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Executive Summary 
The Fermi National Accelerator Laboratory (FNAL) Science and Technology (S&T) review was 
held on Sept 5-7, 2012 at Fermilab. The goal of the review was to assess the current performance of 
the facility, the science resulting from the experiments that are served by the facility, including the 
CDF and DZero detectors of the decommissioned Tevatron, and plans for future improvements to 
the Accelerator Complex which consists of the Main Injector, Booster and Linac, the NuMI beam, 
and all other beams provided to experiments.  As part of this review, the laboratory was asked to 
present its proposed performance metrics for NuMI in FY 2012 and FY 2013. 
For each area of the proposed research program, HEP asked the review panelists to evaluate and 
comment on: 

• The  quality  and  significance  of  the  laboratory’s  recent  scientific  and  technical 
accomplishments; and the merit, feasibility and projected impact of its future planned 
physics program; 

• The effectiveness and efficiency of facility operations, and the planning for future facility 
upgrades to support the research program including appropriateness of the proposed 
performance   metrics   in   terms   of   being   realistic   and   maximizing   the   scientific 
productivity of the facility; 

• The   effectiveness   of   laboratory   management   in   strategic   planning,   developing 
appropriate core competencies, implementing a prioritized and optimized program, and 
promoting and implementing a safe work environment; 

• The leadership, creativity, and productivity of the facility’s scientific and technical staff 
in carrying out the above activities; and 

• The quality and appropriateness of the laboratory’s interactions with, and nurturing of its 
scientific community. 

 
In general, the review panel was very impressed with the technical and scientific achievements of 
FNAL. Lab management was singled out for their successful planning of a robust program of 
intensity frontier experiments as well as plans to improve the accelerator complex (Proton 
Improvement Program) to provide additional higher luminosity proton beams to serve the 
experimental program over the next decade. However, the review panel uncovered several potential 
problems that the lab should address. In particular, the review panel pointed out the need for more 
development of simulation tools to plan and support the many new initiatives that are critical to the 
lab’s hope of becoming the premier intensity frontier laboratory in the world. The lack of adequate 
simulation tools are effecting the planning and design of MicroBooNE and LBNE. The reviewers 
recommended that the lab’s scientific computing division put together a plan to address these 
problems and that it be reviewed in FY2013. In the more immediate timeframe, serious problems 
with the avalanche photodiodes (APDs)/thermo-coolers in the NOvA detector were pointed out and 
NOvA presented no contingencies for failure of these critical components. The review panel asked 
that lab management take an active role in monitoring this problem and have the project develop a 
Plan B if the problems cannot be solved in a timely fashion. Another area of concern is the 
international competitiveness of the Fermilab program. The reviewers recommend that lab 
management reconsider their policy of stretching out projects due to funding constraints, thereby 
making them vulnerable to competition, and instead attempt to prioritize their efforts in order to keep 
their most critical experiments on tight schedules. Finally, the review believes that lab management 
can do a better job in presenting its program to the national HEP community. There was considerable 
concern about the reception in the HEP community of stage one of the LBNE project. The review 
panel urged lab management to improve the transparency of its decision making processes and to 
engage the wider community in its plans to become the premier world laboratory in intensity frontier 
research. 
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Introduction and Background 

With the shutdown of the Tevatron on September 30, 2011, Fermilab ended its mission as a leader of 
the energy frontier and embarked on its new role aimed at its emergence as the world leading 
laboratory in the intensity frontier while remaining engaged in energy frontier and cosmic frontier 
research and projects. 

In order for Fermilab to become the world leading laboratory engaged in the intensity frontier, it 
must develop an array of reliable, high intensity proton accelerators to create high intensity 
secondary beams of neutrinos, muons, kaons, etc. The Fermilab accelerator complex consisting of a 
Main Injector (MI) and Recycler, linac and booster, has produced  neutrino beams for the MINOS 
and MINERvA experiments, and a neutrino beam for the MiniBooNE experiment. The MINOS 
experiment has produced world class data on neutrino oscillations, MINERvA has improved the 
accuracy of neutrino-nucleus cross section measurements which are important inputs to the analysis 
of many neutrino experiments and MiniBooNE has found evidence of anomalies in neutrino 
oscillation data, including hints of the existence of sterile neutrinos. 

However, the aging accelerator complex and associated infrastructure put into question the 
attainability of Fermilab’s plan to develop into the world leading laboratory in intensity frontier 
experimental physics. The lab has begun a project-like effort to address these concerns, the Proton 
Improvement Plan (PIP), whose goal is to more than double the intensity of the proton beams 
delivered by the complex by FY2016. PIP activities are underway now during a yearlong shutdown 
of the accelerator complex. When the shutdown ends major infrastructure improvements in the 
accelerator complex should lead to a more reliable array of accelerators with approximately twice the 
luminosity of the neutrino beam for NOvA, the long baseline neutrino experiment with a 14 ton 
scintillator/PVC detector at Ash River Minnesota, MINOS+ and MINERvA and approximately twice 
the luminosity of the neutrino beam for MicroBooNE, the follow on to MiniBooNE which will 
deploy a near hall 170 ton LAr TPC detector. 

Two additional experiments will join the suite of NOvA, MINOS+, MINERvA and MicroBooNE in 
several years. They are 1. the muon g-2 experiment, based on the earlier BNL experiment that 
produced a result ~3.6 σ from the standard model prediction. This experiment received CD-0 
approval in September, 2012, and is scheduled to take data from ~2016-2018; and, 2. The mu2e 
conversion experiment which is designed to be 104 times more sensitive than past experiments. This 
experiment received CD-1 approval in July, 2012, and is scheduled to run from ~2019-2022. These 
two experiments share some common needs and have led to the creation of a Muon Campus on the 
Fermilab site to house both of them and to exploit and develop their synergies. 

