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EXECUTIVE SUMMARY 
  

A Department of Energy/Office of Science (DOE/SC) review of the Muon g–2 project 

was conducted on July 29-31, 2014 at the Fermi National Accelerator Laboratory (FNAL).  The 

review was conducted by the Office of Project Assessment (OPA) and chaired by Kurt Fisher, 

OPA at the request of Michael Procario, Director, Facilities Division for High Energy Physics.  

The purpose of the review was to determine the project’s readiness to proceed in requesting 

approval of Critical Decision (CD) 2/3, Approve Performance Baseline and Start of 

Construction.   

 

The Committee determined that the Muon g–2 project team made significant progress 

since the September 2013 DOE/SC (CD-1) review.  However, the Committee noted that the most 

significant risk to the project is cool down of the relocated storage ring (scheduled to occur in 

March 2015).  A strategic decision was made to baseline the project after the superconducting 

magnet has been cooled-down and that major risk is eliminated while, in the interim, proceeding 

with the necessary activities to support progress on the project and addressing the other 

recommendations of this review. 
 

The Committee identified a need for further definition of the interfaces between major 

components and a requirements document (parameters of beam-line delivery).  This should be 

supported by an independent technical review.  During the review the Committee suggested that 

the threshold Key Performance Parameters (KPPs) should be strengthened, perhaps increasing 

the proposed objective KPPs to threshold KPPs. 
 

Accelerators 
 

Significant good work was completed since the September 2013 CD-1 review, resulting 

in simpler designs and cost savings.  An example is the merging of the M2/M3 lines. 
 

There are significant beam dynamics issues that are addressed in this Work Breakdown 

Schedule (WBS), from the final focus on the target, to injection into the ring.  Good design work 

has been done, but there has not been an independent technical, accelerator physics, review of the 

design.  The Committee suggested that this should be done before CD-2.  There remains a lack of 

rigor in the definition of the interface between the storage ring beam dynamics requirements and 

the accelerator beam line design.  This should be provided by the storage ring group, before the 

suggested review. 
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Storage Ring  
 

The Committee judged that developing the improved inflector mitigates project risk (both for 

science deliverable and for hardware risk associated with failure of the existing inflector), and may 

improve physics reach.  Project management should work hard to support the development.  

 

The project should provide concise documentation to support decision making, such as: 

identification and rationale for baseline choices for each component (e.g., Q1); the cost-benefit 

analysis of refurbishment vs. procurement for the main ring power supply and critical pulsed 

power supplies; table(s) that show all components required for science operations, and their 

responsible parties (e.g., project, AIP, or GPP). 

 

Detector 

 

The Committee noted that the upcoming Tracker beam test in January will be critical to 

finalizing the design of these devices.  Participation of all Tracker stakeholders in both data 

taking and data analysis is important.  The Tracker review that will follow completion of the test 

beam data taking should be scheduled only when the data analysis is mature.  The full suite of 

performance parameters to be developed for the review should include resolution and efficiency 

as a function of position in the tube, and as a function of voltage. 

 

Cost and Schedule 

 

The Total Project Cost (TPC) of the Muon g–2 project is $46.4 million with $3.6 million 

from National Science Foundation (NSF) and an Early Career Grant of $2.5 million—

international contributions (Detectors) were not included in the TPC. 

 

Contingency is $10.1 million (39% BAC to go) consisting of $7.1 million in estimate 

uncertainty and $3 million in risks.  A project change request for $400K in contingency is in 

progress due to new overhead rates.  The overhead rate risk is currently in the risk register.  The 

project team is managing to the early completion of third quarter 2017 with a CD-4 date in third 

quarter 2019 (approximately two years of schedule contingency). 
 

Management 

 

The Committee observed that a strong project management team is in place and functions 

well.  The WBS and Basis of Estimate capture the project scope with sufficient granularity and 

specificity.  Drilldowns were done successfully. 
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The project depends on the success of the Accelerator Improvement Project (AIP) and 

General Plant Project (GPP) efforts.  They are the critical path for the g–2 project. The project 

should continue to develop mechanisms between the project and FNAL to assure that the 

associated AIP and GPP projects meet the requirements and schedules of the g–2 project.  

 

Recommendations 
 
 Some of the major recommendation of the review included: 
 

 Perform an independent technical review of the beam line accelerator physics design 
from the final focus on the target to the injection into the storage ring.  Incorporate any 
changes from this review into the conceptual/technical design report before CD-2. 

 
 Continue to develop a preliminary design of a new inflector and associated beam 

optics/detectors to maximize muon delivery to the ring.     
 
 Conduct a review of Tracker performance following the January beam test.  Allow 

sufficient time before the review to completely analyze the data.  Present results on 
the full suite of performance parameters.  Include external experts as part of the 
review committee. 

 
 Within the project, construct and track under change control interface control 

documents flowing from the requirements and of sufficient granularity to cover the 
interdependences of the Level 2 efforts and the interdependences with the AIP/GPP 
projects. 

 
 Continue to work on improved inflector design until a decision can be made.  To that 

end, formulate a schedule and plan whereby an inflector decision can be revisited on 
the basis of cost experience in a timely fashion. 

 
 The project and the laboratory should make every effort to accomplish a timely cold 

test of the ring. 
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1. INTRODUCTION 
 

One of the more persistent hints of new physics has been the deviation between the 

measured muon anomalous magnetic moment, (g−2)/2, and its Standard Model expectation, 

where both are currently determined to a precision of 0.5 parts per million.  This fundamental 

measurement has been pursued for decades with increasing precision.  The discrepancy of 

several standard deviations that, if true, could be caused by the quantum effects of virtual 

particles too massive to be produced and detected directly has been interpreted to point toward 

several attractive candidates for Standard Model extensions such as supersymmetry, extra 

dimensions, or a dark matter candidate.  Because a precision measurement of g–2 is sensitive to 

virtual particles, it offers a strategic opportunity to probe areas of TeV-scale physics beyond the 

reach of the Large Hadron Collider (LHC).  Should the LHC discover new physics that would 

confirm the g–2 discrepancy, then precise determination of g–2 is expected to provide direct 

measurements of the coupling constants of the new particles responsible for the discrepancy, 

fundamental parameters of the underlying theory, and a window on the underlying symmetries of 

the new physics.  For many possible cases, it is expected that these parameters will not be 

measured with adequate precision at the LHC alone.   

 

The experimental technique involves measuring the precession frequency of the muon 

spin vector in a well-understood magnetic field; in this case the spin vector will be reconstructed 

from the angular distribution of muon-decay electrons in a storage ring and the precession of the 

spin vector in the storage ring’s magnetic field will be tracked over time. The prior g–2 

experiment at Brookhaven National Laboratory (BNL Experiment E821) ended with a 

successful, statistics-limited measurement of g–2 and is one of the most heavily cited High 

Energy Physics (HEP) experiments, with more than 2,000 citations.   

 

 The Muon g-2 project at Fermilab will fabricate a new experiment that seeks to improve 

the measurement of the muon anomalous magnet moment. The project will repurpose the storage 

ring from the prior BNL experiment and provide upgraded injection and detectors in order to 

utilize the high intensity proton beam at Fermilab to produce the needed secondary beam of 

muons.  CD-1 was approved on December 19, 2013, with a TPC range of $43.0 to $50.1 million. 

