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1 Introduction

The URA Visiting Committee for FNAL met on May 8-9 to review the Laboratory program. The charges together with the agenda of the talks presented by Laboratory Management and Personnel are listed in the Appendices. The members of the Committee are the authors of this report.

The Report starts with an executive summary (Section 2) consisting of comments and recommendations on programs and management issues, followed by more detailed reports on the individual programs and activities pursued at FNAL (Section 3-10).

2 Executive Summary
2.1 General comments

The past year has been overall a very successful year for FNAL and the Committee congratulates the Laboratory on its rich program and numerous accomplishments, in particular:

· The performance of the accelerator complex and the progress in achieving the Run-II objectives, in particular on the successful commissioning of the electron cooling and its prompt inclusion in operations.
· The efficient operations and world class physics output of the D0 and CDF detectors.

· The successful beam delivery to MINOS and the recent release of the first physics results, consistent with the oscillation hypothesis.

· On setting clear priorities towards the ILC in the Laboratory program, by the decisive start of the ILC R&D program on super-conducting RF and of a structured program in ILC detector R&D.

· The effective management of the tritium leak marked by prompt disclosure to the community and collaboration with the regulatory agencies.
2.2 Run-II operations

· The Committee recognizes that Run-II accelerator operations have reached key milestones to achieve the overall goals of Run-II: the electron cooling has been commissioned ahead of schedule and promptly made part of operations, record peak and weekly integrated luminosity have been achieved this year, of 172x1030 cm-2sec-1 and 24.4 pb-1, respectively. Slip stacking operation has been made operational and the critical pbar-stacking rate increased to 20x1010 pbar/hour.
· The Committee notes that at the time of the review the integrated luminosity for FY06 is lower than projected, due to the repeated quenches of the Tevatron in early 2006. The causes are well understood and being remedied during the yearly shutdown. If after the shutdown the machine availability exceeds the FY05 levels of 135h/week, the integrated luminosity goals for FY06 can be achieved.
· The Committee also recognizes that the base goal of 4 fb-1 
· overall for Run-II can be achieved provided the machine availability and performance stays at the FY2005 level.

· The key parameter to attain the overall Run-II design goal of 8 fb-1 is the pbar-stacking rate. The interruptions in operations because of the Tevatron quenches provided opportunities for well-planned studies of the pbar production chain. The Laboratory has a consistent and ambitious plan to increase the pbar stacking rate to 25x1010 pbar/hour by September 2006 and 30x1010 pbar/hour by February 2007. The Committee endorses the plan and recommends strongly continuing setting the pbar-stacking rate as the first priority, while recognizing that achieving timely the milestones while keeping a high accelerator availability for physics operations will be quite challenging.
· The Committee would like to congratulate the CDF and D0 collaborations on the excellent quality and quantity of new physics results published, on the efficient detector operations including the good progress in data processing and computing.
· The Committee recognizes that both experiments are well prepared for the higher luminosity operation expected after the shutdown and for the reminder of Run-II and that the plans in place answer adequately an existing concern from last year’s Committee.

· The Committee recognizes the good progress in the area of resource planning for the end of Run-II. The plan for FY2007 is definite and realistic but the Committee   is still concerned by the availability of manpower for the collaborations after 2008 and recommends continued monitoring and reviewing of the situation with the spokespersons of CDF and D0. 

· The Committee also urges both CDF and D0 to continue optimizing detector operations for efficiency and maintainability for the remainder of Run II
2.3 Neutrino Physics and Beams

· The Committee recognizes that FNAL is running a world-class neutrino program and that the neutrino beam delivery system has performed extremely well after initial difficulties with the target last year.

· The Committee wishes to congratulate the MINOS collaboration for a very successful first year of operation with its first physics results confirming the hypothesis of oscillations announced in March 2006.

· The Committee is concerned that despite the large data set recorded by MiniBoone, the analysis of the physics results has been delayed for another year, in the light of a measured forward single-pion production event rate larger than theoretical expectation
. The Committee eagerly awaits results for proper planning 
of MiniBoone’s future.

· Despite the unclear position of the EPP2010 report on the future of neutrino physics at FNAL, the Committee vigorously reaffirms the scientific importance of NOVA for the intermediate-term neutrino physics program, and recommends that the Laboratory aggressively pursue the project.
· The Committee was presented with a coherent plan to increase the neutrino beam capabilities at FNAL, with an upgrade from the present 170 to 360 KW possible before the end of Run-II. A phased reutilization of the recycler and the accumulator would make an upgrade to 700 kW and 1 MW possible, respectively.
· The Committee finds the step in the upgrade path that converts the recycler to a proton accumulation ring with slip stacking (Phase 1) a very cost effective method to significantly increase the proton intensity to the NUMI target.  Including the accumulator in the proton complex (Phase 2) is not as cost effective and may have performance limitations due to electron cloud effects. This final step needs further evaluation and review before proceeding.
· Concerning electron cloud effects, initial results indicate that these may limit the achievable proton intensity in this regime.  The Committee recommends that simulations should be extended and the conclusions verified with experiment to assess if the limitations are serious enough to compromise the final proton intensity goals.
2.4 R&D: ILC and LHC related programs

· The Committee acknowledges and endorses the successful and major effort in the past year in making the ILC the clear priority for the Laboratory future. This commitment resulted in the consolidation of FNAL leading role in the ILC project in general, and specifically within the field of the Main Linac super-conducting RF (SCRF) technology. Clear progress has been made in setting up the required new SCRF infrastructure for high-performance cavity preparation and cryomodule assembly. The Laboratory is making a major contribution to the GDE Reference Design Report (RDR) and the current costing effort.
· The Committee issued a series of specific recommendations concerning the accelerator R&D for the ILC (see Section 5.1)

· The Committee also endorses the 
· Laboratory strategy of continuing to support synergetic R&D on a high intensity proton source, providing that this does not interfere or compete with resources for the critical path ILC activities.
· The Committee acknowledges and approves 
· the strong increase in ILC detector activities emerging at Fermilab, in both domains of generic ILC detector R&D, and detector specific development. Examples of accomplishments are the mechanical design of a first integrated vertex detector and new sensor designs for vertex detectors.
· The Committee believes that the Fermilab ILC Detector R&D effort should be broadly represented across different areas of detector design including the silicon, calorimetry, solenoid, and muon detectors and recommends to ramp up the number of people involved in these activities, as the external funding levels are increased
· The Committee wishes to congratulate FNAL and the CMS Collaboration on the completion of 97% of the Detector on time and on budget. The Committee is confident that the silicon rod construction and pixel detector construction left to do will be completed in the same competent manner as the other projects.
· Important milestones have been achieved, the production of the Physics TDR, the start of the LHC Physics Center and the Remote Operations Center at FNAL