The keys to Fermilab’s long-term future are two facilities that could be operating in the 2020’s: the 
Long Baseline Neutrino Experiment (LBNE) and Project X. LBNE is scheduled for its CD-1 review 
in late October, 2012. The original cost estimates for the project approached 2.0 billion dollars and 
would have required over ten years of planning and construction. The project has now been 
reconfigured into three stages. In the first stage, the accelerator complex would be upgraded to 
provide a beam to Homestake, North Dakota, where a 10 kt LAr detector would be constructed on 
the surface. The experiment would measure the mass hierarchy of the three neutrinos and determine 
its character, “inverted” or “normal”, to ~3 σ and it would hunt for CP violation in the neutrino sector 
at a similar degree of accuracy. The lab has expressed the hope that international collaborators might 
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contribute to the project so the detector could be placed underground in the Sanford Underground 
Research Facility (SURF) at Homestake, ND, so that LBNE’s physics reach could be broadened to 
include proton decay and supernova neutrino searches. Project X would improve and build out the 
accelerator complex so that it could simultaneously deliver high-intensity proton beams in different 
formats to multiple experimental areas. The suite of experiments running in the 2020’s would include 
LBNE and others now being proposed that would need neutrinos, kaons, muons, and  nuclei. Project 
X is in the research and planning stage and would rely on additional advances in SRF technology. 
One goal of Project X would be to deliver 5 MW of protons from the accelerator complex, which 
would be a seven fold increase over the 700KW that the PIP can generate. This would enhance the 
beam to LBNE to enable decisive experiments in neutrino oscillations to pin down the mass 
hierarchy with certainty and measure the CP violating phase in the neutrino section to high precision. 

The FNAL S&T Review took place on site from September 5 through September 7.  The review 
consisted of one day of Plenary talks, a second day of Breakout presentations and a half day of 
Questions and Answers with FNAL management, closeout preparation by the review panel and 
closeout with lab management. The appendices to this report provide additional detailed material 
relating to the review: Appendix A contains the charge letter to FNAL  management, Appendix B 
lists the reviewers and DOE participants, and Appendix C contains the agenda and links to the talks. 
The remaining sections of this report detail the findings, comments, and recommendations of the 
review committee for each of the charge elements that FNAL was asked to address. 

Lab Management Performance 

Findings 
FNAL management has developed an integrated scientific program that includes ongoing 
experiments (MINOS, MINERvA, and MiniBoone), near-term experiments (NOvA, MicroBoone), 
and longer-term experiments (Mu2e, Muon g-2, and LBNE) that extend through the end of the 
decade. The program includes a suite of experiments that covers a broad and interesting range of 
physics at the intensity frontier, and includes options for an accelerated program, including ORKA, 
should the funding situation improve. 
 
Lab management has been working to shift the workforce from the energy frontier to the intensity 
frontier. 

Comments 
The review panel commended FNAL Directorate for strong leadership in preparing for and managing 
the difficult transition from the energy frontier (Tevatron) to the new focus on the intensity frontier.  
This transition has been and remains difficult also for the broader US Community. In this new era of 
restricted opportunities, the US community looks to FNAL for a higher level of stewardship of all 
US HEP efforts.  
Fermilab is also commended for introducing project management discipline into efforts that are not 
formal DOE projects (e.g., PIP, Muon Campus AIPs). This should provide the needed oversight in 
order to effectively carry out these complex activities with the available resources. 
  
The Lab appears to keep many longer term paths open in anticipation of future changes. For 
example, the strategic vision includes major contributions to potential future energy frontier projects. 
But taking a realistic view, it seems that the presently envisioned intensity frontier program will 
almost fully occupy the lab for at least a decade (probably two).  

In several cases FNAL management is dealing with constrained budgets by “stretching-out” the 
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timelines of major new initiatives. Several reviewers commented that his approach of dealing with 
budgetary shortfalls may hurt the lab’s international competitiveness, discourages entrance of 
youthful scientists to HEP, and saps vitality of present personnel. The reviewers suggested that 
FNAL management develop a prioritized list of initiatives and develop execution plans for several 
budget scenarios. 
The lab has presented a clear, well thought-out, and coherent plan for moving to the fore-front of 
neutrino physics. However, the lab has not communicated its decision making process or its resulting 
plans in a compelling fashion to the US HEP community. It would serve FNAL and the community 
well to find a way to promote the program to the US HEP community with more transparency and 
clarity.  

Recommendations 
FNAL Directorate must be diligent to ensure that the US HEP community sees FNAL as the major 
resource for all US HEP. 

FNAL management needs to display more openness and finesse in visible decision processes.  
“Programmatic stewardship” without the perception of heavy-handed FNAL dominance is needed.  

Continued and substantial engagement in all three frontiers is appropriate and recommended. 

Strategic Planning 

Findings 
FNAL is planning to become the world leading intensity frontier laboratory. The vision involves the 
LBNE experiment and Project X as well as a significant number of smaller experiments that are 
either under construction and/or are planned for the more distant future. The physics program is rich 
and justifiable. 

The program has been divided into five main phases each costing between $600-$800M. In addition 
there are yet to be approved plans for ORKA, electric dipole moments, ISOL facility, ADS, 
transmutation of actinides etc. and a muon collider program that are being considered for possible 
future support. Given the present budgetary outlook the program could take decades to complete.  

The Lab decided to go ahead with the first phase of LBNE but has not given a “baseline” sequence of 
the other phases or when the smaller experiments could be accommodated. 

LBNE phase one on the surface is estimated to cost 800M$. The project is planning on a slow start 
with CD-2 expected in 2016 followed by ramp up with an aim to complete this phase in 2022/3. The 
collaboration and the Lab hope to be able to build the detector underground as well as a near detector 
and are looking for foreign contributions to offset their cost  (130M$ for each). In the mean time the 
project is planning to carry both the surface and underground designs. An early decision will be help 
to focus the effort. 

It is not clear if the US high energy physics community is  ready to accept the Fermilab strategic 
plan. Approximately half of the community is committed to the LHC and the energy frontier. There 
is also a growing community interest in the cosmic frontier as well as an ILC Higgs factory, etc. The 
intensity frontier community is significant and growing but does not involve a majority of the US 
HEP community.  The entire HEP community is expected to meet at Snowmass next year to discuss 
the US priorities and the possibility of reconstituting P5. 

Manpower resources to meet the Fermilab goals are a critical issue. All groups claimed that they 
were short of personnel.  The Fermilab staffing level has dropped by 300 FTE over the past 10 years 
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and now stands at 1700. It is expected to see a further reduction of ~50 FTE in the near term. 

