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Executive Summary 
Particle physics explores the fundamental constituents of matter and energy, and reveals the connections 
between the smallest and the largest structures in the Universe. Fermilab has been a leading particle physics 
laboratory for decades, and the DOE’s investment in large scale scientific infrastructure that supports 
thousands of users made possible the discovery of the top and bottom quarks and the tau neutrino.  To deliver 
on the U.S. particle physics community’s goals as outlined in the Particle Physics Project Prioritization Panel 
2014 report (P5), a plan for workforce and equipment investments needed to ensure Fermilab’s ability to 
support world-leading science is critical. The P5 accelerator driven experimental program is well understood 
through the 2025 timeframe. Projections beyond that are less certain, and will be driven by science priorities 
determined by the US particle physics community and DOE.  The laboratory complex and workforce have 
evolved since the 2011 shutdown of the Tevatron program to focus on physics at the Intensity Frontier, but 
work remains modernize the equipment, facilities, and workforce. 

For both accelerators and detectors, an extensive study of the workforce needed for anticipated science 
operations was performed.  The workforce needs are well understood, and the personnel analysis shows that 
by 2030, more than half the current personnel devoted to those efforts will no longer be available because of 
retirements or separations for other reasons. The replacement rate needed to staff operations each year is not 
substantially different than historical levels and is manageable. As future planning processes change the 
science program, moderate workforce changes can be accommodated with the lab’s current HR systems. 
Mentoring, succession planning, and training a modern workforce to meet future needs will be more important 
than ever to ensure a supply of technical personnel in the areas of radio frequency, high power, cryogenics, 
controls, fabrication and instrumentation.  

The accelerator modernization needs are highest in the Fermilab Booster, Main Injector, and Recycler ring, 
because the Linac will be replaced in the mid-2020’s by the new world leading PIP-II SRF Linac.  The 
accelerator test facilities needs are greatest in cryogenics and facility consolidation in support of production. 
The highest priority detector modernization is outfitting of the future Integrated Engineering Research Center 
(IERC).  To continue efficient, safe, and modernized operations, further investment in the existing complex 
infrastructure will be needed. 

With a foundation set by decades of hard work and support, U.S. particle physics is poised to move forward 
into a new era of discovery.  This report presents Fermilab’s Accelerator and Detector Plans to modernize the 
equipment, facilities, and workforce that support the user community and the large, modern scientific 
infrastructure that will drive discovery science through 2030.  
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1 Introduction 
Fermilab received two draft charges in March 2018 from the DOE Office of High Energy Physics (OHEP) 
requesting Accelerator and Detector Modernization Plans. This report contains the response to both charges. 
The charges request that Fermilab analyze workforce needs and develop projections for how the workforce 
must evolve between now and FY 2030, and plan for equipment and facility improvements that will be needed 
in the complex to continue efficient and effective operations. The charges are included in App. A. The report 
satisfies the charges by limiting the length of the report to 20 pages and including supporting information in 
appendices. The workforce analysis addresses the charges by focusing on workforce needs beginning in FY 
2019, while recognizing that plans and workforce projections will need to be adjusted to match changes in 
funding. The facilities planning likewise focused on needs. As noted in the charge, operations drive costs for 
HEP experiments at Fermilab now and in LBNF/DUNE era. Efficient and effective operations are necessary for 
maximizing the scientific output of the large scale facilities at Fermilab that thousands of scientists depend on 
to accomplish their research.  Both the workforce and facilities planning are aligned with P5 plans, lab priorities 
as described in the Annual Lab Plan, and the laboratory’s draft science plan (see App. B) described below. 
 
The laboratory established a combined steering committee to address both the accelerator and detector 
modernization charges. The common tools developed and used for both charges are described in this 
introduction, to avoid repetition in later sections. The laboratory has a broader interest in workforce planning, 
so the initial choices about tools and direction focused on the possibility of adapting two enterprise tools 
already in use: FermiWorks, an HR tool implemented in FY 2014 for human capital management, and BPS 
(Budget and Planning System), a financial tool that was implemented in FY 2017. Workforce planning at the 
laboratory is based on job classifications established in the Organization and Human Asset Plan (OHAP), 
which has been used for more than 10 years. OHAP defines functional disciplines, categories, roles and skills 
and is used for annual budget planning as well as resource loaded schedules developed for DOE O 413.3B 
projects. The BPS system uses bottom-up planning, where each employee’s effort is uploaded and assigned to 
specific Budget and Reporting (B&R) codes. The skills functionality is not implemented in BPS, nor is the ability 
to do top-down planning over multiple years, and it will take time to implement additional features in BPS. The 
goal is to develop a process that will enable longer term workforce planning.  For this exercise, BPS data 
exports were used to quantify current effort assigned to the accelerator and detector operations B&R’s and 
expressed in Full Time Equivalent-years (FTEs) for employees in OHAP categories.  

Collectively, the Fermiworks and BPS tools are not sufficiently mature, nor are they integrated to collect and 
analyze the data needed to answer the charges, so the committee developed custom-built tools based on the 
laboratory’s Strategic Planning System (SPS) that was conceived in 2014 and developed over a 4-year period. 
Development of the SPS was guided by several Performance Evaluation and Measurement Plan (PEMP) 
notable outcomes and by needs that emerged to address the FY 2017 OHEP Lab Optimization exercise. The 
SPS encompasses lab goals and objectives, lab activities and lab capabilities. Lab goals and objectives define 
the laboratory’s strategy, aligned with the P5 Plan for U.S. particle physics. Lab activities flow down from lab 
goals and objectives and define the laboratory’s science plan. Lab capabilities identify resources by identifying 
lab competences and facilities. 

The laboratory’s draft science plan (see App. B) is based on the known schedule as of the end of FY 2018 for 
current and future operating experiments. Accelerator and detector operations in the out-years are drafts and 
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in some cases are placeholders where it seems likely that operations will continue. These out-year lab 
activities are included to address the two charges that request the development of plans that extend to FY 
2030, while recognizing that the U.S. particle physics community together with the DOE High Energy Physics 
(DOE/HEP) program will determine future directions as part of the next decadal planning process. In 
accelerator operations, muon campus and short baseline neutrinos operations were assumed to continue, but 
current linac operations end at the beginning of the long shutdown, and FTEs associated with PIP-III planning 
start in FY 2020. The PIP-III project is assumed to start in 2025, but planning efforts before then towards a 
rapid cycling synchrotron would be provided by the FAST/IOTA group and PIP-II group would work on plans for 
a PIP-II linac upgrade.  Needs are not quantified, but would be modest given other national lab and 
international involvement.  The project needs for LCLS-II HE, ILC, and PIP-III were not included, and when 
those projects are better understood, the impact of those projects on the test facilities will need to be 
evaluated. The lab activities that define the laboratory’s draft science plan provide the framework for workforce 
and facility planning by defining the scope of work and the timing of lab activities through FY 2030. 

Workforce and Facilities Planning Process 

To develop projections of how the laboratory’s workforce and facilities must evolve over the next decade, the 
committee repurposed a lab capabilities database that was developed to address the OHEP FY 2017 Lab 
Optimization exercise. The inventory of lab capabilities developed for the exercise was reviewed and updated 
to develop a more complete set of lab capabilities that could be used for future lab-wide planning. App. C lists 
the lab capabilities, which are defined as either a lab competence (expertise) or a lab facility that includes 
equipment and the people needed to maintain and operate the equipment. The database was further 
enhanced by aligning lab capabilities with DOE Office of Science (DOE/SC) core capabilities, so that future 
planning tools would be able to provide information in a consistent manner to both DOE/HEP and DOE/SC. 
Furthermore, a lab-wide effort to include additional content in the database involved approximately 100 
capability managers who were asked to identify the skills, critical skills, and endangered critical skills for each 
of their lab capabilities. This information was gathered in preparation for future lab-wide planning. 

To determine workforce demand, the committee created spreadsheets to collect resource needs for individual 
lab activities. Two spreadsheets are included as examples in App. D for Main Injector Operations and Target 
Systems Operations lab activities. The spreadsheets include entries that identify the estimated number of 
FTEs by OHAP functional category and functional role needed annually through FY 2030 and identify the lab 
capabilities needed to accomplish the work. Independently, capability managers identified numbers of FTEs 
associated with each lab capability by OHAP functional category for future workforce analyses. Future 
workforce needs were developed in the context of the draft science plan. Workforce projections are based on 
historical data, where appropriate, or by estimating needs for newly established lab activities based on 
experience with resource needs for past or current lab activities. Project labor needs were collected from 
Primavera (P6) resource loaded schedules for DOE O 413.3B projects and are included in this report to 
highlight the matrixed workforce that is supporting both projects and operations. All the resource needs data 
were imported into a master spreadsheet and consolidated to forecast total FTEs needed through FY 2030. 
The workforce needs for the accelerator workforce and detector workforce are described further in Sec. 2.1 
and 3.1, respectively.  

The current workforce will change due to attrition, retirements, and other factors. To understand the 
laboratory’s future hiring needs, the committee used age/sex indexed termination and retirement rate 
assumptions from Segal, Fermi Research Alliance (FRA) LLC’s actuarial consultants. These assumptions were 
used to make projections for each employee who charged to B&R’s included as part of the modernization 
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plans. The projections were based on the FTE fraction for individuals who reported effort to accelerator 
operations, accelerator test facilities operations, detector test facility operations, and detector operations. A 
total of about 850 individuals, about 48% of the overall lab workforce, reported some fraction of their effort to 
those operations efforts in FY 2017 - FY 2018.  Because of the matrixed nature of the workforce, the supply 
curves generated this way have uncertainty because the FTE fraction of individuals working on operations will 
likely vary in the future.  

The final step in the workforce planning analysis was to compare resource needs through FY 2030 with 
projected resource availability. The resulting gap analysis identified areas where further scrutiny and planning 
is required. The workforce supply and gap analysis for accelerators and detectors are described further in Sec. 
2.2 and 3.2, respectively. 
 
For both accelerators and detectors, the gap analysis shows that by 2030, more than half the current FTE’s 
devoted to those efforts will no longer be available, because of retirements or separations for other reasons. 
The rate of hiring needed to maintain the workforce is achievable.  Because the skills pool needed to maintain 
and operate aging equipment is limited, training in house will be required to maintain a sufficient workforce of 
engineers, particularly in the areas of radio frequency, high power, cryogenics, detector fabrication and 
instrumentation, and controls. The challenge is to attract and hire personnel interested in developing the 
necessary skills while the personnel with those skills are still available to train them.  Sec. 2.3 and 3.3 discuss 
further the hiring needs and strategy to ensure the needed skills are available for the future.  
 
The approach for dealing with facilities and equipment needed for accelerator operations and test facilities, 
detector R&D, fabrication, and assembly and testing, was to review non-technical and technical infrastructure 
separately. Current enterprise tools were used to account for non-technical infrastructure such as the 
laboratory’s physical plant resources (buildings, power, water, etc.), so they are not included in this report. 
Similarly, improvements essential for successful project execution are presumed accounted for by their 
respective projects, and as such are not reflected here.  The approach to understanding needs was through 
polling of subject matter experts (SME), and the commissioning of several focused workshops with external 
participants. 
 
Consistent equipment and facility data (e.g., mean time to failure or repair, equipment watch list, return on 
investment, etc.) does not currently exist across the accelerator and detector complexes, which limited the 
ability to develop a holistic, laboratory-wide list based on common evaluation criteria. In this absence, a Figure 
of Merit (FOM) process was developed to quantify the laboratory’s need for each identified item in a consistent 
manner and reflect the laboratory’s holistic priorities. Where appropriate, existing data was incorporated in 
FOM criteria. Looking forward, Fermilab has begun benchmarking other labs for equipment monitoring best 
practices to integrate existing data and newly collected information in a standard system.  

The FOM process began with the development of the laboratory’s comprehensive list. Senior laboratory 
managers in each technical area reviewed their equipment and facility modernization needs based on the 
laboratory’s known projects and experiments through FY 2030, and developed itemized lists for prioritization, 
available in App. E..  Subject matter experts then prioritized each item internally, based on criteria appropriate 
to their area of expertise (e.g. Main Injector, SiDet). Through collaborative workshops spanning FNAL 
competencies, a weighted grading scale of assessment criteria was developed.  The complete list of 
modernization items was then reevaluated using the standardized metrics to produce uniform FOM scores for 
all equipment needs across the lab.  

The FOM criteria were applied equally without consideration of which Budget & Resource (B&R) code activity 
was being assessed. The itemized list was developed based on modernization opportunities, independent of 
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funding constraints, to capture a more holistic view of what may be accomplished with a full suite of resources. 
The criteria used were: Safety/environmental, End of Life, Enhance Technical Capability, Reliability, Maintain 
Technical Capability, Number of Lab Activities [affected], Mission Importance, and Risk/Impact.  The criteria 
weighting and methodology are available in App. E.   Finally, priority rankings were assigned based on the 
FOM scores, using the SME rankings as a tie-breaker.   In the case where line items had the same FOM score 
and same SME ranking, senior managers weighed the factors of each and prioritized the items’ final rankings 
to ensure a single prioritized list for the lab.  To precisely focus the prioritization, the equipment and facility 
needs were re-plotted in the fiscal year(s) of anticipated need and ranked within each year.  The results of this 
process are in Sec. 4 and 5 and the supporting plots are in App. E. 

The needs stated in the near-term come with the most clarity and accuracy, while out-year needs are less 
precise.  As such, there are critical near-term needs that were prioritized lower than less critical items in later 
years.  The priorities are therefore somewhat dynamic based on funding.   Some efforts will inevitably deviate 
from the expected timelines stated and will in turn impact prioritization in the succeeding years. This exercise is 
designed to be repeated, and to continually refine the precision of estimates as they approach, while adding 
and adjusting needs commensurate with observed realities of plan execution.  As the laboratory missions, 
projects and experiments change, priorities will evolve in response. 
 

2 Accelerator Workforce 
2.1 Accelerator Workforce Demands and Required Skills 

The lab capabilities, including future ones that are supported by this part of the workforce are listed in App. C. 
These capabilities cover the effort needed for the current and planned accelerator complex operations, 
including PIP-II and the LBNF beamlines.  They also include the effort in Accelerator Test Facilities needed for 
Cryomodule Test Facility (CMTF) and FAST/IOTA operations and the facilities that support projects, magnet 
and superconducting radio frequency (SRF) R&D, cryogenics, maintenance, and repair. 
 
The accelerator workforce for the Fermilab complex is composed of scientists, engineers, and technicians with 
specialized knowledge particular to the complex and the test facilities that support it, projects, and the strong 
R&D program.  Many have decades of experience developing, maintaining, and operating the aging complex. 
The major shift of focus from Tevatron operations began with its closure in 2011. Following that, the 
Accelerator Division was reorganized to support upgrades for increased beam power for NOvA, the 
construction and operation of the new Muon Campus, Proton Improvement Plan (PIP) upgrades needed to 
support the full Intensity Frontier program, and future projects.  The evolution of the labor force by department, 
shown in Fig. 2.1.1, reflects a reduction by 96 people from 2004 to 2018.  If the dissolution of the Tevatron 
department and the move of the cryogenics department from accelerator operations to support of test facilities 
is included, the reduction in personnel is 178.  
 
Labor demands at any one aging accelerator complex do not determine the needs at any other but knowing 
the support levels at them is useful to set the scale.  Determining labor usage is difficult, so the approach was 
to examine the funding amounts that other comparable facilities need for accelerator operations.  The facilities 
reviewed were limited to large scale proton accelerator complexes, from the LHC at CERN, to RHIC at BNL, 
SNS at ORNL, and J-PARC in Japan. For U.S. facilities, FY 2019 enacted funding levels were obtained by 
looking at DOE FY 2020 budget requests (https://science.energy.gov/budget/budget-by-program/).  
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Figure 2.1.1: Number of people in Accelerator Division departments relevant to operations during the Tevatron era (2002, 
2004, 2010) and at present (2018).  The Tevatron department of 10-25 personnel, and the cryogenics department 
personnel that moved from accelerator operations to support of test facilities is not included in this comparison. 
 
Comparisons between multi-program and single program labs and work scope are necessarily inexact, but 
they are useful to set the scale of support.  The enacted 2019 DOE operations funding for SNS was about 
$206M, for RHIC at BNL was about $193M, (including detector operations) and for the Fermilab Accelerator 
Complex was about $133M, which includes Accelerator Operations, Detector and Computing Operations, 
GPP’s, AIP’s, and overheads for indirect supported functions.  More information is included in App. F, but 
overall, Fermilab Accelerator Complex operations costs appear to be similar to, or possibly substantially less 
than other similar scale proton accelerator complexes. 
 
The two largest projects impacting the workforce, LBNF and PIP-II, are not yet baselined.  Where included, 
their labor needs were analyzed using estimates as of November 2018. The ongoing science program 
anticipates running long and short baseline neutrino experiments, muon experiments, and switchyard/test 
beam until the two-year shutdown to transition to PIP-II and LBNF.  The PIP-III project to replace the existing 
Booster is assumed to start in 2025, and operations funded planning efforts before then are anticipated to be 
supplied by the existing  FAST/IOTA and PIP-II groups, but are not quantified here.  Workforce needs during 
the two-year shutdown are not as thoroughly planned and depend on project transition to operations plans that 
are developing.  Post shutdown, the complex will need to extensively commission the new linac and beamlines 
to LBNF.  The planning assumed operations of a test beam and muon program post-shutdown, depending on 
the direction the field and DOE/HEP chooses.  To analyze the accelerator operations needs in the 
LBNF/DUNE era and make projections of how the workforce composition must evolve, SME’s developed Basis 
Of Estimates (BOE) taking into account the work scope described above. For accelerator and accelerator test 
facility operations, 26 lab activity spreadsheets and BOE forms were developed.  The summed FTE data are 
shown in Fig. 2.1.2.  The increase from FY 2017 to FY 2018 is driven by an accounting change that moved 
effort from overhead to direct charging and an increase in demand for electrical technicians. The ramp up to 
FY 2021 reflects the expected Mu2e commissioning.  The dip in FY 2025 is aligned with the long shutdown.  It 
is likely that dip will be larger than shown, and additional planning when more is known will be needed.  
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Figure 2.1.2:  Left - Demand FTE’s for accelerator operations summed over job categories through 2030.  Right - FTE’s 
needed for accelerator test facility operations summed over job categories, by year through 2030. 
 
The rise in needs after the long shutdown reflects the greater effort needed for commissioning and initial 
operation of the PIP-II superconducting linac compared to the copper linac in use since the 1970’s.  The 
increase from around 260 FTEs needed to around 290 FTEs in the PIP-II/LBNF era is likely conservative, 
reflecting uncertainty in the effort level needed to commission and operate new facilities.  While there are 
changes in the individual activities FTE needs during this time, especially in cryogenics, the overall anticipated 
needs in each expertise area are reasonably stable, and efficiency gains resulting from limited equipment 
replacement were not felt to result in substantially lower FTE requirements. 
 
Overall, the work scope to operate the accelerator complex and test facilities over the next decade does not 
require major changes to the workforce size or general skill set; changes to the overall workforce size are 
driven by project needs that fluctuate from year to year.  The Accelerator Test Facility operations, which are 
largely housed in the industrial campus, show essentially flat needs for facility operations.  This may be an 
underestimate given that over the past decade the facilities have substantially increased in size and the project 
work scope they support, and some future projects are not yet baselined, such as PIP-II and LCLS-II HE.  Test 
facility operations will be critical to those and LHC Accelerator Upgrade Project (AUP) in both SRF, magnets,  
 

    
Figure 2.1.3: Left - FTEs needed for accelerator operations and accelerator test facility operations in 8 job categories, by 
year through 2030. The colors indicated different activities.  Right - Actual total headcount and number of FTEs reported 
in FY 2018 for each job category in the chart. 
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and cryogenics.  Fig. 2.1.3 integrates the FTEs needed in 8 broad job categories for Accelerator and 
Accelerator Test Facility operations.  The table on the right shows the matrixed nature of the workforce, with 
actual FTEs on these activities in 2018 and headcount (number of people) providing those FTEs.  
 

  
Figure 2.1.4: FTEs needed for accelerator operations, accelerator test facility operations and projects in 8  job categories, 
by year through 2030.  
 
Fig. 2.1.4 integrates the FTEs needed for Accelerator and Accelerator Test Facility operations with those of 
Fermilab’s largest projects, in the same eight broad job categories.  The needs are relatively flat for electrical 
engineers and technicians, and operations crews.  There is a significant increase in mechanical technicians 
needed for commissioning and operations of the muon campus, new superconducting linac and LBNF neutrino 
beamline.  The rise and fall of mechanical engineers is driven by PIP-II needs, although there is an overall 
higher demand than supply.  
 

2.2 Accelerator Workforce Supply and Gap Analysis 

As mentioned in section 2.1, the accelerator and test facility workforce for the Fermilab complex has an 
enormous amount of specialized knowledge particular to the complex, and many members of the workforce 
have decades of experience developing, supporting, and operating the aging complex.  Because of the 
historical long-term employment at the laboratory, the evolution of the current workforce is strongly driven by 
retirements.  Age distributions by skill were developed for the analysis and are shown in App. G.  In each skill, 
many current employees are retirement eligible, and as can be seen in Fig. 2.2.1, more than half of the current 
workforce is projected to separate from laboratory employment over the next decade.  
 