· The only concern of the Committee is about the international support for the Tier 0 computing center at CERN, and the foreign support for some Tier 1 computing centers. This motivates the recommendation of maintaining continued vigilance, as contact with CERN is essential to maximize US participation in the physics capabilities of the LHC
· In the area of SC magnet R&D, the Committee endorses the choice of leveraging on existing FNAL core competence, while developing new R&D expertise in SCRF, and the strategic choice of the project. The IR magnets for the LHC upgrade are a high impact development and with a sufficiently long time scale to possibly reach the milestone of demonstrating the viability of a Nb3Sn magnet by 2009.

· The Committee notices that considerable FNAL core funding contributes to SC Magnet R&D related to LARP, in excess of LARP funding. As remarked it is good to maintain core competencies at FNAL, however the Committee is concerned about the long term return of the investment, in the light that is very difficult to support magnet R&D, beyond the LHC, in the absence of a construction program (The SC magnets needs of ILC are limited)
· The Committee endorses the participation of FNAL in the LHC Commissioning (hardware and beam) in the framework of LARP activities and is pleased to see the first results of collaborative effort, namely the progress in tune tracking and feedback, and a more defined plan for future activities

· One potential concern of the Committee is related to the commitment of experienced FNAL personnel to LHC beam commissioning, at the time when Run-II is still in progress

· The Committee also noticed the rather complex management structure for LARP and questions the overall effectiveness of this model, given a budget limited to 11-12 M$/ year. 
2.5 Particle astrophysics

· The Committee notices that one of the main EPP2010 recommendations was to increase resources in experimental particle astrophysics, a growth field where FNAL is already well positioned.

· The Committee finds that the current level of effort at 5% or less of the total FNAL budget is adequate but that growth is necessary and contingent upon successful competition for new funds that bring additional support to the Laboratory.  Fortunately there are many opportunities to compete for new projects

· The Committee wishes to congratulate the Particle Astrophysics Center on its successful first year of operations but recognizes that the departure of Rocky Kolb will necessitate the timely identification of a replacement with comparable qualifications.

· The Committee reviews in Section 7 the activities of specific projects, the Sloan Digital Sky Survey, Pierre Auger Project, Cold Dark Matter Search, Dark Energy Survey and SNAP/JDEM as well as considerations about theoretical particle astrophysics.

· The Committee observes that the present Physics Advisory Committee is not properly constituted to provide advice over the wide range of experiments currently in progress or under development at the Laboratory in particle astrophysics and cosmology. The Committee recommends the creation of a mechanism for in-depth scientific and technical review of particle astrophysics experiments. We suggest either the addition of more expertise to the existing PAC, or the formation of a new advisory Committee.

· Finally, the Committee suggests the institution at the Laboratory of a named postdoctoral fellowship in experimental particle astrophysics and cosmology, to attract the best and brightest young scientists to come work at FNAL in this exciting area of research, along the lines of the Schramm Fellowship in theoretical astrophysics.
2.6 Management issues

The Committee would like to summarize the discussion and agreement on Charges 5-9 that pertain to the general Laboratory strategy and management issues.

· The Committee recognizes that Fermilab is now competitive at a world level, with world-class programs in high-energy physics, neutrino physics and astrophysics. Retaining leadership in HEP in the LHC era depends on the ILC, neutrino physics and the proton plan. In particle astrophysics the future depends, as already remarked, on successful bidding for new activities.

· The Committee recognizes the great progress in balancing the current and future laboratory programs, and the clear choice towards the ILC. The Committee also recommends that the Laboratory develops clearer and more specific plans, including the impact on Laboratory staffing and funding, for the following scenarios: ILC constructed elsewhere and ILC significantly delayed or not constructed at all.

· The Committee unanimously recognizes the clear and decisive leadership role provided by the present Laboratory Director, and its Management team. ILC R&D has now appropriate visibility in the Laboratory management structure; the CMS Center and Astrophysics Center have been elevated and better defined in the organizational chart. Novel organizational roles and structures have been created, for instance a Chief Financial and a Chief Operation Officer, and the Quality and Best Practices Office.

· There is a concern from the Laboratory Management – shared by the Committee – about the funding profile for ILC R&D activities at FNAL.

· The Committee recognizes the optimum level of support that FNAL provides to its Users’ Community and in particular endorses the optimum work of its Users Group. The Committee in particularly endorses coherent and consistent political activity in Washington and networking among National Laboratories Users Groups.

3 Collider Run-II

3.1 Accelerator Performance

The past year has been a great success for the Fermilab accelerator complex with record integrated and peak Tevatron luminosities.  In addition the electron cooling system for the anti-protons in the Recycler was commissioned ahead of schedule and very quickly became part of the routine operation for injecting cooled anti-protons into the Tevatron.  Slip stacking operation of the Main Injector to combine two booster batches of protons was commissioned and has resulted in record peak levels of protons on the pbar production target.  Finally, accelerator operations have entered the production mode with limited machine studies except for the pbar tax to improve the pbar stacking rate.

There is every indication that the shutdown is going well and is on target to begin smooth operation of the accelerator complex by mid June.

In terms of the long-term prospects for remaining on track with the design integrated luminosity projection for the Tevatron, the largest remaining challenge is improving the pbar stacking rate.  Just before the shutdown, the rate was 20 x 1010 per hour.  It needs to go up to 30 x 1010 per hour to achieve the integrated design goals.  The stacking rate has been resistant to significant improvement in the past.  While unfortunate for the accumulation of integrated luminosity, the damaging quenches of the Tevatron towards the end of the last run provided opportunities for detailed studies of the pbar production chain.  The optics modeling of the beam line from the pbar production target to the Debuncher and the transfer line from the Debuncher to the Accumulator has resulted in new understanding and modifications to these beam lines have been carried out during the shutdown.  The improved instrumentation installed on these beam lines has been key to the new understanding of these beam lines.