Comments 
A science plan for FNAL for the next 10 to 15 years was shown listing the experiments that will be 
performed.  This plan is intended to place FNAL at the forefront of intensity frontier science. The 
specific plan for the related accelerator upgrades, R&D and development is rational and matches the 
strategic plan. Given near term budget cuts, the overall upgrade plan should be revisited to insure that 
crucial items are finished when needed. 
 
A plan for the number of needed protons delivered by the accelerator complex by year was shown. 
This plot was made almost two years ago and has been used primarily for planning purposes. Due to 
several technical developments over time and recent budget cuts, a new plot of number of  protons 
needed each year should be made. Examples are 1. g-2 only needs beam starting in 2016, and 2. 
Mu2e in 2019. 
 
The design of the new Muon Campus has converged with common accelerator upgrades for both 
experiments and then specific accelerator upgrades for g-2 and for Mu2e. The funding for these 
upgrades has been secured. These upgrades represent a large amount of work and will require 
significant attention by accelerator management to complete.  
 
The present laboratory plan is to keep all designated projects going forward even in light of budget 
cuts. If future budget cuts are more significant, then the scope or breadth of the science program will 
have to be revisited 

The NOvA project has the highest laboratory priority for project construction. The effort seems to 
progressing well in general and is matching its plan although there are large risks surrounding the 
design and construction of its far detector. 

Recommendations 
Develop a straw man timeline that shows the different stages of LBNE, Project X and the time when 
new smaller experiments could fit into the program. 
  
The straw man program should be flexible enough to respond to possible changes in the assumed 
HEP budget. (One might anticipate changes in both directions).  
 
The lab would benefit from an in-depth cost review. The goal of the review will be a coherent picture 
of the tasks and resources going into the various elements of its long term planning document. 
Manpower management would be an important component of such a review. The lab’s workforce 
planning process should encompass the entire workforce, not just the projects as shown during the 
review, and it should be extended out to 2020. 

Accelerator Operations 

Findings  
Consistent with recommendations from the last FNAL institutional review, legacy accelerator 
experiments were performed on the Tevatron. Over two two--‐week periods (in May and August 
2011), a total of about 80 hours of beam time were dedicated to perform studies on beam--‐beam 
effects, advanced proton halo beam collimation methods, new beam diagnostics, diffusion and beam 
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dynamics, etc. The studies provided valuable input for the LHC and US--‐ LARP; to theory and 
modeling groups. At IPAC12 a talk and poster were presented which summarized the studies and 
results. Furthermore, the results were published in a number of internal and peer--‐reviewed 
publications (including PRL). 
  
The lab presented its metrics going forward: For beam on the NOvA target, 1.1E20POT for FY13 
and 5.2E20POT for FY14. The expectations for FY13 are consistent with operation in FY12. 
Operation is anticipated over three months(which follows several months of commissioning), and 
should be achievable barring equipment failure or other downtime. The goals for FY14 require the 
NOvA upgrades to be fully functioning, and aspects of the PIP to be functional. It also allows for 
very little downtime through the year. This metric should be reevaluated in FY13 after operation has 
commenced. However these address the scientific productivity needs of NOvA and MINOS+.  
 
The FNAL accelerator is 40 years old; maintenance and essential upgrades are needed to keep the 
accelerator complex running efficiently.  
 
The accelerator improvement program (AIP) is ongoing, but due to budgetary limitation is being 
stretched out.  
 
 The Proton Improvement Project (PIP) is an ad hoc effort that is using a project planning approach. 
The PIP consists largely of reliability and obsolescence upgrades to the booster and linac with one 
notable capability upgrade, namely 15Hz operation of the booster. The complete refurbishment of the 
booster rf systems, including modulators, tuners and cavities, is needed to achieve 15 Hz operations. 
 
 The PIP has internal milestones, but due to Fermilab budget priorities the plan will end in 2018 with 
a 2 year delay. The immediate budgetary challenge to the PIP is the reduction in funding in FY13 
($6.8M) relative to FY12 ($15M). Fermilab has chosen to keep the rf system upgrades on schedule 
and defer maintenance in order to deal with the FY13 budget reduction. 
 
The PIP schedule slippage runs contrary to last year’s review that emphasized the importance of the 
AIP to ensure an early robust proton delivery capability.  
 

Comments 
 
The Accelerator Improvement Program for the NuMi Beam is proceeding well. About 2/3 of the 
work is presently done and the work will be complete in spring of 2013. The plan calls for staffing to 
decrease sharply. Oversight is needed to manage this staff reduction while insuring that the upgrade 
work is completed in a timely manner. 
 
The Proton Improvement Project (PIP) is well planned, has definite goals, and has solid budget 
estimates. The funded work is going very well. However, future funding has been reduced 
significantly for FY2013 with further cuts possible in later years. Management vigilance is needed to 
ensure that the PIP work is finished in a timely manner to produce the required beam when NOvA 
and then g-2 and Mu2e come on line later in the decade. If  the PIP is deferred too long then priority 
interferences with Project X may occur. 

Recommendations 
The funding profile for the PIP should be reevaluated, particularly in FY13, and the impacts on the 
post shutdown experimental program should be determined. 
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General Accelerator Development (GAD) 

Findings 
 

Fermilab’s contribution to the national GAD scope of work includes:  
o SRF  
o High field (11T) dipole magnet design based on Nb3Sn  
o High power targets  
o Developing new superconducting strands and cables  
o Applying accelerator modeling to relevant accelerator problems  
o High power rf development (which has essentially concluded)  
o Educational outreach  
 

There are 28 FTEs in GAD outside SRF and many students are involved at all levels. 
 

Comments 
 

The 11 T magnet work, in spite of a failure of the coil, has demonstrated many important 
developments. The failure is understood and work is underway on the 2nd prototype. This magnet is 
motivated by LHC needs, and several reviewers suggested that this effort be moved from GAD to 
programmatic (e.g., LARP, MAP) funding sources.  
 
The Nb3SN work has been effective in GAD to date; it may be time to refocus the effort on more 
fundamental, and less facility specific, accelerator technology challenges.  
 
Several reviewers acknowledged the successful completion of the Vector Modulator high power rf 
distribution system allowing individual phase and amplitude control of multiple cavities from a 
single power source.  
 
The addition of the high power target work was viewed as appropriate and needed.  
 
The outstanding question for the General Accelerator Development program is the relevance of its 
program tasks for Fermilab, other US and international high energy physics efforts. 