Transfer of the BNL storage ring to Fermilab occurred in FY 2013.  New instrumentation for the 

storage ring will be provided, in part, by in-kind contributions from non-DOE sources including 

NSF.  By virtue of having run the original apparatus for five years, the required technology and 

physics principles have been tested and demonstrated.  Additionally, much of the expertise 

involved with the initial construction of the experiment is still available and remains involved, 
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along with a number of new collaborators for the new Muon g–2 experiment at FNAL (FNAL 

Experiment E-989). 

 

The P5 subpanel of the High Energy Physics Advisory Panel recommended completing 

the Muon g-2 experiment as an immediate target of opportunity for searching new physics and 

identifying future directions for the field. 
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2. TECHNICAL SYSTEMS EVALUATION 
 

2.1 Accelerator 
 

This scope of work of the g–2 project primarily addresses beam lines, controls and 

instrumentation, and the target station that provides the secondary pions.  Also included is the 

supporting accelerator physics design work and component installation. 

 

Significant progress has been made since the CD-1 review, and the Committee 

commended the project team for this work.  The muon campus is an integrated effort of which 

the g–2 project is one aspect.  FNAL has made an effort to clearly articulate all of the 

dependencies and interfaces between the two major projects: g–2 and Mu2e, and the seven 

Accelerator Improvement Projects (AIP) and General Plant Projects (GPP) that are needed to 

provide the full capabilities.  Interfaces are addressed in greater detail in Section 2.3. 
 

The scope of work in this Accelerator section primarily includes:  
 

 The target station and final focus of the proton beam upstream of the target. 
 The beam line that delivers the secondary beam of pions and decay muons to the 

Delivery Ring. 
 The injection and extraction region of the Delivery Ring relevant to g–2. 
 The beam line that delivers the muon beam to the g–2 ring. 
 Controls and instrumentation to support the above. 

 

2.1.1 Findings 
 

There has been significant good work completed since the September 2013 CD-1 review 

resulting in simpler designs and cost savings.  An example is the merging of the M2/M3 lines. 

 

The accelerator scope of work (476.2) is the largest Level 2 cost at $18 million.  The 

critical path for the project runs through accelerator systems.  According to the project, this 

activity is delayed due to limited accessibility to tunnel areas that are only available during 

accelerator shutdowns; and to the way the funding profile is constructed.  There is zero schedule 

contingency to the early completion date, but two years of schedule contingency to CD-4. 

 

The Level 3 managers expressed concern regarding obtaining FNAL labor when needed. 

 

The desired switch-over from g–2 to Mu2e operation is on the order of one shift, and this 

consideration is being taken into account in the design. 
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Target 
 

The target system (target, lithium lens, and pulsed magnet) is reusing as much of the pbar 

target hardware as possible.  Yield studies have shown that sufficient pions can be created for use 

by g–2.  A new power supply will be needed to provide 12 Hz operation in 100 Hz burst mode.  

Testing of the lithium lens has been performed at 12 Hz demonstrating successful pulsing at this 

rate over several months.  However, testing at 100 Hz burst mode cannot be done until the new 

power supply is operational. 
 

The pulsed momentum selection magnet (PMAG) will also be reused; however, a new 

power supply is needed.  Testing of the PMAG with its new power supply at design repetition 

rate is planned in FY 2015. 
 

The target beam dump will be replaced, due to a water leak that developed following 

Tevatron operation.  It will be replaced by one of the same design, as this was determined to be 

the most cost-effective approach. 
 

FNAL has not replaced the beam dump before, and thus some uncertainty exists.  There 

will need to be careful planning with attention to radiological concerns.  This activity remains in 

the risk registry. 
 

Beam lines 

 

The spot size on target of σx = σy = 0.15 mm requires a β function of 7 cm.  A final focus 

triplet, made up of repurposed pbar SQ type quadrupoles (SQD-SQE-SQD) from the D/A Line, 

will be installed to accomplish this. 
 

M3 and M4 beam lines are designed to provide multiple function and must support: 
 

 3.1 GeV/c for Muon g–2 and 8.9 GeV/c for Mu2e 
 Injection into the Delivery Ring and extraction from the ring. 

 

The muon injection beam line into the storage ring supports both scenarios of ring 

operation, which are based on either the old inflector or a larger aperture new inflector. 
 

There has been an extensive redesign of the M2/M3 beam line region, which simplifies 

the overall design and reduces the total number of magnets needed within this Work Breakdown 

Structure (WBS).  There are 148 magnets involved in this scope of work.  The breakdown of 

how these magnets are provided is: 



5 
 

Repurposed (existing magnets, used as is or with minor repairs) 
 97 quadrupoles (77 from pbar, 20 from the old BNL g–2 line) 
 10 dipoles (9 from pbar, 1 from the old BNL g–2 Line) 
 34 trims (all from pbar) 
 
Refurbished (extensive rework of existing magnets by Technical Division) 
 None 

 
New (new manufacture by Technical Division, both existing and new design) 
 4 MDC—Existing design already used in Pbar 
 1 EDWA—Existing design already used in MI-8 Line 
 1 Lambertson (plus spare)—New design, very similar to NOvA MLAW Lambertson 
 1 C-Magnet (plus spare)—New design, very similar to Main Injector ICA and Pbar 

SDT C-Magnets 
 

The plan for obtaining the power supplies is: 
 
Repurposed (Pbar power supplies) 
 9 SCR power supplies 
 24 Trim power supplies 
 
New 
 6 SCR power supplies 
 46 Switching Mode power supplies 
 11 Trim power supplies 
 

New SCR power supplies are purchased from a vendor and include regulation and control 

electronics; they are more or less ready to install upon receipt from the vendor.  Most recent 

purchases are from Spang, but Dynapower and at least one other manufacturer have made bids to 

build these supplies. 

 

Switching Mode power supply systems are made up of power supplies purchased from a 

vendor (mostly M&S), but need controls and regulation electronics that are built at FNAL 

byElectrical Engineering Support (mostly labor).  Most recent purchases are from Magnapower, 

but Lambda and Sorenson also usually bid on these supplies. 

 

Magnets are bused together whenever possible. 

 

Controls and Instrumentation 
 

This work scope is providing controls for the g–2 project, as well as for other needs 

within the Muon Campus.  Safety system interlocks are included in this scope of work. 
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Instrumentation needs to be provided for three different beam conditions: protons only, 

mixed secondary beams, and muon beams.  Instrumentation is being reused, where possible, 

from the antiproton source, from other FNAL projects, and from BNL.  
 

Transport of low-intensity secondary beams requires a set of unique beam 

instrumentation.  The project team is developing ion chambers as the primary device for the low 

beam intensity measurements and secondary emission monitors (SEMs) and proportional wire 

chambers (PWCs) for the measurement of beam position and profile.  
 

Installation 
 

Well-thought-out plans for decommissioning, reinstallation, and installation of the beam 

line equipment were presented.  The plan includes hazard analysis and its mitigation, Quality 

Control (QC) and Quality Assurance (QA), management oversight structure, space allocation and 

iterative process improvement. 
 

2.1.2 Comments 
 

There are significant beam dynamics issues that are addressed in this WBS, from the final 

focus on the target, to injection into the ring.  Good design work has been done, but there has not 

been an independent technical accelerator physics review of the design.  The Committee judged  

that this should be done before CD-2 approval. 
 

There remains a lack of rigor in the definition of the interface between the storage ring 

beam dynamics requirements and the accelerator beam line design.  The Committee suggested 

that this be provided by the storage ring group, before the aforementioned review. 