With these improvements, the Committee is optimistic that the luminosity design goals can be achieved provided that the reliability of the accelerator complex can be maintained at the level of the last running period.

3.2 The CDF and D0 Detectors

Exciting results are emerging from Run II of the Tevatron:

· The CDF and D0 collaborations are already providing measurements of the top quark mass, which exceed expectations. 

· Measurements in the B system are improving our knowledge of flavor physics and constraining new physics. 

· Direct searches for new physics are probing SUSY and LED parameter regions beyond the ones explored by LEP. 

· Larger data sets continue to advance our understanding and modeling of QCD and electro-weak processes affecting many crucial measurements

Excellent progress has been made in Bs mixing, first reported by the D0 experiment and followed by the beautiful measurement of Bs mixing by the CDF collaboration. We are still expecting improved measurements of the W mass and better sensitivity for Higgs searches.

The number and quality of published physics results from both CDF and D0 has been remarkable and there is expectation for even more results in the coming year. Detector operations for both experiments have been stable and efficient. We congratulate D0 for the successful installation of the Layer 0 silicon and both collaborations for the progress in the Trigger Upgrades.

Both experiments are successfully preparing for the higher luminosity operation expected after the shutdown. In particular, CDF and D0 have effectively implemented a High-Luminosity Trigger Task Forces to review in detail the trigger issues.
The committee recognizes the enormous progress by both collaborations in data processing and computing, and the successful implementation of SAMGrid by D0.

Future issues:

Both collaborations have completed a planning exercise to estimate the future manpower requirements for detector operations and physics analysis.  Unfortunately this exercise, which is rather uncertain beyond 2007, indicates that both collaborations might require help in FY08-09 to take full advantage of the Run II physics potential. 

The prompt establishment by the Laboratory management of a Tevatron Collider Task Force (TTF) has been an effective response together with the Laboratory decision to mitigate these problems by increasing the RA positions in CDF and D0 and by exploring with the agencies a possible increase of the visitor budgets. 

Recommendations:

· The committee is still concerned by the availability of collaboration manpower after 2008 and recommends continued monitoring and reviewing the situation with the spokespersons of CDF and D0. 

· The committee also urges both CDF and D0 to continue optimizing detector operations for efficiency and maintainability for the remainder of Run II. 

4 Neutrino Physics

4.1 Neutrino Experiments

The Lab is successfully conducting and pursuing an impressive neutrino program.  

MiniBoone has accumulated a large data set based on the delivery of 7x1020 protons on target.  However, the observation of a forward single-pion production event considerably in excess of theory predictions created some uncertainty and delayed publication.  The Committee eagerly awaits the first oscillation results from MiniBooNE.  These results, as was already remarked by last year’s Report, are the only ground to formulate a plan for Mini-BooNE beyond 2006.  

MINOS is running as planned, and excellent results are appearing in a timely way.  Within a year after the first neutrino events were observed in the near detector, MINOS was able to measure the disappearance of muon neutrinos.  Systematic errors appear well understood. The data are consistent with the oscillation hypothesis and with ~ 1020 pot, already significantly constrain the allowed region for (m232.  The no oscillation hypothesis is disfavored at the 5-sigma level.  With plans for sixteen times more pot, MINOS should eventually deliver the world’s best inference of (m232, with an error of only one part in 104.  The present theta13 limit from MINOS is comparable to that of the CHOOZ experiment; the reach will go 3 to 4 times lower when 25x1020 pot are delivered.

Neutrino physics is an important component of the Fermilab program, present and future.

Good progress has been made with Minerva, progress that includes both technical development and collaboration building.
The EPP2010 recommendation for neutrino physics in the long term (10-15 years) is not so clear.  Independent of that, we strongly endorse the scientific goals of the long-baseline off-axis experiment, NOvA, for Fermilab. The physics case for NOvA is strong.  NOvA would significantly constrain important oscillation parameters, with a reach in theta13 to an order of magnitude beyond the present CHOOZ limit.  Due to its sensitivity to matter effects, NOVA has a unique potential to resolve the neutrino mass hierarchy.  Running in neutrino and antineutrino modes, NOvA has the potential to determine the parameters theta13 and CP separately.  

Recommendation:

· The Committee reaffirms the scientific importance of NOVA for the intermediate-term neutrino physics program, and recommends that the Laboratory aggressively pursue the project.  

4.2 The Proton Plan

The long-term success of the neutrino program at Fermilab depends on increasing the number of protons available on the neutrino production target.  At the moment, this averages around 170 kW while anti-protons are being produced for injection into the collider.  Without this the intensity can be increased to around 270 kW maximum in the current configuration.

A phased proton intensity upgrade plan was presented to the Committee with the first step consisting of implementing slip stacking four out of five booster batches for NUMI and the slip stacked batch for the anti-proton target.  This will yield 360 kW to the neutrino target when finished and should be operational well before the end of the collider run.  This would provide 3.2 x 1020 protons/year to NUMI.

The next step would be to use the Recycler as a proton accumulator while the Main Injector is ramping, which would save 0.4 sec from the main injector cycle increasing the proton intensity to 390 kW.  The momentum aperture in the Recycler is large enough to allow slip-stacking operation permitting twelve Booster batches for injection into the Main Injector.  Assuming an efficiency of 95% for slip stacking and with a 1.47 sec cycle time would give a proton intensity of 700 kW.  The estimated cost of the needed upgrade to the Recycler RF including a transient beam loading compensation system, the two new transfer lines needed for direct injection and extraction, and the NUMI upgrade is 9.9 M$.

A final upgrade to 1 MW would involve converting the Accumulator to a proton ring and using its momentum stacking capability to accumulate four booster batches and “box car” stack six of these accumulator batches sequentially around the Recycler.  Single turn extraction in the main injector with a 1.6 second cycle time gives a proton intensity of 1.1 MW.  Because a new RF system along with new injection and extraction lines are needed for the accumulator and the main injector RF system needs significant upgrades, the estimated cost of this step is 32 M$.

Recommendations:

· Initial results from simulations of electron cloud effects indicate that these may limit the achievable proton intensity in this regime.  These simulations should be extended and calibrated against experiment to understand if electron cloud effects will be a significant limitation on the proton intensity.