Recommendations 

Future Accelerators/SRF 

Findings 
 
The present plan for Project-X is based on a 1mA 3-GeV CW proton LINAC that simultaneously 
would deliver 3MW of 3-GeV protons to target stations and feed a 3-8GeV pulsed LINAC. The latter 
would supply 300kW of 8 GeV protons to an upgraded Main Injector; that in turn could provide 
>2MW of 60-120 GeV protons.  
 
 

Significant R&D has been accomplished in the last year  
o Completed end--‐to--‐end beam dynamics simulations (linacs)  
o Completed plan for integrated systems testing of Front End  

components (PXIE)  
o Ion source characterization  
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o RFQ design complete & reviewed  
o RFQ power source on order  
o Chopper kicker/driver validation prototypes  
o Solid State rf source development  
o H--‐ moving foil concepts  
o Main Injector cavity design  
o Significant SRF progress  

 
A three‐‐‐stage implementation plan has been developed for the full Project X; stage one consists 
of a 1 GeV CW linac injecting into the booster.  
 
Fermilab has continued to develop and grow the Project‐‐‐X collaboration, and utilize it in R&D 
efforts.   
 
With the ILC funding culminating in FY12, Fermilab’s SRF program is increasingly focused on 
cavities for proton linacs.  
•    Project‐‐‐X consists of six different RF cavities. 
•    Fermilab continues an active SRF materials research program  
•    Fermilab continues to view a part of their mission to transfer SRF technology  

to US industry.  
•    Overall the SRF budget has decreased from $38.7M in FY11 to $29.3M in  

FY13. This requires a reduction of 37 FTEs in SRF.  
 

Comments 
The Project X stage 1 R&D effort, PXIE, is well underway but is now projected to be delayed by 2 
years to FY2018. This R&D effort focuses on risk reduction and could influence the decision to 
proceed with Project X. The Lab should not lose sight of the need to keep a high priority for PXIE. 
The present plan, in response to constrained budgets, is to retain staff and reduce the necessary 
equipment purchases. 
 

The Fermilab development plan for Project X consists of utilizing a collaboration of national labs, 
universities and international partners to engage the community, leading to both the possibility of 
(international) contributions, as well as general support for the project.  
 
Funding for Project--‐X has been cut from $14M in FY12 to $10M in FY13. Since some funding 
from the SRF account is used for Project--‐X, this does not represent the entirety of funding for 
Project--‐X R&D. However the SRF funding has been reduced as well resulting in a much--‐reduced 
R&D program for Project--‐X.  
 
Fermilab has chosen to focus on PXIE, which addresses many of the key technical risks, particularly 
those in stage 1, of Project--‐X. Other technical risks are being addressed through the remaining R&D 
funding, but at a minimal level. The list of risks and a time--‐table for mitigation through R&D was 
presented.  
 
The SRF R&D facility at FNAL is one of the most advanced facilities in the world. It enables FNAL 
to be in the forefront of SRF technology needed for both Project X and the ILC. The severe cuts in 
the program due to the elimination of ILC R&D endanger the existing expertise that has been built at 
the Lab.  
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The SRF studies are going well and much progress has been made. These include cavity surface 
preparation, cryomodule production, high gradient studies and outreach to industry. With expected 
budget cuts in FY2013, tough choices need to be made. Most of the cuts are in M&S but there are 
significant staff cuts. The retention of staffing representing the core competencies in SRF is highly 
desired. A high level management review of the going forward mission of SRF including Project X 
was suggested by several reviewers. 
 

With the loss of ILC funding Fermilab has been instructed to pull back on the S2 test (the test of 
beam through cryomodules at the NML building). The plan remains to install one cryomodule at a 
time in the first of the three slots and ultimately test these with beam. This is critical for any future 
electron SRF linac, as well as for Project--‐X high beta cavities.  
 
Considerable work has been done on each of the six cavity types needed for Project X. This work 
has included significant contributions from ANL, JLAB, industry and the Indian collaboration.  
 
The Fermilab SRF materials research program has been very productive. The effective utilization of 
centrifugal barrel polishing is promising as both a cavity repair approach, and as a cheaper and less 
involved processing step.  
 

The reviewers noted Fermilab’s commitment to transfer SRF technology to industry and 
they encouraged continuation of this process. It is important that all US labs utilizing SRF be 
active in this area. 
 
The committee as a whole was concerned about the reduction in SRF staff and the potential loss of 
core people in this area. Of all of the areas in accelerator technology at present, SRF is one which is 
most dependent on experience. It typically takes many years to build up this expertise. This 
expertise impacts not only the performance of the products but also the safety with which the work 
can be done. Several reviewers encourage Fermilab to find the means to identify and retain key 
people. 
.  

Recommendations 

Scientific Computing 

Findings 
Scientific computing, including simulation of experimental devices as well as traditional data 
analysis, is an essential capability for FNAL and the user community.  
The FNAL computing division has 160 people and is now close to 10% of the Laboratory manpower.  
 
Fermilab operates 3 data center locations: high availability computing in Feynman; large batch 
computing in the GRID Computing Center (GCC) and lattice simulations in NML. These centers 
provide about 4.5 MW and host some 45k cores, with 15k of them dedicated to lattice QCD. The 
centers operate reliably, with 2 scheduled maintenance outages per year and consuming about 60% 
of the available power. There is sufficient headroom in the capacity currently to allow scheduled 
upgrades of individual center rooms to prepare for new technology. The headroom is largely due to 
the turn off of the Tevatron and the trend to higher density core counts per node. The retirement goal 
for hardware is 4-5 years; in practice it is 5-6. 
 
A design error was made in the cooling at GCC. For hot days, some 30% of its capacity must be 
turned off resulting in a 10% dip in the overall capacity. This happened on about 20 days this year. 
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The lab estimates that $1M is needed to repair the error; solutions are under study, but the lab is 
prioritizing the use of the $1M. 
 
Budgetary limitations are imposing serious constraints on the scientific computing division. The 
optimization process is very dynamic. 

Comments 
The scientific computing division is well run and is well connected to experiments with embedded 
scientific computing division staff of ~25 persons. 