Over 600 people contribute to the ~300 FTEs supported by Accelerator Operations and Accelerator Test 
Facility Operations.  The effort fractions are shown in Fig. I4.  The other ~250 FTEs of effort are used on 
projects, research, management, and program support.  The attrition rate was applied to each individual, with 
the assumption that their FTE fraction on operations remained the same as it was in FY 2018.  
 
The breakdown by job category is given in App. I, but in general, because of the laboratory demographics, all 
follow roughly the same pattern, with more than half the currently available FTEs gone by 2030.  The supply 
curve for several job categories is shown in Fig. 2.2.1 as an example. 
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Figure 2.2.1: Left - Overall accelerator operations workforce supply and demand FY 2017 - FY 2030. Right - Workforce 
supply by job category FY 2017 - FY 2030. Per the charge, these plots and the gap analysis below do not include 
on-project labor. 
 
Fig. 2.2.2 below shows the cumulative gap in FTEs in each skill category for Accelerator and Test Facilities 
operations.  Per the charge, this includes labor in Accelerator and Test Facility Operations needed to support 
projects, but not on-project labor.  The year to year gap to offset attrition and achieve the demand FTEs is 
discussed in Sec.2.1.  The headcount needed will in general be larger, but the number of people needing to be 
added to the workforce is achievable, as discussed in Sec.2.3.  FY 2020 and FY 2026 both show larger than 
average hiring needs, with FY 2020 reflecting a disparity between the current workforce numbers and the 
needs from the mid-level managers.  For FY 2026, the increase comes from the reduced operations need 
during the long shutdown, and the ramp up of commissioning and initial operations of the new superconducting 
linac and LBNF beamline.  As such, it is likely that the actual numbers that need to be hired that year are less 
than shown, and the increase in operations FTEs will be supplied in part by reduced FTE fractions on projects.   
 

 
 
Fig. 2.2.2: Magnitude of the gap between resource supply and demand for accelerator operations and test facilities, on a 
year-by-year basis.  The functional roles included in the “Add’l Technical” and “Admin” job categories are defined in Figure 
2.1.3.  

 
For the job categories with consistently high projected demand gaps, which include electrical and mechanical 
engineers and technicians, App. H and I show the skills concentrated within those job categories that have also 
been identified as critical to fulfilling lab capabilities.  
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2.3 Accelerator Workforce Staffing Strategy 

Utilization of Total Laboratory Technical Workforce 
The job categories analyzed in this report are a subset of total laboratory workforce, which is heavily matrixed 
and provides labor, skills and expertise for all laboratory activities and capabilities.  Those include detector 
operations and test facilities (addressed in a later section), experiments, projects and required facilities which 
draw on the same supply of expertise.  In FY 2018, accelerator operations and test facilities utilized 26% of the 
laboratory’s technical workforce FTEs: 36% of the laboratory’s electrical engineers, 55% of electrical 
technicians, 17% of mechanical engineers and 39% of the laboratory’s mechanical technicians (see App. I).  
 
Staffing Strategy 
App I, Table I.2 shows year-over-year FTE staffing gaps by technical job categories. Figure I.1 summarizes 
these projections for all technical job categories. Average historical hiring rates for these technical job 
categories were also considered as a reference point.  Supply/demand gaps in most categories develop in FY 
2020, remain elevated in FY 2021, and spike in FY 2026 mainly due to a gap for Mechanical Technicians. 
Figure 2.3.1 below shows that during the latter part of FY 2018 and FY 2019 to date, hiring rates have 
increased for these technical jobs, with a focus on earlier career adds to staff to increase capacity in advance 
of expected retirements. Hiring rates shown below are for the entire laboratory, and not specific to any 
particular B&R code. 

 
Figure 2.3.1: Prior 36-month technical job category hiring rates.  

 
The critical projected workforce gaps for the next several years, including projects, are for electrical engineers, 
mechanical engineers, electrical technicians, mechanical technicians, and other operations jobs.  The 
laboratory will continue to address staffing shortages by matching and reallocating workforce. Workforce  
reallocation happens annually in the project and division budget planning, and as an ongoing process as new 
initiatives start, such as quantum science and technology, or wind down, such as the national Muon 
Accelerator Program (MAP).  Matching needs and available resources at the skills level is part of this process 
and an ongoing management effort.  While the overall Scientist and Research Associate (RA) demand is flat, 
shifting to fewer Scientists and more RA’s can provide savings.  Where demand cannot be fully met through 
reallocation, other means to address the gap include hiring, outsourcing, contract labor, and lowering the 
attrition rate. The laboratory has historically used contract workers to manage short term demand gaps for 
drafters, designers and certain types of technicians.  This strategy will need to continue, and likely expand. 
Contracting of electricians will also continue, and outsourcing of non-radioactive machining work is planned to 
increase.  Due to the nature of the work and need for extensive experience with specialized equipment, the 
workforce providing high power expertise for supplies and RF, cryogenics, accelerator science, control room 
operations, and control systems are not considered good candidates for outsourcing.  
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The laboratory is also developing methods to improve retention of critical technical staff through compensation 
and other targeted retention programs.  For example, in FY 2018 a scientific pay structure was implemented to 
better align pay for early career scientists to the external market. A similar pay structure evaluation is underway 
for the engineering job family, and a project incentive program is also under development for technical and 
project staff.  
 
Knowledge Transfer 
As a significant portion of the accelerator workforce retires over the next decade, the laboratory must not only 
source replacement workers but also transfer specialized skills and critical domain knowledge. The laboratory 
is currently addressing this need by: 

● Incorporating a new process into the annual budget planning cycle to (1) review and update the critical 
and endangered skills required; (2) reassess lab workforce to update our inventory of staff with these 
skills and (3) encourage division heads and line management to create succession plans for individuals 
with critical skills. The process relies in part on: 

○ The critical skills for accelerator operations and test facilities capabilities are shown in App. H.  
○ Enhanced reporting tools for HR and Division Heads to understand the skills present both inside 

and across their divisions, as shown in App. J.  
○ Using skills data as inputs for developing succession and training plans. A sample of the 

succession planning template currently in use at the laboratory is shown in App. J.  
● Continuing to expand our HR systems infrastructure to facilitate smart, scalable succession planning 

and learning management tools by implementing additional functionality in the laboratory’s human 
capital management system, FermiWorks.  

● Restructuring the laboratory’s training and development functions to create greater efficiency and 
streamline the process for requesting, delivery and tracking of training activities; 

● Expanding the laboratory’s existing mentoring program. 
 
Diversity and Inclusion Efforts 
Fermilab’s recruiting efforts include increasing workforce diversity, especially in technical and scientific jobs. 
App. K shows Fermilab workforce diversity statistics. The laboratory has increased outreach, particularly in the 
engineering community. Fermilab offers the VetTech program, which has provided a very successful pipeline 
for recruiting electrical and mechanical technicians, computing and procurement professionals.  
Also, Fermilab hosts chapters of the Society of Women Engineers and the Society of Hispanic Professional 
Engineers (SHPE), attends the National Society of Black Engineers annual conference, and is preparing to 
attend the 2019 American Indian Science and Engineering Society (AISES) National Conference. Laboratory 
personnel attend numerous targeted recruiting events, and a number of internship and fellowship programs at 
Fermilab provide a diverse pipeline of STEM candidates. More information is provided in App. L.  

3 Detector Workforce 
The laboratory’s draft science plan includes the muon, short- and long-baseline neutrino, collider (CMS 
experiment), and dark matter and dark energy programs. Some of the experiments are currently operating, and 
others will move into the construction, commissioning, and operating phases during the period considered in 
this review. In addition, some experiments will end operations and be decommissioned during this timeframe. 
Finally, the laboratory maintains and operates several test facilities, whose work scope is well-understood and 
stable.  
 
To address the charge in regard to:  
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● needs from project planning for LBNF/DUNE, SBN, and HL-LHC CMS Upgrades, along with other 
major experiments;  

● needs for operational support for ongoing and future experiments and detector R&D efforts; 
the committee has collected the needs for: 

● the LBNF/DUNE, Mu2e, CMB-S4, HL-LHC CMS upgrade projects; 
● operational support to Mu2e, g-2, DUNE, MicroBooNE, SBN, NOvA, Dark Matter and Dark Energy 

experiments (DAMIC/SENSEI/SuperCDMS and DES/DESI/LSST); 
● operational support to test facilities; 
● operational support for detector R&D 

and determined the demand to supply gap for all of the above except for projects (LBNF/DUNE, Mu2e, 
CMB-S4, HL-LHC CMS upgrade). 
 
As a result, this report addresses the workforce needs associated with the following B&R codes: 

● KA2202022 (NOvA, ProtoDuNE, SBN, Common Detector Operations, MicroBooNE, MINERvA, Mu2e, 
Muon g-2) 

● KA230201 (ADMX, CMB-SPT-3G, Dark Matter and Dark Energy Operations) 
● KA250202 (ASIC Facilities, Custom Detector Technologies and Facilities Operations, Rapid 

Prototyping and Custom Detector Technologies Facility, Silicon Detector Facility, Fermilab Test Beam 
Facility) 

 
It should be noted that the needs for CMS detector operations during the LHC and HL-LHC data-taking periods 
are primarily in the area of software and computing and thus not included in the analysis.   Since the charge 
requests to assess the needs for operations (defined as operations of experiments, support to test facilities, 
and support to R&D) the following research/projects B&Rs are not included in the gap analysis:  KA2102022 
(CMS, Research), KA2103011 (HL-LHC CMS MIE), KA220102 (IF, Research), KA2303011 (SuperCDMS-SL), 
and KA2501032 (Det R&D, research). KA2202023 (Complex Supp.) supports at most a few FTEs per year and 
it was not included in the projections because the HEP strategy for General Plant Projects (GPPs) may shift. 
Some scientific effort supported by research funding, as directed by the HEP program, contributes to 
operations but is not included in this analysis. 
 

3.1 Detector Workforce Demands and Required Skills 

The workforce needs are known across the full period of this study, although as in the accelerator case, needs 
in out-years are less precisely known. As seen in Fig. 3.1.1, detector operations show increasing demand 
through FY 2023 to perform Mu2e and SBN detector commissioning and transition to operations.  After FY 
2023, the demand decreases as some experiments transition from construction and commissioning activities to 
steady-state operations, and also due to the less well-defined future plans of the lab. 
 
For detector test facilities, the level of effort needed to operate and maintain SiDet, detector laboratories, IERC 
and the test beam facility is expected to remain relatively constant in support of detector R&D, operations and 
projects. The effort that will go into upgrading test facilities during the planned long shutdown starting in FY 
2025 is expected to be similar to that during stable operations in the prior years.  
  
To fully understand the observed trends, the workforce needs are analyzed as a function of the OHAP 
categories and activities, as shown in Fig. 3.1.2 (left). The overall largest demand for detector and test facility 
operations is in the mechanical technician category, where the muon program (Muon g-2 and Mu2e) and 
DUNE have significant needs in the next decade. The scientist/postdoc category shows similar demands for  
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Figure 3.1.1: Time evolution of FTE demand through 2030 summed over all OHAP categories used in this analysis, for 
detector operations (KA2202022 and KA230201) - left; and detector test facilities (KA250202) - right. 
 
Mu2e and DUNE as seen for the mechanical technicians, and an additional flat demand for operating dark 
matter and dark energy (cosmic) facilities. The demands in the other job categories remain relatively constant 
over time, with small variations driven by planned experiment construction or decommissioning schedules.  For 
example, the planned end of NOvA operations results in a brief upswing in demand for engineers and 
technicians to participate in decommissioning the experiment in FY 2025. The job category labeled as 
“Operations,” which only supports the Muon g-2 experiment, reduces to zero demand after FY 2022, when the 
experiment will be finished and decommissioned.  The table on the right of Fig. 3.1.2 reports the number of 
FTEs and the headcount (both shown as actuals in FY 2018), highlighting the matrixed approach adopted in 
detector operations and test facilities.  
 
  

   
Figure 3.1.2:  Left - Required FTEs per year, through 2030, shown for 8 job categories; the colors indicate different 
activities. Right - Actual total headcount and actual number of FTEs reported in FY 2018 for each job category in the 
chart. This chart includes only operations, that is, on-project labor funds are not included here. 
 
In Fig. 3.1.3, the experiment needs from Fig. 3.1.2 (left) are aggregated into two categories (called Detector 
Ops and Detector Test Facilities) and shown along with the demands of Fermilab Projects (LBNF, Mu2e, 
CMB-S4, and HL-LHC CMS Detector Upgrade). The decrease in demand for almost all job categories in FY 
2026 and later is driven by the assumed termination of current experiment operations for both neutrino and 
muon programs.  This demand roll-off will allow the laboratory to accommodate newly proposed experiments to 
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be determined by the outcome of the upcoming P5 and Snowmass community planning exercises scheduled 
for FY 2022 and FY 2024; many of the high-priority experimental needs determined in these planning 
exercises are not known 10 years in advance.  

 

 
Figure 3.1.3: FTEs needed for detector operations, detector test facility operations and projects in 8 job categories, by 
year through 2030. This chart includes both operations and on-project labor. 
 
In Fig. 3.1.3, mechanical technicians and “Admin” (which includes project management and project controls 
teams) exhibit the highest demand, if scientists and postdoctoral researchers are not considered.  As the Mu2e 
project needs ramp down, LBNF/DUNE project needs ramp up. A similar trend can be seen in mechanical 
engineers and “Additional Technical” for the same reason. The other job categories (electrical engineers, 
electrical technicians) exhibit similar trends, with relatively stable support to operations and test facilities, and 
with variations driven by the completion of the different phases of projects and experiments, in line with the 
draft science plan presented in App. B.  
 

3.2 Detector Workforce Supply and Gap Analysis 

As mentioned in Sec. 3.1, the detector operations and test facility workforce for the Fermilab complex has an 
enormous amount of specialized knowledge particular to the complex, and many members of the workforce 
have decades of experience developing, supporting, and operating the aging complex.  Because of the 
historical long-term employment at the laboratory, the evolution of the current workforce is strongly driven by 
retirements.  Age distributions by skill and OHAP category were developed for this analysis and are discussed 
in App. G.  In each skill and OHAP category, many current employees are eligible for retirement, and as can be 
seen in Fig. 3.2.1, more than half of the current workforce is projected to separate from laboratory employment 
over the next decade.  After FY 2023, the demand decrease shown is artificial as it does not include operation 
of likely new experiments after the long shutdown, which are expected to emerge from the next Snowmass/P5 
process.  
 
The current and projected workforce supply, determined assuming the attrition model described in Sec. 1, is 
presented in the left panel of Fig. 3.2.2 for the job categories included in this analysis.  Mechanical technicians 
show the largest projected attrition rate, which can be understood by looking at the age distribution of  
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Figure 3.2.1: Overall detector operations workforce supply and demand FY 2017 - FY 2030. 

 
technicians, indicated in green in the right panel of Fig. 3.2.2. By comparison, the distribution of engineers by 
age (shown in red on the right panel) is more uniform, resulting in a less severe slope for mechanical and 
electrical engineers in the left panel. 
 
The difference between the demand and the projected supply is presented in Fig. 3.2.3 for each of the job 
categories separately. These results indicate that in most job categories the supply is well matched to the 
currently known demands at the few-FTE level. The exception is in the mechanical technician and 
scientist/postdoc categories, in which significant additional supply will be needed to meet the demands in the 
coming years.  The mechanical technician supply will need to increase to meet the needs of operating  
 

  
Fig. 3.2.2:  Left - Scientific and technical workforce supply FY 2017 - FY 2030.  Right - Age distribution of Detector & Test 

Facility Operations workforce. 
 

experiments and test facilities in the current science plan. The category showing the effort of scientists and 
postdocs reporting time to detector operations B&R’s has a similar trend.  The operations-focused view of the 
workforce in this analysis does not capture the full picture of demand for available scientific resources in 
support of operations that are in some cases supported by research, at the direction of the DOE.   The current 
difference can be met by the existing Research B&R supported scientific resources, but additional planning in 
future years will be needed as the science plan evolves.  Support for those Research B&Rs will be important to 
manage the observed supply to demand difference for those operations activities.  Overall, the supply-demand 
gap shown here would also not enable operation of any new experiments that emerge from the Snowmass/P5 
process in the next 2-3 years without additional effort. 
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Certain skills have been identified as critical to fulfilling lab capabilities, concentrated within the job categories 
presented in this analysis. More information about these critical skills is provided in App. M.  
 

 
Fig. 3.2.3: Magnitude of the gap between resource supply and demand for detector operations and test facilities, on a 
year-by-year basis.  The functional categories included in the “Add’l Technical” and “Admin” job category are defined in 
Figure 3.1.2. 
 

3.3 Detector Workforce Staffing Strategy 

Utilization of Total Laboratory Technical Workforce 
The job categories analyzed in this report are a subset of total laboratory workforce, which is heavily matrixed 
and provides labor, skills, and expertise for all laboratory activities and capabilities.  Those include accelerator 
operations and test facilities (addressed in a previous section), experiments, projects, and required facilities all 
of which draw on the same supply of expertise. In FY 2018, detector operations and test facilities, excluding 
project labor, utilized approximately 7% of the laboratory’s technical workforce (in FTEs): 5% of the laboratory’s 
electrical engineers, 5% of electrical technicians, 10% of mechanical engineers and 16% of the laboratory’s 
mechanical technicians (see App. O).  
 
Staffing Strategy 
Appendix O, Table O.2 shows year-by-year FTE staffing gaps by technical job categories. Figure O.1 shows a 
graphical summary of these projections for all technical job categories. Average historical hiring rates for these 
technical job categories were also considered as a reference point.  Supply/demand gaps, primarily for 
Scientists and Technicians have developed in FY 2019, remain elevated in FY 2020, and spike in FY 2023. 
Figure 3.3.1 below shows that during the latter part of FY 2018 and FY 2019 to date, hiring rates have 
increased for technical jobs, with a focus on earlier career additions to the staff to increase capacity in advance 
of expected future retirements. Hiring rates shown below are for the entire laboratory, and not specific to any 
particular B&R code. 
 
The critical projected detector operations workforce gaps for the next several years are in the areas of 
mechanical technicians and scientists.  In technical job categories such as engineers and technicians, the 
laboratory will continue to address staffing shortages as much as possible by redirecting available workforce 
resources with the necessary skills to meet the needs in other areas.  Matching needs with available resources  
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Figure 3.3.1: Prior 36-month technical job category hiring rates.  

 
is done at the skills level and is an ongoing management effort. Where demand cannot fully be met through 
reallocation, other means to address the gap include hiring, outsourcing, contract labor, and lowering the 
attrition rate. The laboratory has historically used contract workers to manage short term demand gaps for 
drafters, designers, and certain types of technicians.  This strategy will need to continue, and likely expand.  
 
Redirection of some of the scientific workforce is also done, although in this case the emphasis is not only on 
matching skills to areas of need, but also on the scientific interests of the staff.  Redirection of workforce 
resources is an important part of the annual project and division budget planning and is also an ongoing 
process when new initiatives start up or ramp down.  Examples of redirection in response to starting or ending 
initiatives include the start of the new Quantum Science and Technology initiative, for which most of the effort 
has been redirected from other areas of the lab, and the end of operations for experiments such as CDF, 
DZero, and MINOS, which freed up scientific resources that could then be focused elsewhere.  
 
The laboratory is also developing methods to improve retention of critical technical staff through compensation 
and other targeted retention programs.  For example, in FY 2018 a scientific pay structure was implemented to 
better align pay for early career scientists to the external market. A similar pay structure evaluation is underway 
for the engineering job family, and a project incentive program is also under development for technical and 
project staff.  
 
Knowledge Transfer 
As a significant portion of the detector workforce retires over the next decade, the laboratory must not only 
source replacement workers but also transfer specialized skills and critical domain knowledge. The laboratory 
is currently addressing this need by: 

● Incorporating a new process into the annual budget planning cycle to (1) review and update the critical 
and endangered skills required; (2) reassess lab workforce to update our inventory of staff with these 
skills and (3) encourage division heads and line management to create succession plans for individuals 
with critical skills. The process relies in part on: 

○ The critical skills for detector operations and test facilities capabilities are shown in App. M.  
○ Enhanced reporting tools for HR and Division Heads to understand the skills present both inside 

and across their divisions, as shown in App. J.  
○ Using skills data as inputs for developing succession and training plans. A sample of the 

succession planning template currently in use at the laboratory is shown in App. J.  
● Continuing to expand our HR systems infrastructure to facilitate smart, scalable succession planning 

and learning management tools by implementing additional functionality in the laboratory’s human 
capital management system, FermiWorks.  

● Restructuring the laboratory’s training and development functions to create greater efficiency and 
streamline the process for requesting, delivery and tracking of training activities; 
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● Expanding the laboratory’s existing mentoring program. 
 
 
Diversity and Inclusion Efforts 
Fermilab’s recruiting efforts include increasing workforce diversity, especially in technical and scientific jobs. 
App. K shows Fermilab workforce diversity statistics. The laboratory has increased outreach, particularly in the 
engineering community. Fermilab offers the VetTech program, which has provided a very successful pipeline 
for recruiting electrical and mechanical technicians, computing and procurement professionals.  
Also, Fermilab hosts chapters of the Society of Women Engineers and the Society of Hispanic Professional 
Engineers (SHPE), attends the National Society of Black Engineers annual conference, and is preparing to 
attend the 2019 American Indian Science and Engineering Society (AISES) National Conference. Laboratory 
personnel attend numerous targeted recruiting events, and a number of internship and fellowship programs at 
Fermilab provide a diverse pipeline of STEM candidates. More information is provided in App. L.  