· The Committee finds the first step in the upgrade path that converts the Recycler to a proton accumulation ring with slip-stacking a very cost effect method to significantly increase the proton intensity to the NUMI target.  Including the Accumulator in the proton complex is not as cost effective and may have performance limitations due to electron cloud effects.  This final step needs further evaluation before proceeding

5 ILC R&D

5.1 Accelerator R&D

The Committee unanimously acknowledges the successful major effort in the past year in making the ILC the clear priority for the Laboratory. The Committee also wishes to commend and strongly support the Laboratory management in its efforts to consolidate the leading role in the ILC project in general, and specifically within the field of the Main Linac super-conducting RF (SCRF) technology. The Committee was both impressed and pleased at the clear progress made in setting up the required new SCRF infrastructure for high-performance cavity preparation and cryomodule assembly (together with the Laboratory’s collaborating institutes). In addition to the R&D, we also recognize and endorse the Laboratory’s major contribution to the GDE Reference Design Report (RDR) and the current costing effort. The Committee strongly endorses the current efforts by the Laboratory in the US “bid to host” activities, and urges the Laboratory to take an even stronger overall leadership role in this process, as the US designated site for the ILC. 

The Committee endorses the Laboratory strategy of continuing to support synergetic R&D on a high intensity proton source, providing that this does not interfere or compete with resources for the critical path ILC activities.

Main Linac Technology R&D

Over the last twelve months the Laboratory has made significant progress in setting up new SCRF infrastructure. A strong FNAL-lead collaboration including JLAB, Cornell, TJNL has formed which makes the best use of existing and refurbished facilities. Installation of new infrastructure at FNAL itself, including clean rooms for cavity string and cryomodule assembly, vertical and horizontal (high-powered) test infrastructure is all well underway. A new Electropolishing facility is currently being constructed at ANL as part of a joint ANL-FNAL collaboration. BCP and vertical testing is currently being done in collaboration with Cornell, while the existing EP facility at TJNL will also be used.

The Committee recognizes and supports the broad based R&D commitment for the main linac RF, but recommends that cavity surface preparation – and specifically electropolishing – should be made the clear priority in order to achieve the baseline 35MV/m performance, in accordance with the ILC GDE recommendations. The Committee also notes that this R&D must be undertaken as part of a concerted and coordinated worldwide effort as part of a truly international project.

The Laboratory’s plans to produce six cryomodules (two full ILC RF units) by 2010 are ambitious but the Committee recognizes the need to aggressively pursue such R&D in a timely manner. We strongly endorse the Laboratory’s strong collaborations with both national and international partners (particularly DESY and INFN in Europe) as the best way towards addressing these goals. The Committee raises some concerns over the scope of the plans and the projected funding profile over the next four years, and concurs with the Management’s assessment that it falls short of the necessary levels. The Committee strongly recommends that the Management seek the additional funding required

The Committee endorses the need for R&D on the required RF power source, especially given the goals of producing two fully operational RF units by 2010. We recognize the commitment of the Laboratory in taking a leading role in the entire Main Linac systems, but given the limited funds available urge the Laboratory to choose its priorities wisely, and to seek national and international collaboration on areas such as klystrons, high-powered couplers, tuners etc., where existing strong expertise can be made use of. 

Accelerator Physics

There is a considerable effort in ramping up a core ILC beam dynamics competency within the Laboratory. Efforts towards Main Linac emittance preservation simulations, Damping Ring beam dynamics, Machine Detector Interface etc. are underway. While the the need for the Laboratory to build an ILC core competency in related accelerator physics is understandable and commendable, the Laboratory should also understand that such expertise already exists in several other institutes, and the Committee recommends that strong collaborations be set up.

Industrialization

The Committee strongly endorses the Laboratory’s commitment to engaging US industry in the manufacturing and production of the Main Linac SCRF technology, and recommends that the Laboratory continue every effort to keep industry involved during the construction of the two RF units over the next four years and beyond. The Committee acknowledges the Laboratory’s leadership role in helping to set-up the US Industrial Forum.

Experimental Test Facility (ETF)

There is a possible need for a full-functioning test linac (ETF). The Laboratory proposes as a longer-term goal the construction of a ~1% ETF (~20 cryomodules, or ~5GeV). The Committee acknowledges that such a facility would serve as a pre-production run, enabling US industry to ‘learn’ how to construct cryomodules, and that it could also serve to begin ramping-up the full production process.

While in general agreement with the approach, we voiced some concerns over the real need for a test linac for systems integration tests as a purely US initiative. The Committee recommends that the Laboratory work with the GDE and its international partners to (a) define the need and scope of such an ETF, and (b) how such a facility could be constructed internationally within the GDE. Such an expensive facility could be internationally constructed, given that it is likely that only one such facility would be required worldwide. Some concern was also raised about the need for such a facility before project approval, and the influence that would have on the current ILC timeline.

GDE and RDR Design Work

The Laboratory currently plays a strong leadership role within the Global Design Effort. Several key members of the Laboratory’s ILC staff are members of the core GDE group, while several more are playing strong leadership roles in the preparation of the ILC Reference Design Report, due to be published early next year. The Committee acknowledges and endorses the Laboratory’s commitment to the RDR design work and costing exercise, particularly in the areas of the Main Linac, Cryogenics, Magnets and Conventional Facilities and Siting.  Together with SLAC, the Laboratory represents the major part of the total US effort in the accelerator design, engineering and costing. The Committee recommends that the Laboratory continue and strengthen this support, with a view to taking a stronger leadership role on the machine design. However, this may be difficult given the Laboratory’s commitments to the longer-term R&D and the current resource situation.

US Bid To Host

As the designated site for a US hosted machine, the Laboratory is putting significant resources into developing a FNAL-site for the ILC, specifically for the civil engineering and layout. The activity is currently on going in parallel with the RDR activities. After 2007 (post-RDR), the Laboratory intends to pursue a more site-specific machine design as part of its bid to host activities. The Committee recognizes that this design is likely to be different from the current RDR baseline design, and will be cost-effectively tailored to the proposed FNAL site. The Committee acknowledges and endorses this effort, but urges the Laboratory to attempt to do so while maintaining a strong international collaboration within the GDE (during the TDR phase). This is particularly important given the international funding required by the ILC, and that the facility will be constructed as a truly international project.