Scientific computing is mission aligned and on board with the lab’s transition to the intensity frontier 
(IF): 

• FermiGRID computing to provide cycles to IF (and others) 

• Developing community tools like ART; getting buy-in from IF projects 

• 2 hires coming for Tevatron LTDA 

• CMS T1 fully utilized 

Space/power/cooling are under control, with one exception, due to the turn off of the Tevatron and 
increasingly multi-core boxes. Management has commissioned work to resolve the cooling issues at 
GCC, but budgetary constraints and other higher priorities may delay a long term solution. 

The scientific computing division is planning for the era of cloud computing. 

The division’s personnel are engaged in support of community tools such as OSG and GEANT4. 
They are also engaged in the creation of a framework (ART) that can address the computing and 
simulation needs of the lab’s large number of small neutrino initiatives. 

The division has started annual public portfolio reviews for planning purposes. 

The scientific computing division continues to encourage use of  FermiGRID.  

LCSim is needed for Snowmass and is the only software package available. The scientific computing 
division should work with the SLAC support team to ensure that adequate functionality is present to 
do the job required. 

The scientific computing division should consider using a tech writer for Tevatron archival 
documentation. 

Recommendations 
FNAL should continue to vigorously seek needed additional resources from US Universities to 
mitigate limitations and problems in software packages and their support. 

The scientific computing division should present their current status and plans for developing and 
supporting simulation tools at a focused review after Snowmass. If there is no plan, they should 
develop one because adequate simulation tools are critical to the lab’s success in developing new 
intensity frontier initiatives. The plan should address the problem stated by several groups at this 
review – that simulations of several of the most important intensity frontier experiments at FNAl, 
including MicroBooNE and LBNE, are lagging other approaches to developing experimental designs 
and are, therefore, not actively contributing to the success of the program. 
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Collider Experiments - DZero and CDF 

Findings 
  
CDF/D0 experiments and the accelerator delivered and collected 12 fb-1 by the time the Tevatron 
ceased operations.  
 
 The accelerator and the experiments were extremely successful in maintaining sufficient expertise to 
run the Tevatron and the detector efficiently up to the last day.  
 
The experiments have been able to keep an impressive physics analysis program going even after the 
Tevatron shutdown.  
 
The number of scientists and technical people involved in the energy frontier at FNAL has already 
been reduced significantly and will continue to be reduced in the coming years as the lab’s focus 
shifts from the energy frontier at the Tevatron to the intensity frontier.  
 

Comments 
 
The end of the Tevatron run has changed the landscape of the energy frontier at FNAL. The energy 
frontier focus will shift to CMS, but the lab priority is moving to the intensity frontier.  
The reduction in personnel assigned to the energy frontier is being achieved partly via retirement and 
partly via redirection. The process has to be carried out expeditiously and will not be without pain. It 
is important that that the lab take an active role in optimizing the overall scientific and technical 
manpower allocations in this transition.  
 
Once the high priority physics analysis topics are completed in the coming year or two, the 
laboratory involvement in future analysis can be minimized. At that stage the laboratory’s main role 
will be in data preservation and data access.  
 
The recent Tevatron physics results, most noteworthy being the Higgs search and the precision W 
mass measurement, were very successful, timely and impressive. The 3σ measurement at the 
Tevatron of a particle decaying into consistent with the Higgs-like discovery at the LHC is 
important and complementary to the LHC experimental data.   
 
It is possible that the forward-backward asymmetry of  top-anti-top quark production will become 
one of the most important results from the Tevatron.   

Plans for continued physics analyses from DZero and CDF are appropriate in scope. Prioritization of 
the remaining analyses is being done. Staffing levels for continuing Tevatron data analysis should be 
reviewed after several years to see if they are at the correct levels. 

The data-preservation efforts appear adequate.  This is not highly time-critical but needs to happen 
before those experts who have hands-on experience in Tevatron data analysis leave. 

Near term D&D plans for the Tevatron/CDF/D0 are well developed and being implemented and 
managed well. Reuse of equipment and space is commendable. Planning for long term D&D of these 
three facilities should be completed so that the needed funding and resources can be incorporated in 
the overall laboratory long term plan. 
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Recommendations 

NOvA 

Findings 
Nova is 92% obligated and 72% complete. 

The NOvA collaboration has installed their first block of the full detector at Ash River. 

The collaboration has made excellent progress with plastic and scintillators. 

There are serious current problems with avalanche photodiodes (APDs)/thermo-coolers. 

The accelerator portion of the NOvA project is focused on: 

o Reconfiguring the Recycler Ring (RR) for slip stacking, 

o Providing hardware to inject into the RR from the booster, and extract from the RR into the 
Main Injector (MI), 

o Provide the RF systems to support these changes, 

o Remove collider era hardware, and 

o Upgrade the target area for higher power and NOvA scientific needs. 

Comments 
The physics results NOvA will likely add only incrementally to our knowledge of the neutrino sector. 
The likelihood of a new physics discovery at NOvA is not strikingly large.    

The experiment’s technology is relatively simple.  The difficulty comes from its enormous 
size/volume. The parts and  fabrication process performed by the NOvA collaboration has been 
outstanding.   
Several reviewers wondered why the current problems with avalanche photodiodes (APDs)/thermo-
coolers is only apparent now. They also pointed out that if problems reappear with new coatings, 
then a serious compromise will occur.  
 
Nova will be behind T2K in reach for the next ~2 years. If the Nova schedule can be maintained, 
then Nova should quickly surpass T2K and provide the best sensitivity for sterile neutrino effects, 
non-standard interactions, and CP violation.  

Thanks to Daya Bay’s discovery of a large θ13, Nova has good future potential (40%) to discover the 
mass hierarchy, but this will take until 2025. 
The required accelerator upgrades appear to be on schedule, 
 
• Kickers and rf systems are on the critical path.  
• The NovA target design appears to be improved over the NuMI target, which had several  

failures over the last two years. However, it is yet to be tested.  
• The Fermilab team has done a good job of minimizing radiation exposure during the 

execution of the project. 
 

Recommendations 
FNAL must intervene as needed to prepare a realizable plan B if the problems with the APD/thermo-
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coolers compromise the NOvA’s schedule and cost. 

 

MicroBooNE 

Findings 
MicroBooNE is a $20M project and has the low-energy MiniBooNE discrepancy as a tantalizing 
prospect for a big discovery.   

