cooling system in the Accumulator.  However, the stack tail cooling gain is already decreased below its optimal value when the accumulated stack in the Accumulator is dense, due to an incompletely understood combination of instability problems and transverse heating of the stack core from imperfections in the stack tail kicker.  This situation will be ameliorated if and when frequent rapid transfers from the Accumulator to the Recycler are commissioned, since then the typical stack will be less dense.


In both “base” and “design” scenarios there is a need to better understand and suppress the effects that currently limit stack tail cooling performance at high stack sizes, in order that the average net stacking rate can be increased, permitting a factor of 4 increase in anti-proton bunch populations.

Beam-Beam Compensation


The numbers of protons and anti-protons per bunch is currently about 2.4e11 and 3.1e10 respectively (a ratio of 8) corresponding to beam-beam parameters of about 0.009 for the anti protons and 0.001 for the protons.  The two collision points in CDF and D0 generate a total head-on anti-proton tune shift of about 0.018 while, in addition, the many parasitic beam-beam interactions of bunches passing by each other on the separated orbit helices generate a total long-range anti-proton tune shift of about 0.006.  The beam-beam effects imposed by the proton bunches on the anti-proton bunches are already very strong, but in the current “strong-weak” situation the proton bunches are only weakly affected by the anti-proton bunches.  This will no longer be true in the “strong-strong” regime when the anti-proton bunch intensities are increased by a factor of 4.  The strong-strong beam-beam effect could limit the ultimate luminosity achievable at the Tevatron.  To date there has been only limited investigation of this topic at Fermilab, although collaborative activities with other laboratories already exist.


The use of two Tevatron Electron Lenses (TELs) to perform active beam-beam compensation is part of version 2.0 of the Tevatron Run II Upgrade Plan.  Money has been assigned to allow the assembly of a second TEL plus spare parts, in addition to the TEL already installed in the Tevatron.  The plan is to assemble and install a second TEL by the end of 2004.  The ongoing R&D program will be reviewed in May 2003, and a decision on whether further TEL parts or upgrades are to be built will be made in April 2005.

3.  EXPERIMENTS

3.1
BTeV 

From the FY 2005 Congressional Budget:


“In FY 2005 we will begin engineering design of a Major Item of Equipment, the BteV experiment at Fermilab, subject to successful independent cost and technical reviews of the project to take place in 2004.  This experiment will study CP violation and search for new phenomena in the B meson system with much higher statistics than is possible at the B-factories, including studies of B meson species that are inaccessible to the B-factories.  The importance of the physics addressed by BTeV has been endorsed by HEPAP and recognized in the Office of Science’s Report Facilities for the Future: A Twenty Year Outlook.  HEPAP endorsed the P5 report that supported the fabrication of BTeV as the highest priority project at Fermilab after completion of the Run II upgrades, subject to constraints within the HEP budget.”


Fermilab received CD-0 authorization for BTeV from Ray Orbach on February 17.  BTeV is now being treated as a real project that consists of the outfitting of the C0 interaction regions including necessary C0 building modifications needed to accommodate a high performance interaction region with high gradient final focus quadrupoles.  These new quadrupoles will be based on those designed and manufactured by the Fermilab Technical Division for the interaction regions of the LHC.  This new interaction region optical design will provide luminosity performance on par with the B0 and D0 interaction regions used by CDF and D0.


The Standard Model makes very specific predictions about CP violation and rare decays.  New physics could come from B decays.  These studies are likely to be complementary to new physics found at the Tevatron or the LHC.  Because B physics is sensitive to quantum mechanical phases, it has reach to very high mass scales.  The measurement of sin from Bs -> Ds+K is clean.  In addition, the study of Bs decays are key to about half of the opportunities remaining in both CP violation and rare decays.  Simulations of detector performance indicate that the BTeV detector is competitive or superior to the LHCb detector being constructed for the LHC, especially for decays involving neutrals.

The next step in the construction approval process is CD-1 (Approve Preliminary Baseline Design).  The total cost of the project is in the range of 190 M$ to 230 M$.  The Temple review carried out by the Laboratory last fall arrived at an estimated total project cost of 190 M$.  Currently, the FY05 funding appearing in the President’s budget is at the level of 10.5 M$.  The Lehman review that must be carried out for CD-1 approval is scheduled for April 27-29, 2004.  The Collaboration and the Laboratory are focussed on making this a very successful baseline review.  The tentative schedule for the subsequent reviews is CD-2/3a for August, 2004, with CD-3 in November with final design and start of construction in calendar 2005.  This schedule is using the review process to help to push the project forward.