Recommendations:

· FNAL should aggressively pursue and take a stronger leadership role in the US “bid to host” activities in the contest of a large international project.

· The goals for the SCRF R&D are aggressive; the Laboratory should collaborate with and make better use of existing facilities at other Laboratories, while maintaining their leadership role.
· The Committee agrees that the current plans for R&D are under-resourced, and that every effort should be made to acquire additional resources in a timely manner. However, we recommend that the emphasis and resources should be given to cavity surface preparation via electropolishing, in accordance with the GDE identified priorities.

· The Committee recognizes and recommends that it is in the best interest of the Laboratory to make maximum use of expertise at other institutes (both nationally and internationally) to achieve the construction of the ILC in a timely manner. The Laboratory should continue to actively seek stronger collaboration within the GDE framework in the areas of linear-collider accelerator physics, RF power sources etc., while ramping-up its own in-house core competency.

· The R&D plan (and in particular the concept of the ~1% ETF) must be reviewed internationally within the GDE. Such a test facility could be considered an international collaboration (no need for the US to support the cost of this facility alone).

· The Committee strongly recommends that the Laboratory continue every effort keep industry involved during the construction of the two RF units over the next four years.

· FNAL should attempt to find additional resources for the short-term RDR work (especially for engineering design and costing for the Main Linac technology).

5.2 Detectors R&D

A worldwide consensus has emerged that the next large facility in particle physics should be an international high-energy electron-positron Linear Collider. The Global Design initiative and the development of a reference design necessitate a parallel increase in the detector R&D and design. Since, it is also clear that if the ILC will be in the US, Fermilab will host it, it is essential that Fermilab play a critical role in the detector RD.

· The Committee applauds the strong increase in ILC detector activities emerging at Fermilab. We are pleased that the Laboratory is participating both in generic ILC detector R&D, detector specific development and it is also planning to provide strong support to the community interested in ILC R&D.

· The Committee believes that the Fermilab R&D effort should be broadly represented across different areas of detector design including the silicon, calorimetry, solenoid, and muon detectors.   It will be crucial to ramp up the number of people involved in these activities, as the external funding levels are increased.

· We are impressed with the development of a first integrated vertex detector mechanical design which explores the challenging reduced power goals presented by the ILC detectors
· A fast improvement has developed in exploring new sensor designs for vertex detectors such as monolithic pixel sensors, 3D technologies, and thinned devices. We believe that the expertise of the Fermilab IC group and the facilities at SIDET are ideal to facilitate Fermilab taking a strong leadership role in these activities.

· It is appropriate that the calorimetry effort includes both particle flow algorithm development as well as hardware readout work.   The stringent requirements of energy resolution needed for these detectors will necessitate a wide-ranging effort.  Fermilab has many strengths in these areas and should continue to pursue them. 

· We believe that Fermilab has a mission to support the ILC detector R&D, which is carried out by the university groups by providing test beam facilities. We strongly endorse enhancing these facilities.

6 Participation in the LHC 

6.1 The CMS Detector

The EPP2010 study has declared that the LHC activities are of the highest priority in the particle physics community.  Fermilab’s activities are centered on the CMS collaboration, and FNAL plays a major role in the US CMS collaboration, including: organization and management of the efforts, detector construction, computing infrastructure, running the LHC physics center and the remote operations center.  FNAL is the center of US CMS activity. 

The Committee congratulates the US CMS project on the completion of 97% of the detector both on time and on budget.   There is only silicon rod construction and pixel detector construction left to do, and we anticipate that this will be completed in the same competent manner as the other projects.

This is an exciting time for the collaboration with the detector coming together for the cosmic ray test this summer, and later this year lowering the detector into the accelerator hall.  We believe that the US group will help ensure that the detector gets completed on time for beam next year.

The Committee is pleased that many computing plans have come together with the production of the Physics TDR.   However, there is a worry about the international support for the Tier 0 center computing at CERN, and the foreign support for some Tier 1 computing centers.  We hope that these funding issues will be addressed soon to ensure the vitality of the CMS collaboration.  

The Committee congratulates the US CMS collaboration on the initiation of the LPC at Fermilab.  This facility allows the US collaboration to have a center; Fermilab’s leadership in providing the space needed is appreciated.

Fermilab’s Tier 1 computing center appears to be on track to handle its responsibilities as the only US Tier 1 site.   Continued vigilance and contact with CERN is essential to maximize US participation in the physics capabilities of the LHC.  It is also strongly encouraged that the LPC CAF ensures that analysis capabilities are available at Fermilab

in addition to the US universities.  

The Remote Operations Center is a new initiative that should provide ongoing vitality in the operations at CERN.  Already, the efforts to provide the communications networks have had a positive impact for the whole US effort.  This effort is wholeheartedly encouraged. 

6.2 Accelerator R&D for the LHC

FNAL has a solid tradition and record of achievement in accelerator SC magnet R&D and production. In particular, the recent production of IR quadrupoles for the LHC and the integration with magnets produced at BNL and KEK forms an ideal basis of experience for the SC magnet R&D for the LHC Upgrade. The Committee endorses the leveraging of FNAL core competence towards the LHC. 

The technical and organizational challenge is to demonstrate the feasibility of viable Nb3Sn magnets by 2009, namely the production of a long prototype (> 4m) fulfilling the need of the LHC Upgrade. To date, no accelerator Nb3Sn magnet longer than 1m has been built. The level of diversification in the magnet R&D program at FNAL, as well as the coordination with the collaborating LBL and BNL Laboratories seem commensurate with this challenging goal.

The Committee expresses some concern about the significant amount of core funds that supports, and in fact exceeds, the LARP contribution in SC Magnet R&D for the LHC Upgrade. FNAL is contributing between 2002 and 2009 a larger fraction of the overall cost than it had during the LHC Project R&D (from 1996 to 2003). This may be acceptable to preserve core competence at the Laboratory, but the return of the investment should be evaluated in the light of the future priorities of the Laboratory.

The Committee suggests analyzing the planned core funding for LHC upgrade SC magnet R&D in the light of the future priorities of the Laboratory.