MicroBooNE was granted CD-3 in March 2012 and is now under construction. 

The presentation showed that a strong team is doing excellent work, and is in good command of 
issues and project management. 

Comments 
The success of MicroBooNE is possibly the most important near-term goal for the FNAL science 
program. The successful operation of its LAr TPC detector is an essential step toward developing 
LBNE.  

Five technical advances/challenges in the construction and operation of the MicroBooNE LAr TPC 
(purity without evacuation, foam insulation, cold preamps, 2.5 meter drift, 125 kV) coincide to 
present a significant concern that delays and rework will be necessary, with possible high-visibility 
impact for negative community reaction. 

Recommendations 
FNAL should take steps to ensure that MicroBooNE has all reasonable and necessary support to 
maximize its probability of early success. 

Muon g-2 

Findings 
The timetable and required activities for the project were clearly presented. 
The “muon campus” proposal identified synergies, and areas of cooperation and coordination 
between the Muon g-2 and Mu2e experiments which have resulted in significant cost savings and 
simplification of the overall design and planning. The common work is captured in three GPP 
projects and three AIP projects which are centrally managed by the Muon Campus Program 
Coordinator.  

Comments 
The project is at a critical stage since decisions about transporting the large components of the 
experiment from BNL to FNAL are being made now. 

Recommendations 

Mu2e 

Findings 
This is an ambitious experiment that requires a time-consuming R&D phase for high-field controlled 
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gradient solenoid development.   

The sensitivity advance over past experiments is stated as 104, a huge factor.   

The time-scale for realization of science results is possibly more than a decade.  

There is a non-zero chance that this experiment will be scooped if delays occur and if international 
efforts and physics coincide to provide a signal at a higher branching fraction than anticipated.   

Solenoids are the project’s critical path and could not be assessed in any detail at this review; risks 
could not be estimated.   

Simulations should be highly advanced at this stage, for a ~$250M project, but the simulations are 
lagging and are not providing the guidance they should.  

The team is not considering less ambitious, but speedier, experimental concepts. 

Comments 
There is an apparent absence of considerations of a staged approach to this experiment. The team did 
not adequately defend the need to increase the sensitivity of mu2e searches by a single step of ~104.   

Recommendations 
FNAL should review why the team has not considered other reasonable experimental concepts that 
could produce results at  interesting levels of sensitivity less than 104, but at much earlier times. Such 
a review should consider if staging of this experiment is feasible, cost effective and more timely. 

LBNE 

Findings 
The Reconfiguration Plan has a Phase I far detector near the surface consisting of a LAr TPC of 10 
kt. This is a huge step compared to past detector sizes. A 1-kton prototype device would be a natural 
step, but is not planned due to cost constraints.  

The absence of a 1-kt device represents a significant risk to LBNE. Its absence is also a lost 
opportunity for a near detector. 

Scientific advances elsewhere could lead to resolutions of the neutrino mass hierarchy question 
before LBNE is fully operational, and bad luck could lead to insensitivity to the CP-violation phase. 

Comments 
LBNE has a very strong project management team. The decision on the beam line design choice was 
very well done and a good example of effective management. 

More recently lab management has become more actively engaged in LBNE. This was both 
necessary and desirable as the collaboration was struggling with finding a cost effective path 
forward. 

The LBNE reconfiguration was an open process and involved significant community input from 
inside and outside the collaboration. Fermilab management, particularly Deputy Director Young-Kee 
Kim, deserves considerable credit for leading this successful effort. As a result the project is on a 
path towards CD-1 later this year, and projected completion in 2023. 

Nevertheless, the LBNE detector technology decision was very difficult, and likely would have 
benefited from better communication between the lab management and the collaboration.  
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Fermilab needs to make strong efforts to secure LBNE, and secure additional resources to enable this 
first phase to be a viable and compelling centerpiece. This should ideally take place during the next 
year, before the Snowmass exercise.  

The MicroBooNE experiment will demonstrate much of the technology for LBNE. This fact makes 
MicroBooNE a particularly significant experiment for Fermilab’s program. 

LBNE/LAr simulations: 

– Simulations are key to validating the new LBNE design. 

– The reviewers expressed concerns about the state of the simulations – it appears that the tools 
are not well supported and are difficult to use, especially for University users 

Recommendations 
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APPENDIX A 

Charge Letter to FNAL Management 
Dr. Piermaria Oddone 
Director 
Fermi National Accelerator Laboratory 
P.O. Box 500 
Batavia, Illinois  60510 

 
Dear Dr. Oddone: 

 
The Office of High Energy Physics will conduct a Science & Technology (S&T) Review of the 
laboratory’s scientific user facilities.  The review will be held at the laboratory, September 5–7, 
2012. The goal of the review is to assess the current performance of the facility, the science 
resulting from the experiments that are served by the facility, including the CDF and DZero 
detectors of the decommissioned Tevatron, and plans for future improvements to the facility, 
where the facility is the Accelerator Complex which consists of the Main Injector, Booster and 
Linac, the NuMI beam, and all other beams provided to experiments.  As part of this review, the 
laboratory should present its proposed performance metrics for NuMI in FY 2012 and FY 2013. 

 
In particular, each panel member will be asked to evaluate and comment on: 

 
• The  quality  and  significance  of  the  laboratory’s  recent  scientific  and  technical 

accomplishments; and the merit, feasibility and projected impact of its future planned 
physics program; 

 
• The effectiveness and efficiency of facility operations, and the planning for future facility 

upgrades to support the research program including appropriateness of the proposed 
performance   metrics   in   terms   of   being   realistic   and   maximizing   the   scientific 
productivity of the facility; 

 
• The   effectiveness   of   laboratory   management   in   strategic   planning,   developing 

appropriate core competencies, implementing a prioritized and optimized program, and 
promoting and implementing a safe work environment; 

 

 
• The leadership, creativity, and productivity of the facility’s scientific and technical staff 

in carrying out the above activities; and 
 

• The quality and appropriateness of the laboratory’s interactions with, and nurturing of its 
scientific community. 

 
The first and second day will consist of presentations by the laboratory and executive sessions. 
The third day will be used for an executive session and preliminary report writing; a brief close- 
out will take place in the late afternoon.  Preliminary findings, comments and recommendations 

 

will be presented at the close-out. 
 