 

The project established two levels of Key Performance Parameters (KPPs)—threshold 

and objective.  Threshold KPPs assume that there are significant constraints outside of the 

project’s control (e.g., accelerator shutdown availability, and the completion of AIP/GPP 

projects).  The Committee judged that these issues can be significantly mitigated allowing the 

threshold KPPs to be rewritten much closer to the objective KPPs, and encourage the project to 

consider this. 

The accelerator team is attempting to address scheduling issues by minimizing the need 

for accelerator shutdowns to complete work in the M3 area.  The Committee encouraged this 

effort. 
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A review of the Basis of Estimate (BOE) for several accelerator systems revealed a 

thorough understanding of the costs and effort required. 

 

There are notable spikes in effort profiles in this area as well as others.  It is difficult for 

this Committee to assess the real impact on resource requirements without seeing the bigger 

picture of all FNAL projects.  The Committee noted this as a concern. 

 

There are considerable g–2 dependencies on FNAL resources outside of the project.  The 

Committee encouraged the project to write Memoranda of Understanding (MOUs) as appropriate 

to ensure on-schedule delivery.  A particular example is magnet construction by the Technical 

Division.  

 

The Muon Campus plan continues to be developed and leadership roles are being 

defined.  These developments appear to strengthen the integration between the Department of 

Energy (DOE) projects and the supporting AIP and GPP projects. 

 

Target Systems 

 

Yield Beam Studies in 2012 and 2014 were very successful and resulted in just 16% 

difference in predicted vs. measured flux of secondary beam.  Optimization of the beam spot size 

on target (which is planned), and modest adjustments to the target-to-lens focal length, and lens 

gradient showed that the pion yield can be increased by 30%. 

 

There has been significant, successful, reliability testing of the lithium lens and power 

supply at 12 Hz, but this testing did not incorporate the burst mode that g–2 will use.  The 

Committee encouraged the project to test all pulsed power supplies in 100 Hz burst mode at 

approximately 12 Hz as soon as possible. 

 

Adequate spares exist for the repurposed components. 

 

Beam lines 
 

As noted in the general comments, there has been considerable design work done to 

achieve matching into the storage ring.  This work has included a range in parameter space to 

accommodate different matching conditions into the storage ring, including accommodating a 

new inflector design (discussed  in Sections 2.2 and 5).  Nonetheless, the Committee encouraged 

a thorough technical design review of the injection process, beam dynamics, and associated 
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hardware.  This review should be based on a rigorously defined interface control document that 

specifies the incoming beam properties and ranges that will be needed for operation of g–2. 
 

Controls and Instrumentation 
 

Of three new types of beam diagnostics devices for secondary particles, only the ion 

chamber has been tested with low-intensity beams.  The list of milestones does not show any 

beam testing for the SEMs and PWCs until the secondary beams are available at the end of the 

project.  There is a significant concern about the performance of SEMs at low beam intensities 

down to 107 particles/bunch.  PWCs are designed to monitor beams at the 105 particles/bunch 

level.  Early testing of SEMs and PWCs with low intensity beams is encouraged.  
 

The technical review that the Committee recommended in this section should also contain 

a charge question to assess the instrumentation requirements in the beam lines (primarily M4 and 

M5) and the storage ring to firmly establish what is needed, and what accuracy of measurements 

is desired. 
 

Installation 
 

This work is organized and coordinated by a highly-skilled and experienced engineer 

who is also a coordinator for similar work in related AIPs.  Based on the presentation, evidence 

of lessons learned from previous similar work at FNAL, and the decommissioning work done to 

date on this scope of work—the Committee judged that this activity is well understood.  

Although installation activates are covered in the WBS addressed in this section, further 

comments on installation can be found in Section 2.3. 
 

2.1.3 Recommendation 
 

1. Perform an independent review of the beam line accelerator physics design from the 

target to the injection into the storage ring.  Incorporate any changes from this review 

into the conceptual/technical design report before CD-2. 
 

2.2 Storage Ring 
 

2.2.1 Findings 
 

The project team made significant progress in preparing for the ring installation and in 

designing and refurbishing components for the ring.  A major milestone was achieved with the 

delivery of the ring to the FNAL site.  The project team is fully established and functioning well. 
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The project management tools, change control, scheduling, BOEs, etc., are in place and 

ready for use by management.  The ring WBS has 34% contingency, highest among the top WBS 

elements.  Although the project CD-4 date is in 2019, with a schedule contingency of two years, 

the magnet ring component has an important milestone planned in mid FY 2015 with the 

cooldown of the ring.  The Committee noted that magnet shimming is not in the formal project 

scope, but will be covered by operations funds once the magnet is cold.  The project is highly 

inter-dependent on GPP and AIP efforts.  As an example, the magnet cooldown is dependent on 

the cryo-refrigerator being prepared under an AIP. 

 

The g–2 experiment differs from the original BNL experiment in two important ways: 

 

 It will have a significant increase in luminosity, i.e., number of muons stored, leading 
to improved statistical accuracy;  

 It will have significantly reduced systematic uncertainties in the measurement—
primarily as a result of improved field quality resulting from better shimming, field 
calibration, and temperature control. 

 

Due to the increase in muon intensity, the systematic errors are now expected to dominate 

the measurement accuracy, making their reduction critical to the success of the project.  

 

The re-use of the BNL Experiment E821 inflector is the baseline.  A helium leak has 

been observed, likely in the lead can, and must be repaired.  If necessary, the inflector can be 

replaced in one month if a spare were available.  A new inflector design is being investigated that 

offers the possibility of roughly doubling the storage ring muon capture efficiency, thus making 

it possible to consider1 a μ– measurement once the μ+ run is finished.  The new inflector design 

effort is funded through August; further design and possible construction would have to make 

use of contingency funds if deemed appropriate. 

 

Three sets of strip-line kickers steer injected muons onto the closed orbit of the storage 

ring.  A new design using narrower, curved plates yields significantly higher gradient per unit 

voltage than can be delivered by the original BNL Experiment E821 kickers, at the cost of 

increased field roll-off. Simulations show that the roll-off produces only a small reduction in 

muon capture efficiency. Furthermore, the powering of the original BNL kicker did not provide 

an acceptable pulse (too long in duration and too weak a kick), leading to significant coherent 

oscillations of the injected beam.  A new design is being developed at Cornell to remedy these 

shortcomings.  A prototype 25 ohm Blumlein power supply and kicker has been tested.  

                                                 
1 The µ– measurement is not currently part of the planned experiment. 
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Assembly of a 12.5 ohm Blumlein is in progress.  The design of the PFN will be finalized with 

the test of the 12.5 ohm prototype. 

 

While the original Q1 electrostatic quadrupole would likely work, several options for 

improving it to reduce its deleterious effect on the injected beam are being considered, including 

increasing its horizontal gap, making the outer aluminum electrode thinner, or replacing the outer 

electrode with one of a different material, such as beryllium or carbon fiber. 

  

2.2.2 Comments 

 

 The current (baseline) inflector requires that the muon beam pass through the end 

windings, which degrades the beam quality.  Updated designs that avoid this and that provide 

larger apertures are being investigated.  There is some likelihood that the original shield will 

need repair or replacement to meet the updated experiment’s tolerances.  The Committee noted 

that a new inflector design has the potential to have significant impact on the project.  In 

particular, it would serve to: 

 

a. Mitigate project performance risk—by providing increased muon intensity the new 
design provides contingency in case the project were to have issues in achieving its 
intensity design goal; 

 
b. Mitigate project hardware risk—the existing inflector would be available as a spare in 

case of inflector hardware failure; 
 
c. Provide enhanced physics reach—the increase in muon acceptance would allow μ– as 

well as μ+ experiments; in the case of a potential physics discovery, this capability 
would aid in ruling out systematics as a source. 