4 Accelerator Facility Modernization 
4.1 Accelerator Facilities Overview 

The Fermilab accelerator complex is the quintessential element of the laboratory.  The key elements of the 
accelerator complex are the Main Injector (MI), the Booster, and the Linear Accelerator (LINAC). Fermilab will 
soon benefit from the PIP-II upgrade to the LINAC, enabling megawatt beams for neutrinos.  Additional 
enhancements beyond the specified constraints of the PIP-II project are needed to maximize the value of the 
upgrade.  Further, the accelerator complex requires persistent support to continue to provide world-class high 
energy physics capability.  Elements of the complex continue to operate well beyond their expected service 
life.  Dedication and ingenuity have delivered a reliable beamline for decades, but the components of this 
system are now producing diminishing returns, and in some cases generating operational risk due to 
obsolescence of replacement parts. 
 
Maintaining Fermilab’s capabilities on the cutting edge of science requires a robust accelerator test capability. 
State of the art testing allows both rapid implementation of new systems and successful refurbishment and 
verification of venerable ones.  In this review, the principal foci of accelerator testing are SRF, magnets, and 
cryogenics.  Planned conventional facility upgrades will improve workflow and maximize throughput of the 
technical campus to support increasing demand in the coming years.  Outfitting those spaces with modern 
equipment presents an opportunity to meet anticipated demand increases supporting PIP-II, HL-LHC, and 
LCLS-II and increase production efficiency, while mitigating end-of-life inventory risks.   As always, safety plays 
an integral role in the success of the lab.  Fermilab maintains a strong day-to-day safety culture, and its 
influence is undeniable in burgeoning capabilities and future plans.  

4.2 Accelerator Equipment and Facilities Requirements 

Fermilab senior managers and SMEs identified 93 unique investment opportunities through FY 2030.  These 
equipment and facility needs will increase capability, reliability, and or system resilience.  Of these, 23 are 
recurring updates to ensure system sustainment and 70 are one-time needs.  Two of the needs support safety, 
54 support the accelerator complex, and 37 support accelerator test facilities.  The full prioritized listing is 
available in App. E and identifies each modernization along with the proposed fiscal year(s) of execution, 
sortable usage information, and respective B&R code. 
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Within the accelerator complex, 39 proposals support the main injector, 3 proposals support the booster, 1 
supports the LINAC, and 11 support the general complex.  The five highest priority needs are: 

1. BNB horn charging supply (general complex) 
2. Replace obsolete controls hardware (general complex) 
3. Control power supplies and dipole/quad rectifiers (MI) 
4. Refurbish Main Injector RF cavities (MI) 
5. Replace ion pump cables in hot areas (general complex) 

Within accelerator testing, 17 proposals support SRF, 16 support magnets, and 4 support cryogenics.  The 
highest priority needs are: 

1. Industrial Building (IB) 1 capacity - Phase I  (cryogenics) [Installation & commissioning of the IB-1 
cryoplant] 

2. Consolidate/upgrade of IB4 facility for SRF cavity processing - move shipping and receiving, move 
cavity mechanical polishing tool, low temperature ovens, high vacuum furnaces, and RF lab (SRF) 

3. New IB4 SRF vertical test assembly cleanrooms with HPR stands which is current bottleneck for 
projects and research (SRF) 

4. Purchase and commission new cryomodule string assembly cleanroom in MP9 in preparation for PIP-II 
(SRF) 

5. Cryogenic Facility controls upgrade (cryogenics) 
6. IB1 capacity - Phase II (cryogenics) [replace helium cryoplant] 

4.3 Accelerator Facilities Modernization Strategy 

Fermilab used a three-step process to review and prioritize the line item needs.  A step-by-step guide to this 
process can be found in App. E.  This application yielded the “total FOM” score listed in the chart.  The FOM 
score was the most influential factor when assigning ranks to laboratory modernization priorities.  
 
The priority of each line item is subject to variation based on the year listed.  This aligns with both laboratory 
priorities and the evolving urgency of need.  For example, the line item: relocating ten decayed calibrated Cs 
sources and upgrade/modernize linear positioning and interlocks has the single highest FOM in the lab, but it 
isn’t expected to be purchased until FY 2024.  It therefore does not influence the hierarchical rankings of years 
prior or subsequent.  Similarly, some items change priority between years. The line item: Replace Ion Pumps 
(muon source) is listed by the SMEs as Accelerator Division’s number eight priority in FY 2021 but elevates to 
number 3 in FY 2023 in support of g-2 Mu2e.  This line item holds a middling overall lab rank through both 
years, based on competing priorities each year.  
 
The decreasing number of needs in the out years is a product of reduced predictability and not necessarily a 
reflection of actual need in those years.  A mild increase in the number of projects and cost in FY 2022 is 
driven by modernization demand for Accelerator-complex Boosters and Accelerator-test cryogenics, which 
exhibits in Accelerator Modernization Cost ($M) by Report Subdivision per Fiscal Year, App. E.  This capacity 
increase will support the total increased demand generated by PIP-II, HL-LHC, and LCLS-II.  
 
In considering the laboratory’s science strategy and when an investment is needed, Fermilab’s highest priority 
needs by year are listed below. 
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FY 2020: Increased capacity at IB-1 with a new cryoplant (to support LCLS II and PIP II demand increase); 
consolidate/upgrade of IB4 facility for SRF cavity processing (to support demand increase); new IB4 vertical 
test assembly (support demand increase); IB1 existing cryo plant upgrade; BNB Horn Charging supply (to 
support the short baseline neutrino program).  

FY 2021: Purchase and commission new cryomodule string assembly cleanroom in MP9 (in preparation for 
PIP-II); Controls hardware replacements needed for current ACNET system; New scanning electron 
microscope/focused ion beam instruments; New high vacuum furnaces; Vertical magnet test facility Quench 
and control electronics upgrade. 

FY 2022: New IB4 vertical test assembly (support SRF demand increase); increased capacity at IB-1 (to 
support LCLS II and PIP II demand increase); replace obsolete controls hardware (accelerator complex, 
continued from ‘21); upgrade SRF QIS facilities; new RF ferrite bias supplies 

FY 2023: Replace obsolete controls hardware (accelerator complex, continued from ‘21); refurbish MI RF 
cavities; new RF ferrite bias supplies; new dilution refrigerators for SRF Quantum Science and Technology 
(QST) R&D and associated laboratory infrastructure (expand current capacity); TEM for extreme high 
resolution microscopic studies of SRF materials 

FY 2024: Replace obsolete controls hardware (accelerator complex, continued from ‘21) ;  refurbish MI RF 
cavities; upgrades to SRF QIS facilities to accommodate growing scope of work (dark sector searches, 
quantum communication, scaling up to many-qubit operation); new RF ferrite bias supplies; new magnetic 
measurement, stand monitoring, and diagnostic system and servers 

FY 2025: NML (FAST) plant upgrade to replace existing 40+ year old cold-boxes with helium liquefiers (Cryo 
support for FAST/IOTA); new and more advanced high vacuum furnaces/ovens (to replace/augment existing 
aging furnaces for Nitrogen doping); replace sump discharge lines (main injector); replacement for high-power 
tetrodes (main injector); recable SY120 

FY 2026 - FY 2030: New dilution refrigerators for SRF QIS R&D and associated laboratory infrastructure; test 
stand data acquisition system (DAQ) upgrade (measures SC stand performance, current system obsolete); 
new magnetic measurement, stand monitoring and diagnostic systems and servers; robotic assembly R&D 
facility for performance advancement, cost savings, and reliability in future cryomodule assemblies. 

5 Detector Facility Modernization 
5.1 Detector Equipment and Facilities Overview 
The laboratory’s strategy for modernizing its detector facilities is focused primarily on extending the life and/or 
improving the technical infrastructure supporting detector systems, such as instrumentation, testing and 
diagnostics, precision assembly and measurement, specialized machining, and unique industrial coating 
capabilities.  This strategy is aligned with the lab’s Detector R&D Plan in App. Q. Most of these systems have 
surpassed their typical service life and some are inefficiently arranged so that although they are operational, 
they continue to negatively impact lab efficiency and effectiveness by lagging operating pace, requiring repair 
at increasing frequency, or relying on one-off parts that are no longer industry standards. 

This report focuses on capabilities that support development, assembly, testing, installation and repair of 
detectors, not the detectors themselves. Fermilab’s Detector Facility needs generally support three major 
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areas:  the Integrated Engineering and Research Center facility (IERC, expected to be completed in FY 2022), 
other existing detector assembly facilities, neutrino research facilities, and other equipment.  

● The IERC will include state-of-the-art laboratories and technical spaces within a vibrant collaborative 
environment and is intended to connect technicians, engineers and scientists and bring multiple areas 
of expertise to Fermilab’s core campus.  Functions that will move to IERC when completed include 
Silicon Detector Facility (SiDet) functions as well as ASIC and front-end electronics R&D.  

● Other existing detector support facilities include development and production capabilities such as 
cleanrooms, laboratories and industrial areas.  These facilities are used for detector construction, 
assembly, control, and testing supporting high energy physics and astrophysics experiments.  Some of 
the spaces vacated as part of the IERC outfitting (Labs A, C, and D) will be repurposed to provide 
clean-room space currently in Lab 3 and also improve on processes currently in Labs 6 and 7. This is 
consistent with the Campus Master Plan.  

● The neutrino research facilities include various detector facilities, supporting the Short Baseline Near 
Detector, Short Baseline Far Detector (ICARUS), MicroBooNE, and the NuMI underground area. 

Similar to accelerator facilities, this assessment does not address conventional facilities infrastructure.  Those 
items are being addressed separately through the laboratory’s infrastructure recapitalization initiative being 
coordinated with the Office of Science (High Energy Physics and Science Laboratories Infrastructure 
programs) and were therefore determined to be outside the scope of this charge.  

5.2 Detector Facilities Modernization Requirements 
 
Fermilab senior managers and SMEs identified a list of approximately 40 unique investment opportunities 
needed to support the laboratory’s detector facilities through FY 2030.  These equipment and facility needs will 
increase capability, reliability, efficiency and/or system resilience.  Of the roughly 40 investment opportunities, 
32 are one-time needs and the remaining 9 are recurring updates to ensure system sustainment. Of the needs, 
22 are for items that have or will soon reach end of life, 5 support safety, 22 will improve process reliability, 23 
will enhance the laboratory’s technical capabilities, and 16 are needed to outfit the IERC facility (note that 
some needs meet more than one need).  The full prioritized list is available in App. E and identifies each 
investment along with the proposed fiscal year(s) of execution, sortable usage information, and respective B&R 
code. 

Fermilab’s facility needs include those that outfit the new IERC facility and provide new capabilities, those that 
replace or update obsolete or end-of-life items, and those that accomplish both.  New facility/capability items 
include an ArgonCube test area and a noble liquid detector test facility that would be used to pursue further 
detector science research and support DUNE.  
 
Fermilab’s highest priority needs to outfit the IERC facility are:  

- An ArgonCube test area 
- DUNE Near Detector Project Lab 
- Quantum Science and Technology 
- ASIC chip testing robot 
- Cold electronics test lab for liquid argon experiments 
- Test and measurement equipment for ASIC and front-end electronics 
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Outfitting IERC will also resolve a number of existing Fermilab facility problems due to obsolete and end of life 
assets in SiDet facilities.  These include: 

- Chiller failure in SiDet (roughly once per year) 
- HVAC/humidification systems failure in Labs C and D (roughly twice a month) 
- HVAC failure in the wire bonding room (roughly annually) 
- House vacuum failure in silicon production areas (roughly twice a year) 
- Liquid nitrogen supply system failure (roughly once a year) 

 
Other significant problems with existing equipment include the liquid helium system supporting the Muon 
Campus, and PLC and computer equipment failure across the detector facilities.  The existing liquid helium 
equipment leaks frequently and introduces impurities into the system, requiring roughly one day of 
flushing/week.  This also risks leading to a non-linear response of the cryo system, resulting in dumping the 
magnet to avoid quench. To manage the non-linear behavior and avoid upsets, the lab has increased staffing. 
At other facilities (notably MicroBooNE and Far Detector sites) computer failures impact cryogenic and network 
systems (roughly twice a year). 
 
Fermilab used a three step process to review and prioritize the line item needs.  A step-by-step guide to this 
process can be found in App. E.  This application yielded the “total FOM” score listed in the chart.  The FOM 
score was the most influential factor when assigning ranks to laboratory modernization priorities.  
 
The priority of each line item is subject to variation based on the year listed.  This aligns with both laboratory 
priorities and the evolving urgency of need. Based on application of the figure of merit, the top five prioritized 
needs for the lab, regardless of year, are:  a full flow helium purifier to support the Muon g-2 and Mu2e 
experiments; an ArgonCube test area to enable IERC functionality; outfitting of a project lab in IERC to support 
the DUNE Near Detector; and improvements to the Neutrino Campus including replacement of air 
compressors, electrical and networking infrastructure upgrades, and sump replacement. 

5.3 Detector Facilities Modernization Strategy 
Overall, based on the estimated cost of equipment and facility needs, 21% of the items identified through FY 
2030 are for outfitting the IERC. The outfitting of IERC is represented from FY 2022 - FY2024, and includes 
fourteen items costing a total of $6.37M.  Other needs during that period include replacement of computing and 
PLC assets that have reached end of life ($1.4M).  

The total to support every proposal listed from FY 2020 - FY 2030 is $21.79M, though this figure necessarily 
ignores modernization requests that have not yet been developed, likely in out-years beyond 2025.  Some 
needs recur on a regular cycle and are repeated across numerous fiscal years. The IERC will centralize 
capabilities in one location, fostering collaboration and limiting redundancy. Funding these investments will 
allow outfitting the IERC with up-to-date equipment and reduce the up-front cost of moving older equipment 
from current locations as well as reduce repair frequency and subsequently reduced operational interruptions, 
discussed above.  

When considering the lab’s science strategy and the timing of when an item or asset is needed, Fermilab’s 
highest priority needs by year are listed below. 

FY 2020:  a full flow helium purifier to support Mu2e, which presents an operational risk to the project; neutrino 
campus facility improvements (MINOS underground area modernization and safety improvements); a noble 
liquid detector development facility (to conduct the research and development needed for next generation 
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noble liquid detectors, including support for DUNE); a chip testing robot (to replace the end of life custom 
device); and updated instrumentation of beam, experiments and process controls for the test beam.  Other 
critical needs include equipment for SiDet and ASICs development as well as assembly equipment for CMS 
HL-LHC upgrade. 

FY 2021:  neutrino campus facility improvements (replace outdated equipment); upgrade of existing human 
machine interface (HMI) to replace existing assets reaching end of life; a fast oscilloscope for detector 
construction and quality control; a large 5-axis router to replace end of life equipment; and a molecular beam 
epitaxy coating system 

FY 2022:  an ArgonCube testing area for the IERC facility; outfitting of a project lab for the IERC DUNE Near 
Detector; outfitting of an Upper Floor cold electronics test lab for liquid argon experiments; replacement of 
computing and PLC; and modernization of lab test and measurement equipment that has reached end of life 

FY 2023: replacement of computing and PLCs(test beam and core functions); two machines for coordinate 
measuring to support IERC outfitting and replace existing machines at end of life; a wirebonder to replace an 
existing machine at end of life; outfitting IERC with an X-ray irradiation and test facility for complete ASIC 
testing; and various test and measurement equipment needed to outfit IERC  

FY 2024: replacement of computing and PLC; laser trackers to replace those at end-of-life (alignment); and a 
12” automatic probe station with cold chuck to outfit IERC 

FY 2025: modernization of beam, experiments and process controls instrumentation at the Test Beam; 
replacement of computing and PLC; investment in test, measurement, and fabrication equipment to replace 
existing end of life assets; and a wirebonder to replace existing equipment reaching end of life 

FY 2026 - FY 2030:  ongoing investment in test, measurement, and lab equipment to replace existing end of 
life assets;  replacement of computing and PLC; and laser trackers to replace existing end of life assets 

6 Summary 
For both accelerators and detectors, an extensive study of the workforce needed for the known and projected 
future science operations was performed.  The emphasis was on understanding what personnel level would 
provide a solid baseline workforce, and not on fitting into a particular budget scenario.  The workforce needs 
are well understood, and the personnel analysis shows that by 2030, more than half the current personnel 
devoted to those efforts will no longer be available because of retirements or separations for other reasons. 
The replacement rate needed to staff operations each year is not substantially different than historical levels 
and is manageable. As future planning processes change the science program, moderate changes in 
workforce needs can be accommodated with the lab’s current HR systems.  For the science plan used, the 
needs are stable, with an increase post-2025 to support the new PIP-II linac.  For accelerators, modest 
investment in modernization will improve reliability and maintainability, but did not result in identified reductions 
in overall workforce needs.  For detectors, the drop in apparent need largely reflects a lack of knowledge about 
post-2025 program direction.  Mentoring, succession planning, and training a modern workforce to meet future 
needs will be more important than ever to ensure a supply of technical personnel in the areas of radio 
frequency, high power, cryogenics, controls, fabrication and instrumentation to support the large-scale 
infrastructure needed to power the discovery science planned for the next decade.  
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The accelerator modernization needs are highest in the Fermilab Booster, Main Injector, and Recycler ring, 
because the Linac will be replaced in the mid-2020’s by the new world leading PIP-II SRF Linac.  The 
accelerator test facilities needs are greatest in cryogenics and facility consolidation in support of production. 
The highest priority detector modernization is for the future Integrated Engineering Research Center (IERC).  

Continuing to provide efficient, safe, and modernized operations in the current complex over the next decade 
will require further, but modest, investment in the existing large-scale infrastructure that drives the science 
program for HEP at Fermilab.  
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Appendix A: Fermilab Accelerator and Detector 
Modernization Review Charges  
  

A1 - Accelerator Charge 

 
 Department of Energy 

Office of Science 
Washington, DC 20585 

  
Dr. Nigel Lockyer 
Director, Fermi National Accelerator Laboratory 
Fermi National Accelerator Laboratory 
PO Box 500: 105 (WH 2E) 
Batavia, Illinois 60510-5011 
  
RE: Accelerator Modernization Plan 
  
 Dear Dr. Lockyer: 
  
The Office of High Energy Physics (OHEP) of the Department of Energy (DOE) has completed the first phase 
of the Laboratory Optimization process. The need to develop a forward-looking accelerator workforce plan and 
to modernize aging accelerator equipment at Fermilab were identified as key steps needed to ensure 
Fermilab’s ability to support world-leading science for decades to come. 
  
This letter serves to charge Fermilab with developing an Accelerator Modernization Plan which, upon 
completion, will be reviewed by an external panel of experts. The plan is expected to guide investments in this 
critical laboratory capability over the next decade. 
  
Background 
Operations costs associated with the Fermilab Accelerator Complex are a dominant driver of operating costs 
for HEP experiments at Fermilab, now and continuing into the LBNF/DUNE era. Analysis performed during the 
Lab Optimization process has heightened concerns about the sustainability of the complex, the progress 
to-date in transitioning from a Tevatron-era operations workforce to an LBNF/DUNE-era workforce, and the 
overall efficiency of the accelerator portion of Fermilab’s program. 
  
Parts of the Fermilab Accelerator Complex are over 50-years old, and HEP plans to run the complex well 
beyond 2040. A major step to modernize the complex is Proton Improvement Plan II that will replace the 
current linac, but smaller improvements will be needed around the complex to keep it operating efficiently and 
effectively. 
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Charge 
Fermilab will develop an Accelerator Modernization Plan that: 
1) Analyzes the accelerator operations needs in the LBNF/DUNE era and makes a projection of how the 
workforce composition must evolve over the next 10 years to reach this state. Analysis must include: 
a.     Projections of the needed workforce population and composition, resolved at the level of specific skills; 
b.     Analysis must take account of what is known from the project planning for LBNF/DUNE and PIP-II and 
include a thorough estimation of operations needs in the LBNF/DUNE era; 
c.      Integration of the operational support needed for Fermilab accelerator project obligations (HL-LHC), 
neutrino and muon experiments (NOvA, Mu2e, etc.), and accelerator R&D efforts[1]  including the operation of 
relevant test facilities; 
d.     Discussion of what skills must reside at Fermilab, what may be contracted out, and how to restructure the 
resident workforce to efficiently couple the two. Factors to consider in this analysis include risk to operations 
and current market conditions. 
Where the analysis indicates significant changes to the workforce are necessary, a strategy to adapt the 
workforce must be discussed. 
  
2) Analyzes the support effort needed for the current accelerator equipment, looking for one-time 
investments that will increase operational efficiency and reduce costs. All accelerator facilities, whether 
currently deployed for operations, project construction, or R&D purposes, must be considered in this analysis, 
including accelerator test facilities and supporting accelerator-specific infrastructure. For the purposes of this 
Accelerator Modernization Review, omit work scope already included in the submitted refurbishment AIPs[2]. 
Focus areas may include: 
a. Upgrading/replacing low mean time to failure (MTTF) and/or high mean time to repair (MTTR) 
accelerator equipment; 

b. Opportunities to consolidate similar equipment at one location; 

c. Repetitive tasks that can be partially or completely automated; 

d. Non-technical infrastructure upgrades that significantly impact accelerator operational efficiency. 