The BTeV Collaboration is currently at about 175 people as it has been for a long time.  The proponents feel that the natural size is about 275 but since they have always been on the verge of annihilation, it has been difficult to grow the Collaboration.  The census of Fermilab employees in the Collaboration is around 25.


The proponents feel that it should take four years to build the detector.  If the budget profiles are held to, they would come on in 2009.  The physics program would then take a minimum of three years carry out but could last as long as 5 years.  They expect to run 9 to 10 months per year in this time frame.  


What about CDF and D0?  The current long range schedule calls for them to stop running at that time.  People do come up with ideas but it is not entirely clear whether anything will come from these ideas.  The minimum luminosity requirement is for BTeV to be superior or at least competitive with LHCb.  At 1032 cm-2 s-1 BTeV is competitive and a factor of two better for the decays involving neutrals.  For two body decays, the two detectors are roughly equal.  P5’s recommendation was for a minimum luminosity of 1032 cm-2 s-1.


The scheduling problem will involve the last running of CDF and D0, presumably at their highest luminosity, as BTeV is to be installed.  The collaboration hopes to do pre-installation during shutdowns with the big installation push in 2009.  NuMI/MINOS is a good model for this style of installation.

The Committee is:

· Very encouraged to see that BTeV is finally on the roadmap for DOE

· Pleased that the upgrade of the IR capitalizes on the large investment by Fermilab in developing the IR quads for the LHC.

· Concerned about the impedance of the RF shield for the pixel detectors as seen by the beams.  This needs to be carefully looked at in view of the recent experience with the Lambertsons that have either been removed from the Tevatron or carefully screened.

3.2
Collider Detector Facility CDF 


The CDF collaboration reported that its detector is running reasonably well, with about 300 pb-1 of data written to tape.  This corresponds to three times that acquired in Run I.  Four times the Run I dataset is expected by the end of summer 2004.  The physics opportunities are numerous and exciting, and much progress has already been made in data analysis, with over 20 publications expected using the 220 pb-1 of data acquired as of August 2003.  The committee congratulates the CDF collaboration on this prodigious output of valuable physics, and for successfully carrying out all the hard work implicit to the achievement.


Efficiency of data sent to tape averaged to 85%, although recently this efficiency has been somewhat lower due to problems with the Central Outer Tracker (COT).  The COT problems are well characterized at this point as a loss of gain due to irradiation in a particular region of the COT volume, but the root cause has not yet been determined.  Although it was not suggested in the presentation that the higher data rates delivered by the Tevatron could be the source of this problem, the committee felt that it was generally wise for both the D0 and CDF collaborations to continue to pay special attention to similar aging effects in all their subdetectors given the ever-increasing luminosities delivered by the accelerator.  The committee commends the CDF collaboration for their aggressive action so far in trying to understand this potentially serious problem.


CDF data reconstruction has been very successful due both to the effective use of available computing resources and to fault-tolerant reconstruction code.  The committee was very pleased to see the alacrity with which CDF adjusted to the grid-based computing paradigm.  The use of grid-based computing continues to be central to compute-intensive CDF data analysis.  In this context, the committee would like to highlight the invaluable role played by the FNAL Computing Division, which through its preparatory work, its responsiveness to the needs of both CDF and D0, and its continued maintenance of relevant software has enabled CDF and D0 to analyze their mountainous quantities of data with admirably quick turnaround time.


The committee urges the collaboration and Lab management to think carefully about the CDF and D0 collaborations’ long-term futures in the context of a likely significant outflow of physicists to the LHC.  While this is not a pressing issue right now, it is not too early to begin planning for the eventuality

3.3
D0


The D0 experiment is performing extremely well.  In operations, they regularly exceed 90% data collection efficiency, and can integrate 2 pb-1 in a day or 10 pb-1in a week.  The data are processed and made available to the collaboration within two days.  D0 has been able to move impressive quantities of data -- of order 100 TB/month -- in support of individual analyses.  The collaboration and the FNAL Computing Division (CD) are to be congratulated for these remarkable achievements.  Other computing-related items of note include the success the CD has had in moving all major experimental efforts towards a common data management infrastructure, much of which was developed under the auspices of the D0 experiment.  Also noteworthy is the successful harnessing of the international computing resources of the D0 collaboration through the SAM-GRID deployment.  


Overall the detector components are functioning well.   The current radiation dose received by the silicon detector remains well below the dose beyond which the device can no longer support the required depletion voltage.  There has been approximately 13% mortality among the readout chips which appears not to be related to dosage.  Currently the random distribution of nonfunctional chips has not seriously affected tracking performance. The collaboration continues to investigate both the underlying cause and remedies.  In spite of these concerns, tracking resolution remains close to design.  Calorimetry and muon detection both work well.  