 
Management should work hard to continue to develop the new inflector, keep the funding 

agency aware of the engineering status of the design, and evaluate and communicate the 

potential risk-mitigation and physics benefits that the new design might bring to the project.  

 

The optimization of the M5 beam line should be based on the energy and betatron 

acceptances of the ring.  The optimization should also take into consideration the possible 

benefits a new inflector may provide, should that become available in the future.  Improvements 

in the inflector by themselves will not improve the capture rate unless appropriate changes in the 

kickers, the Q1 quadrupole, and the upstream M5 line are also made.  Operational flexibility may 

be required from some beam line components in order to provide optimal injection parameters 

for each inflector design. 
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The new quadrupole design (Q1) will operate at higher (possibly significantly higher) 

voltage.  The vacuum quality is critical to avoid arcing and damage to the quadrupole.  The 

nominal vacuum for the ring is 10–6 Torr.  The new design Q1 should be experimentally tested to 

verify that it is safe to operate at that vacuum level.  The pumping for the ring vacuum should 

particularly take into consideration the importance of vacuum near the quadrupoles, as this 

effectively defines the vacuum requirement.  
 

The ring magnet is critical to the success of the project, and the first magnet cooldown is 

a major near-term milestone.  The Committee suggested the project look closely at the cryogenic 

system from a safety and operational perspective as soon as possible to address any outstanding 

issues and to avoid schedule delays as the cooldown milestone nears.  One area not addressed in 

the review, for example, is interlocks for system operation.  These require design, review from a 

personnel and hardware perspective, implementation, and testing prior to system operation. 
 

As the project moves forward, a number of technical decisions need to be made; these 

include, for example, design selections, refurbishment vs. procurement decisions, and 

procurement make/buy decisions.  Concise documentation is needed to support each of these 

decision processes.  Examples where supporting documentation is critical include: 
 

 Identification and rationale for baseline choices for each component (e.g., Q1). 
 

 The cost-benefit analysis of refurbishment vs. procurement for the main ring power 
supply and critical pulsed power supplies. 

 

 Make/buy decisions on components, e.g., resistive magnets. 
 

 Finalizing the kicker design, i.e., selecting the number and length of individual 
kickers.  More, shorter, kickers would provide faster rise time and may provide 
operational risk reduction. 

 

 Defining the requirements and possible feedback approaches to minimize systematic 
errors associated with the E-field interaction, applied for example to the beam profile 
and the injection beam orbit stability.  

 

 Optimizing the interface between the M5 beam line and the ring magnet is critical to 
the success of the project, and requires concise interface documentation (which is 
presently not available). 

 

 The increased muon intensity in the new experiment means that the physics results 
will be dominated by systematic errors.  Uncertainties in the anticipated systematic 
errors, the resulting science impacts, and contingency plans to improve the 
systematics (e.g., temperature gradients) need to be documented. 
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The projects threshold KPPs, which effectively define the minimum deliverables for 

successful project completion, could be strengthened.  For example, if all technical components 

of the project achieve their nominal operating point, it is reasonable to assume that the 

experiment is eminently achievable. 
 

2.2.3 Recommendations 
 

2. Continue to develop the new inflector design and the associated beam optics/detectors 

to maximize muon delivery to the ring.  The potential impact on the project, both in 

terms of risk reduction and in terms of enhanced physics capabilities, should be 

documented, reviewed, and then communicated to the funding agency. 
 

3. Develop a requirements document on what the beam line delivers, how it is 

controlled, and the flexibility of delivery characteristics.  The interface between the 

M5 beam line and the ring magnet is critical to the success of the project. 
 

4.  Develop appropriate test plans and acceptance criteria for each refurbished and new 

component (e.g., the kicker).  The project has a large number of technical components 

that must be made operational, many of them refurbished, and this will help to 

maintain schedule and to prioritize efforts of technical staff. 
 

2.3 Integration 
 

2.3.1 Findings 

 

The successful completion of the Muon g–2 project relies on the realization of seven off-

project AIPs (Accelerator Improvement Projects) and GPPs (General Plant Projects).  The AIPs 

(with the exception of the almost-completed Cryogenics System AIP) are 10-20% complete.  The 

seven projects are coordinated collectively by the Muon Campus Coordinator who, incidentally, 

is also the Level 2 Accelerator lead for Muon g–2.  The basis for communication of schedule 

impacts between the Muon g–2 project and these supporting activities (including the co-existant 

Mu2e project) has been devised using 18 high-level interface milestones.  

 

Each of the projects has a Program Plan that describes the scope of work and, in addition, 

each of the AIP projects has a requirements document that outlines the high-level target-goals. 

The requirements documents are under change-control and were formalized one or two years 

ago. Any further changes would require a re-evaluation and re-approval cycle. 
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Within the accelerator enclosure and the storage ring building, two experienced 

Installation and Integration Managers are in place and a daily work-management process has 

been realized.  The scope of work, especially in the accelerator enclosure, is already quite large 

and is scheduled to increase substantially.  Work in a particular area may span several different 

projects; Muon g–2 and AIP.  Lessons-learned from Accelerator and Neutrino beam line 

Upgrades (ANU) guide traveler implementation and inventory management and can be 

effectively applied across multiple-projects.  

 

Proper management of skilled-labor resources (electrical and mechanical technicians) is 

quite important as these resources are likely to limit progress in 2016 and 2017.  Technical 

support needs of power supply and instrumentation work appear to be quite heavy. 

 

A major milestone is planned for mid-FY 2015 when the storage ring superconducting 

magnet will be cooled down and powered for the first time since arriving at FNAL, indeed for 

the first time in many years.  A broad range of activities, including safety sign-off, magnet 

assembly, cryogenic system interconnection, and power supply testing, are foreseen in the next 

seven months. 

 

2.3.2 Comments 

 

The 18 interface milestones typically show completion of a given project and are not 

defined in sufficient detail to flag specific issues with their completion.  Since most (if not all) 

supporting projects are centrally-managed this may be adequate. 

 

The requirements documents were signed off before the performance of the storage ring 

(with design modifications) was fully developed.  As such, these are effectively specifications 

that state succinctly what the upstream systems are expected to be able to do.  Intra-project, 

Level 2 interfaces are described in the top-level project document. 

 

Recent design work on beam optics, injection kicker, storage ring quadrupoles, and 

inflector magnets shows potential for significant improvements and requires formal review.  An 

examination of upstream systems performance specifications must be included in these reviews 

and the AIP requirements may be revised if appropriate.  

 

Cool down and excitation of the storage ring superconducting magnet is a major step. 

The interface with the Cryogenics AIP appears to be in very good shape.  Work on the magnet 

and supporting utilities is expected to increase substantially, and could become difficult to 
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manage.  It is important to identify the cool down critical-path and properly prioritize magnet 

work.  A comprehensive QC/QA plan is necessary as the magnet will be a significant part of 

FNAL experimental physics infrastructure for years to come.  This plan needs to be developed.  
 