Key Assumptions 
The key assumptions to use when developing the Accelerator Modernization Plan are: 
·       LBNF/DUNE, HL-AUP, and PIP-II funding is based on the most recent guidance provided by HEP. 
· The technical scope of the refurbishment AIPs documented in the first two FWPs submitted to HEP are 
not included in this assessment, but the balance are;[CE1]  

·       Funding guidance for accelerator ops, GARD, and test facilities are summarized in the table below[3] 

  

29 



 
 
Reporting Requirements 
The resultant Modernization Plan should be completed and will be reviewed in early 2019, in time to influence 
the formulation of the FY2021 Budget, with an interim status report to be provided by June 2018. The narrative 
of the report should be brief, describing the analysis methodology, highlights of the findings, and a strategic 
plan to address identified challenges in not more than 10 pages of text. Appendices to the report can be 
extensive and should contain: 
(1)   An accelerator operations staffing model, developed as a spreadsheet with FTEs resolved by skill-set and 
by year from 2017 until 2030; the model should be parametrically driven by (1) a table enumerating the 
projected operating hours of the primary accelerator-driven experiments and (2) a high-level table enumerating 
the projected operating needs of the accelerator R&D efforts. An Excel file should be provided in addition to the 
printed tables. The tables and spreadsheet should not include the names of any personnel. 
(2)   The current operations watch-list of the most frequently occurring events that disrupt beam operations, 
along with MTTF and MTTR statistics; 
(3)   An equipment watch-list of the most likely to fail equipment still in active use for non-operations 
accelerator uses (i.e., accelerator R&D, completing accelerator construction projects) with a significant 
replacement cost (e.g., more than $100,000); 
(4)   A list of one-time investment opportunities, including (1) initial cost estimates[4] and (2) ROI estimates, 
assuming a 10-year investment recovery time. This list may include both equipment purchases and one-time 
efforts (e.g., to create and deploy automation software.) 
Process 
OHEP will invite a panel of experts with broad operations experience at other major accelerator facilities 
worldwide to review the completed Modernization Plan at Fermilab in early 2019. Reviewers will be asked to 
evaluate the Accelerator Modernization Plan based on (1) the thoroughness of the analysis, (2) comparison 
with the staffing composition and degree of automation and outsourcing achieved by other large-scale, aging 
accelerator facilities, (3) adequacy of the plan to adjust to foreseen contingencies, and (4) overall feasibility of 
the plan. 
  
Performance Incentive 
Performance on this assignment will be included as a key element of the lab performance evaluation for FY 
2018 and FY 2019. 
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We expect that the Accelerator Modernization planning process will be helpful to the laboratory in planning 
future accelerator workforce, equipment, and infrastructure investments.  
  
  
 Sincerely, 
  
  
  
 James Siegrist 
 Associate Director 
 Office of High Energy Physics 
  
  
  
cc:  Michael Procario, DOE-HEP 
 Glen Crawford, DOE-HEP 
 Eric Colby, DOE-HEP 
 L.K. Len, DOE-HEP 
 Michael Weiss, FSO 
 

 
[1] Note that this Modernization Review is concerned with understanding how Fermilab’s accelerator R&D 
plans impact accelerator operations, and not with the merit or quality of the R&D, which will be reviewed 
separately during the GARD Comparative Review process. 
[2] Formerly called PIP-I+ 
[3] This guidance is for the purpose of preparing the modernization plan.  Actual funding will depend on actual 
appropriations and peer reviews. 
[4] Estimates for equipment purchases should include the cost of effort to implement the new equipment.   
  

 
 [CE1]This needs a better description (e.g. FWP #s for the approved AIPs) 
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A2 - Detector Charge 
  

Department of Energy 
Office of Science 

Washington, DC 20585 
  

  
Dr. Nigel Lockyer 
Director, Fermi National Accelerator Laboratory 
Fermi National Accelerator Laboratory 
PO Box 500: 105 (WH 2E) 
Batavia, Illinois 60510-5011 
  
RE: Detector Modernization Plan 
  
  
Dear Dr. Lockyer: 
  
The Office of High Energy Physics (OHEP) of the Department of Energy (DOE) has completed the first phase 
of the Laboratory Optimization process. The need to develop a forward-looking workforce plan, to updated 
production and development equipment, and an integrated management approach to Fermilab’s detector 
efforts were identified as key steps needed to ensure Fermilab’s ability to support world-leading science for 
decades to come. 
  
This letter serves to charge Fermilab with developing a Detector Modernization Plan which, upon completion, 
will be reviewed by an external panel of experts. The plan is expected to guide investments in this group of 
critical laboratory capabilities over the next decade. 
  
Background 
Operations costs associated with the Fermilab Detector Capabilities are a driver of operating costs for HEP 
experiments at Fermilab, now and continuing into the LBNF/DUNE era. Analysis performed during the Lab 
Optimization process has heightened concerns about the sustainability, the match to future needs, and the 
overall efficiency of the Detector portion of Fermilab’s program as it pertains to detector R&D, fabrication, and 
operations. 
  
Charge 
Fermilab will develop a Detector Capabilities Modernization Plan that: 
1) Analyzes the detector R&D, fabrication, and operations needs in the LBNF/DUNE era and makes a 
projection of how the workforce composition must evolve over the next 10 years to reach this state. 
Analysis must consider: 

a. Needs known from the project planning for LBNF/DUNE and SBN, HL-LHC CMS upgrades, and other 
major experiments to be built in the next 10 years; 

b. Needs for operational support for ongoing and future LHC, neutrino and muon experiments, and 
detector R&D efforts; 
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c. The need to maintain a properly balanced and vibrant detector R&D program. 

Projections of the needed workforce population and composition must be resolved at the level of specific skills. 
Where the analysis indicates that significant changes to the workforce are necessary, a strategy to adapt the 
workforce must be presented, including a discussion of what skills must reside at Fermilab, what is best 
contracted out to university groups or industry and how to restructure the resident workforce to efficiently 
couple the two. Factors to consider in this analysis include unique capabilities, expertise, cost, availability, and 
risk to operations. 
  
2) Analyzes the support needed for the current facilities for detector R&D, fabrication, and assembly and 
test, looking for one-time investments that will increase operational efficiency and reduce costs. Focus 
areas may include: 

a. Opportunities to consolidate similar equipment at one location; 

b. Repetitive tasks that can be partially or completely automated; 

c. Non-technical infrastructure upgrades that materially impact the cost effectiveness of detector R&D, 
fabrication, and operations; 

d. Opportunities to strategically enhance unique, high-impact detector capabilities through capital 
investments. 

  
Key Assumptions 
The key assumptions to use when developing the Detector Modernization Plan are: 
· The B&R codes included in this review are: KA2102022 (CMS), KA2103011 (HL-LHC CMS MIE), 
KA220102 (IF Research), KA2202022 (IF Det & Comp), KA2202023 (Complex Supp.), KA230201 (DES, 
ADMX), KA2303011 (SuperCDMS-SL), KA2501032 (Det R&D), and KA250202 (Det Infra. And TF). 
  
Reporting Requirements 
The resultant Modernization Plan should be completed and will be reviewed in early 2019, in time to influence 
the formulation of the FY 2021 Budget, with an interim status report to be provided by July 31st, 2018. The 
narrative of the report should be brief, describing the analysis methodology, highlights of the findings, and a 
strategic plan to address identified challenges in not more than 10 pages of text. Appendices to the report can 
be extensive and should contain: 
(1)   An Integrated Detector R&D Management Plan covering the detector projects, detector facility operations, 
and long-term detector R&D. The Plan should be no more than 4 pages in length and concisely outline the 
following points as they apply to the detector capabilities at Fermilab: 

a. How is lab-wide strategic planning accomplished? 

                                                        i. By what principles and process is this strategy formulated, updated, and 
communicated? How are long-term objectives prioritized and coordinated? 

                                                      ii. What external advisory mechanisms are employed? 

                                                     iii. What are the roles of the various levels of lab management in the strategy 
development process? 

b. How is tactical planning accomplished? 

                                                        i. How is the balance between long-term R&D and near-term exigencies 
maintained? How are resources coordinated across budget codes and FNAL divisions? 
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                                                      ii. What principles and process guide make/buy/collaborate decisions? 

                                                     iii. What are the roles of the various levels of lab management in the 
decision making process? 

(2)   A detector R&D and operations staffing model, developed as a spreadsheet with FTEs resolved by 
skill-set and by year from 2017 until 2030; the model should be parametrically driven by (1) a table 
enumerating the projected operating hours of the primary experiments and (2) a high-level table enumerating 
the projected operating needs of the detector R&D efforts. An Excel file should be provided in addition to the 
printed tables. The tables and spreadsheet should not include the names of any personnel. 

(3)   The current operations watch-list of the most frequently occurring events that disrupt detector facilities 
operations (not including accelerator problems), along with MTTF and MTTR statistics; 

(4)   An equipment watch-list of the most likely to fail equipment still in active use for non-operations uses (i.e., 
detector R&D, completing detector construction projects) with a significant replacement cost (e.g., more than 
$100,000); 

(5)   A list of one-time investment opportunities, including (1) initial cost estimates[1] and (2) ROI estimates, 
assuming a 7-year investment recovery time. This list may include both equipment purchases and one-time 
efforts (e.g., to create and deploy automation software.). 

Process 
OHEP will invite a panel of experts with broad operations experience at other major high energy physics 
facilities worldwide to review the completed Modernization Plan at Fermilab in early 2019. Reviewers will be 
asked to evaluate the Detector Modernization Plan based on (1) the thoroughness of the analysis, (2) 
comparison with the staffing composition and degree of automation and outsourcing achieved by other 
large-scale physics laboratories, (3) adequacy of the plan to adjust to foreseen contingencies, and (4) overall 
feasibility of the plan. 
  
Performance Incentive 
Performance on this assignment will be included as a key element of the lab performance evaluation for FY 
2018 and FY 2019. 
  
  
We expect that the Detector Modernization planning process will be helpful to the laboratory in developing an 
integrated management approach and robust plans for future detector workforce, equipment, and infrastructure 
investments.  
  
  
 Sincerely, 
  
  
  
 James Siegrist 
 Associate Director 
 Office of High Energy Physics 
  
  
  
cc:  Michael Procario, DOE-HEP 
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 Glen Crawford, DOE-HEP 
 Eric Colby, DOE-HEP 
 Helmut Marsiske, DOE-HEP 
 Michael Weiss, FSO 
 

 
[1] Estimates for equipment purchases should include the cost of effort to implement the new equipment 
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Appendix B: Draft Science Plan 
 

The laboratory’s draft science plan is based on the currently known schedule for current and future operating 
experiments. The science plan includes operations, project and research funded lab activities exported from 
the laboratory’s Strategic Planning System (SPS). The SPS encompasses lab goals and objectives, lab 
activities and lab capabilities. Lab goals and objectives define the laboratory’s strategy, aligned with the P5 
Plan for U.S. particle physics. Lab activities flow down from lab goals and objectives and define the science 
plan. Lab capabilities identify resources by identifying lab competences and facilities. Accelerator and detector 
operations in the out-years are drafts and in some cases are placeholders where it seems likely that operations 
activities will continue. These out-year lab activities are included to address the Accelerator and Detector 
Modernization charges that request the development of plans that extend to FY 2030, while recognizing that 
the U.S. particle physics community together with DOE/HEP will determine future directions as part of the next 
decadal planning process. The lab activities that define the laboratory’s draft science plan provide the 
framework for workforce and facility planning by defining the scope of work and the timing of lab activities 
through FY 2030. 

The science plan is shown on the following pages. Each row represents a lab activity. Lab activities are 
grouped by strategic theme and include activities for the following themes: 

● Accelerator Science and Technology 
● Collider Science 
● Computing for Science 
● Cosmic Science 
● Mission Support 
● Neutrino Science 
● Precision Science 
● Quantum Science 

The first column shows the name of the lab activity, and the second column identifies the activity type 
(operations, project, or research). The columns labeled FY19 - FY30 show timelines for lab activities. Cells that 
are shaded dark blue for a particular activity indicate that the lab activity is “active” with people charging effort 
to the lab activity. The absence of the dark blue shading indicates that the lab activity is not active for a 
particular fiscal year. For example, the lab activity “PIP2IT Operations” is expected to be completed in FY 
2021, so none of the cells for FY 2022 - FY 2030 are shaded. 

For the workforce gap analysis presented in this report we include FTE estimates per year for all of the 
operations-funded lab activities in the science plan with the following exceptions. For the Collider Science 
strategic theme we exclude “CMS Detector Operations”, since it was excluded from the scope of this report. 
We exclude FTE estimates for operations-funded lab activities for Computing for Science because these 
activities were also excluded from the scope of this report. 
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Appendix C: Lab Capabilities Information 
To develop projections of how the laboratory’s workforce and facilities must evolve over the next decade, a lab 
capabilities database developed for the OHEP FY 2017 Lab Optimization exercise was repurposed and 
updated in order to develop a more complete set of lab capabilities that could be used for lab-wide planning 
purposes. The lab capabilities are listed in this appendix (Tab. C.1) and are defined as either a lab competence 
(expertise) or a lab facility that includes equipment and the people needed to maintain and operate the 
equipment. Each entry in the table shows the name of the lab capability, capability type, capability owner, and 
a description of the capability. The lab capabilities were used for workforce analysis by including them in 
spreadsheets that were used to collect resource needs for individual lab activities. Two spreadsheets are 
included as examples in App. D for Main Injector Operations and Target Systems Operations lab activities. The 
spreadsheets include entries that identify the estimated number of FTEs by OHAP functional category and 
functional role needed annually through FY 2030 and identify the lab capabilities needed to accomplish the 
work. Independently, capability managers identified numbers of FTEs associated with each lab capability by 
OHAP functional category for future workforce analyses. All of the resource needs data were imported into a 
master spreadsheet and consolidated to forecast total FTEs needed through FY 2030. 

 
Lab Capability Capability Type Capability 

Owner 

Lab Capability Description 

Accelerator and 

Beam Physics 

Expertise 

Lab Competence Accelerator 

Division 

Accelerator and beam physics expertise includes the 

knowledge, skills, and ability to study beam physics in existing 

machines and to commission the FAST/IOTA facility and to 

plan, design and conduct experimental studies of high-current 

beam dynamics in integrable nonlinear focusing system and 

with electron lenses. Includes expertise in general and 

advanced accelerator concepts (skills, and abilities needed to 

carry out modeling and experimental accelerator R&D). 

Includes expertise in beam optics, instrumentation and 

diagnostics, coherent and incoherent stability, beam loading, 

numerical evaluation of space charge effects, the 

Panofsky-Wentzel theorem for accelerator power efficiency 

calculations, transverse beam stability with BNS-damping, 

time-dependent and/or nonlinear focusing, interplay of linac 

and BDS (beam delivery and FF systems). 

Accelerator Complex 

Operations Expertise 

Lab Competence Accelerator 

Division 

The expertise required for general accelerator operations 

includes 24x7 operating and monitoring of the accelerator 

complex, and accelerator shutdown coordination. 
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Accelerator Controls 

and Instrumentation 

Lab Facility Accelerator 

Division 

The accelerator controls and instrumentation scope includes 

the central controls network, console hardware and software, 

front-end hardware and software, databases, and various 

types of beam monitors. 

Accelerator Magnet 

Systems and 

Associated Power 

Supplies 

Lab Facility Accelerator 

Division 

AC power distribution systems from commercially supplied 

power grid. Transformers for power conversion to lower 

voltage high current systems. Booster, Main Injector and 

Switchyard power supplies and cable plant. 

Accommodations Lab Competence Facilities 

Engineering 

Services 

Section 

Accommodations: management of a small subdivision of 

residential short term housing assets and the programs and 

resources needed to house visiting scientists, engineers, and 

other staff. 

Accounts Payable Lab Competence Office of Chief 

Financial 

Officer 

The Accounts Payable lab capability is provided by the 

Fermilab Accounting Department that provides accounting, 

reporting and other financial services to support the research 

programs at the Lab. The department is responsible for 

recording, organizing, summarizing, and interpreting the 

financial activities of the laboratory. The department is 

organized into groups whose focus is to serve the financial 

needs of the lab community, FRA and the Department of 

Energy. These groups include Payroll, Accounts Payable, 

Financial Analysis, and General Accounting. 

Alignment and 

Metrology Expertise 

Lab Competence Particle 

Physics 

Division 

This lab competence includes the knowledge, skills, and ability 

to provide alignment and metrology services to the science 

community. 

ASIC Development 

Expertise 

Lab Competence Particle 

Physics 

Division 

ASIC development expertise includes the knowledge, skills, 

and ability to provide ASIC development as a service to the 

HEP and broader science community. 

ASIC Development 

Facility 

Lab Facility Particle 

Physics 

Division 

The ASIC Development Facility includes laboratory space, clean 

rooms, design tools, licenses, test equipment, automated 

production test equipment and staff associated with operating 

and maintaining the facility. 

Astrophysics and 

Cosmology Expertise 

Lab Competence Particle 

Physics 

Division 

Expertise in theoretical research focused on particle 

astrophysics and cosmology. 

41 



Authentication and 

Directory Services 

Lab Competence Core 

Computing 

Division 

Enables end-user password management with the Self-Service 

Password Reset application. In addition, provides central 

authentication to computing resources and support for 

EDUROAM. 

Beam Delivery 

Systems 

Lab Facility Accelerator 

Division 

Beam delivery systems includes beam transfer lines to the 

short baseline neutrino program (Booster to target), the long 

baseline neutrino program (Main Injector to target station), 

and to the switchyard and test beam experiments (Main 

Injector to target stations). Also includes associated 

infrastructure. Approximately 8km of beam lines are included. 
Beam Delivery 

Systems Operations 

Expertise 

Lab Competence Accelerator 

Division 

Operation of the external beamlines requires expertise in 

beam physics, low-power targets, secondary and tertiary 

beams. Familiarity with control systems, radiation shielding, 

and experimental equipment used in high energy physics. 

Oversight of design, installation, and upgrade or maintenance 

of beamlines. 

Benefits Lab Competence Workforce 

Development 

and Resources 

Section 

Planning, selection, implementation, and administration of 

employee benefit programs. 

Beyond Standard 

Model Theory 

Expertise 

Lab Competence Particle 

Physics 

Division 

Expertise in models leading to searches for new particles and 

new forces. 

Budget Lab Competence Office of Chief 

Financial 

Officer 

The Budget Office is responsible for the preparation, 

consolidation, distribution, and reporting of the Laboratory 

budgets 

Central Web Hosting Lab Competence Core 

Computing 

Division 

The Central Web Hosting Service provides an enterprise-level 

web service. 

Centralized Facility 

Management 

Lab Competence Facilities 

Engineering 

Services 

Section 

Centralized Facility Management includes the development 

and management of a centralized staff of facility managers, 

systems and resources to maintain a reliable portfolio of real 

property assets. 

CMS LHC Physics 

Center 

Lab Facility Particle 

Physics 

Division 

Includes maintenance and operation of the LHC Physics Center 

as a resource for the USCMS and broader CMS communities. 
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Communications and 

Public Affairs 

Lab Competence Office of 

Communicatio

n 

The knowledge, skills and ability to manage and implement 

procedures and processes that ensure information flow 

between the laboratory and external stakeholders, and within 

the laboratory, in support of the laboratory’s mission.  

Compensation Lab Competence Workforce 

Development 

and Resources 

Section 

Develop and administer all pay plans. 

Compliance and 

Assurance 

Lab Competence Office of Chief 

Financial 

Officer 

The Acquisition Strategy and Assurance office ensures the 

procurement system is compliant with the prime contract with 

the Department of Energy (DOE). Develops and maintains the 

Procurement System (including Policies and Procedures). 

Coordinates compliance self-assessments, subcontract file 

reviews, audits, and compliance training activities. In 

consultation with Acquisition Officer, responsible for 

communication with DOE on procurement matters. 

Computing Facility 

Data Centers and 

Computing 

Hardware 

Lab Facility Scientific 

Computing 

Division 

Feynman Computing Center and Grid Computing Center 

physical facilities; compute servers, disk storage servers; tape 

libraries, media, and servers; network router and switch 

hardware; and network cabling infrastructure. This equipment 

provides the common solutions used for the CMS Tier 1, the 

Intensity Frontier and Cosmic Frontier grid computing systems, 

the LQCD facility, and the servers necessary for accessing 

non-local grid, cloud, and HPC resources. The FY18 capacity is 

62.7K cores of computing, 41PB of disk, and 125PB of active 

data on tape, with ~600PB tape-library capacity. 
Computing Facility 

Evolution R&D 

Expertise  

Lab Competence Scientific 

Computing 

Division 

The expertise, technical competencies, and ability to perform 

R&D to evolve the Computing Facility. This involves a team of 

computer scientists, developers and domain experts with 

expertise in running large scale distributed computing by 

utilizing grids, clouds, and HPC facilities; domain knowledge of 

HEP science; expertise in collecting and analyzing experiment 

requirements required to design and develop technical 

solutions; expertise in working with science collaborations to 

execute large scale workflow campaigns; computing 

architecture, cyber security, and cloud and grid software skills. 

 

The lab competence depends on the availability of Computing 

Facility grid computing resources, servers to run software to 

access and monitor external (cloud, grid, and HPC) resources 

and run components such as decision engine, accounting, and 

other utilities. 
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Computing Facility 

Expertise in 

Designing, 

Provisioning and 

Operating Systems. 

Lab Competence Scientific 

Computing 

Division 

Staff with experience and expertise in architecting, 

provisioning and operating shared-usage large scale compute 

clusters, disk and tape storage systems, data acquisition 

systems, and high speed network systems. Includes expertise 

in operations of hardware and facility services within a globally 

distributed computing paradigm servicing a diverse customer 

base utilizing common services on shared hardware to support 

diverse high throughput and high performance scientific 

computing at extreme scales. 