Dr. John Kogut will chair the review and serve as our contact on all aspects of the review. He can 
be reached at (301) 903-1298 or John.Kogut@science.doe.gov .   Materials for the review 
committee should be supplied via a website at least two weeks before the review. 

 

mailto:John.Kogut@science.doe.gov
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Each panel member is being asked to review all aspects of the program based on the Accelerator 
Complex. In addition, each panel member will be asked to evaluate in greater detail those parts of 
the program in which they have specialized expertise. They will be asked to write individual 
letters on their findings.  The Chairman will accumulate these letters, and compose a DOE 
report based on the information in the letters.  In addition, copies of the letters with identifying 
information removed will be included with the report. 

 
I greatly appreciate your efforts in preparing to present your laboratory’s activities before this 
annual review. It is an important process that allows our office to understand the 
accomplishments, quality, needs, and plans of  Fermilab.  I look forward to a very informative and 
stimulating visit. 

 
Sincerely, 

 
 
 
 

James Siegrist 
Associate Director of Science 
for High Energy Physics 

 
Enclosure 

 
cc:  Michael Procario, SC-25.2 

Glen Crawford, SC-25.1 
       Michael Weiss, FSO 
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1.      ColliderPhysics/Detector Ops  
     Paul Tipton (Yale) 

    
paul.tipton@yale.edu  

  Howard Gordon (BNL) 
   

gordon@bnl.gov  

  2.      Neutrinos and Fixed Target Experiments  
    Chris White (IIT) 

    
whitec@iit.edu  

  Bob McKeown (JLAB) 
   

bmck@jlab.org  
  3.      Strategic Planning  

      David Lissauer (BNL) 
   

lissauer@bnl.gov  
  Derek Lowenstein (BNL) 

   
lowenstein@bnl.gov  

  4.      Accelerator Ops  
      John Seeman (SLAC) 
   

seeman@slac.stanford.edu  
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rosenzweig@physics.ucla.edu  

  John Seeman (SLAC) 
   

seeman@slac.stanford.edu  
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9.       Computing Support  
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DOE HEP 

 

Michael Procario  Michael.Procario@science.doe.gov 
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APPENDIX C 

FNAL 2012 S&T Review Link and Agenda 

 

https://indico.fnal.gov/conferenceDisplay.py?confId=5724 

 

Wednesday 05 September 2012  

08:30 - 09:00Executive Session  

Location: Comitium (WH2SE)  

09:00 - 10:10Laboratory News and Strategic Plan 

P01 

Convener: Pier Oddone (Fermilab)  

Location: Comitium (WH2SE)  

Material: slides  

10:10 - 10:40Laboratory S & T Report 

P02 

Convener: Young-Kee Kim (FNAL)  

Location: Comitium (WH2SE)  

Material: slides  

10:40 - 11:10Coffee Break (Comitium Alcove )  

11:10 - 11:35Accelerator Operations (FY12 + FY13) 

P-03 

Convener: Roger Dixon (Fermilab)  

Location: Comitium (WH2SE)  

Material: slides  

11:35 - 12:00Detector Operations (FY12 + FY13) 

https://indico.fnal.gov/conferenceDisplay.py?confId=5724
https://indico.fnal.gov/materialDisplay.py?sessionId=1&materialId=0&confId=5724
https://indico.fnal.gov/materialDisplay.py?sessionId=2&materialId=1&confId=5724
https://indico.fnal.gov/materialDisplay.py?sessionId=3&materialId=0&confId=5724
https://indico.fnal.gov/getFile.py/access?sessionId=1&resId=0&materialId=0&confId=5724
https://indico.fnal.gov/getFile.py/access?sessionId=2&resId=0&materialId=1&confId=5724
https://indico.fnal.gov/getFile.py/access?sessionId=3&resId=0&materialId=0&confId=5724
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P04 

Convener: Erik Gottschalk (Fermilab)  

Location: Comitium (WH2SE)  

Material: slides  

12:00 - 12:25Scientific Computing 

P05 

Convener: Robert Roser (Fermilab)  

Location: Comitium (WH2SE)  

Material: slides  

12:25 - 12:45Testbeam 

P06 

Convener: Aria Soha (Fermilab)  

Location: Comitium (WH2SE)  

Material: slides  

12:45 - 13:40Lunch (Wilson Hall 2nd Floor Crossover )  

13:40 - 14:50Tevatron Analysis, Data Preservation, and Decommissioning Plan 

P07 

Location: WH2SE ( Comitium )  

13:40CDF 35' 

P07 

Speaker: Jonathan Lewis (Fermilab)  

Material: Slides  

14:15DZero 35' 

P08 

Speaker: Leo Bellantoni Bellantoni (FNAL)  

https://indico.fnal.gov/materialDisplay.py?sessionId=4&materialId=0&confId=5724
https://indico.fnal.gov/materialDisplay.py?sessionId=5&materialId=0&confId=5724
https://indico.fnal.gov/materialDisplay.py?sessionId=6&materialId=0&confId=5724
https://indico.fnal.gov/materialDisplay.py?contribId=14&sessionId=23&materialId=slides&confId=5724
https://indico.fnal.gov/getFile.py/access?sessionId=4&resId=0&materialId=0&confId=5724
https://indico.fnal.gov/getFile.py/access?sessionId=5&resId=0&materialId=0&confId=5724
https://indico.fnal.gov/getFile.py/access?sessionId=6&resId=0&materialId=0&confId=5724
https://indico.fnal.gov/getFile.py/access?contribId=14&sessionId=23&resId=0&materialId=slides&confId=5724
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Material: Slides  

14:50 - 15:20Coffee Break (Comitium Alcove )  

15:20 - 17:40intensity frontier Experiments (Current and Future: Coherent 
Strategy)  

Location: WH2SE ( Comitium )  

15:20Neutrino Program 1h10' 

P09 

Speaker: Steve Brice (FNAL)  

Material: Slides  

16:30Fixed Target Program (everything excep neutrinos) 1h10' 

P10 

Speaker: Robert Bernstein (Fermilab)  

Material: Slides  

17:40 - 18:30Executive Session  

Location: Comitium (WH2SE)  

18:30 - 19:00Reception (Chez Leon )  

19:00 - 21:00Dinner (Chez Leon )  