2.3.3 Recommendations   

 

5. Implement a Formal External Review of storage ring injection and associated 
hardware.  

 
6. Develop a comprehensive QC/QA plan for magnet cool-down and excitation. 

 

2.4 Detectors 
 

2.4.1 Findings 

 

The Detector scope consists of all instrumentation required to measure the muon precession 

frequency for a precision g–2 measurement.  It includes Calorimeters to measure position, energy, 

and time from which the precession frequency is extracted; tracking and other auxiliary detectors 

to measure the characteristics of the muon beam, which are used to make corrections to the 

precession frequency and constrain systematic errors; and readout electronics, data acquisition, and 

slow controls.  The Detector team gave presentations on the Level 3 systems: Calorimeter, 

Tracker, Backend Electronics, Data Acquisition (DAQ), and Slow Controls.  The Detector team at 

the time of the review consisted of 97 collaborators at 24 institutions. 

 

Funding for the detector ($6,534K, including 20% contingency) is a mosaic of 

contributions from several sources.  The project provides $803K, including 23% contingency. 

An National Science Foundation (NSF) MRI provides $3,520K, including 11% contingency 

(backstopped by the University of Washington).  A DOE Early Career Award contributes 

$1,265K, including 37% contingency. International in-kind contributions from the UK and Italy 

total $946K with 35% contingency allocated.  Of these funds, $1,506K is assigned to Tracker 

activities, with $890K from the ECA, $604K from international partners, and $12K from the 

project.  The Calorimeter is assigned $2,359K with $1,912 from the NSF MRI, $371 from the 

project, and $76K from international partners.  Backend electronics is assigned $1,532K, with 

$1,314 from NSF, $36K from the ECA, and $182K from the project.  DAQ receives $293K from 

NSF, $46K from international sources, and $13K from the project.  Slow Controls, at $50K, is 

entirely on the project. 
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Details of the contingency rules, the resource loaded schedule, interface documents, and 

milestones were presented.  There are 14 Level 2 milestones, backed by lower level milestones at 

Levels 4 and 5.  The first Level 2 milestone is first delivery of crystals in August 2014.  The next 

Level 2 milestone is delivery of 50% of the crystals.  The majority of the Level 2 milestones are 

in 2016.  The first Tracker Level 2 milestone is in April 2016.  Detector tasks complete is the 

final Level 2 milestone in March 2017.  Detector management has begun using an Earned Value 

Management System (EVMS) to manage the system.  

 

The tracker group presented results from the first test beam campaign where a 32-channel 

prototype achieved a resolution of 270 microns at 1500 volts with no magnetic field.  The 

performance of this straw tracker design was said to be adequate for the g–2 physics goals.  After 

the first test beam run, the design of the straw spacing has been changed from 5.5 to 6mm and 

the feed-through is being redesigned.  Detailed test beams results (e.g., efficiencies vs. voltage) 

were not presented.  The straw detector’s spatial resolution dependence on the magnetic field is 

not yet known. 

 

A second test beam run is scheduled for January 2015.  The straw tube module to be used 

in this beam test will use the revised design.  Results from the beam test will likely affect the 

final tracker design.  A technical review of the results is scheduled to follow this beam test. 

 

The tracker layout has HV (high-voltage) resistors and HV blocking capacitors inside the 

module gas manifold in the vacuum pipe.  The front end electronics are also located there.  The 

cooling of the straw detector was said to be inadequate in the Director’s review and no solutions 

were presented at this review.  The previous Director’s review commented that gas leaking from 

the straw tubes requires increasing the pumping capacity of ring vacuum pumps.  The impact on 

the operation of the ring and the data quality with varying amounts of leakage was not presented at  

this review.  If a tracker station has a serious failure, a spare module (one of three types) would 

replace the failed module.  It is estimated that the ring could resume operation in two shifts.  At 

this time there is no estimate of the probability of a module failing. 

 

The Liverpool group has taken the lead in the assembly of the straws into the manifolds. 

This group is also designing and machining the mechanical alignment tooling necessary for the 

construction of the tracker modules.  The QC items were listed as leak rate, straw and wire 

positions, gain, S/N, alignment, metrology, gas purity, and straw creep.  Details were not 

presented.  Liverpool has taken on the continuation of development of the QC protocols/system, 

which will be used on both at Liverpool during construction and at FNAL on delivery. 
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The gas system necessary for the tracker system was briefly discussed.  The HV system 

necessary for the tracker system was also briefly discussed.  A scheme for measuring the tension 

of the wire in the straw was discussed. 

 

The calorimeter group proposed a PbF2 crystal based total absorption calorimeter with 

large area (1.2 × 1.2 cm) Silicon Photo-Multiplier (SiPM) readout.  A recent beam test of a 

prototype matrix at the SLAC National Accelerator Laboratory (SLAC) test beam facility shows 

an energy resolution better than required for the experiment.  

 

The SLAC beam test also shows the SiPM bias power supply and a laser diode based 

monitoring system works as expected.  While several detailed detector design choices, such as 

the crystal wrapping, the coupling between crystals and SiPMs and the final choice of laser diode  

are yet to be made, a working detector design exists as demonstrated by the beam test. 

 

The calorimeter group chose two critical vendors:  SICCAS for PbF-2 crystals and 

Hamamatsu for SiPMs.  

 

The INFN group has contributed to the laser diode based monitoring system.  

 

While the cost of the calorimeter is covered by a MRI award from NSF, it is managed as 

a fully integrated part of the g–2 project.  

 

Calorimeter backend electronics includes waveform digitizers (WFD), micro-TCA crate 

development and procurement, and a clock distribution system.  The system is designed to provide 

continuous digitization of each muon fill, digitizing the waveform for transfer to the DAQ system.  

The WFD requirements include a 500 MSPS minimum digitization rate, and a 200-MHz 

bandwidth with 12-bit sampling ADC.  Donations of components from industry have been 

solicited, and the response has been positive.  The prototype WFD has achieved 800 MSPS. 

 

2.4.2  Comments 
 

The Detector technical design and associated implementation approach satisfy the 

performance requirements.  Although there are no KPPs associated with Detector, the deliverables 

are reasonable and well-defined.  The management structure and resources are adequate to deliver 

the proposed technical scope within the baseline budget and schedule.  A Technical Design Report 

has been prepared as required by DOE Order 413.3B for CD-2 and CD-3.  There were no 

recommendations from the previous independent project review; comments were not clearly 
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addressed.  The detailed design is sufficiently mature so that the project can commence 

procurement and fabrication of items with long lead time.  The current project cost and schedule 

projections are consistent with the baseline cost and schedule, and the contingency appears 

adequate for the identified risks. 
 

The Detector Team is to be commended for the progress made since the September 2013 

CD-1 review. 
 

The Committee judged the schedule shown by the Detector group is achievable. 

Resources are basically already in hand, and some major long-lead-time components have 

already been ordered or will be ordered in the near future.  
 

The Detector is well managed.  Adoption of a single Control Account Manager (CAM) to 

manage the effort is the right step.  The Level 2 and 3 managers are doing well with the cost and 

schedule tools.  BOEs exist and are well developed.  There is a paucity of Level 2 milestones 

before FY 2016; this will require greater Detector management attention on milestones held by 

lower level managers.  Most of the Level 3 subsystems have many near-term Level 5 milestones 

and mid-term Level 4 milestones.  The Calorimeter; however, presented only Level 2 milestones.  

Calorimeter management should develop and present lower level milestones at the next 

independent project review. 
 

R&D has focused on meeting physics requirements.  The Committee noted that it is 

important to develop additional headroom (i.e., go beyond requirements), whenever possible, as 

contingency in case difficulties are encountered in full system implementations.  The Detector is 

close to the challenging transition from R&D to construction, a transition that is often 

accompanied by schedule slip and cost increases if sufficient care is not taken. 
 