Construction 

Management 

Lab Competence Facilities 

Engineering 

Services 

Section 

Construction Management includes the assurance of contract 

deliverables, safety, and scheduling of conventional 

infrastructure construction activities. 

Controls and 

Instrumentation 

Operations Expertise 

Lab Competence Accelerator 

Division 

Controls expertise includes clock and timing systems, software 

programming, database design and management, network 

maintenance. Accelerator instrumentation involves design, 

fabrication, testing, and maintenance of detectors used for 

measuring beam parameters.Includes experience developing 

laser systems.The range of experience is limited at this point 

but will likely increase when laser systems become part of 

operations. This competence depends on the availability of 

high-power lasers that are operated in laser-approved rooms. 

The equipment includes mirrors, optics, fibers, instruments 

capable of having fiber channel inputs, and laser tables. 

Conventional 

Magnet Facility 

Lab Facility Applied 

Physics and 

Superconducti

ng Technology 

Division 

The Conventional Magnet Facility (CMF) includes a grit blast 

booth, rotating tables for winding coils, a large oven for 

vacuum impregnation, a large oven for coil curing, stacking 

tables for building laminated magnet cores, an electro-magnet 

for magnetizing permanent magnets, instruments for 

in-process inspection of mechanical and electrical properties, 

an oven for debonding any vacuum impregnated component. 

Corporate 

Accounting 

Lab Competence Office of Chief 

Financial 

Officer 

The Sponsored Programs & Corporate Accounting group 

administers the non-DOE contract funds at the Laboratory. As 

such, this group’s responsibilities include, but are not limited 

to, establishing new non-DOE projects/tasks; coordinating 

project renewals/extensions; invoicing; monitoring and 

reporting non-DOE expenditures and available funding; and 

overseeing compliance with regulations imposed by both 

federal and non-federal sponsors. 

Cosmic Frontier CMB 

Research Expertise 

Lab Competence Particle 

Physics 

Division 

Expertise in obtaining cosmological constraints from the SPT 

and the new SPT-3G camera, including constraints from the 

cosmic microwave background (CMB) power spectrum, cluster 

number density, and joint analyses with DES. 
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Cosmic Frontier Dark 

Energy Research 

Expertise 

Lab Competence Particle 

Physics 

Division 

Expertise in data analysis focused on dark energy 

measurements accessible from survey and CMB experiments. 

Cosmic Frontier Dark 

Matter Research 

Expertise 

Lab Competence Particle 

Physics 

Division 

Expertise in data analysis focused on direct dark matter 

searches. 

Cryogenic 

Operations Expertise 

Lab Competence Applied 

Physics and 

Superconducti

ng Technology 

Division 

The Fermilab team of cryogenic engineers and plant operators 

understand the thermodynamics, hydrodynamics, and 

mechanics of liquid and gaseous helium. They manage helium 

liquefaction and distribution facilities in accordance to written 

operating and maintenance procedures. Instrumentation and 

controls engineers and technicians support the operation. A 

deep understanding of pressure vessel codes, including 

detailed FEA analysis, is required. 

Cryogenic Safety Lab Competence ES&H Section Cryogenic Engineering expertise with knowledge of regulations 

and best practices that ensure cryogenic systems have 

sufficient internal controls and oversight systems in place to 

adequately address the hazards. 

Cryogenic systems 

engineering 

Lab Competence Applied 

Physics and 

Superconducti

ng Technology 

Division 

Expertise in design, analysis, construction, integration and 

commissioning of normal and superfluid helium systems in 

support of superconducting accelerators, detector 

components and quantum computing. 

Cryomodule Test 

Facility 

Lab Facility Accelerator 

Division 

The Cryomodule Test Facility (CMTF) is a research and 

development facility for accelerator science and technology, in 

particular, the testing and validating of Superconducting Radio 

Frequency (SRF) components. CMTF consists of two new 

adjoined buildings located adjacent to the existing NML 

building. The smaller (4000 s.f.) Compressor Building houses 

the warm compressors, vacuum pumps, water cooling system 

and utilities for the entire facility. The larger building consists 

of a (15,000 s.f.) high-bay with a 20-ton overhead crane and 

contains two liquid helium refrigerators, two Cryomodule Test 

Stands (CMTS), a test area for RF components and electrical 

systems, a cleanroom area for particle-free preparation of SRF 

components, and a control room/office area. The facility 

houses a large state of the art cryogenic plant capable of 

providing a total of 500W of cooling capacity at 2 Kelvin, that 

can provide simultaneous operation of the two independent 

test stands. CMTS1 will be used to test both 1.3 and 3.9 GHz 

cryomodules in Continuous Wave (CW) mode for LCLS-II. 

CMTS2 currently houses the PIP-II Injector Test, which is the 
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R&D program to test the front-end of the proposed PIP-II 

accelerator. 

Custom Detector 

Technologies Facility 

Lab Facility Particle 

Physics 

Division 

Equipment for the development of custom and next 

generation scintillators, equipment to mass produce extruded 

scintillator and the staff required to maintain the 

infrastructure. Facility to create and apply custom thin films 

for R&D, projects, and operating experiments for the HEP 

community and the broader science community. 

Cyber Security Lab Competence Office of Chief 

Information 

Officer 

Cyber security includes the knowledge, skills and abilities to 

perform required processes defined in the Fermilab Cyber 

Security Program to ensure that information systems at 

Fermilab are operated at an appropriate level of risk.  One set 

of processes reviews risk assessments, security plans and 

impact statements to determine whether risks associated with 

new or modified systems or applications are consistent with 

the existing accepted risk envelope, and makes 

recommendations about acceptance of any new residual risks. 

Further risk management processes include approval of 

variances from baselines. Policies and procedures dealing with 

computer security are continuously reviewed and evaluated, 

in particular in response to reports on significant computer 

security incidents at Fermilab and elsewhere in the DOE 

complex and discussions of their implications and required 

countermeasures.  A Computer Security Board (CSBoard) 

meets weekly to address cyber security related topics, 

concerns and policy issues. 

Dark Matter Theory 

Expertise 

Lab Competence Particle 

Physics 

Division 

Expertise in dark sector models that predict dark matter 

candidates including axions, WIMPs, and low mass particles. 

Data Analytics 

Software 

Infrastructure 

Support and 

Operations Expertise 

Lab Competence Scientific 

Computing 

Division 

The unique knowledge and skills needed for HEP, accelerator 

and cosmology scientific data analysis, simulation, and modern 

software design and development (from requirements 

gathering to managing large scale code bases with best 

practices) culminating in the development, support and 

operations of common solutions for infrastructure code that 

creates an environment within which physicists concentrate 

on writing scientific algorithms for their specific applications. 

This competence depends on new computing techniques and 

technologies R&D and utilizes the Computing Facility (servers) 

for continuous integration, testing, and distribution of the 

codes. The lab competence also depends on the availability of 

servers to run continuous integration, testing, and distribution 

of the codes. 
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Data Centers Lab Facility Core 

Computing 

Division 

Provides core services in support of operation of 3 computing 

centers and one communications room at Fermilab that 

together include over 28,000 square feet of space for 

computing equipment that provides Information Technology 

services. 

Database Hosting Lab Competence Core 

Computing 

Division 

Provides Oracle, SQL Server, MariaDB, PostgreSQL and MySQL 

database hosting for the laboratory. 

Day Care Lab Competence Workforce 

Development 

and Resources 

Section 

Managing and teaching infants through kindergarten age 

children in a day care facility. 

Design and 

fabrication of room 

temperature 

magnets 

Lab Competence Applied 

Physics and 

Superconducti

ng Technology 

Division 

Expertise in the design and fabrication of room temperature 

magnets for accelerators, including scientific support, 

engineering skills, design/drafting, procurement, fabrication, 

and in-process inspection. This includes, but is not limited to, 

electromagnetic calculations, mechanical design of magnets 

and assembly tooling. Fermilab has a group of skilled 

technicians with long term experience in the production of 

permanent magnets, kikers, and electromagnets running DC, 

ramped, and pulsed modes. Specialized expertise is needed for 

precise characterization of magnetic field strength, uniformity, 

and alignment, which involves a variety of skill sets in 

electrical, mechanical, and computer engineering and 

corresponding technician groups to develop and support the 

measurement probes, electronic, computing, motion and 

power systems, and conduct measurement operations and 

data analysis. 

Design, Fabrication 

and Operation of 

Vacuum and Gas 

Systems 

Infrastructure for 

Experiments 

Expertise 

Lab Competence Particle 

Physics 

Division 

Design, fabrication and operation of fluid and thermal systems 

including vacuum and infrastructure for experiments. 

Desktop Services Lab Competence Core 

Computing 

Division 

Provides services including central management, antivirus, 

standard hardware configuration, installation, troubleshooting 

and disposal services for Windows and Mac desktops and 

laptops and associated application software. Includes 

Microsoft Office Suite, and OneDrive. 

Detector Installation, 

Integration, 

Commissioning and 

Operations Expertise 

Lab Competence Particle 

Physics 

Division 

Project level guidance and expertise in managing detector 

components and subsystem installation into a coherent 

detector experiment.  Knowledge of hydraulics, mechanics, 

structures, process systems, cryogenics (if applicable) and 

experiment operations.  Schedule and resource management 
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and attention to safety.  Troubleshooting and creative 

solutions and diagnosis based on operational data during 

commissioning is necessary. 

Diversity and 

Inclusion 

Lab Competence Workforce 

Development 

and Resources 

Section 

Manage programs to increase diversity and inclusion at the 

lab. 

Electrical Safety Lab Competence ES&H Section Electrical safety expertise with knowledge of regulations and 

best practices and skills to implement and provide an electrical 

safety program that consists of policies and procedures, work 

planning documents, training, incident investigation and 

development of lessons learned to ensure safe performance.  

Emergency 

Management 

Lab Competence ES&H Section Emergency Management expertise familiar with risk and 

hazards that might exist or occur both on-site and off-site to 

include natural phenomenon, fires/explosions, malevolent 

acts, and mass casualties.  

Energy Deposition 

Calculations and 

Modeling Expertise 

Lab Competence Accelerator 

Division 

The expertise in energy deposition calculations and modeling 

includes the knowledge, skills, and ability needed to model 

beam-induced radiation, energy deposition in accelerators and 

particle detectors, as well as particle generation in targets. 

This competence includes the development and support of the 

MARS code for energy deposition simulations. This 

competence depends on the availability of computing 

resources (Heimdall/AD cluster). 

Energy Frontier 

Higgs Physics 

Research Expertise 

Lab Competence Particle 

Physics 

Division 

Expertise in data analysis focused on measuring Higgs 

properties. 

Energy Frontier 

Indirect Dark Matter 

Research Expertise 

Lab Competence Particle 

Physics 

Division 

Expertise in data analysis focused on the search for dark 

matter produced in hadron colliders. 

Energy Frontier New 

Physics Searches 

Expertise 

Lab Competence Particle 

Physics 

Division 

Expertise in data analysis focused on the search for new 

physics signals in hadron colliders. 

Energy Management Lab Competence Facilities 

Engineering 

Services 

Section 

Energy Management: knowledge, skills and ability to assess 

utility consumption including trending for development of 

strategic planning for energy, water, and natural gas reduction 

programs. 
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Engineering Support 

Services 

Lab Competence Core 

Computing 

Division 

Knowledge, skills and ability to provide lab wide engineering, 

design and manufacturing support services. Engineering 

services include installation, support and troubleshooting of 

computer-aided engineering (CAE) software packages such as 

Teamcenter, ANSYS, NASTRAN and COMSOL. Design services 

include installation, support and troubleshooting of computer 

aided-design (CAD) software such as NX and AutoCAD. 

Manufacturing services include installation, support and 

troubleshooting of computer-aided manufacturing (CAM) 

software.  

Enterprise 

Applications 

Lab Competence Core 

Computing 

Division 

Ability to support major Financial Applications including 

e-Business Suite, ProCard, Kronos, Budget and Planning, 

eMarketPlace, and Peachtree accounting. Major Safety & 

Health Applications include the ESH&Q Suite, iTrack, Work 

Planning and Control. Major HR Applications include Workday, 

PeopleSoft, CNAS, GIBS. The Property Management 

Application is Sunflower. Major Reporting Services include 

Discoverer, Crystal Report Web Queries, Fermidash, and 

Teammate. 

Enterprise 

Architecture 

Lab Competence Office of Chief 

Information 

Officer 

Enterprise Architecture (EA) defines, maintains and governs 

the lifecycle and roadmap for Fermilab's computing 

environment. The goal of the EA process is to enhance 

planning by establishing a comprehensive master plan that 

incorporates the underpinning computing environment 

roadmaps to meet functional needs. As part of the lifecycle 

plan, EA also defines computing environment standards and 

identifies emerging technologies. 

Environmental 

Compliance 

Lab Competence ES&H Section Environmental Compliance expertise with knowledge of 

environmental protection regulations and best practices to 

ensure Fermilab operations and compliant and do not 

adversely impact the environment. This includes NEPA 

compliance, ground and surface water protection, chemical 

and radioactive waste management, and air emissions control.  

ESH&Q Training Lab Competence ES&H Section Skills to develop ES&H and QA training for Fermilab 

employees, users, subcontractors, etc. Abilities to use 

development tools and write content. 

Experiment Control 

Systems Expertise 

Lab Competence Particle 

Physics 

Division 

Knowledge of process control architecture, programmable 

logic controllers, programming, interlocks and 

human/machine interfaces.  Knowledge of fluid process 

systems, vacuum, cryogenics, gas, and instrumentation types 

for these systems.  Knowledge of safety systems such as 

Oxygen Deficiency Hazard monitoring systems and appropriate 

system interlocks. 
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Fabrication of 

Light-Sensitive 

Detectors Expertise 

Lab Competence Particle 

Physics 

Division 

R&D and construction of extruded scintillator, custom films, 

optical readout fibers, SiPMs. 

Fabrication of 

Precision Detector 

Structures Expertise 

Lab Competence Particle 

Physics 

Division 

Fabrication of carbon fiber, of high precision mechanical 

support structures, study of thermal stabilization, usage of 

large precision CMMs. 

Facility Condition 

Assessments 

Lab Competence Facilities 

Engineering 

Services 

Section 

Facility Condition Assessments: Ability to develop deferred 

maintenance and repair needs for conventional real property 

infrastructure. 

Facility Operations Lab Competence Facilities 

Engineering 

Services 

Section 

Facility Operations: Knowledge, skills and ability to manage 

and coordinate daily infrastructure operational needs. 

FAST Facility Lab Facility Accelerator 

Division 

The FAST facility includes a 40 meter circumference IOTA ring, 

capable of operating with 150 MeV/c electrons and 70 MeV/c 

protons, and its two injectors - 150-300 MeV electron injector 

consisting of a 50 MeV photoinjector (already commissioned) 

and a 1.3 GHz ILC-type cryomodule followed by an injection 

beamline to IOTA; and 70 MeV/c proton (H-) 325 MHz RFQ and 

proton injection line. The facility includes the people needed 

to maintain and operate the facility. 

FermiMail Lab Competence Core 

Computing 

Division 

Ability to provide integrated email and calendaring services 

that are accessible on all supported operating systems and 

browsers. Also provides Listserv mailing lists capabilities. 

FESS Engineering Lab Competence Facilities 

Engineering 

Services 

Section 

Engineering: Knowledge, skills and ability to design, specify 

and review conventional infrastructure systems. 

FESS Project 

Management 

Lab Competence Facilities 

Engineering 

Services 

Section 

Project Management: Knowledge, skills and ability to perform 

scheduling, resource management and oversight of 

conventional infrastructure projects. 

Finance Office Lab Competence Office of Chief 

Financial 

Officer 

The Finance organization provides safe, efficient, effective 

financial operations in support of the Laboratory's high-energy 

physics program in accordance with all laws, regulations and 

DOE requirements. Finance consists of the Section Office, the 

Accounting Department and the Budget Office. The financial 
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systems of the laboratory are supported by the Computing 

Division's Management Information Systems Group. 

Financial Analysis Lab Competence Office of Chief 

Financial 

Officer 

The Fermilab Accounting Department provides accounting, 

reporting and other financial services to support the research 

programs at the Lab. The department is responsible for 

recording, organizing, summarizing, and interpreting the 

financial activities of the laboratory. The department is 

organized into groups whose focus is to serve the financial 

needs of the lab community, FRA and the Department of 

Energy. These groups include Payroll, Accounts Payable, 

Financial Analysis, and General Accounting. 

Fire Protection Lab Competence ES&H Section Fire protection experts with knowledge of fire protection 

regulations and best practices and skills to implement and 

provide a level of fire protection and fire suppression 

capabilities sufficient to minimize losses from fire and related 

hazards consistent with the best protected class of industrial 

risks. This includes response capabilities provided by the 

Fermilab Fire Department. 

Fleet Management Lab Competence Facilities 

Engineering 

Services 

Section 

Fleet Management: Knowledge, skills and ability to assure 

adequate utilization, maintenance, replacement of all site fleet 

vehicles and compliance standards to be followed surrounding 

fleet management. 

Gaseous Ionization 

Detector Design, 

Assembly and 

Testing Expertise 

Lab Competence Particle 

Physics 

Division 

Construction of wire chambers, straws, TPCs, cathode strip 

detectors. 

General Accounting Lab Competence Office of Chief 

Financial 

Officer 

The Fermilab Accounting Department provides accounting, 

reporting and other financial services to support the research 

programs at the Lab. The department is responsible for 

recording, organizing, summarizing, and interpreting the 

financial activities of the laboratory. The department is 

organized into groups whose focus is to serve the financial 

needs of the lab community, FRA and the Department of 

Energy. These groups include Payroll, Accounts Payable, 

Financial Analysis, and General Accounting. 

Generic Detector 

R&D for Future 

Projects Expertise 

Lab Competence Particle 

Physics 

Division 

Knowledge, skills and ability to perform generic detector R&D 

leveraged by Fermilab detector facilities for HEP and the 

broader science community. 

Geographic 

Information Systems 

Lab Competence Facilities 

Engineering 

Services 

Section 

Geographic Information Systems: Development and 

management of sitewide geodatabases for the tracking and 

analysis of infrastructure, real property, and natural resource 

management. 
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Helium Liquefaction 

and Distribution 

Systems 

Lab Facility Applied 

Physics and 

Superconducti

ng Technology 

Division 

The IB1 refrigeration plant includes two large compressors, a 

CTI 1500 helium refrigerator, a heat exchange system, two 

turbines, a 10,000-liter liquid storage dewar, multiple large 

storage tanks for gaseous helium, a complex of valves and 

piping, liquid nitrogen system for thermal shields, six large 

vacuum pumps to allow running below 2 K, and an elaborate 

controls system. Newly installed systems for full-stream 

purification of gaseous helium will allow capture of helium 

used to purge the cryostats. The plant includes a large chiller 

as part of the Industrial Cooling Water system which controls 

the operating temperatures of mechanical and electrical 

systems in IB1. The MDB (Meson Detector Building) consists of 

three Tevatron satellite refrigerators, four Tevatron screw 

compressors, and a helium vacuum pump. The FAST facility 

consists of two Tevatron satellite refrigerators and 

compressors, along with a helium vacuum pump. CMTF 

(Cryomodule Test Facility) has a superfluid cryogenic plant, 

four Tevatron screw compressors, and helium vacuum pumps. 

Higgs Theory 

Expertise 

Lab Competence Particle 

Physics 

Division 

Expertise in high order calculations of Higgs boson physics, 

models and searches for additional Higgs bosons, EWK 

baryogenesis. 

High Field Magnet 

and Materials R&D 

Expertise 

Lab Competence Applied 

Physics and 

Superconducti

ng Technology 

Division 

Knowledge and skills to push the performance of 

superconducting magnets beyond the current limits while 

reducing costs. Special expertise includes development of 

Nb3Sn conductors, cable configurations, and structures for 

dipoles and quadrupole magnets.The superconducting magnet 

R&D work depends on the availability of equipment described 

under magnet fabrication equipment and magnet test 

equipment. 

High Power AC/DC 

Conversion and 

Control Expertise 

Lab Competence Accelerator 

Division 

Expertise in high power AC/DC conversion and control includes 

the knowledge, skills, and ability to provide high-power 

ramped magnet systems to control the orbits for accelerator 

beams. This includes design expertise for HV transformers, fast 

rise/fall time beam injection and extraction systems, and high 

current DC systems with high precision regulation and control. 

High Tolerance 

Machining and 

Certified Welding 

Lab Competence Applied 

Physics and 

Superconducti

ng Technology 

Division 

The Fermilab Machine Shop Department provides high 

tolerance prototype and small run machined parts. The 

Fermilab Machine and Weld shops also provide onsite 

machining and welding of radioactive reusable parts which 

cannot be sent off site, along with certified welding processes 

to the lab, DOE, and institutions across the world. 

Human Capital 

Management 

Lab Competence Workforce 

Development 

and Resources 

Section 

Manage and configure Workday business processes, reports, 

set-up with assistance from IT on integrations, complex 

reports and management of worker records. 
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Human Resources 

Partners 

Lab Competence Workforce 

Development 

and Resources 

Section 

Knowledge, skills and ability to interact with division 

management, project managers and employees as partners in 

HR functions. 