The collaboration is well poised to utilize the new data in a broad, exciting physics program.   With the sizable dataset now available, the collaboration can both attack QCD discrepancies lingering from the Run I data and pursue new directions, such as measurement of gluon content of the proton via study of high pT jets and hard diffractive processes.  Improved characterization of the proton and of QCD will be crucial for exploiting the data from the LHC.  Significant progress has been made in both b quark tagging and B meson tagging in preparation for measurements that can currently be pursued only at the Tevatron: such as the top quark mass and Bs mixing.  The Lab is to be commended for establishing a Tevatron EWWG, which has already combined D0 and CDF results on the W width.  Other D0 EW analyses are well underway.  The integrated luminosity is now opening windows sensitive to non-SM physics, and D0 appears well prepared to exploit these new opportunities.  


While the silicon upgrade program has been cancelled in light of the projected luminosities, D0 must still address its innermost silicon layer.  Because the inner layers are not radiation-hard, there are serious radiation damage concerns that must still be addressed.  The Laboratory is to be commended for supporting development of a new, radiation-hard, layer of silicon that can be inserted inside the existing detector to mitigate these issues.  The trigger upgrades continue on track.  


D0 is to be commended for investigating its long term personnel needs through operation and analysis with the upgraded detector.  The collaboration and Lab are encouraged to consider how to streamline support and prioritize analyses in that era since continued staffing at the current level appears unlikely as LHC activity continues to ramp up.

3.4
MiniBooNE 


The MiniBooNE program is specifically intended to address the Los Alamos observation of neutrino family oscillation (LSND anomaly).  That result indicated spontaneous change of muon neutrinos into electron neutrinos with a characteristic mass parameter considerably larger than the two well-corroborated oscillation effects observed with solar and atmospheric neutrinos.  The LSND anomaly is very unlikely to be a statistical fluke, and so the effect needs to be validated or shown to be incorrect.  A positive result by MiniBooNE will indicate a fundamental flaw in our present understanding of neutrinos.


The experiment has begun to operate in the neutrino beam created from the extracted 8 GeV Booster beam.  Though the present intensity is limited by Booster losses, it is expected that the experiment will receive about 5 ( 1020 protons this calendar year.  This appears to be a good start to answering the question, though the experimenters estimate they may require more to clearly rule out (at 99.5% confidence) a false LSND effect.


The MiniBooNE collaboration has made considerable progress in calibrating the detector and understanding its response.  To calibrate, they used Michel electrons from known locations inside the detector and laser pulses routed to Ludox flasks.  They have also fit the neutrino flux with several different models compared to carefully researched measurements.  The experimenters have also made substantial contributions to Booster operations.  More than 200,000 charged current events (with muons in the final state) have been accumulated thus far, and the spectra are understood within the systematic flux uncertainties.  They appear well on their way to understanding the neutral current processes; for example, they have reconstructed (0 decays from such events.  


The primary signal event for an LSND phenomenon would appear as a single final state electron from a charged current electron neutrino process.  With currently anticipated intensities, they should be able to begin to answer this question in about a year.

3.5
NuMI/MINOS 


The NuMI/MINOS experiment explores physics beyond the standard model by observing both the disappearance of muon neutrinos, and the appearance of electron neutrinos. The former will confirm the existence of atmospheric neutrino oscillation and narrow the allowed m223 region and the latter will discover or set upper limits on sin2213.


The committee applauds the remarkable progress of NuMI/MINOS construction in the last year. Service buildings and outfitting are complete and beneficial occupancy has started. Installation in Main Injector enclosures, underground beam line areas and MINOS Hall are underway.  A deep underground facility like NuMI is prone to accidents. The committee applauds NUMI project management’s safety care and its resultant no-injury record. 

As to MI beam commissioning, a beam intensity of 2.3x1013 protons per cycle is now operationally achievable. Horns are assembled, test pulsed and are ready for installation. Delivering the quality beam up to NUMI’s goal is expected by October 2004.


The 5.4 Kton MINOS far detector is complete and has been operative since July 2003. With its ability to distinguish anti-neutrinos form neutrinos, there is some hope of producing early physics data with atmospheric neutrinos. All the near detector components are ready for installation. 