Several beam tests have been performed.  Results of these tests have been used to select 

among detector options and to make design improvements.  (The beam tests have also provided 

important team-building opportunities.) 

 

Selection of aluminized mylar straw technology was an excellent choice for the g–2 

Tracker. 

 

The beam related rates in the straws closest to the beam should be simulated and 

estimated for the case of the inflector upgrade.  The total charge per cm on the anode wire should 

be estimated based on those rates to predict the lifetime of the straw.  
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Resolution as a function of position in the straw tracker should be measured.  Effects of 

the different magnetic fields seen by the tubes should be estimated and measured.  A 

measurement of the time-to-distance relationship in a magnetic field should be made if possible. 

 

The close proximity of the capacitors inside the gas manifold may lead to crosstalk 

between adjacent straws.  Design for removal of electronics-generated heat from the tracker 

stations located in vacuum needs to be completed.  This may require a finite-element thermal 

analysis. 

 

Details of the QC measurements that will be performed on production detectors should be 

fully developed before the next independent project review. 

 

The addition of the large group from Liverpool to the Tracker team, which provides a 

substantial expansion of the effort available for this system in construction and development of 

QA plans, is most welcome.  

 

The upcoming Tracker beam test in January will be critical to finalizing the design of 

these devices.  Participation of all Tracker stakeholders in both data taking and data analysis is 

important.  The Tracker review that will follow completion of the test beam data taking should 

be scheduled only when the data analysis is mature rather than immediately following the beam 

test.  The full suite of performance parameters to be developed for the review should include 

resolution and efficiency as a function of position in the tube, and as a function of voltage.  An 

acceptable leak rate should be demonstrated.  Cross talk measurement results, performance of the 

in-vacuum cooling system, and an update on the QA suite, should be presented.  Details of the 

design should also be presented including design choices made. 

 

The Calorimeter’s test beam campaign appears to be very successful.  Promising results 

from the very recent test beam at SLAC were presented.  Unfortunately, the timing of the test 

beam with respect to this review did not allow enough time for the complete and final analysis 

results.  However, the Committee noted that the achieved energy resolution is consistent with the 

Mainz experiment’s A4 PbF2 calorimeter with photo-multiplier tube readout.  The test beam 

results thus validate the proposed calorimeter detector concept.  The technology choice of SiPMs 

is excellent. 
 

The energy resolution measured in the recent test beam is significantly better than the 

required resolution.  This provides an example of head-room development. 
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The vendor secured for the production of the crystals (SICCAS) has a good track record 

for delivery.  The production schedule is not aggressive and the cost appears to be reasonable. 

The preferred vendor for the SiPMs also has an excellent track record.  It is expected that sole-

sourcing with these vendors does not present significant risk. 
 

Good progress has been made on the design and prototyping for the SiPM carrier 

electronics board that is to be mounted at the back of the crystal.  How to couple this readout 

device to the crystal is a focus of design effort.  The choice is between an air-gap and optical 

‘grease’.  Design optimization is needed:  it is easier to engineer an air-gap solution that can be 

reliably reproduced. 
 

The crystal QA system was described as a turn-key operation.  Measurements of 

transmission are done at three points on two orthogonal faces along the length of the crystal.  It is 

essential that a measurement through the full length of the crystal be made.  The Committee has 

some concern that sufficient experienced manpower will be available for all the QA tasks. 
 

Crystal and SiPM characteristics should be measured for the full complement of each of 

these devices.  The project team should reevaluate the adequacy of manpower at UW for the 

execution of both of these tasks.  
 

The laser system has worked well in the test beam.  The design and prototyping of this 

system, which is crucial for the success of the physics program, has been carried out by the 

INFN supported Italian team.  Final design needs completion.  The proposed goal of 0.1% for the 

uncertainty in the knowledge of the gain is challenging but achievable.  
 

The Committee welcomed the addition of the strong Italian group to cover the 

Calorimeter calibration effort. 

 

Commendable progress has been made in backend electronics R&D, culminating in 

production of a waveform digitizer board that satisfies the 800 MSPS revised requirement.  DAQ 

is also progressing well. 

 

The Slow Control provides overall integration of controls efforts.  Slow controls are 

developed by each of the subsystems internally, matching the specific needs of each of the 

detector components.  This solution is a good choice and allows the best use of effort.  The 

MIDAS package has been chosen by the experiment.  The selection was made considering the 

experience of the team.  Unfortunately, FNAL does not currently support this PSI-developed and 

supported package.  FNAL is encouraged to reconsider providing local support for this package. 
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2.4.3 Recommendations 

 

7. Conduct a review of Tracker performance following the January beam test.  Allow 

sufficient time before the review to completely analyze the data.  Present results on 

the full suite of performance parameters.  Include external experts as part of the 

review team. 

 

8. Fully characterize all of the crystals and SiPMs that are used in the calorimeter. 
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3. ENVIRONMENTAL, SAFETY and HEALTH 
 

3.1 Findings 
 

The ES&H aspects of the project are being properly addressed.  The project has 

responded appropriately to recommendations from previous DOE/SC reviews.  ES&H programs 

are mature and implemented throughout all levels of the project, and are well-positioned to 

support project completion. 

 

At this time, most activities conducted as part of the Muon g–2 project are performed by 

laboratory personnel and are addressed by the FNAL ES&H programs.  Integrated Safety 

Management (ISM) principles are employed in planning and execution of work throughout all 

levels of the project.  The project prepared and implemented an ISM Program on July 3, 2014 

(see the Integrated Safety Management (ISM) Program of the Muon g–2 Project v2.1, July 3, 

2014).  The respective plan delineates roles and responsibilities for ES&H, and mandates regular 

management walk-throughs of project installation sites. 

 

Of specific note, during a walk-through of Muon Campus Building 1 (MC-1), personnel 

performing work on the gas and cryogen distribution system were observed to have all ES&H 

documentation in place.  The hazard analysis process had been implemented, and the respective 

Job Hazard Analysis (JHA) had been reviewed and signed by all respective workers.  Since the 

Muon g–2 project contains no civil construction, it was determined that there was no need for a 

Construction Safety and Health Plan.  The DOE/Fermilab Site Office (FSO) concurred with this 

decision. 

 

Furthermore, the review also examined the project’s safety performance trends.  From 

August 1, 2013, through July 20, 2014 (inclusive), the project recorded 33,438.40 hours worked. 

For that period, the Total Recordable Cases (TRC) rate was 0.00, and the days away from work, 

job transfers, or restrictions (commonly known as DART) rate was 0.00.  In contrast, the 

Fermilab TRC and DART rates were 1.06 and 0.40 respectively for the same time period.  On 

July 22, 2014, an employee performing work associated with the project twisted an ankle, and 

this incident is currently being evaluated.  

 

Also, one safety incident has occurred during movement of large steel pieces associated 

with the magnet.  A softener used during hoisting and rigging failed, and a lifting sling was 

sliced by the steel yoke piece being lifted.  Although no personnel were in the way of the lift, and  



22 
 

there were no personnel injuries, nor damage to the yoke piece or truck, the event was identified 

as a near miss.  The incident was thoroughly investigated, and appropriate lessons learned were 

developed, distributed, and documented in the lessons learned database.  

 

The project prepared a Preliminary Hazard Analysis Report for the Muon g–2 project, 

which was approved on September 16, 2013.  This document attempted to identify and predict 

all potential hazards during the project’s construction, installation, and operational phases. 