Information 

Resources 

Lab Competence Core 

Computing 

Division 

Information Resources provides Archives & History services, 

Content Management including SharePoint and DocDB, Travel 

System, INSPIRE, Library Services, Records Management and 

Technical Publications Management. 

Infrastructure Data 

Management 

Lab Competence Facilities 

Engineering 

Services 

Section 

Infrastructure Data Management: Knowledge, skills and ability 

to perform development and management of systems and 

data for project infrastructure management needs and track 

ongoing real property maintenance and repairs. 

Intensity Frontier 

Precision 

Measurement 

Research Expertise 

Lab Competence Particle 

Physics 

Division 

Expertise in data analysis focused on intensity frontier 

precision experiments and allied precision experiments. 

Intensity Frontier 

Rare Decay Research 

Expertise 

Lab Competence Particle 

Physics 

Division 

Expertise in data analysis focused on intensity frontier rare 

decay experiments. 

International Human 

Resources 

Lab Competence Workforce 

Development 

and Resources 

Section 

Develop programs, implement legal requirements for outgoing 

and incoming foreign nationals. 

IT Server Hosting Lab Competence Core 

Computing 

Division 

Provides centrally managed Windows and Unix servers. 

IT Service 

Management 

Lab Competence Office of Chief 

Information 

Officer 

Service Management defines and governs the processes by 

which the laboratory maintains and delivers computing 

services. These processes are modeled from the Information 

Technology Information Library (ITIL) framework and 

ISO20000 standard.  The processes are grouped into service 

lifecycle stages; Service Strategy, Service Design, Solution 

Delivery, and Service Transition.  Service Strategy incorporates 

the needs of the users and interacts with project portfolio 

management and enterprise architecture.  Service Design 

interacts with Solution Delivery and ensures that Information 

Security, Continuity, Capacity, and Availability are considered 

and included in IT solutions.  Service Transition Interacts with 

Solution Delivery to ensure that changes to Services and IT 

operational processes are carried out in a coordinated way. 
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IT Solution Delivery Lab Competence Office of Chief 

Information 

Officer 

The IT Project Management Office (IT PMO) manages a large 

number of computing projects, ranging from short-term, 

low-cost projects to multi-million dollar projects involving 

many stakeholders. The purpose of the IT PMO is to oversee 

and continuously improve IT solution-delivery methodologies 

that help computing project managers effectively plan and 

manage computing projects and measure results.  The goal is 

to complete projects that deliver planned value, on time and 

within budget, by applying project management practices and 

principles at a level that facilitates successful completion 

without excessive burden and overhead. 

Labor Relations Lab Competence Workforce 

Development 

and Resources 

Section 

Knowledge, skills and ability to negotiate collective bargaining 

agreements and grievances. 

Large Scale 

Distributed 

Computing and Data 

Management 

Operations Expertise 

Lab Competence Scientific 

Computing 

Division 

The expertise, skill, and ability needed to provide and operate 

a common software solution to provision resources on a 

heterogenous, distributed and advanced infrastructure, 

manage interdependent, multistep scientific workflows, and 

manage (store, bookkeep, and deliver) petabyte scale 

scientific data sets. This supports and provides a secure cyber 

environment for a diverse multi-experiment community, 

ensuring an efficient and fair share use of shared resources. 

Depends on Computing Facility servers for data and workflow 

management. The competence depends on the availability of 

servers to run software services for data and workflow 

management and testing and integration. 

Legal Expertise 

(M16) 

Lab Competence Office of the 

General 

Counsel 

The knowledge, skills, and ability to provide legal support to 

the laboratory in support of the science mission. 

Low-Noise 

Electronics Expertise 

Lab Competence Particle 

Physics 

Division 

Expertise in instrumenting many types of detector systems 

with sensitive low-noise front end readout electronics, by 

using the latest generation in commercial components as well 

as custom radiation hardened mixed-signal ASICs. 

Machine Shop and 

Welding 

Lab Facility Applied 

Physics and 

Superconducti

ng Technology 

Division 

The Fermilab Machine Shops include the machine tools and 

the competence to fabricate and modify high tolerance parts 

for use in demanding conditions. Welding of a wide range of 

materials to meet extreme high vacuum requirements. 

Magnet Test 

Facilities 

Lab Facility Applied 

Physics and 

Superconducti

ng Technology 

Division 

The Magnet Test Facilities encompass three main collections 

of related equipment, the Superconducting (SC) Magnet Test 

Facility in IB1; Conventional Test Facility, also located in IB1; 

and the Superconducting Strand and Cable Lab, located in 

IB3A. The Superconducting Magnet Test Facility maintains 
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configurable systems for control and monitoring, powering, 

protecting, characterizing quench performance, and 

conducting magnetic measurements on SC magnets in several 

test areas. The Vertical Magnet Test Facility (VMTF) is a deep 

cryostat for testing magnet cold masses up to 3.7 m long and 

0.6 m diameter. Test Stand 4 can test large horizontal 

cryostatted magnets such as LHC IR quadrupoles. One power 

system provides current up to 30 kA to VMTF, or slightly lower 

currents to either Stand 4 or 3. Stand 3 is used to test small SC 

magnets and HTS current leads. While some tests are 

conducted near 4.5 K, until recently this has been the only 

facility in the US that can support testing of SC accelerator 

magnets at 1.9K. 

 

The Conventional Test Facility, also located in IB1, includes 

three test stands and additional portable equipment. A 

calibration magnet is located in IB2. Various appropriate 

power supplies (up to 10kA) and controls, magnet 

measurement instruments, electronics, motion control, 

computers, and software are covered. 

Main Control Room Lab Facility Accelerator 

Division 

Main Control Room facility for operating and monitoring 

accelerator devices. 

Main Injector and 

Recycler 

Lab Facility Accelerator 

Division 

The Recycler is a permanent magnet, fixed 8 GeV ring. The 

Main Injector is a circular proton accelerator (8 GeV to 120 

GeV). 

Main Injector and 

Recycler Operations 

Expertise 

Lab Competence Accelerator 

Division 

Operation of the Main Injector and Recycler requires expertise 

in beam physics, high power RF including beam-loading 

compensation, proton acceleration to 120 GeV, RF slipstacking 

of beam to double the bunch intensity, resonant extraction, 

beam collimation and loss control. Muon Campus beam 

requires expertise in longitudinal bunch manipulations with 

two RF systems under heavy beam loading. 

Managed Print and 

Imaging Services 

Lab Competence Core 

Computing 

Division 

Managed Print Services provides core printing services and 

copier management. Imaging Services provide general 

copying, posters, photos, booklets, laminating. 

Master Planning Lab Competence Facilities 

Engineering 

Services 

Section 

Master Planning: Knowledge, skills and ability to develop 

long-term, strategic plans for cohesive campus infrastructure 

development. 

55 



Materials Science 

Lab 

Lab Facility Applied 

Physics and 

Superconducti

ng Technology 

Division 

A wide range of materials studies tools are used, including 

scanning electron microscopy (SEM) with energy-dispersive 

X-ray spectroscopy (EDS) and electron backscatter diffraction 

(EBSD) capabilities, physical property measurement system 

(PPMS), Instron tensile testing, Keyence laser confocal 

microscopy, and surface topological replicas. A Time-of-Flight 

Secondary Ion Mass Spectrometer (TOF-SIMS) is coming 

on-line. Chemical treatment of samples is also a critical 

capability. The optical inspection system consists of a camera 

and lighting system mounted to a rod that is inserted into the 

cavity. It is used for routine inspection of cavities during the 

processing cycle as well as computer-aided close inspection of 

particular regions of interest. Eddy current scanning is used to 

examine niobium sheets prior to cavity fabrication to check for 

impurities. 

Mechanical Safety Lab Competence ES&H Section Engineering expertise that ensures mechanical systems are 

designed, fabricated, tested, inspected, maintained, repaired, 

and operated by trained personnel to ensure safe 

performance.  

Media Services Lab Competence Office of 

Communicatio

n 

The knowledge, skills and ability to manage and produce 

multimedia, photo, video, print, and online graphic products 

that support the laboratory in its operational and strategic 

communication goals, in support of the laboratory’s mission. 

Muon Source Lab Facility Accelerator 

Division 

The Muon Source includes the ~140m M1 8-GeV proton line 

which for Muon g-2 includes quadrupoles for final focus on the 

target, a target station for Muon g-2 including lithium lens, a 

pulsed momentum-selection magnet and their pulsed power 

supplies, ~220m M2 and M3 lines which for Muon g-2 capture 

muons from the decay of secondary pions and for Mu2e 

bypass the target station and transport primary protons, a 

~500m delivery ring where protons are removed and muons 

extracted for Muon g-2 and for Mu2e primary protons are 

resonantly extracted, and 100+ m M4 and M5 lines which 

transport muons to the Muon g-2 muon storage ring and 

protons to the Mu2e target. 

Muon Source 

Operations Expertise 

Lab Competence Accelerator 

Division 

Operation of the Muon Source requires expertise in beam 

physics, pulsed power supplies, and resonant extraction. 

Network Services Lab Competence Core 

Computing 

Division 

Provides network infrastructure and support for the Fermilab 

campus, wireless access to the Fermilab network and guest 

access to Fermilab Internet.  
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Networked Storage Lab Competence Core 

Computing 

Division 

Provides storage options for organization file storage and 

backup and restore options depending on the storage option 

selected. 

Neutrino Campus 

Facility 

Lab Facility Neutrino 

Division 

This facility comprises several neutrino detectors placed in the 

neutrino beamlines both onsite and at Ash River, MN. 

Neutrino 

Cross-Section 

Analysis Expertise 

Lab Competence Neutrino 

Division 

The knowledge, skills and ability to measure neutrino 

cross-sections with a variety of experiments. Also, the ability 

to integrate these measurements with theory and 

phenomenology. This competence depends on the availability 

of GRID computing, mass storage, and the neutrino campus. 

Neutrino Detector 

Design and R&D 

Expertise 

Lab Competence Neutrino 

Division 

The knowledge, skills, and ability to design neutrino detectors, 

as well as conduct detector R&D to optimize those designs. 

This competence depends on the availability of resources at 

the Proton Assembly Building (PAB) and PC4. 

Neutrino Detector 

Operations Expertise 

Lab Competence Neutrino 

Division 

Knowledge, skills, and ability to operate neutrino detectors 

both onsite and in remote locations. This competence is being 

used to operate neutrino detectors on the Fermilab neutrino 

campus and the NOvA far detector at Ash River. 

Neutrino Oscillation 

Analysis Expertise 

Lab Competence Neutrino 

Division 

The knowledge, skills, and ability to measure neutrino 

oscillation probabilities from a variety of experiments. Also, 

the ability to integrate these measurements with theory and 

phenomenology. This competence depends on the availability 

of GRID computing, mass data storage, and the neutrino 

campus. 

Neutrino Theory 

Expertise 

Lab Competence Particle 

Physics 

Division 

Expertise in neutrino-nuclear cross section, models of non 

standard neutrino interactions, neutrino oscillations, 

leptogenesis. 

New Computing 

Techniques and 

Technologies R&D 

Expertise 

Lab Competence Scientific 

Computing 

Division 

The expertise, technical competencies, and ability to perform 

R&D on new techniques (computational algorithms and 

approaches) and new technologies (computing architectures 

and approaches) to advance and evolve the common software 

solutions, cybersecurity, resource provisioning, work 

scheduling and data access, and computing facility 

infrastructure available to HEP experiments. This lab 

competence depends on availability of advanced computing 

resources (test beds) at the Fermilab Computing Facility, 

access to ASCR HPC resources, partnerships with ASCR 

researchers, and industrial partners (for advanced 

technologies such as Quantum Computing). 
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Noble Liquid 

Detector 

Development Facility 

Lab Facility Neutrino 

Division 

The lab equipment contained in the PAB and PC4 buildings 

comprises cryostats and cryogenic capabilities needed to 

conduct R&D on liquid argon and liquid xenon detectors. 

Occupational & 

Construction Safety 

Lab Competence ES&H Section Safety and Industrial Health excerpts with knowledge of 

regulations and best practices and skills to implement 

Integrated Safety Management to assure hazards are 

addressed when selecting or purchasing equipment, products, 

and services and protective of the workforce, including 

employees, users and subcontractors. 

Occupational 

Medicine 

Lab Competence ES&H Section Occupational Medicine expertise for all Fermilab employees, 

visiting scientists, and temporary contract employees and 

subcontractors who are potentially exposed to hazards unique 

to Fermilab that require medical surveillance (e.g. oxygen 

deficiency hazard). 

Organizational 

Development 

Lab Competence Workforce 

Development 

and Resources 

Section 

Knowledge, skills and ability to develop and implement 

workforce planning, succession planning, and organizational 

change programs. 

Particle Sources and 

Targets R&D 

Expertise 

Lab Competence Accelerator 

Division 

Expertise in particle sources and targets R&D includes the 

knowledge, skills, and ability to perform R&D, design,operate, 

and test high-power target stations such as those needed for 

NuMI, BNB, Muon g-2, Mu2e, and LBNF. Target stations like 

these operate in regimes of material behavior that are not well 

understood, so specialized expertise is needed to enable 

future generations of experiments. 

Partnerships 

Expertise (M12) 

Lab Competence Office of 

Partnerships 

& Technology 

Transfer 

The knowledge, skills, and ability to facilitate the formation of 

partnerships with industry, academia, and other research 

facilities while advancing U.S. competitiveness through the 

transfer of knowledge and technologies to U.S. industry. 

Payroll Lab Competence Office of Chief 

Financial 

Officer 

The Fermilab Accounting Department provides accounting, 

reporting and other financial services to support the research 

programs at the Lab. The department is responsible for 

recording, organizing, summarizing, and interpreting the 

financial activities of the laboratory. The department is 

organized into groups whose focus is to serve the financial 

needs of the lab community, FRA and the Department of 

Energy. These groups include Payroll, Accounts Payable, 

Financial Analysis, and General Accounting. 

Physical Security Lab Competence ES&H Section Physical Security experts familiar with Property Protection 

Interests at Fermilab including the protection of DOE 

Government Property from theft, fraud and destruction, and 

the protection of extremely limited amounts of Nuclear 

Material (NM), of Category IV, Attractiveness Level E. Property 

protection planning and physical security measures are 
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commensurate with the risks and within the guidelines set in 

DOE Order 470.4B and O473.3.  

Physics Modeling 

Expertise 

Lab Competence Scientific 

Computing 

Division 

The expertise, skills, and ability to model the physics of (1) 

particle beams, (2) particle event generation and (3) 

interactions of particles with materials by developing, 

maintaining, and operating modern codes for those purposes. 

These models are crucial to the design and operation of 

accelerators and HEP experiments and require detailed 

understanding of the relevant physics and computing to 

enable precise and accurate simulations that are optimized for 

current and future computing resources. This competence 

depends on new computing techniques and technologies R&D 

and utilizes the Computing Facility (servers) for continuous 

integration, testing, and distribution of the codes. 

Furthermore, accelerator and HEP experiments are required 

for simulation validation. The competence depends on the 

availability of Computing Facility servers for continuous 

integration, testing, and distribution of the codes. 

Furthermore, accelerator and HEP experiments are required 

for simulation validation. 

Physics Research 

Equipment Pool 

(PREP) Operations 

Expertise 

Lab Facility Scientific 

Computing 

Division 

The PREP facility provides the very valuable service of 

maintaining, repairing, and supporting a pool of electronics 

modules which are commonly used by HEP and NP 

experiments. Users from all experiments at Fermilab and 

associated institutions are able to borrow modules from the 

pool for the duration of their need. The pool contains 

commercial modules that were originally purchased by 

experiments and contributed to PREP once the experiment 

ended, or purchased by PREP directly, and custom modules 

that were developed at Fermilab and transferred into 

production use. 
Planning and 

Performance 

Expertise (M3) 

Lab Competence Office of 

Integrated 

Planning and 

Performance 

Management 

The knowledge, skills, and ability to coordinate strategic 

planning, facilitate risk-based decision making and resource 

planning, and provide access to performance metrics. 

Planning and 

Scheduling 

Lab Competence Facilities 

Engineering 

Services 

Section 

Planning and Scheduling: Knowledge, skills and ability to 

perform coordination of infrastructure maintenance and 

repair needs. 

Planning 

Applications 

Lab Competence Core 

Computing 

Division 

Knowledge, skills and ability to support major planning 

applications including Doors, Primavera, Promise, ServiceNow, 

NCIS services. 

59 



Pressure Safety Lab Competence ES&H Section Engineering expertise with knowledge of regulations and best 

practices that ensure that pressure systems are designed, 

fabricated, tested, inspected, maintained, repaired, and 

operated to adequately address the hazards. 

Procurement Lab Competence Office of Chief 

Financial 

Officer 

The Procurement Department is responsible for acquiring 

goods and services for the entire Laboratory. It provides 

helpful, professional support for all procurement 

requirements from the development of initial plans and 

requirements to subcontract closeout. 

Project Management 

Expertise (M2) 

Lab Competence Office of Chief 

Project Officer 

Institutional expertise and centralized processes and systems 

to manage large scientific and facility projects. Effective and 

efficient cost and schedule management and reporting, EVMS, 

risk management, training, and management of collaborative 

projects with other domestic and international institutions. 

Project Management 

for Detector 

Construction and 

Operations Expertise 

Lab Competence Particle 

Physics 

Division 

Expertise in project management (currently needed for the 

Mu2e, CMS upgrades, ADMX, DES, SMB-S4, Muon g-2 project). 

Property Control Lab Competence Facilities 

Engineering 

Services 

Section 

Property Control: Knowledge, skills and ability to perform 

identification of high risk, sensitive, and or other 

import/export controlled personal property, tracking/ 

inventorying of personal property assets and processing 

property movements / loans. 

Property Excessing Lab Competence Facilities 

Engineering 

Services 

Section 

Property Excessing: identification, processing and disposal of 

excess or end of life personal property 

Property Logistics Lab Competence Facilities 

Engineering 

Services 

Section 

Property Logistics: Shipping, receiving, onsite material 

movements, importing of material, mail delivery and 

dispatching of personnel 

Proton Source Lab Facility Accelerator 

Division 

The RFQ Injection Line and Linac accelerate H- ions to 400 

MeV, and the circular Booster accumulates and accelerates 

protons to 8 GeV and extracts them at 15 Hz. 

Proton Source 

Operations Expertise 

Lab Competence Accelerator 

Division 

Operation of the Proton Source requires expertise in beam 

physics, ion sources, RFQ, high power RF, pulsed power 

supplies, linear and circular proton accelerators, electron 

stripping, and laser notching. 
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Public Outreach Lab Competence Workforce 

Development 

and Resources 

Section 

Ability to provide educational community outreach programs. 

Quality Control Lab Lab Facility Applied 

Physics and 

Superconducti

ng Technology 

Division 

The TD Quality Control Lab is primarily devoted to incoming 

inspection of components, with appropriate equipment and 

the competence to make measurements. Equipment include 

CMM machines, vacuum leak checking, profilometer, Epstein 

bridge for steel B-H curves, X-Ray fluorescence, laser tracker.  

Quality Expertise 

(M8) 

Lab Competence ES&H Section The knowledge, skills, and ability to establish confidence and 

assurance that customer expectations for quality are met or 

exceeded via proactive management of processes, tasks, and 

activities. 

Quantum Device 

Design, Assembly 

and Testing Expertise 

Lab Competence Particle 

Physics 

Division 

Expertise in design and assembly of superconducting devices 

for detection of dark matter, cosmic background radiation and 

other weak radiation sources and testing at millikelvin 

temperatures. 

Radiation Physics 

Calibration Facility 

Lab Facility ES&H Section RPCF is the facility where radiation and environmental 

monitoring instruments are designed, built and maintained. 

The calibration facility is unique and is used to ensure 

monitors are available for accelerator operations. The 

calibration facility also maintains and calibrates over 1000 

instruments used for lab wide for surveys, personnel 

protection, environmental monitoring, and shielding studies. 

Radiation Safety Lab Competence ES&H Section Health Physicists with knowledge of radiation safety 

regulations and best practices and skills to implement and 

oversee radiation safety program requirements. These include 

those activities to plan for and manage radiation and 

radioactive materials that minimize radiation exposure to 

workers, the public and the environment. 

Radionuclide 

Analysis Facility 

Lab Facility ES&H Section RAF is the chemistry lab where material samples are analyzed 

for radionuclide components.  

Rapid Prototyping 

and Special 

Materials Facility 

Lab Facility Particle 

Physics 

Division 

Equipment for low-mass carbon-fiber structures, 

programmable mills and routers, 3D printers and associated 

staff to operate and maintain the infrastructure. 

Real Time Software 

and Engineering 

Expertise 

Lab Competence Scientific 

Computing 

Division 

The expertise, skills, and ability to develop electronics, 

firmware, and software for use in the real-time environments 

of HEP experiments; conduct research in novel detector and 

electronics technologies for use in future experiments; 

support testbeam detectors and detector R&D activities at the 
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Fermilab Test Beam Facility (FTBF) and elsewhere; design and 

develop common DAQ frameworks; and assist experiments by 

consulting on the design, operation, and problem investigation 

for their individual real-time environments and data 

acquisition systems. This work depends on various Fermilab 

test facilities. SiDet resources and personnel are used for 

wire-bonding electronics, mechanical engineering support, 

and integration testing. FTBF beamlines are used for testing 

proofs of concepts of DAQ hardware, firmware, and software 

solutions as well as for working directly with experimenters to 

gather requirements and provide support. The TallBo liquid 

argon test stand at the proton assembly building (PAB) is used 

for detector and electronics testing. Test stands at the D-Zero 

assembly building allow us to develop solutions for specific 

experiments. The lab competence depends on the availability 

of test stands, SiDet resources, electronics lab, and servers for 

software distribution. 