The other FNAL LARP contributions to the LHC Project are in the domain of instrumentation, collimation, accelerator physics, hardware and beam commissioning. The Committee is pleased to acknowledge the successful demonstration of tune tracking at BNL, the result of a LARP sponsored collaboration among BNL, FNAL and CERN. The 4.8 GHz Schottky being developed at FNAL holds the promise of delivering non-destructive bunch-by-bunch tune, chromaticity, emittance and momentum deviation measurements. FNAL is preparing together with the other LARP institutions the upcoming hardware and beam commissioning activities and is prepared to commit significant manpower. A continuous presence at CERN is indeed necessary condition for having any impact, especially as far as beam commissioning activities are concerned. The Committee expresses some concern about potential resource draining from the Tevatron operations and support in the 2 final years.

Recommendations

· The Committee suggests analyzing the planned core funding for the LHC upgrade SC magnet R&D in the light of the future priorities of the Laboratory.

· The Committee suggests evaluating resources allocated to the hardware and beam commissioning activities to make sure they are compatible with high efficiency operations of the Tevatron, and with the level of responsibility envisaged for FNAL personnel in the LHC Commissioning organization at CERN.

7 Particle Astrophysics

7.1 Experimental Particle Astrophysics

The burgeoning interest in particle astrophysics and cosmology has produced a plethora of new experimental approaches and projects in recent years.  The growing opportunities in this area were recognized in the recent EPP2010 report from the National Academies.  One of the main EPP2010 committee recommendations was that  “an increased share of the US particle physics budget be allocated to… 

· The direct detection of dark matter… 

· The precision measurement of the CMB polarization … 

· The measurement of key properties of dark energy

This strongly suggests that particle astrophysics and cosmology will continue to be a growth industry, and we are pleased that FNAL is already well positioned, with a healthy established program in both dark matter and dark energy, with several new projects under development.   Particle astrophysics and cosmology dovetails very nicely with FNAL’s mission to  “… advance the understanding of the fundamental nature of matter and energy ... at the frontiers of high energy physics and related disciplines."  The current level of effort in this area is 5% or less of the total FNAL budget, and the Director has made it clear that growth is contingent upon successful competition for new funds that bring additional support to the Laboratory.  Fortunately there are many opportunities to compete for new projects, and we are optimistic that the FNAL Experimental Astrophysics Group will continue to build on their past record of success. 

With the establishment of the Particle Astrophysics Center last year, FNAL took an important step towards the development of a strategic approach to this rapidly developing new field.  Rocky Kolb, the Director of the Center, has recently accepted a position as chair of the Astronomy and Astrophysics Department at the University of Chicago.  It will not be easy to find a replacement of his caliber, but the search also presents an opportunity to bring in new blood at the senior level and further strengthen this area.

The current suite of operating experiments in particle astrophysics and cosmology at FNAL includes the Sloan Digital Sky Survey II (SDSS-II), the Pierre Auger project, and the Cold Dark Matter Search (CDMS).  Projects under development include the Dark Energy Survey (DES) and the SuperNova/Acceleration Probe (SNAP). The total number of FTEs currently involved is about 60, including scientists, computer scientists, and technical staff. 

In addition to DES and SNAP, both of which have the potential to involve much larger numbers of FNAL staff, there are possible new starts in follow-on experiments such as SDSS-III, Super-CDMS and Pierre Auger North.  There is also a small but active R&D effort on cold dark matter searches using bubble chamber techniques.  It is clear that the opportunities in particle astrophysics and cosmology are much greater than the current level of investment can support, and even with a reasonable rate of growth, some difficult choices will have to be made.  

Recommendations:

· The considerations above motivate our main recommendation, that a mechanism be created for in-depth scientific and technical review of particle astrophysics experiments. The Physics Advisory Committee has traditionally provided excellent advice for the particle physics program, but the PAC is not properly constituted to provide advice over the wide range of experiments currently in progress or under development at the laboratory in particle astrophysics and cosmology.  We suggest either the addition of more expertise to the existing PAC, or the formation of a new advisory committee.

· Our other recommendation is that the Laboratory institute a named postdoctoral fellowship in experimental particle astrophysics and cosmology, to attract the best and brightest young scientists to come work at FNAL in this exciting area of research.   Just as the Schramm Fellowship in theoretical astrophysics has been successful in attracting top young theorists to Fermilab, a named fellowship for experimentalists in this area will ensure that FNAL will play a leadership role in the science as well as in the construction and management of new experiments in astrophysics and cosmology.

Sloan Digital Sky Survey

As a founding member of the Sloan collaboration with responsibility for the data processing, archive and public release, FNAL has played an important role in this very successful project.  SDSS-II is now well underway and FNAL is playing an important role in all three components of this three-year survey.  Kent is co-leader of the Legacy survey to complete the 10,000 square degrees in the original SDSS survey plan (left incomplete due to bad weather).  Yanny co-leads the SEGUE component to study the Milky Way halo, which recently identified interesting structures in the Milky Way halo due to mergers.  Friemann co-leads the Supernova search for low and intermediate red-shift type Ia supernovae, which has already discovered 130 spectroscopically confirmed Type Ia SNe.   FNAL continues to play an important role in the DAQ and data processing for SDSS, and we look forward to exciting new results from SDSS-II in the coming year.

Pierre Auger Project

Nearing completion in Argentina, the Pierre Auger project is the world’s largest cosmic ray observatory, built to study ultra-high energy cosmic rays.  The collaboration is truly international, with over 250 scientists from 63 institutions and 17 countries.   The US provides approximately 25% of the funding. Currently, 1135 of 1600 surface detector stations and 18 of 24 fluorescence telescopes are complete.   First results have already been presented based on a commissioning run in 2005.  Fermilab plays an important role in the construction, commissioning and data analysis.  Mantsch is the project manager and also delivered the keynote address presenting first results from Pierre Auger at the International Cosmic Ray Conference in India last summer.   A second site to study cosmic rays in the northern hemisphere is under development.

Cold Dark Matter Search

The CDMS experiment currently has the world’s best limit for direct detection of weakly interacting massive particles, with sensitivity an order of magnitude better than its competitors. WIMPs are a leading candidate for cold dark matter, and are predicted within the framework of supersymmetry as neutralinos.  With five towers now installed in Soudan, CDMS is in a position to extend its sensitivity by another order of magnitude, exploring a region where theorists are hopeful SUSY may be found.  The importance of a detection of WIMPs is hard to overstate.  Fermilab’s role in CDMS is extremely important, providing the project management that holds the collaboration together, as well as electronics, cryogenics, and support for the operations and infrastructure at Soudan.  Fermilab must continue to support this project and if possible take on a bigger role in the data analysis.  A larger scale follow-on, Super-CDMS, has been proposed for SNOlab.