Recently, the project has updated the preliminary report.  The Hazard Analysis Report for the 

Muon g–2 project v2.4 was approved on July 3, 2014. 

 

The project has further developed and updated the Quality Assurance Program.  The 

Quality Assurance Program for the Muon g–2 project was issued on June 26, 2014 and is 

currently awaiting final approval by the Project Manager. 

 

The project has met the requirements of the National Environmental Policy Act (NEPA). 

The NEPA Categorical Exclusion (10CFR1021, Subpart B, Appendix B1.30, B1.31, and B3.10) 

for the Muon g–2 project was issued on December 20, 2012. 
 

3.2 Comments 
 

Although the Accelerator Safety (AS) Program is independent of the Muon g–2 project, 

consideration should be given to reporting on progress and implementation of the AS program 

with respect to the project in forthcoming DOE/SC reviews. 

 
The Accelerator Readiness Review (ARR) Program delineates a structured approach for 

ensuring that commissioning and/or routine operations may be conducted safely.  The program 

has been revised to reflect requirements of DOE Order 420.2C, “Safety of Accelerator Facilities 

(ASO).” 

 

Per the ASO Order, an accelerator safety program must include the following elements: 

an approved accelerator safety envelope (ASE); a safety assessment document (SAD); clearly 

defined roles and responsibilities for accelerator activities including those for training and 

procedures; an unreviewed safety issue (USI) process; an ARR program; and a current 

listing/inventory of accelerators under this Order (inclusive of exemptions or equivalencies under 

the Order).  
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The NEPA documentation mentions that airborne radionuclides will be generated by 

Muon g–2 beam operations and released to the environment.  Per discussions with FNAL ES&H 

staff, the respective emissions are a minor source and therefore the source is exempt from 

permitting.  In examining radioactive air emissions from FNAL in 2013, the highest dose 

equivalent to any member of the public was estimated to be 0.0053 mrem, far below the U.S. 

Environmental Protection Agency (EPA) standard of 10 mrem/year and much less than the 

EPA’s continuous monitoring threshold of 0.1 mrem/year.   
 

3.3 Recommendations 
 

 None. 
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4. COST and SCHEDULE 
 

4.1 Findings 
 

Table 4-1.     PROJECT STATUS as of June 2014 Pre-CD 2 Baseline 

Project Type MIE 

CD-1 Planned: 1Q FY14 Actual:  12/19/2013

CD-2 Planned: 4QFY14 Actual: TBD 
CD-3 Planned: 4QFY14 Actual: TBD 

CD-4 Planned: 3QFY19 Actual: TBD 
TPC Percent Complete Planned:   Actual:  ~31%

TPC Cost to Date $11.2M  

TPC Committed to Date $11.9M 

TPC $46.4M 

TEC $31.5M 

Contingency Cost (w/ Mgmt. Reserve) $10.07M 38.6% 
Contingency Schedule on CD-4 ~24 months ~68% 
CPI Cumulative N/A  
SPI Cumulative N/A 

 

The project proposed a baseline with a Total Project Cost (TPC) of $46.4 million 

(Table 4.1) with NSF ($3.6 million), Early Career Grant ($2.5 million), and International 

contributions (Detectors) not included in the TPC.  These in-kind contributions of project scope 

(detector) are being treated, monitored, and managed as part of the project.  The project baseline 

BOE consists of (30% Actual, 2% Purchase Order, 15% Project Management, 39% Engineering 

Estimate, 9% Vendor Quote, and 5% Expert Opinion). 

 

The proposed contingency of $10.1 million (39% BAC to go) consists of $7.1 million in 

estimate uncertainty and $3 million in risks.  The risk register was updated in July 2014 and 

contains both a bottom-up and top-down analysis.  Up to $100K in contingency can be used by 

the project before approval by the Federal Project Director is needed.  A project change request 

for $400K in contingency is in progress due to new overhead rates.  This overhead rate risk is 

currently in the risk register. 

 

The project is managing to the early completion date of third quarter FY 2017 and a CD-4 

date of third quarter FY 2019 (approximately two years of schedule contingency).  The critical 
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path currently runs through completing the accelerator components.  If the accelerator schedule is 

advanced by four months, the storage ring assembly and installation of the injection 

subsystems/detector would all become part of the critical path (Figure 4-1).  The P6 schedule 

consists of approximately 2,800 activities, and the constraints in the schedule have been reduced 

from 548 to 49 since the June 2014 Director’s review.  A schedule-risk analysis was completed 

and the schedule contingency is considered adequate.   

 

 
Figure 4-1.     Critical Path Schedule 

 

The project is dependent upon several external dependencies.  To meet the objective 

KPPs, there are two off-project items that the project will require to be done (Cryo Ready to 

Cool g–2 (AIP) by March 15, 2015, and Beam line Enclosure Beneficial Occupancy (GPP) by 

June 9, 2015). 

 

Through June 2014, the project is 31% complete.  The EVMS is in place and the project 

has been “practicing” performance measurement since May 31.  The project continues to 

progress in routinely giving CAM training on EVMS, providing monthly feedback reports to 

CAMs, and implementing a weekly warning report for the CAMs. 
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Table 4-2.     Proposed Funding Profile by Fiscal Year ($M)  
 

 
 

 

 

4.2 Comments 
 

The project developed detailed cost estimates and schedules that appear to be well 

defined and reasonable.  The Committee performed a drill down with two CAMs, Jim Morgan 

and Del Allspach.  These CAMs were responsible for cost and scope representing 58% of the 

Baseline at Completion (BAC) to go.  The CAM interviews and drill downs verified the quality 

and accuracy of the cost estimate.  In addition, the CAM interviews demonstrated ownership and 

confidence in their scope, cost, and schedule estimates.  They discussed schedule contingency, 

work on the critical path, and their risks.  The CAMs are regularly trained and understand EVMS 

processes. 
 

The project should continue to develop project monitoring tools such as the monthly 

CAM turnaround report, and should consider using eCAM notebook as a tool for CAMs to 

identify forward looking issues and to prepare monthly CAM reports. 
 

Significant effort and progress has been made in refining the P6 schedule and the project 

should continue to clean up the schedule constraints and refine the schedule in areas such as 

Cryogenics. 
 

The project risks are identified and being actively managed, however, the risk for 

potential failed ring cold testing is not fully accounted for in project cost contingency.  The 

schedule contingency of two years represents 68% of the remaining work and appears adequate. 
 

There are a significant number of external dependencies, and the project is actively 

monitoring these by using milestones on the schedule.   
  

The project still needs to implement a formal monthly report that will help serve as a 

communication tool between stakeholders.  The project should also complete a final design 

report before CD-3 approval. 
 

The Committee noted that the prior review comments have been adequately addressed. 
 

 

FY-12 FY-13 FY-14 FY-15 FY-16 FY-17 Total 
0.601 5.580 10.40 13.10 10.20 6.249 46.40 
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4.3 Recommendations 
 

None. 
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5. PROJECT MANAGEMENT 
 

5.1 Findings 
 

A physics requirements document was shown to the Committee.  It is in the process of 

being finalized for CD-2.  Those requirements flow-down to the Technical Requirements 

Documents describing the baseline project technical scope. 

 

The g–2 Level 3 managers expressed their major concern in regards to resources to be 

manpower availability.  However, the project has not had a problem obtaining resources so far. 