In summary, everything is on or ahead of schedule and the whole project completion forecasts in January 2005, more than half a year ahead of the milestones set by DOE in 2001.
4.  LARGE HADRON COLLIDER

4.1
US – LHC Accelerator Project – Phase I 


The US-LHC Accelerator  project is a collaboration of three U.S. national laboratories (Fermilab, BNL, LBNL) , together with KEK, to support the construction of the Large Hadron Collider. The major activity is the production of quadrupole assemblies, feed boxes, and specialized  absorbers for the LHC interaction regions,  and beam separation dipoles for the interaction regions and the RF region. In addition, LBNL provides wire and cable support and measurement for the LHC arc magnets. The project is managed by Fermilab.


The project is nearly complete, having achieved 92% earned value.  The IR quadrupoles are well into production, with 17 of a total of 27 magnets built and tested. One quadrupole cold mass failed to reach operating gradient and is being disassembled for diagnosis. Most of the 23 beam separation dipoles are complete. The IR absorbers are complete, and the feed boxes are under construction at Meyer Tool in Chicago. The schedule for completion of the IR quadrupoles and the feed boxes is tight, and will required aggressive monitoring of vendors and high priority for testing facilities at Fermilab. Sufficient contingency remains to make it likely that that the project will be completed within budget.


As was the case last year, the committee again commends Fermilab and the US-LHC project management on the successful execution to date of this important and challenging project. The project is an excellent example of international collaboration in the construction of high-energy accelerators,  and provides a model for future similar efforts to follow. It has also provided a very valuable impetus to the development of superconducting magnet technology in the U.S., which could be critical for applications to future high-energy hadron colliders.

4.2
US – LHC Accelerator Research Project (LARP)


The US-LHC Accelerator Research Project (LARP) has been launched and the first meeting at Fermilab in late February attracted more than 40 when the organizers were expecting 10.  The goals of the project are to help commission the LHC, bring it up to design performance, and to carry out accelerator R&D to enhance the performance beyond the design.  LARP collaborators also plan to use the studies with the LHC to gain a deeper knowledge of accelerator science and technology.  The R&D is focused on extending the life of the LHC as a frontier HEP instrument with a timely luminosity upgrade.  LARP will also further international cooperation on large science projects.


The organization is a national collaboration between Fermilab, Brookhaven, LBL and SLAC which has recently joined the collaboration bringing their expertise in collimator design to LHC Phase II planning.  The program is aiming for a manpower level of 35 to 40 FTE’s and a funding level of 12 M$ consisting mostly of salaries.  This salary component is in sharp contrast to the normal way of operating HEP experiments after completion of construction where the salaries of physicists are normally carried by the base program and not charged to the project.  Initial commissioning, one of the first phases of the project, will start soon after the installation of US provided equipment that begins in August of this year.


The project is aiming to have new IR designs ready to begin construction in 2011 for installation a few years later for LHC Phase II.  In addition, tune feedback systems similar to those used in RHIC and at the Tevatron are being explored for installation in the LHC.  Because of the high magnetic field in the dipoles of the LHC, synchrotron radiation is an attractive monitor for particles in the abort gap as well as providing a bunch length monitor that can perform bunch by bunch measurements.  In addition, luminosity measurement techniques are being studied to develop a robust system for the LHC interaction regions.  Recent calculations indicate the impedance of the carbon collimation system in the current LHC design will limit the beam intensities to 30% of the design goal.  The rotating collimators that SLAC has developed for the NLC design could mitigate this limitation.  Another study that will be carried out for the Phase II interaction region designs is to place the separation dipoles in front of the final focus quadrupoles to limit the effect of the beam-beam interaction in the near miss region at the IR. 


The activities of LARP this coming year will focus on vigorous planning for the future program and further development of Monte Carlo simulation of the LHC performance along with instrumentation development and continued magnet R&D.

4.3
CMS 


The US is committed to play a key role in the coming energy frontier experiments, CMS and ATLAS at LHC. The US portion of the experiments is about 25% of the total effort. Fermilab is the host institution for the CMS collaboration and provides facilities for its US members. The committee applauds Fermilab’s continuing effort to advance the construction of LHC/CMS experiment. The progress made during the last year includes; ~50% completion of magnet coils, mounting of CSC (cathode strip chambers) on EMU (end cap muon detector), completion of HCAL (hadron calorimeters), preparation/initiation of mass production for ECAL (electromagnetic calorimeter) and silicon tracker modules. R&D of Forward Pixels and construction of Trigger/DAQ are also underway. About 80% of the construction is complete and CMS is in the transition to M&O and physics analysis phase. The remaining construction schedule is tight, but still on time for commissioning in 2007. As it nears, a significant increase of CMS collaboration members is foreseen including graduate students and immigration from CDF and D0.   