Dark Energy Survey

The Dark Energy Survey is a FNAL-led proposal to build a new 0.5 Gigapixel camera and install new corrector optics at the 4m telescope at Cerro Tololo Inter-American Observatory (CTIO).   In return, the DES team would receive one-third of the observing time for five years to carry out a 5000 square degree, multi-band survey.  This data set would enable a multi-pronged attack on the problem of dark energy using galaxy clustering, weak lensing, Type Ia SNe and baryon acoustic oscillations.  As well, DES will provide optical follow-up of Sunyaev-Zeldovich (SZ) clusters identified by the South Pole Telescope (SPT).  The DES proposal was accepted by NOAO, and R&D is proceeding on the CCDs, electronics, optics and software.  The collaboration has been growing, with a number of US universities actively involved and significant contributions from institutions in the UK and Spain.  With support from the P5 roadmap Committee that is currently considering future projects, it is likely that DES will proceed and take first light in 2009.  

DES is a well-motivated, medium-scale project that will help advance techniques for dark energy studies and, through a combination of measurements, provide interesting constraints on cosmological parameters in the era before larger, more ambitious projects such as LSST and JDEM are in operation.  It is a good match to the expertise the laboratory has built up through its involvement in SDSS, and the CCD packaging and testing activities make good use of the SiDET facility.  FNAL is also providing project management.

SuperNova/Acceleration Probe

SNAP is a candidate proposal for the Joint Dark Energy Mission (JDEM), a cooperative project between DOE and NASA to launch a satellite devoted to dark energy science.  SNAP will carry out precision measurements of over 2000 Type Ia SNe, reaching the systematic limit of precision with this technique and creating a well-sampled Hubble diagram all the way out to z~1.7.   In addition, SNAP will carry out a 4000 square degree weak-lensing survey in nine filter bands with exquisite, diffraction-limited resolution. In many respects, SNAP is the ultimate dark energy experiment and will address the question of the evolution of dark energy over cosmological time scales.  In addition, SNAP will provide astronomers with an imaging survey in nine filters over an area 9000 times the area of the Hubble Deep Field and one magnitude deeper. 

FNAL currently plays a limited but important role within the SNAP collaboration, primarily in the areas of electronics, simulation, calibration and science.  The future of the SNAP project is still uncertain, particularly given the funding difficulties for space science within NASA.  Should this project begin to get traction and move forward, FNAL should consider increasing its participation and becoming a major player within the SNAP collaboration.

7.2 Theoretical Particle Astrophysics

The theoretical program in astrophysics is very strong.  It provides a presence for FNAL in theoretical astrophysics on an international scale.  This is very valuable for the Laboratory. 

We note, especially, the emphasis on astrophysics as a central part of the particle theory program in the recent EPP2010 report.   Given the central role for Fermilab advocated in the report, this group represents an important asset.  The issues outlined there:  dark energy, dark matter, and inflation are central to the work of this group.  

The theoretical astrophysics group has strong ties to the various experiments in which Fermilab is currently involved or which are under consideration, including the Sloan Digital Sky Survey, the Dark Energy Survey, SNAP, CDMS and Auger.  Among particular projects, the Committee was gratified to see some collaboration between the theoretical particle physics and theoretical astrophysics groups (Carena and Hooper).  We were impressed by preliminary studies of Type Ia supernovae from SDSS.

The addition of Nick Gnedin to the group brings strength in computational astrophysics and cosmology (galaxy formation, etc.), adds a significant dimension to the work of the group (simulations of structure formation in particular).

Members of the group are quite active in the field, serving on the JEM definition team for example, and organizing important workshops.  Their high level of NASA support confirms the group standing.  The group is attentive to the changing nature of the NASA support process (NASA, the Committee notes, no longer awards group grants) and will hopefully be able to maintain their current level of support.

While we noted above some collaboration between the theoretical particle and astrophysics groups, more interaction would certainly be desirable, as theses questions take on a central role in particle physics.  This is more challenging with the recent move of the theoretical astrophysics group.  We applaud those efforts, which are being made, and encourage the lab to sustain these.  The existence of the strong astrophysics group should also be a consideration in future hiring decisions of the particle theory group.

8 Particle Theory

Overall, the theoretical physics program is a strong one.  The senior group members are well-respected experts in their fields, playing leading roles of high visibility in the community.  Historically, the group has been effective at mentoring and developing the careers of junior members.  The theoretical program is broad, with impact in several areas:

· Lattice QCD: the group is a leader in large-scale computations, which have produced impressive results in heavy-flavor physics and weak decays

· QCD and collider physics: NLO and NNLO calculations for LHC/ILC

· Cosmology: thorough study of baryogenesis in the MSSM, investigations of braneworld gravity

· Beyond the Standard Model:  Supersymmetry, extra dimensions, AdS/CFT, holographic QCD

· Neutrino physics and particle astrophysics

Overall, the group continues to maintain a high level of productivity, producing significant research accomplishments with some regularity.  The group also provides a variety of services to the larger FNAL community, and its work is well matched with the mission and program of the Laboratory. Senior group members are serving the larger HEP community in important ways.  At the same time, the group continues to attract excellent postdoctoral fellows.  These postdocs play a crucial role in assimilating new developments, they interact well and frequently collaborate with senior staff members, and are important engines driving research.  Postdocs in the theory group continue to get excellent positions after leaving the Laboratory. Many of them have become leaders in the field.

As we approach the LHC era, and as the community prepares for an ILC proposal, Fermilab is emerging as the forefront particle physics laboratory in the United States.  It will be important for the theory group to maintain a central role as well.  The group is well positioned to do this. In light of this, the Committee is pleased to see a restoration of the visitor program, a crucial element in any leadership role.  The Committee also observes that visitor fellowships attract first-rate junior and senior scientists to spend extended stays at Fermilab.  