RF Power Systems 

and Cavities 

Lab Facility Accelerator 

Division 

RF systems are employed in the Linac, Booster, Main Injector 

and also the FAST facility test area and P2IT test source. 

RF System Design 

and Implementation 

Expertise 

Lab Competence Accelerator 

Division 

High Power RF design requires the detailed knowledge of the 

application of appropriate klystrons, tubes, and transmission 

systems. Included is the knowledge of generating complex 

reference waveforms in the high frequency domain and closed 

loop systems, as well as experience with high voltage, high 

current DC power systems and modulators. 

Roads and Grounds 

Management 

Lab Competence Facilities 

Engineering 

Services 

Section 

Roads and Grounds Management: management and 

maintenance of 6,800 acres of natural, landscaped or 

developed property including snow plowing, mowing, burning, 

paving and hardscape maintenance 

Section 

Administration 

Lab Competence Facilities 

Engineering 

Services 

Section 

Skills and support functions needed to sustain the overall 

operations of the Facilities Engineering and Services Section. 

Service Contract 

Management 

Lab Competence Facilities 

Engineering 

Services 

Section 

Service Contract Management: oversight of sitewide 

conventional service contracts such as janitorial, waste, and 

cafeteria/food service. 

Service Desk Lab Competence Core 

Computing 

Division 

Provides a single point of contact for questions, technical 

incidents, service requests, user communications and account 

creation/authorization tasks. Also provides a Ticketing System 

to record incidents and requests (Service Now) 
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Silicon Detector 

Design, Assembly 

and Testing Expertise 

Lab Competence Particle 

Physics 

Division 

Expertise in fabrication of pixels and strips detectors (trackers, 

calorimeters, timing detectors), CCDs, bolometers. 

Silicon Detector 

Facility (SiDet) 

Lab Facility Particle 

Physics 

Division 

Equipment for the precision handling and measurement of 

silicon and optical systems, sub-Kelvin systems, systems 

requiring large clean room spaces and the staff associated 

with developing and maintaining this infrastructure. 

Software Quality 

Assurance 

Lab Competence Office of Chief 

Information 

Officer 

Software Quality Assurance (SQA) defines necessary 

quality-assurance requirements for all software applications 

used within Fermilab.   Software quality assurance is 

implemented using a graded approach based on the analysis 

of potential risks should the software not perform as intended. 

Evaluating each software application against potential 

consequences allows for the application of appropriate 

quality-assurance measures and controls.  Through this 

approach, Fermilab's SQA Program ensures development, 

management and delivery of reliable software applications 

through adequate planning, testing and control. 

Sponsored Programs Lab Competence Office of Chief 

Financial 

Officer 

The Sponsored Programs & Corporate Accounting group 

administers the non-DOE contract funds at the Laboratory. As 

such, this group’s responsibilities include, but are not limited 

to, establishing new non-DOE projects/tasks; coordinating 

project renewals/extensions; invoicing; monitoring and 

reporting non-DOE expenditures and available funding; and 

overseeing compliance with regulations imposed by both 

federal and non-federal sponsors. 

SRF Expertise Lab Competence Applied 

Physics and 

Superconducti

ng Technology 

Division 

The expertise encompassed by the SRF capability includes 

materials science of niobium surfaces, SRF cavity design and 

optimization, meticulous cavity surface processing, 

post-processing cavity treatment, testing of cavities, precise 

cavity tuning, cavity assembly into strings, design of complete 

cryomodules, assembly of cryomodules, and testing of 

cryomodules. This lab capability is complemented by other 

capabilities such as the engineering and operation of cryogenic 

plants and the engineering and operation of low and high level 

RF power systems. This competence depends on the 

availability of equipment described for other capabilities used 

for SRF R&D and projects. 

SRF Production 

Facilities 

Lab Facility Applied 

Physics and 

Superconducti

ng Technology 

Division 

SRF production facilities include the production cavity 

processing facility at Argonne National Laboratory (jointly 

supported by ANL and FNAL), the R&D cavity processing lab 

(CPL) in IB4, the cavity string assembly facility at MP9, the 

cryomodule assembly facility at ICB, and the string and 

cryomodule assembly facility at Lab 2. 
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SRF Test Equipment Lab Facility Applied 

Physics and 

Superconducti

ng Technology 

Division 

Vertical cavity test stands provide capability for testing 

individual superconducting RF cavities at frequencies from 325 

MHz to 3.9 GHz. Three test stands (VTS-1, VTS-2, and VTS-3) 

allow the testing of one or more single-cell or multiple-cell SRF 

cavities, bare or dressed, in a vertical configuration. Each stand 

is a deep, magnetically shielded cryostat installed in the floor 

that can accept liquid helium to cool the cavity under test 

down to 1.8K (or higher, as desired). The system includes RF 

power supplies and waveguides, radiation shielding and 

interlocks, RF and cryogenics controls, and instrumentation. 

Horizontal cavity test systems provide testing capability for 

fully-dressed SRF cavities, including high-power RF couplers. 

The SRF cavity Horizontal Test Stand (HTS) is located in Meson 

Detector Building. HTS is a cryostat in which we can test 

dressed SRF cavities for R&D or production QC. The MDB SRF 

Facility also houses the Spoke Test Cryostat (STC) and a facility 

for testing 325 MHz and 650 MHz couplers. 

Student Education Lab Competence Workforce 

Development 

and Resources 

Section 

Provide education programs for K - 12. 

Superconducting 

Magnet Expertise 

Lab Competence Applied 

Physics and 

Superconducti

ng Technology 

Division 

Expertise in every facet of superconducting magnets. A 

multi-disciplinary team understands the physics requirements 

of accelerators and experiments; develops magnetic design; 

designs coils and mechanical structures; designs cryostats; 

models behavior of the entire magnet under quench 

conditions; develops quench protection systems; insulates, 

winds, reacts (if needed), and vacuum impregnates coils; 

stacks cores; assembles coils into structures; inserts cold 

masses into cryostats; tests, measures, and analyzes magnet 

performance. This competence depends on the availability of 

equipment described under the magnet fabrication and 

testing capabilities. 

Superconducting 

Magnet Facility 

Lab Facility Applied 

Physics and 

Superconducti

ng Technology 

Division 

The Superconducting Magnet Facility includes equipment for 

the construction and in-process tests of SC magnets during 

fabrication. The equipment includes a cabling machine for 

combining superconducting strands into cable, equipment for 

insulating and winding SC cable into long coils, ovens for 

reacting Nb3Sn coils in an argon atmosphere, tooling for 

assembling multiple coils into a magnet cold mass, presses for 

squeezing the coils into collared, yoked, and skinned 

structures, and specialized equipment for both sides of 

skinned core simultaneously while under high pressure. 

Associated equipment maintained by the Conventional 

Magnet Facility but also used in fabricating superconducting 

magnets includes presses for precision stacking of laminations, 
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a vacuum oven for epoxy impregnation of coils, and a curing 

oven for curing the epoxy. 

Superconducting 

Quantum Systems 

R&D Expertise 

Lab Competence Applied 

Physics and 

Superconducti

ng Technology 

Division 

Knowledge, skills and ability to perform R&D to improve 

superconducting quantum computers that use microwave 

photons in cavities. 

Superconducting 

Radio Frequency 

R&D Expertise 

Lab Competence Applied 

Physics and 

Superconducti

ng Technology 

Division 

Knowledge and skills to push the performance of SRF cavities 

beyond the current limits, but in maximum accelerating 

gradients and in Q0, enabling next generation accelerators for 

science and industry. This lab competence depends on the 

availability of equipment described in the materials science 

lab, SRF fabrication equipment, and SRF test equipment. 

Superconducting 

Strand and Cable lab 

Lab Facility Applied 

Physics and 

Superconducti

ng Technology 

Division 

The Superconducting Strand and Cable Lab is located in 

Building IB3A. A cabling machine in IB3 can make cables from 

strands. A large collection of sample holders provides 

flexibility in testing both strand and cable samples. The lab has 

ovens for heat treatment of samples (reaction of Nb3Sn and 

HTS strands and cables), including one high pressure oven. 

Cryostats with equipment to apply high magnetic fields and 

pressures allow performance testing under strenuous 

conditions. The necessary power supplies, controls, 

instrumentation, and data acquisition systems are available. 

Talent Acquisition Lab Competence Workforce 

Development 

and Resources 

Section 

Recruiting and hiring new employees 

Target Systems Lab Facility Accelerator 

Division 

Target systems include the high-power target stations of the 

long-baseline and short-baseline neutrino programs, and the 

muon g-2 target station. All of the technical devices in the 

target halls are covered: targets, horns, windows, shield piles, 

absorbers, collimators, and remote handling capabilities.  

Target Systems 

Design & Production 

Expertise 

Lab Competence Accelerator 

Division 

Design and production of high power targets (700kW+) and 

horns, remote handling systems and other systems that must 

withstand high-radiation environments. Includes expertise 

with horn power supplies. Pertains to production in support of 

operations and projects. Does not include effort devoted to 

projects. 

Teacher Education Lab Competence Workforce 

Development 

and Resources 

Section 

Provide education programs for K-12 teachers. 
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Telecommunications Lab Competence Core 

Computing 

Division 

Provides support for telephones (analog and cellular), 

voicemail, paging and portable radio equipment and select 

audio and video conferencing support services. This includes 

maintaining the twelve primary radio networks used on the 

campus (eg. Fire and Security, SEWS, Main Control Room, 

Taxi/Dispatch) in addition to overseeing all licensing of radio 

frequencies used at the lab, such as those used by the various 

remote-controlled cranes onsite. 

Test Beam Facility Lab Facility Particle 

Physics 

Division 

Two beamlines with multiple test stands, instrumentation, 

data acquisition, hardware and software support for users and 

associated staff to maintain the infrastructure. 

Training and 

Professional 

Development 

Lab Competence Workforce 

Development 

and Resources 

Section 

Developing, selecting, teaching employee courses and 

programs. Managing tuition reimbursement and scholarships. 

Travel Lab Competence Office of Chief 

Financial 

Officer 

The Travel Office is responsible for all official Fermilab 

domestic and foreign travel, overseeing the travel 

reimbursement process, and adhering to and managing 

country clearance requirements. 

US Particle 

Accelerator School 

Expertise 

Lab Competence Accelerator 

Division 

Expertise for the US Particle Accelerator School includes the 

knowledge and ability to train and educate the next 

generation of accelerator physicists and engineers. This 

includes a varying curriculum that includes courses ranging 

from fundamentals of accelerator science to advanced physics 

and engineering topics to satisfy the needs national 

laboratories as well as industrial, medical and university 

laboratories across the country interested in beams and 

accelerators. 

Users Services Lab Competence Workforce 

Development 

and Resources 

Section 

Provide registration, meet legal requirements, provide services 

for the user community. 

Vacuum Facilities Lab Facility Accelerator 

Division 

Vacuum clean room and equipment for cleaning and preparing 

vacuum components located at NWA and CMTF. 

Video Conferencing Lab Competence Core 

Computing 

Division 

The video conferencing service provides support to facilitate 

communication for Fermilab users with their on-site or off-site 

collaborators.  
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Virtual Server 

Hosting 

Lab Competence Core 

Computing 

Division 

Provides a centrally managed Infrastructure for hosting virtual 

machines. 

Visas Lab Competence Workforce 

Development 

and Resources 

Section 

Process visas for employees and users. 

Warehousing Lab Competence Facilities 

Engineering 

Services 

Section 

Warehousing: manage two onsite stockroom warehouses for 

rapid delivery of equipment and products 

Stockroom Operations - manage one common use stockroom 

operation and spares for facilities management department 

Wellness Lab Competence Workforce 

Development 

and Resources 

Section 

Planning and implementation of employee wellness programs. 

Managing recreation facilities, programs, clubs, and sports 

leagues. 

 
Table C.1: Lab capabilities 
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Appendix D: Resource Needs Spreadsheet 
Examples 
The following spreadsheets are included as examples of the mechanism used to collect data on resource 
needs for lab activities. One spreadsheet was created for each lab activity.  Spreadsheets were completed by 
laboratory divisions involved in the Detector and Accelerator Modernization planning effort. People entering the 
data used pull-down menus to identify lab capabilities, OHAP functional categories, and OHAP functional roles 
required, as well as levels of effort required annually from FY 2017 through FY 2030, in FTE units.  A notes 
field was also included to capture salient information. A separate row was used for each unique functional 
category/role combination. 

 

           
 

Figure D.1:  Resource needs spreadsheets for Main Injector Operations (left) and Target System Operations (right). 
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Appendix E: Equipment and Facility 
Modernization Process, Data, and Charts 

E1: Methodology 
Process for determining modernization Figure Of Merit (FOM) and priority: 
 

● Laboratory managers and their subject matter experts developed a ranked list of equipment and facility 
needs. 

○ These needs were combined into a master list 
○ Managers and SMEs divided their needs by fiscal year of expected need and ranked their 

priorities 
○ This ranking can be seen in the “pri [ority]” column of each fiscal year 

■ The rankings are well reasoned, but  considered subjective in this context 
■ This ranking does not reflect the FOM score, but may influence the final ranking in the 

case of a criteria tie 
○ Cost was not considered a factor for this ranking exercise 

● This was considered “round 1”
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● The managers and SMEs then rated each modernization in their respective areas according to the 
Evaluation Criteria that follows 

○ The rating scale is weighted by the max score available 
● Combined meetings were held to validate lab-wide grading, and assure even application of grading 
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● This was “round 2” and yielded FOM scores for all modernization activities 
● Final ranking was completed in “round 3” 
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● Round 3 ranked each priority within given fiscal years 
● In the case of FOM ties, SME priorities were used to assign rank among the tied elements 
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E2: Accelerator Data 
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E3: Accelerator Charts 
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E4: Detector Data 
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E5: Detector Charts 
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Appendix F: Comparison to Other Aging 
Accelerator Complexes 
 
There are several other high power proton accelerator complexes worldwide, and to understand if the internally 
assessed needs for operations at Fermilab are reasonable,  an attempt was made to compare those needs to 
what is known from the others.  Acquiring the data needed to make global labor comparisons to other aging 
accelerator complex operations needs is difficult, so the approach was to examine the funding amounts that 
other comparable facilities need for accelerator operations.  The facilities looked at were limited to large scale 
proton accelerator complexes, from the LHC at CERN, to BNL, SNS at ORNL, and J-PARC in Japan. For US 
facilities, the numbers were obtained by looking at DOE annual budget requests.  Comparisons between 
multi-program and single program labs and work scope are necessarily inexact, but they are useful to set the 
scale of support.  The enacted 2019 DOE operations funding for SNS was about $206M, for RHIC at BNL was 
about $193M, (including detector operations) and for the Fermilab Accelerator Complex was about $133M, 
including Detector and Computing Operations. The annual funding for J-PARC operations in Japan was 
estimated at about $190M, but that number is from a private communication and has even more uncertainties 
in total value and work scope associated with it.  
 
The scope of the above complex operations is similar, though not identical to Fermilabs, and for US labs, the 
difference in funding methods between multi-program and single purpose labs introduce additional 
uncertainties. The CERN LHC complex and operations costs are substantially larger than the Fermilab 
complex, and so cost comparisons were not included here. The Fermilab complex is shown in Fig. C1 below.  
 
Looking in more detail where FTE numbers are available, in the Proton Source department, the number of 
people supporting the “Pre-Acc” source and the initial stage of acceleration is 4, compared to an average of 6 
for similar facilities at Brookhaven National Laboratory (BNL), the Spallation Neutron Source (SNS) at Oak 
Ridge, and the Los Alamos Neutron Science Center; 9 people supporting the Fermilab Linac is compared to an 
average of 15 at BNL and SNS.  The Fermilab Linac has a similar number of operating hours as these other 
facilities.  These numbers were obtained through private communications, and it was clear that attempting to 
break down and compare work scope and FTE numbers machine by machine more generally was going to be 
misleading at best. The physical scope of the BNL, SNS, and JPARC complexes is shown in Fig.. C2-C4 
below.  Each complex has a proton source, a linac, synchrotrons, and beamlines, and are in general high 
energy/power proton accelerators that are at least somewhat comparable in scope.  
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Figure F.1: The Fermilab accelerator complex.  The PIP-II linac shown is not yet under construction and is not included in 
operations funding.  The Tevatron area is only used to transfer beam to Switchyard. 
 
The Fermilab accelerator complex provides protons for a high energy neutrino program, an 8 GeV neutrino 
program, a muon program, a fixed target NP experiment, test beams, and supporting facilities.  The complex 
typically operates for 5000 hours per year with good uptime.  The FY19 enacted HEP funding was $133.3M, 
which included $13.6M for GPP’s and AIP’s, $72.3M for Accelerator Operations, and $47.4M for Detector and 
Computing operations.  
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Figure F.2: The BNL accelerator complex.  The RHIC ring is the highest energy of the complexes in this comparison.  
 
The BNL RHIC complex is large and performs difficult NP heavy ion experiments, with funding limitations that 
restrict the run periods each year.  Their operations uptime is good, and they face many similar operations 
challenges to Fermilab.  The funding data examined for FY 2019 does not break out the experiment 
operations, but it was shown in a 2013 DOE review.  For the years 2010-2013, the overall RHIC operations 
budget was between $155-160M, with between $120-124M for Accelerator operations.  The rest was for 
research and experiment operations.  With $193M enacted for FY 2019, the accelerator operations funding is 
likely larger than in the 2010-2013 period referenced above.  The Accelerator Division ES&H costs are a 
departmental org burden that are are distributed to the various programs (RHIC, MIRP, ATF, NSRL, etc.) 
within the dept based on labor. There are a variety of different org burden accounts, including management, 
ESH&Q, admin, communications, space, bldg. power, etc., and the distributions for each of the org burden 
accounts may differ depending on what programs are receiving the benefit.  So in addition to the different work 
scope of having a large collider, albeit one with a shorter annual run period, the cost accounting is difficult to 
correlate.  That said, given RHIC is an example of a well run accelerator complex of similar scope, rough 
comparison of funding levels would suggest that the Fermilab complex is also efficiently operated. 
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Figure F.3: The SNS accelerator complex.  The complex is the lowest energy, but highest power output of the complexes. 
 
Similarly to the BNL RHIC complex, the BES funded SNL accelerator complex is a large, high power proton 
accelerator complex that has very high power proton beams that are used for neutron science. Their 
operations run time is similar to Fermilab, their uptime is good, and they face many similar operations 
challenges to the Fermilab complex in pulsed operation of protons onto high power targets.   With $206M 
enacted for FY 2019 accelerator operations funding it would appear that the funding is high relative to 
Fermilab, however the funding does include substantial support for for what in HEP would be detector 
operations.  Like BNL, there are a variety of different org burden accounts, including space, utilities, 
administration, matrix support (ESHQ, IT, HR, Finance, etc.), telephones, stipends, IT infrastructure, desktop 
computing, office supplies and non-program travel that make comparisons difficult.  So in addition do the 
different work scope of neutron operations, the cost accounting is difficult to correlate to that of a single 
program lab.  However, given SNS is an example of a well run accelerator complex of similar scope, rough 
comparison of funding levels would suggest that the Fermilab complex is also efficiently operated. 
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Figure F.4: The J-PARC accelerator complex.  The complex is most similar to Fermilabs in terms of protons and targets 
for neutrino science. 
 
The annual funding for J-PARC operations in Japan was estimated at about $190M, but that number is from a 
private communication and has even more uncertainties in total value and work scope associated with it.   
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Appendix G.  Accelerator and Detector 
Operations Workforce Age Distribution 
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Appendix H.  Accelerator Operations and Test 
Facility Critical Skills 
To ensure operational excellence and a matrix capable workforce that can respond to the needs of projects as 
well, the laboratory technical workforce must be maintained and enhanced. Future successful mission 
execution will be closely tied to multidisciplinary teams that can build projects, operate accelerators, perform 
cutting edge R&D, and often those teams must include skills or knowledge that can only be learned in the 
rather specialized environment of a working accelerator complex. There are multiple challenges that must be 
addressed to ensure that Fermilab has the appropriate workforce for the mission, including recruitment and 
hiring a diverse workforce, ensuring retention through a healthy work environment including appropriate salary 
and benefits, and providing leadership training. Additionally, the specialized knowledge and unique or critical 
skills needed to build and operate complex accelerator systems are a particular source of concern. 
 
In High Energy Physics, the specialized skills and knowledge needed for accelerator operations are not only 
acquired through university education. Planning to ensure a robust workforce through a system of needs 
analysis, recruitment, development, and retention, along with effective knowledge transfer is vital to future 
success.  As shown by the gap analysis, the current workforce is not demographically balanced, leading to 
significant staffing needs over the next decade. For the job categories with consistently high projected demand 
gaps, which include electrical and mechanical engineers and technicians, this appendix show the skills 
concentrated within those job categories which have also been identified as critical to fulfilling lab capabilities.  
 