Thursday 06 September 2012  

08:30 - 10:00Laboratory Response to Questions  

Location: Comitium (WH2SE)  

10:00 - 14:20Breakout 1: Accelerator: Projects and Technology Development  

Conveners: Stuart Henderson (Fermilab) , L.K. Len (DOE)  

Location: WH 2 NE ( Snake Pit )  

10:00Accelerator Upgrades for NOvA 40' 

BO1-01  

Speaker: Paul Derwent (Fermilab)  

https://indico.fnal.gov/materialDisplay.py?contribId=15&sessionId=23&materialId=slides&confId=5724
https://indico.fnal.gov/materialDisplay.py?contribId=17&sessionId=24&materialId=slides&confId=5724
https://indico.fnal.gov/materialDisplay.py?contribId=16&sessionId=24&materialId=slides&confId=5724
https://indico.fnal.gov/getFile.py/access?contribId=15&sessionId=23&resId=0&materialId=slides&confId=5724
https://indico.fnal.gov/getFile.py/access?contribId=17&sessionId=24&resId=0&materialId=slides&confId=5724
https://indico.fnal.gov/getFile.py/access?contribId=16&sessionId=24&resId=0&materialId=slides&confId=5724
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Material: Slides  

10:40Proton Improvement Plan 40' 

BO1-02 

Speaker: william pellico (FNAL)  

Material: Slides  

11:20General Accelerator Development 40' 

BO1-03 

Speaker: Giorgio Apollinari (Fermilab)  

Material: Slides  

12:00Lunch 1h00' (Fermilab ( Wilson Hall 2nd Floor Crossover ) )  

13:00Project X 40' 

BO1-04 

Speaker: Stephen Holmes (Fermilab)  

Material: Slides  

13:40SRF 40' 

BO1-05 

Speaker: Robert Kephart (FNAL)  

Material: Slides  

10:00 - 14:20Breakout 2 Experiment: Project and Technology Development  

Conveners: Greg Bock (Fermilab) , Victoria White (Fermilab) , Alan Stone (DOE)  

Location: WH2NW ( Black Hole )  

10:00NOvA 40' 

BO2-01 

Speaker: John Cooper (Fermilab)  

Material: Slides  

https://indico.fnal.gov/materialDisplay.py?contribId=1&sessionId=21&materialId=slides&confId=5724
https://indico.fnal.gov/materialDisplay.py?contribId=2&sessionId=21&materialId=slides&confId=5724
https://indico.fnal.gov/materialDisplay.py?contribId=12&sessionId=21&materialId=slides&confId=5724
https://indico.fnal.gov/materialDisplay.py?contribId=3&sessionId=21&materialId=slides&confId=5724
https://indico.fnal.gov/materialDisplay.py?contribId=4&sessionId=21&materialId=slides&confId=5724
https://indico.fnal.gov/materialDisplay.py?contribId=6&sessionId=22&materialId=slides&confId=5724
https://indico.fnal.gov/getFile.py/access?contribId=1&sessionId=21&resId=0&materialId=slides&confId=5724
https://indico.fnal.gov/getFile.py/access?contribId=2&sessionId=21&resId=0&materialId=slides&confId=5724
https://indico.fnal.gov/getFile.py/access?contribId=12&sessionId=21&resId=0&materialId=slides&confId=5724
https://indico.fnal.gov/getFile.py/access?contribId=3&sessionId=21&resId=0&materialId=slides&confId=5724
https://indico.fnal.gov/getFile.py/access?contribId=4&sessionId=21&resId=0&materialId=slides&confId=5724
https://indico.fnal.gov/getFile.py/access?contribId=6&sessionId=22&resId=0&materialId=slides&confId=5724
https://indico.fnal.gov/getFile.py/access?contribId=6&sessionId=22&resId=1&materialId=slides&confId=5724
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10:40MicroBooNE 40' 

BO2-02 

Speaker: Regina Rameika (Fermilab)  

Material: Slides  

11:20LBNE 40' 

BO2-03 

Speaker: Elaine McCluskey (Fermilab)  

Material: Slides  

12:00Lunch 1h00' (Fermilab ( Wilson Hall 2nd Floor Crossover ) )  

13:00Muon g-2 40' 

BO2-04 

Speaker: Chris Polly (Fermilab)  

Material: Slides   

13:40Mu2e 40' 

BO2-05 

Speaker: Ron Ray (Fermilab)  

Material: Slides  

14:20 - 15:00Coffee Break  

15:00 - 18:00Executive Session 

Report Preparation 

Location: Comitium (WH2SE)  

18:00 - 18:01Adjourn  

Friday 07 September 2012  

08:30 - 09:30Laboratory Response to Questions 

  

Location: Comitium (WH2SE)  

https://indico.fnal.gov/materialDisplay.py?contribId=7&sessionId=22&materialId=slides&confId=5724
https://indico.fnal.gov/materialDisplay.py?contribId=13&sessionId=22&materialId=slides&confId=5724
https://indico.fnal.gov/materialDisplay.py?contribId=9&sessionId=22&materialId=slides&confId=5724
https://indico.fnal.gov/materialDisplay.py?contribId=5&sessionId=22&materialId=slides&confId=5724
https://indico.fnal.gov/getFile.py/access?contribId=7&sessionId=22&resId=0&materialId=slides&confId=5724
https://indico.fnal.gov/getFile.py/access?contribId=13&sessionId=22&resId=0&materialId=slides&confId=5724
https://indico.fnal.gov/getFile.py/access?contribId=5&sessionId=22&resId=0&materialId=slides&confId=5724
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08:30Lab's response to thursday's questions 20'  

Speaker: Young-Kee Kim (FNAL)  

Material: Slides  

09:30 - 12:00Executive Session 

Report Preparation 

Location: Comitium (WH2SE)  

12:00 - 13:00Working Lunch (Comitium (WH2SE) )  

13:00 - 14:00Closeout  

Location: Comitium (WH2SE)  

14:00 - 15:00Closeout: Chair with Director  

Location: Pier Oddone's Office  

 

 

 
 
 

https://indico.fnal.gov/materialDisplay.py?contribId=18&sessionId=14&materialId=slides&confId=5724
https://indico.fnal.gov/getFile.py/access?contribId=18&sessionId=14&resId=0&materialId=slides&confId=5724
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