We have two principle areas of concern.  First, we note that at present there is only one associate scientist.  We applaud the group’s effort to hire Athanasiou, who would have brought additional strength to the QCD and collider efforts.  Still, we wonder whether this is a fluctuation or a trend. As the focus internationally of HEP moves to Europe, it is going to be a challenge to attract first-rate phenomenologists to Fermilab.  We would urge the theory group to remain open to a variety of possibilities, perhaps extending the reach of the group in Beyond the Standard Model Physics, or strengthening the QCD or neutrino efforts. In this regard, the addition of Boris Kayser to the group is an important development.

Finally, we would once again stress the positive and important role members of the theory group are playing in the larger particle physics community.  Senior group members serve on a large number of panels and committees, often playing leading roles. Examples include HEPAP, P5, executive roles in the APS and DPF, and the board of the Aspen school.  They also serve on a number of internal lab committees.
9 Computing

The Committee commends the Laboratory on its strong and coherent strategy towards advanced computing and expansion of computing support for FNAL scientific endeavors.  A sound plan is in place to meet the challenges of supporting the D0 and CDF data analysis and simulations and of preparing LHC physics analysis. The Computing Division is supporting the DAQ effort for SNAP and Nova and computing for lattice QCD. All areas of advanced computing ranging from grid development and networking to remote operations are also pursued vigorously in the Division.

A particular effort is in progress to build up and expand support for ILC accelerators R&D, both in development of controls software and in accelerator simulations. The Committee endorses the strategy of simultaneous close collaboration to the accelerator division objectives and operations, and collaboration with experts outside, together with the maximum use of non-base funding, for which the SciDAC program is an optimum example. 

Recommendation:

· Continue the successful support of ILC accelerator R&D with particular emphasis on multi-physics simulations.
10 FNAL Users Group

The Committee wishes to congratulate the FNAL Users Group for the excellent work done to fulfill its goals of facilitating communications between the Laboratory an its Users, of addressing quality of life issues at FNAL and of establishing community and government support.

The Committee notes that the very diversified users community at FNAL adds an element of challenge to fulfilling the need of an evolving base. The Monthly meetings are very useful to disseminate information on resources and the Committee acknowledges the wide range of initiatives supporting the quality of life issues.

In the important arena of advocacy, the initiative of networking with other users organization culminated in a Meeting of Users Organizations in March and in the formation of a group, the National Users Facility Organization. In coordination with the SLAC Users Group, the FNAL Users Group has visited the offices of 137 members of Congress and key members of the executive branch. This is an impressive record and important work.

Recommendations:

· Continue and expand the networking and coordination of facilities users group for maximum advocacy impact, and in particular with ILC related users organizations.

· Write a formal letter from the FNAL Users Group to the P5 panel in support of the FNAL program.

APPENDIX A: Charges to the 2006 URA Visiting Committee for FNAL

Although Fermilab is a single mission laboratory, its present scientific program is quite broad. It includes both collider and neutrino oscillation experiments, and the necessary accelerator operations and R&D for improving the existing accelerator complex. In addition, Fermilab plays a leading role in U.S. participation in the LHC, both on the accelerator side and in the CMS detector. The Laboratory has an advanced accelerator R&D program for future accelerators, focused increasingly on the proposed International Linear Collider (ILC). The Laboratory has a program in experimental astrophysics, and has theory 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 as part of its review should try to address the following questions: 

i) How effectively is the Laboratory dealing with Collider Run II operational and upgrade issues (for both accelerator and detector systems)? How realistic are the Laboratory’s Run II goals in relation to current and expected collider performance? 

ii) How effectively is the Laboratory meeting the requirements of the current neutrino experiments (MINOS and MiniBooNE)? Is the Laboratory adequately preparing for the next neutrino experiments (e.g., NOVA and MINERVA)?

iii) Are the Laboratory’s R&D and strategic planning activities appropriately matched to future opportunities and expectations? Is the Laboratory planning effectively for the transition of the energy frontier to the LHC? Are the resources and level of effort for ILC R&D appropriate? Is the Laboratory’s Proton Plan consistent with the emerging neutrino program? 

iv) Does the Laboratory’s Center for Particle Astrophysics have adequate resources to maintain a leadership role in this exciting and burgeoning field? Is the level of the Laboratory’s participation appropriate for each of the current experimental collaborations? 

v) Is the Fermilab program competitive at the world level, both in its broad scope and in the quality of its individual components? Are there any individual components that should be strengthened?

APPENDIX B: The Meeting Agenda

Monday, May 8 – Comitium

8:00
Executive Session (30 min) 

8:30
Fermilab Research Program Overview (45+15 min) 
Piermaria Oddone

9:30
D0 Research Program (30 + 10) 


Aurelio Juste

10:10
Break (20) 

10:30
CDF Research Program (30 + 10) 


Ray Culbertson

11:10
CMS Research Program (FNAL) (30 + 10) 

Dan Green

11:50
Neutrino Physics Program Overview (30 + 10) 
Rob Plunkett

12:30
Lunch (60) 

13:30
FNAL Accelerator R&D Strategy (15 + 5) 

Steve Holmes

13:50
ILC R&D at FNAL (30 + 10) 


Bob Kephard

14:30
Accelerator Simulation in CD (15 + 5) 

Panagiotis Spentzouris

14:50
Break (20) 

15:10
ILC Detector R&D and Test Beams (20 + 10) 
Marcel Damarteau

15:40
Advanced Computing Strategy (20 + 10) 

Vicky White

16:10
Experimental Particle Astrophysics (25 + 10) 
Steve Kent

16:45
Executive Session (75) 

18:00
End of Session 

 Tuesday, May 9 – Comitium

8:30 
User Organization and Concerns (25 + 10) 

Sasha Kopp

9:05 
Theory Overview (20 + 5) 



Chris Hill

9:30 
Particle Astrophysics Theory (20 + 5) 

Albert Stebbins

9:55 
Break (20) 

10:15
Accelerator Operations and Plans (45 + 10) 

Roger Dixon

11:10 
Super-conducting Magnet R&D (15 + 5) 

Giorgio Ambrosio

11:30 
LHC Commissioning (15 + 5) 


Vladimir Shiltsev

11:50 
Proton Intensity Upgrades (30 + 10) 


Alberto Marchionni

12:30 
Working Lunch (60) 

13:30 
Executive Session (120) 

15:30 
Close-out with Laboratory Management 

16:30 
Adjourn
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