Fermilab is a Tier I computing center in the US along with RAL, Moscow, INFN and Lyon, supplying data of all kinds to regional (Tier2) analysis centers. Usage of GRID with Gigabit/sec access capability through WAN may well change the way we run the experiment and do analysis. Responding to US/CMS users’ request, Fermilab plans to construct VCR (Virtual Control Room) and PAC (Physics Analysis Center) on the 11th floor of Wilson Hall, an effort the committee appreciates. They will provide a strong center for US participation and enable university physicists/post docs/graduate students to be actively involved in remotely running the experiment and in producing physics results without much need of flying across the ocean. 


The committee also appreciates and encourages the active involvement of FNAL/CMS in QuarkNeT.

5.  PARTICLE ASTROPHYSICS

5.1
Experimental Astrophysics Group 


The Experimental Astrophysics Group (EAG) at Fermilab is moderately sized, consisting of eight scientists and 3.5 FNAL-funded computer professionals. It is leveraged by membership in multi-institution collaborative efforts e.g. the highly-visible, twelve-institution, Sloan Digital Sky Survey (SDSS), and by additional people from FNAL's Computer Division and Theoretical Astrophysics Group. The EAG, through its multi-faceted levering, has been very productive. Last year's discoveries included the highest red-shift quasar and a second matter-ring around our Milky Way Galaxy.  


Among this year's 50 submitted papers, the highlight may be [Scranton et al, SDSS Collab. (2003)] the SDSS map of large-scale matter enhancements which correlate with the WMAP early-Universe hot-spots via the Integrated Sachs-Wolf effect; consistency between the two data samples results if and only if there exists dark energy at the 70% level, as suggested also by the measurements of Type 1A super novae. Current SDSS operations are funded through June 2005.  The original proposal was to perform a quarter-sky, multi-band survey, to include 106 galaxies spectroscopic ally, and 105 quasars.  SDSS has been slowed mainly by unforeseen episodes of bad weather. It has now imaged 82% of its baseline sky, and completed 55% of the spectroscopy. One year ago, SDSS began seeking two additional years of funding to enable completion of its baseline survey, which is of considerable present value and priceless archival value. Now they are developing a proposal to fund these two years, plus a third year.  The third year is sought to explore some unexpected discoveries associated with our Galactic dark matter, and to exploit the potential of SDSS for the discovery of supernovae. The additional years will benefit the FNAL EAG, and in that context we certainly support the requested three-year extension. 


Looking beyond SDSS, the EAG will collaborate on the Supernova Acceleration Project (SNAP), the R&D effort within DOE that could become a proposal for the Joint Dark Energy Mission (JDEM).  JDEM will be a space-based observatory measuring, among other things, the red-shift distribution of SNIa standard candles, and inferring from that the cosmic history of dark energy. Many of the techniques that Fermilab's EAG applied to SDSS transfer naturally to SNAP. Sixteen Fermilab scientists have been granted admission into the SNAP collaboration. Furthermore, Josh Frieman of the Fermilab Astro Theory group is a SNAP Collaboration Board Member, and so provides Fermilab with a voice in major decisions. At present SNAP commands 1/4 time of these sixteen physicists; similar time from ancillary staff, mainly programmers, brings the FTE equivalent to eight. While we are aware of the tough Washington funding, we approve of the redirection of resources to the R&D phase of SNAP as long as it does not delay SDSS completion.  


In addition to SNAP/JDEM involvement, the EAG is considering major participation in the Dark Energy Camera (DECAM) project.  Fermilab proposes to build a mosaic imaging-camera for the 4m telescope at Cerra-Tololoin Chile in exchange for 600 nights of observing time.  One key FNAL contribution would be follow-up red-shift measurements of galactic-cluster surveys, thereby offering another approach to dark energy evolution.  Conveniently, the collaboration is centered around three institutions in the Chicago area, plus Lawrence Berkeley National Laboratory (LBNL).  Thus, it appears that Fermilab is positioned to make a large impact on this medium-sized collaboration.  The camera would be delivered in 2008, and the five-year survey would be completed in 2013.  The collaboration aims to submit a full proposal by August, 2004.  Subject to the availability of personnel-resources, we support the involvement by FNAL in DECAM.  


The EAG has made a strong scientific impact on excellent astrophysics projects.  A definite plus is that all three present or proposed EAG projects are well-supported by FNAL's world-class astro theory group (described in another section). We caution, however, that the EAG may be spreading itself thinly.  Steve Kent aptly referred to the personnel assignments as a “balancing act”.  In the present funding climate, it is unlikely EAG will grow.  Therefore, the balancing act must be monitored constantly; more prioritization of projects may become necessary.