 

 Interface Milestones (ML) between the project and AIP/GPP efforts are in place and 

being tracked.  The project depends on the success of the AIP and GPP efforts.  They are the 

critical path for the g–2 project. 

 

Operations are planned to begin in March 2015.  The Life Cycle Cost Analysis at a 

planned asymptotic support level of $5 million year is being discussed. 

 

There are approximately $5 million in deliverables outside the scope of the project, 

largely in the Detectors Level 2.  The project is; however, responsible for installation of 

detectors. Detector installation is typically connected to the ring itself, for example tracking in 

the vacuum.  

 

5.2 Comments 

 

The WBS and BOE capture the project scope with sufficient granularity and specificity. 

Drill downs were done successfully.  Most documents needed for CD-2 approval are already in 

place.  However, the requirements documents should be finalized and placed under configuration 

control and the Change Control Board should be in place prior to CD-2 approval. 

 

New people for Deputy Project Manager and for EQH&Q Coordinator need to be found 

with a generous time of overlap to ensure a smooth transition.  As the project moves into 

construction, a complete Project Management team should be in place. 

 

In the future, a laboratory-wide manpower plan would be a useful tool to assure all 

stakeholders that sufficient resources are available to the project in a timely manner.  The project 
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should continue to develop mechanisms between the project and FNAL to assure that the 

associated AIP and GPP projects meet the requirements and schedules of the g–2 project. 

 

 For the KPPs, consider adding testing to the threshold level.  Threshold goals could be 

strengthened for most deliverables.  The reduced scope is now limited only to reduced testing 

and installation.  Project items should be considered since reducing the project costs by reducing 

testing, installation, and commissioning does not reflect the typical complete costs of a project. 

Scope contingency—positive and negative—should be identified prior to CD-2 approval. 

 

A useful augmentation of the existing interface ML would be the creation of a series of 

Interface Control Documents (ICD), used in other projects, which specify the interface between 

project Level 2 to each other Level 2 or to AIP/GPP, flowing down from the requirements 

document and also under configuration control.  The ICDs bring the physics down to the 

appropriate level and define the handoffs, the quality of the handoff (driven by physics 

requirements) and the responsible parties for that handoff. 

 

Prior to the start of operations, a Transition to Operations Plan between FNAL and the g–2 

experiment covering operations should be in place. 

 

The g–2 project should not bear the risks of the AIP and GPP work.  The use of distinct 

B&R codes should insure fiscal independence. 

 

Consider tightening the reporting between Detector and the other Level 2 efforts of the 

project since much of the funding is off-project in the case of detectors.  The existence of the 

ICD should make the interfaces between Detectors and the project as a whole much more 

transparent. 

 

There is an opportunity with an improved inflector to increase the g–2 luminosity by 

factors of more than 2, yielding more and more timely physics; this option should be fully 

explored.  There is about $1 million carryover into FY 2015, which may provide some 

flexibility. 

 

5.3 Recommendations 

 

7. Continue to work on improved inflector design until a decision can be made.  To that 

end, formulate a schedule and plan whereby an inflector decision can be revisited on 

the basis of cost experience in a timely fashion. 
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8. The project and the laboratory should make every effort to accomplish a timely cold 

test of the ring. 

 
9. Within the project, construct and track under change control ICDs flowing from the 

requirements and of sufficient granularity to cover the interdependences of the Level 2 

efforts and the interdependences with the AIP/GPP projects. 

 
10. Add a Level 1 Milestone for “All detectors ready to install” to cover items provided 

by other than DOE g–2 project funds.  
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Department of Energy / Office of Science Review (CD-2/3) of the
Muon g-2 Project
July 29-31, 2014

Kurt Fisher, DOE/SC, Chairperson

SC1 SC2 SC3
Accelerator Storage Ring Technical Integration

* Rod Gerig * Soren Prestemon, LBNL * Marc Ross, SLAC
Peter Ostroumov, ANL Sasha Zholents, ANL Claus Rode, TJNAF

Mike Zisman, LBNL Bruce Strauss, DOE/SC

SC4 SC5 SC6
Detectors Cost and Schedule Project Management and ES&H

* Bill Wisniewski, SLAC * Ron Lutha, DOE/ASO * Dan Green, FNAL Emeritus
Richard Kass, OSU Jerry Kao, DOE/SC Joe Harkins, LBNL
Walter Toki, Colorado State Steve Trotter, ORNL
Ren-yuan Zhu, Caltech

     LEGEND     
Mike Procario, DOE/SC Pepin Carolan, DOE/FSO SC Subcommittee
Alan Stone, DOE/SC Paul Philp, DOE/FSO * Chairperson
Ted Lavine, DOE/SC
Tim Bolton, DOE/SC

Count: 18 (excluding observers)

Observers



39 
 

APPENDIX C 

 

REVIEW 

AGENDA 



40 
 

Department of Energy / Office of Science Review (CD-2/3) of the 
Muon g–2  Project 
July 29-31, 2014 

 
AGENDA 

 
 

Tuesday, July 29, 2014—Comitium (WH2SE) 
 
 8:00 am    DOE Executive Session—Comitium (WH2SE) ........................................ K. Fisher 
 8:50 am Welcome—Curia II (WH2SW) ................................................................. G. Bock 
 9:00 am Introduction and the Fermilab Context ....................................................... G. Bock 
 9:15 am Project Overview ....................................................................................... C. Polly 
 10:00 am Break—WH2 Crossover WH2XO 
 10:15 am  Accelerator (WBS 476.2) ..................................................................... M. Convery 
 10:55 am Ring (WBS 476.3) .................................................................................. H. Nguyen 
 11:45 am Detectors (WBS 476.4) ................................................................................. B. Casey 
 12:25 pm Lunch 
 1:15 pm Tour of MC-1 Building 
 2:15 pm    Subcommittee Breakout Sessions 
 3:30 pm Break 
 3:45 pm  Subcommittee Breakout Sessions Continued  
 5:00 pm Subcommittee Executive Session 
 5:30 pm DOE Full Committee Executive Session .................................................... K. Fisher  
 6:30 pm Adjourn 
 
Wednesday, July 30, 2014 
 
 8:00 am Subcommittee Breakout Sessions Continued 
 12:00 pm Lunch 
 1:00 pm Response to Questions—Comitium (WH2SE) 
 2:00 pm Subcommittee Executive Session/Report Writing   
 3:45 pm DOE Full Committee Executive Session .................................................... K. Fisher 
 5:00 pm Adjourn 
 
Thursday, July 31, 2014 
 
 8:00 am Committee Report Writing—Comitium (WH2SE)  
 10:30 am DOE Full Committee Executive Session Dry Run/Working Lunch ....... K. Fisher 
 1:30 pm Closeout Presentation—One West (WH1W) 
 2:30 pm Adjourn
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APPENDIX D 

 

SCHEDULE 

CHART 
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Muon g−2 Project Schedule 
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APPENDIX E 

 

FUNDING 

CHART 
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Muon g−2 Funding Profile 
 

 
FY 

2012 
FY 

2013 
FY 

2014 
FY 

2015 
FY 

2016 
FY 

2017 Total 
OPC-Other 0.601 2.742 3.20   6.543
OPC-Design 3.108 5.20   8.308
TEC-MIE 2.00 13.10 10.20 6.249 31.549
Total 0.601 5.850 10.40 13.10 10.20 6.249 46.400
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APPENDIX F 

 

MANAGEMENT 

CHART 
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Muon g−2 Organization Chart 

 