5.2
Auger Project 


The Pierre Auger Project is being constructed to help answer the mystery of the highest energy cosmic rays.  These particles, with energies of 1019 eV to 1020 eV and beyond, are extremely enigmatic.  They are very hard to produce in known astrophysical sources, and this leads to considerable speculation that they may originate from a "top-down" mechanism, such as from the decays of relic GUT-scale particles.  An added fascinating complication is that these particles should not travel far through intergalactic space because of their interaction with cosmic radiation fields.  Thus, even though we do not at all understand how ultrahigh energy (UHE) cosmic rays can be produced, they might even originate from relatively nearby! The flux of particles above 1020 eV is so small, approximately one per km2 per century, that a detector of enormous collection area is required.  


The Auger Project consists of two observatories, one in the Southern Hemisphere and one in the Northern Hemisphere. The Southern Auger observatory, under construction in Argentinean Mendoza Province, will consist of 1,600 surface array detectors, covering an area of approximately 3,000 km2.  In addition to the surface array, there are plans for 24 fluorescence detectors distributed in four locations throughout the array.  UHE cosmic rays interact in the atmosphere to create very large extensive air showers and propagate to the Earth's surface. Auger will be the first giant air shower array employing both surface detectors (for measurement of the charged particles in showers) and fluorescence detectors (for measurement of the nitrogen fluorescence signal).  The combination of these two different techniques for measuring air shower properties should allow for a better understood determination of energies and composition of the primary cosmic ray particles. 


The Southern Hemisphere Auger observatory has been under construction for several years by an international collaboration of approximately 200 scientists.  Fermilab is playing an important role as the managing organization for the project and as the center for the U.S. detector contributions.  As of March, 2004, 360 surface stations have been deployed, along with six of the fluorescence detectors.  The array is taking data as it grows, and is already the world's largest cosmic ray detector.  Early data indicate that Auger's capabilities should be as expected. For example, hybrid events using both the ground-array and fluorescence-detection measurements suggest that the basic shower reconstruction methodology will work well. 


The progress on the construction of Southern Auger is somewhat slower than originally anticipated.  Plans still call for a completion of the full observatory by the end of 2005, but this date is likely to slip somewhat.  The deployment of surface detectors has been partially slowed by the lack of some key detector components, such as electronics, but also by a funding shortage that has developed over the last couple of years as a result of the financial difficulties in Argentina, Brazil, and Mexico. In last year's report, we discussed a significant shortfall in the funds available to complete the Southern observatory - since that time, this shortfall has been greatly reduced, to $2-3M, but not fully eliminated. Efforts are continuing to eliminate the remaining shortfall. 


With the completion of the Southern Hemisphere observatory in sight, the Auger Collaboration is now actively engaged in the development of a plan for the observatory in the Northern Hemisphere.  The official site in the North is in Millard County, Utah, but alternate sites in Colorado are being considered. Also being evaluated are the scope and nature for the Northern Hemisphere observatory, i.e. whether or not the Northern observatory will have the same numbers and types of detectors as the south. The Auger group plans to submit a Letter of Intent to SAGENAP in April, 2004, possibly followed by a proposal later in the year. There is some hope that the Auger group can work constructively with the Fly's Eye HiRes and Telescope Array projects, the other major UHE cosmic-ray efforts in the Northern Hemisphere. 


The Fermilab group continues to play a central role in the U.S. Auger effort.  In last year's report, we discussed the importance of getting additional scientific help (e.g. another post-doc) for the Auger group at Fermilab.  We are pleased to learn that two Fermilab post docs have opted to work with Auger.  As Southern Auger begins to take scientific-quality data, we hope that the FNAL group can develop a vital data analysis effort.  An even stronger scientific focus for the FNAL group will likely result from a closer connection between the Auger scientists and the other astrophysical efforts at Fermilab, both experimental and theoretical.  In this context, we support the effort to centralize the particle astrophysical research at FNAL.

5.3
Cryogenic Dark Matter Search (CDMS-II) 


Dark matter is believed to constitute about one-quarter of the mass of the universe.  A leading candidate solution to the dark matter puzzle invokes the existence of weakly interacting massive particles (WIMPs).  A new supersymmetric particle, the neutralino, is the leading candidate WIMP.  The CDMS collaboration was formed to build a device to detect WIMPs directly via their interactions in cryogenically-cooled blocks of silicon and germanium.


WIMPs can be detected in CDMS, and distinguished from most backgrounds, via their phonon and ionization energy deposits.  The most troublesome backgrounds arise from neutrons and surface electrons from beta decay.  The neutron background was addressed with cosmic-ray veto counters in CDMS-I in its shallow installation at SLAC.  Neutron backgrounds are now dramatically reduced by situating CDMS-II in a deep underground site at the Soudan mine in northern Minnesota, with approximately 2000 meters water equivalent overburden acting to dramatically reduce the cosmic-ray-induced neutron background.  Neutrons can also be distinguished from WIMPs by virtue of the neutron’s propensity to multiple scatter, whereas WIMPs will only interact once in the detector fiducial volume.   Background from beta emitters will be reduced with more careful handling of towers during construction and improved analysis techniques.


The completed CDMS-II will consist of five towers, each with four Ge and two Si detectors, for a total detector fiducial mass of about 5.5 kg.  These detectors are cooled to less than 50 mK with a dilution refrigerator.  Shielding and an active background rejection system surround the detector.  Presently, the first two towers are taking data in the Soudan mine, the third tower is finished and undergoing final testing at Case Western, and remaining two towers are under construction at Stanford.


The CDMS-II cryogenic system is working well after about seven months of operation.  A small helium leak has been detected but this leak will have an inconsequential impact on operations.  New analysis techniques are under development to improve the timing and position reconstruction.  Importantly, the collaboration anticipates that it will have sufficient mass resolution, determined from a measurement of recoil energy, to tell collider experiments where to look for a neutralino signal.  The committee eagerly awaits new results from the first year’s worth of data, scheduled to be released for this summer’s conferences that should improve CDMS-II’s reach by an order of magnitude relative to CDMS-I, and even more convincingly rule out the controversial DAMA result.


The committee notes that the FNAL contribution to CDMS-II would be enhanced by placement of at least one additional FNAL post doc on the experiment, a goal which would be easier to achieve if, as recommended elsewhere in this report, all the FNAL particle astrophysics efforts were collocated in a single area at the Laboratory.


The committee was very pleased with the substantial progress the CDMS-II collaboration has made over the past year.  The committee was also pleased to hear that initial planning for CDMS-III is underway, and the new design would both quantitatively and qualitatively improve upon the current detector.  It is clear to the committee that CDMS-II is very well positioned to make what could be one of the most important discoveries in particle physics and particle astrophysics.    CDMS-II’s complementarity with FNAL collider experiments, along with the presence of strong FNAL groups on the Sloan Digital Sky Survey (SDSS) experiment and in theoretical particle physics and astrophysics, give the Laboratory an enviable and unique multi-pronged attack in the quest to solve the high-profile dark matter problem.

5.4
Theoretical Astrophysics Group


The Theoretical Astrophysics Group consists of five regular staff, a Schramm Fellow, and four post docs.  The group is rated very highly on the international scene.  One testament to this is that they are able to attract funding from multiple sources (including a $735K/3yrs just renewed by NASA).  This leverages their cost to Fermilab.  Most of the staff enjoy joint appointments with the University of Chicago, and so spend some time in the important task of teaching and training UC graduate students.  The flip side of the joint-appointments is that the staff are less than fulltime at Fermilab.  


There is no doubt that the FNAL Astro Theorists are at the forefront of their field.  The group has matured to the point where members even propose future experiments to answer the burning questions in cosmology.    Further evidence of excellence comes from the quality of post docs the group attracts, and the quality of institutions to which the post docs ultimately progress. The center of mass of the group's research has migrated away from particle-astro toward cosmology.  This is understandable in that the data coming forth in cosmology is rapid and revolutionary.  


Some members of the theory group are even official collaborators on some of the FNAL astro experiments, e.g. SDSS, SNAP, and the possible DECAM experiment.  On SDSS, the theory members are often among the most visible of the collaborators (theory naturally speaks for the data, and readily generates media sound bites).  Also understandable is that the Astro Theory group and the astro experimenters would like to share common space to increase their overlap even more.  The Lab is considering this initiative. Common space with the SDSS, SNAP/JDEM, DECAM endeavors seems natural and healthy. While we support the spirit of the initiative, we wonder if Auger and CDMS do not have as much or more in common with the Theoretical Particle Group than with Astro Theory.  


It seems to us that there may be a potential adverse effect if Fermilab Astrophysics and Particle Theory are geographically separated. One area where astro and particle physics have overlapped well is neutrino physics.  Here there has been valuable communication between astro theorists and the particle theory and experimental communities at FNAL and beyond.  To give one example, Beacom (FNAL) and Vagins (UCI) have recently proposed adding gadolinium to low-energy neutrino detectors, to greatly increase search sensitivity for the integrated cosmic Supernova neutrino flux.  The numbers are very encouraging, and consequently Super Kamiokande is likely to salt its massive neutrino detector with Gd.  


The Astro Theory group would like to strengthen in one direction (particle-astrophysics), and initiate a second direction - numerical cosmology - to deal with the details of large data sets via high-powered computing.  We support both directions, subject of course to financial priorities of the Lab.  Our recommendation is to pursue the particle-astrophysics direction first.  Particle-astrophysics arguably overlaps the interests of a larger portion of the Lab than does numerical cosmology.  It potentially supports the CDMS and Auger experimental efforts.  At present, only Rocky Kolb in the Group is actively pursuing particle-astrophysics.  Growing on the obvious strengths of Kolb makes good sense.  Some effort in particle-astrophysics also comes from the particle theory group.  Thus, a hire in particle-astrophysics might foster more interaction between Fermilab's two theory groups.

6.  THEORETICAL PARTICLE PHYSICS


Fermilab has an outstanding particle theory group, which consistently carries out forefront research.  The group is strong in phenomenology, perturbative QCD, lattice gauge theory, model building, neutrino physics, and super symmetry. The recent acquisition of Boris Kayser strengthens the groups’ already outstanding efforts in neutrino physics. The lattice group is involved with plans to develop a national computing facility for lattice gauge theory under the DOE Sci Dac initiative.  This plan will allow the group to expand its lattice efforts. Of particular importance to the group is the active visitor program, along with the frontier fellows program.  The group has attracted a relatively large number of first rate post-docs which allows for the continued vitality of the theory effort. The theory group plays an important role in supporting the experimental program at Fermilab and is to be commended for these efforts.
7.  FERMILAB USERS


Sharon Hagopian (UEC chair) reported on the activities of the User's Executive Committee (UEC).  She outlined the significant activities for the past year of the committee and its subcommittees. The annual visit to Washington took place in March, 2004, with visits to Congress people and their staffers.  This is an important and valuable activity of the UEC.  The UEC is working to help the Laboratory management with visa issues for foreign scientists.  

(See http://www.fnal.gov/fermilab_users_org/BNC_meet_summary.txt and http://www.fnal.gov /fermilab_users_org/FNAL_visa_survey_oct03.ps.)  This continues to be a major concern of the user community.  The annual meeting of the UEC will take place in June with talks by Fermilab Users as well as outside laboratory directors.  The UEC is to be commended for its active role in making Fermilab a great place to do science.
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Although Fermilab is a single mission laboratory, its present scientific program is quite broad. It includes both collider, fixed target and neutrino oscillation experiments and the necessary accelerator operations and R&D for improving the existing accelerator complex. In addition, Fermilab has been asked by DOE to play a leading role in U.S. participation in the LHC, both on the accelerator side and in the CMS detector. The Laboratory also has an advanced accelerator R&D program for future accelerators, a program in experimental astrophysics, and theoretical programs both in particle physics and astrophysics. The URA Visiting Committee for Fermilab is charged with reviewing this scientific program and commenting on its quality, soundness, overall balance, and future prospects. The Committee is also encouraged to comment on the Laboratory Director’s plans and priorities for Fermilab. 


In its response to this charge, the URA Visiting Committee should try to address the following points:

i. How effectively is the Laboratory dealing with Collider Run II issues (both accelerator and detector performance) and with the NuMI/MINOS project?

ii. Is the Fermilab program competitive at the world level, both in it broad scope and in the quality of its individual components? Are there any individual components which fall short of this standard?

iii. Is the balance in the Laboratory between current programs and research and planning for future programs appropriate? Not withstanding current budget difficulties, are adequate resources being applied to high priority activities?

iv. Are there areas of scientific endeavor where Fermilab could have a significant impact, which the Laboratory should pursue more vigorously? Are there programs in the Laboratory whose efforts require future review in order to determine whether they should continue?

v. Have recent permanent staff appointments at Fermilab helped further the mission of the Laboratory? Are there areas that are missing key people and which could be strengthened?

vi. Does the Laboratory management provide the scientific leadership needed for Fermilab?

vii. Does Fermilab provide the administrative, technical and scientific support needed by its users?

viii. Is the programmatic support for Fermilab’s scientific mission adequate and are the Laboratory resources used effectively? Are there efforts which should be commended and/or are there opportunities for improvement in specific areas?

ix. Are there any particular issues requiring special attention by URA?
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