Making accelerators work requires high power electrical systems to drive radio frequency (rf) accelerating 
systems and magnets, both superconducting and room temperature, large cryogenic systems, and specialized 
instrumentation and controls systems.  The critical skills identified for technical and engineering staff in Figure 
H1 are aligned with those needs.  Technology advances in high power rf systems have reduced their 
importance in areas like radio and tv broadcasting, although there is still demand in military systems.  Overall it 
is difficult to maintain the supply of that critical skill, and the projection is that there will be a gap that is best 
filled by hiring early career engineers and training them over a period of years, while the current expertise is 
still on staff.  As such, this is an area where the skills must reside at Fermilab for both electrical and 
mechanical engineers.  For engineers in general, one part of the strategy is to continue to expand the 
recruitment pool by increased efforts to attract historically underrepresented groups at the undergraduate level 
through recruitment at career fairs, and by increasing the co-op and intern opportunities for them.  Market 
conditions are favorable for engineers with good skills, so attracting and retaining top talent will continue to be 
difficult.  To retain these skills will require adjusting the work-life balance and providing a mentoring style 
training environment that continues to make Fermilab a workforce destination of choice for entry level 
employees. 
 
Technical rf expertise also requires specialized training, and the current system of utilizing a mix of employees 
and contractors is expected to continue, as contract technicians can be trained to work effectively on rf 
systems.  There are currently 12 contract technicians in AD, and providing 5 FTE’s of Accelerator Operations 
effort. These include contractor FTE’s are working as design/drafters, which is needed but not identified as a 
scarce or critical skill, because the availability of design/drafters is relatively good, and using contractors to 
manage demand peaks works well.  The rest of the 12 FTE’s of contractor effort is on-project.  There are 
additional contract technicians entirely on-project that are not part of the charge. 
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There are several critical skills in the mechanical technicians area, primarily in areas such as vacuum and cryo 
systems where familiarity with hundreds, if not thousands of pieces of equipment is needed to effectively 
maintain and operate them.  While people in these areas can do effective work under supervision in a short 
time, extensive on the job training under the supervision is needed to develop their skills to the point where 
they can work independently, or function as a crew leader in performing complex tasks safely and effectively. 
As such, while contract technicians under supervision are commonly used, the more domain specific skills of 
longer term, in house trained employees are also needed. The risk to operations is increased as the skill level 
and domain knowledge of the technical crews decreases, because the environment they work in is frequently 
quite complicated. 
 

Figure H.1: Critical Skills identified for Technicians and Engineers supporting Accelerator Operations and Test Facility 
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Appendix I.  Accelerator Operations and Test 
Facility Supplemental Charts 

 
Table I.1: Lab workforce FTEs as of 9/30/2018 

 
 

 
Table I.2:  Year-to-year change in the gap between workforce supply and demand for accelerator operations and test 
facilities. 

 
 

 

 
Figure I.1: Graphical representation of the summary data from Table I.3, illustrating the annual variation in workforce 
supply/demand gap. 
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The Accelerator operations workforce is highly matrixed, with more than half the headcount who do work to 
support those operations reporting less than 50% of their effort to operations, as shown in Fig. I.2.  In addition 
to operations, the workforce supports projects, research, management, and program support.  Per the charge, 
the data in this appendix includes labor in Accelerator and Test Facility Operations needed to support projects, 
but not the labor directly on project,   While complicating workforce planning, this level of matrixing is needed to 
provide a broad range of expertise needed for operations in a funding environment that does not allow for a 
fully dedicated operations workforce.  The advantage to this model is that it can reduce some project costs, as 
the project pays for the fraction of effort they receive, rather than having to support their own fully dedicated 
workforce, which can lead to standing army costs.  While making the lab more agile in staffing new efforts, 
having a large fraction of the operations workforce being less than 50% available can incur short term delays in 
response to downtimes. 
 
With a matrix structure employees are generally accountable to more than one manager, and the most 
common usage is where there are two kinds of managers, line and project, which is generally how Fermilab 
matrixing is done. Matrix structures are best used where large-scale projects require rapid infusions of 
technological know-how, and where there is an existing organizational structure that could provide the needed 
resources without disrupting existing operations needs excessively.  Because matrix structures retain an 
organization's functional structure, they allow for the rapid creation of efficient large-scale, project structures 
that employ many members of the labs divisions without disrupting the organization.  Because projects and 
divisions have different timelines, one relatively permanent, the other designed to end at project completion, 
the organization can retain critical skills that can move back and forth as needed. This is especially 
advantageous when there are specialized skills that are difficult to obtain or train, making it possible for the lab 
to manage the anticipated future project portfolio.  Historically the projects built at Fermilab transition to 
operations using many of the same personnel that were in the project.  They are well suited to the task, 
because the projects built at the lab for science tend to be one of a kind, so the expertise acquired in building it 
is valuable for subsequent operations. For example, as LBNF/DUNE comes to completion the neutrino targets 
built for the project will need replenishment on a regular basis and an ongoing workforce that transitions to 
operations is more efficient than training new personnel.  There are a number of places where this is true, such 
as PIP-II, where having project personnel return from the project to operate PIP-II and participate in a future 
PIP-III project is an efficient use of skilled resources.  Having two management structures does increase 
organizational complexity and requires a high degree of cooperation between division and project 
management.  The potential for conflicting management directions and establishing priorities that work for both 
Division and project management is higher than for dedicated organizations.  
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 Figure I.2: Fraction of effort reported to Accelerator operations and Accelerator Test Facility operations. 

 
The charts below show the distribution of demands for engineers and technicians skills across activities.  

 
  
 
 

 
Figure I.3: Mechanical Engineering demands.  Projected needs increase slightly overall, driven by a broad range of 
anticipated activities and an increase in cryogenic operations expertise. Note that on-project needs are not included. 
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Figure I.4: Mechanical Technician demands.  Projected needs stay relatively flat, with the modest increase driven by 

Proton Source and cryogenics operations expertise. Note that on-project needs are not included. 
 
 
 

 
 
 

 
Figure I.5: Electrical Engineering demands.  Projected needs stay relatively flat, with minor fluctuations aligned with 

science program requirements.  Note that on-project needs are not included. 
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Figure I.6: Electrical Technician demands.  Projected needs increase slightly overall, driven partly by PIP-II operations. 

Note that on-project needs are not included. 
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Appendix J.  Succession Planning and 
Knowledge Transfer Initiatives 

 

Figure J.1: Sample Fermiworks Skills Report 
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Figure J.2: Sample from PPD succession planning workbook - Detector Dev & Ops Dept 
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Appendix K.  Fermilab Diversity Statistics by Job 
Category 

 

 

Appendix L.  Fermilab Diversity Pipeline 
Internship and Fellowship Programs 
 
TARGET - a highly competitive internship program for high school sophomores and juniors with a strong 
interest in and demonstrated aptitude for physics, mathematics, computer science and engineering. TARGET 
encourages and aims to increase the representation of underrepresented minorities and women in the 
sciences and engineering . 
 
SIST - The Summer Internships in Science & Technology program offers undergraduate sophomores and 
juniors majoring in physics, engineering (mechanical, electrical and computer), materials science, 
mathematics, and computer science the opportunity to conduct research with Fermilab scientists and 
engineers.  
 
GEM - Fermilab is part of the National GEM Consortium,which provides fellowships to highly qualified 
historically underrepresented students to pursue graduate studies in engineering or science.   
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Appendix M.  Detector Operations and Test 
Facility Critical Skills 
To ensure operational excellence and a matrix-capable workforce that can also respond to the needs of 
projects, the laboratory’s workforce must be maintained and enhanced. Future successful mission execution 
will be closely tied to multidisciplinary teams that can build projects, operate experiments and facilities, and 
perform cutting-edge R&D.  Often those teams must include skills or knowledge that can only be learned in the 
rather specialized environment of a working facility with operating experiments. There are multiple challenges 
that must be addressed to ensure that Fermilab has the appropriate workforce for the mission, including 
recruitment and hiring of a diverse workforce, ensuring retention through a healthy work environment including 
appropriate salary and benefits, and providing leadership training. Additionally, the specialized knowledge and 
unique or critical skills needed to build and operate complex systems are a particular source of concern. 
 
In High Energy Physics, the specialized skills and knowledge needed for detector operations are not acquired 
solely through university education. Planning to ensure a robust workforce through a system of needs analysis, 
recruitment, development, and retention, along with effective knowledge transfer is vital to future success.  As 
shown by the gap analysis, the current workforce is not well-balanced demographically, leading to staffing 
needs over the next decade.  This appendix show the critical skills by job category for technicians and 
engineers.  
 
The detectors and test facilities under operation at Fermilab require the use of vacuum systems, large 
cryogenic systems, specialized instrumentation, and detector controls systems.  The critical skills identified for 
technical and engineering staff in Figure M1 are aligned with those needs.  For engineers in general, one part 
of the strategy is to continue to expand the recruitment pool by increased efforts to attract historically 
under-represented groups at the undergraduate level via recruitment at career fairs, and by increasing the 
co-op and intern opportunities for them.  Market conditions are favorable for engineers with good skills, so 
attracting and retaining top talent will continue to be difficult.  To retain these skills will require adjusting the 
work-life balance and providing a mentoring style training environment that continues to make Fermilab a 
workforce destination of choice for entry level employees. 
 
There are several critical skills in the technician categories, primarily in areas such as vacuum and cryogenic 
systems, where familiarity with many different pieces of equipment in multiple experiments or test facilities is 
needed to effectively maintain and operate them.  While new people or contract workers can learn to do 
effective work under supervision in a short time, extensive on the job training under supervision is needed to 
develop their skills to the point where they can work independently, or function as a crew leader in performing 
complex tasks safely and effectively.  As such, while contract technicians under supervision are commonly 
used, the more domain-specific skills of longer term, in-house-trained employees are also needed. The risk to 
operations is increased as the skill level and domain knowledge of the technical crews decreases, because the 
environment they work in is frequently quite complicated. 
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Figure M.1: Detector Operations and Test Facilities Critical Skills by Job Category  
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Appendix N: Relationship Between OHAP 
Functional Categories and Roles 
The following tables show the underlying OHAP Functional Roles associated with OHAP Functional Categories 
relevant to this report.. 
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Appendix O.  Detector Operations and Test 
Facility Supplemental Charts 

 
Table O.1: Laboratory workforce FTEs as of 9/30/2018 

 

 
Table O.2:  Year-to-year change in the gap between workforce supply and demand for detector operations and test 
facilities. 
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Figure O.1: Graphical representation of the summary data from Table O.2, illustrating the annual variation in workforce 
supply/demand gap. 
 
The Detector operations workforce is highly matrixed, with more than half the headcount who do work to 
support those operations reporting less than 50% of their effort to operations, as shown in Fig. O.2.  In addition 
to operations, the workforce supports projects, research, management, and program support.  While 
complicating workforce planning, this level of matrixing is necessary to provide a broad range of expertise 
needed for operations in a funding environment that does not allow for a fully dedicated operations workforce. 
The advantage to this model is that it can reduce some project costs, as the project pays for the fraction of 
effort they receive, rather than having to support their own fully dedicated workforce, which can lead to 
standing army costs.  While making the lab more agile in staffing new efforts, having a large fraction of the 
operations workforce with less than 50% availability can incur short term delays in responding to operational 
interruptions caused by equipment failure.  The resulting inefficiency is acceptable given the overall benefits to 
the program. 

 
Figure O.2: Matrixing of Detector Operations & Test Facilities workforce. The majority of people who report effort here 
devote less than a quarter of their effort.  
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Figure O.3: Mechanical Engineering demands.  Projected needs remain steady in many areas with fluctuations driven by 
initiating new experiment operations and decommissioning existing operations (e.g., MicroBooNE and MINERvA.)  The 
peak in FY 2025-26 supports NOvA decommissioning.  Note that on-project needs are not included. 

 
  
 

 
Figure O.4: Mechanical Technician demands. Projected needs stay relatively flat in many areas, with an increase to 
support NOvA decommissioning and DUNE and Mu2e operations.  Note that on-project needs are not included. 
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Figure O.5: Electrical Engineering demands. Projected needs stay relatively flat in many areas, with an increase to 
support NOvA, DUNE, and Mu2e operations. Note that on-project needs are not included. 

 
 
 

 
Figure O.6: Electrical Technician demands.  The sharp increase around FY23-24 is required to meet DUNE needs. Note 
that on-project needs are not included. 
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Appendix P.  Accelerator Equipment Downtimes 
 
The following table shows the accelerator downtime data associated with some of the items in the facility 
modernization list.  Items on the modernization list that interrupted beam operations are listed here, along with 
Items that are high maintenance during scheduled shutdowns. An item’s condition or likelihood of failure is 
reflected in the FOM score through the “End of Life” and “Reliability” criteria.  
 

 Division    Equipment downtime 

AD Beam Del BNB horn charging 
supply 

293 hours in FY19 

AD Main Inj/Rec control power supplies 
and dipole/quad rectifiers 

all MI power supplies 
428h in last 5 years 

AD Main Inj/Rec refurbish MI RF cavities 32h in last 3 years to 
repair water leaks 
outside of planned 
shutdowns 

AD Main Inj/Rec ion pump cables in 
radioactive areas 

33h in last year 

AD Main Inj/Rec sump discharge line 
replacement 

Replaced 3 of 20 in 
recent years due to 
breaks 

AD Main Inj/Rec VCBs 28 occurrences in last 2 
years for 9h downtime 

AD Proton Source ion pumps Pumps are end of life. 30 
years old - high 
maintenance 

AD Muon Source ion pumps no significant beam 
downtime but e.g. on 
6/3/18, operators had to 
reset an ion pump 73 
times in one shift 

AD Main Inj/Rec ramped/DC ps controller 
PLCs 

all MI power supplies 
428h in last 5 years 

AD Main Inj/Rec power supplies and 
dipole/quad transformers 

all MI power supplies 
428h in last 5 years 

AD Main Inj/Rec dipole/quad DCCT all MI power supplies 
428h in last 5 years 

AD Main Inj/Rec DC ps control communic, all MI power supplies 
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SCRs 428h in last 5 years 

AD Main Inj/Rec dry transformers 3 of 12 are leaking oil 

AD Main Inj/Rec replace MI quad SCRs all MI power supplies 
428h in last 5 years 

AD Main Inj/Rec replace 1200 ion pumps Pumps are 20 years old 

AD Muon Source new wire/ion chambers Vacuum chambers leak, 
high maintenance 

AD Main Inj/Rec water cooling skid MI31 770h in last year 

AD Main Inj/Rec Replace EPDM hoses, 
add pond flow meters 

Hoses end-of-life due to 
radiation.  New hoses 
spec'd for radiation. 

 
Failures which cause downtime of beam to experiments are logged by operators.  Classification of the failure 
depends on the operator’s judgement if the category is not clear.  
Often, repair periods will be driven by a particular failure and the downtime will be attributed to that system. 
Other repairs made during that time are generally not recorded in the downtime logger.  A common example of 
this is Booster RF repairs.  Since the full complement of RF stations are not required to accelerate beam in the 
Booster, repairs may be made opportunistically.  The periods considered in the plots below exclude the few 
weeks of startup immediately following a long shutdown.  In FY19, the period does not include running during 
the 5 days on / 9 days off since this is predictably inefficient. 
  
Preacc uptime is better than 98%, and since upgrading the source and replacing the Cockroft-Walton with an 
RFQ, uptime is better than 99%.  
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Linac uptime is typically better than 95%.  The dominant source of downtime is the RF.  Since the Marx 
modulators have been fully operational in FY19, RF downtime has been reduced by about a factor of 3.  The 
average downtime in FY19 for RF is less than 10 min.  These short downtimes occur frequently.  The time 
between failures of greater than one hour in duration is on average more than 2 weeks. 
  

 

   
  
Booster uptime is typically better than 95%.  During FY14-15, Booster RF cavities were removed from the 
tunnel two at a time to be refurbished as part of the Proton Improvement Plan.   Running without spare cavities 
in place meant that when an RF station failed, we could not run Booster until it was repaired, leading to more 
downtime than usual.  In FY19, increased downtime in the “other” category was due to limited use of overtime 
to make repairs due to budgetary constraints. 
The average downtime in FY19 for Booster RF is about 6 min.  These short downtimes occur frequently.  The 
time between failures of greater than one hour in duration is on average 41 days.  Booster power supplies 
average 35 minutes downtime, with average 18 days between failures of greater than 1 hour. 
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The Main Injector uptime during the Tevatron era averaged 97%.  Increased downtime in FY14 was due to 
startup issues after the upgrades for NOvA.  In FY15, there was a failure of the MI40 bus in the penetration, 
and new copper bus had to be lowered into place; there is risk of further failures of this type.  High downtime in 
FY16-18 was caused by broken wires and vacuum issues in the septa used for resonant extraction to SY120. 
A task force helped to resolve these issues, and the septa have not been a problem in FY19.  RF downtime is 
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increasing due to water leaks on the 50-year-old cavities.  Refurbishing these cavities is part of the 
modernization plan. 
The average downtime in FY19 for MI RF is 15 min.  These short downtimes occur frequently.  The time 
between failures of greater than one hour in duration is on average 35 days.  MI power supplies average 21 
minutes downtime, with average 18 days between failures of greater than 1 hour. 
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The Recycler was converted from an antiproton storage machine to a machine for slip-stacking high intensity 
proton beams for NOvA during the long shutdown in FY12-13.  As a permanent magnet machine, downtime 
remains relatively low.  Exceptions include the anode power supply transformer fire in FY16, and magnet 
failures in FY14 and a kicker thyratron failure in FY18.  Not included in the figure below is a downtime of more 
than a month of a chiller for the 2.5 MHz RF needed for rebunching of beam to the Muon Campus exacerbated 
by procurement issues; the g-2 experiment was not ready for beam at that time.  A new water-cooling skid for 
this system is included in the modernization plan. 
 

 
  
Although the Muon Campus has many differences compared to the Antiproton Source, it shares many 
components including the target station.  For this reason, PBar downtime is shown along with Muon downtime 
to give a sense of scale.  The biggest concern is currently the lifetime of the lithium lens in the target station.  In 
FY19, increased downtime in the “other” category was due to limited use of overtime to make repairs due to 
budgetary constraints. 
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Downtime shown for BNB does not include the period of several months in 2007 when two 25-ton blocks at the 
25m absorber fell into the beam path due to corroded chains.  Recently, downtime has increased due to 
failures of the horn charging power supplies, a failure on the horn in FY16, issues with conductivity of the 
target-station cooling water, problems when windy with the fan used to control airborne radioactivity, and 
installation of a canopy on the berm for tritium mitigation in FY19.  Some of these target-station utilities have 
better monitoring than in the past, and therefore problems are more likely to be caught.  New horn charging 
power supplies are included in the modernization plan. 
 

 
 
The NuMI downtime plot shows the effect of learning from target and horn failures and modifying the design to 
increase the lifetimes.  In FY19, the largest source of downtime was due to target station utilities such as 
dehumidification.  Many of the water and cooling systems will be upgraded by the NuMI Target Systems AIP. 
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Appendix Q: Detector R&D Management Plan 

Laboratory Strategic Planning 
Fermilab’s overall strategic plan and major initiatives are aligned with the P5 Plan for U.S. particle physics and 
are the principal factors that drive planning at the laboratory. The strategic plan and major initiatives are 
described in the Annual Lab Plan (ALP) that is updated and presented to the DOE Office of Science (DOE/SC) 
each year as part of DOE’s annual planning process. The ALP includes information on laboratory core 
capabilities (defined by DOE/SC), laboratory infrastructure, human resources, budget process and cost drivers, 
as well as strategic partnership projects related to technology transfer and commercialization. The ALP 
provides a starting point for annual discussions between DOE/SC leadership and senior management about 
the laboratory’s future directions, strengths and weaknesses, immediate and long-range challenges, and 
resource needs. Development of the ALP is an important part of the laboratory’s strategic planning process. 
Each year the plan is submitted as a written document to DOE/SC and presented by the laboratory director in 
face-to-face meetings with DOE/SC leadership. 

The laboratory’s strategic planning process each year includes further development and ongoing maintenance 
of the strategic plan. Planning is based on lab goals and lab objectives that are managed in the context of 
strategic themes in a database, reviewed annually and updated in response to changing needs.  Effective 
communication is an important aspect of strategic planning and consistency is critical when presenting plans to 
different target audiences. The primary motivation for the use of a database to manage strategy is to articulate 
the laboratory’s strategic plan effectively and consistently to key stakeholders. The ALP represents one 
example of a strategic planning document that benefits from this approach. It is tailored to address DOE/SC as 
a key stakeholder. Another example is the laboratory’s strategic plan website, which includes similar 
information as the ALP and presents content that is tailored to address the science community and laboratory 
employees. 

An important aspect of the laboratory’s strategic planning process is the annual strategic planning workshop at 
the beginning of each fiscal year. Prior to the workshop, strategic planning group leaders work with their teams 
and senior leadership to review and update lab goals and objectives in response to changing needs or to 
address Performance Evaluation and Measurement Plan (PEMP) notable outcomes for the fiscal year. 
Updates to the strategic plan may include the development of new lab goals and new lab objectives or 
changes to existing goals and objectives previously entered in the strategic planning database. During the 
workshop, strategic planning group leaders present proposed changes to the strategic plan to senior 
management and representatives from numerous committees across the laboratory. After the workshop, the 
senior leadership at the laboratory reviews the revised goals and objectives and either approves them, rejects 
them, or requests that additional changes be made to goals and objectives prior to approval. 
 
Updates and course correction to the laboratory’s strategic plan are presented to the Fermilab Physics 
Advisory Committee (PAC, https://pac.fnal.gov), which is composed of internationally renowned experts in 
particle physics, detector and accelerator technologies, as well as software and computing. The committee 
advises the laboratory director on the experimental program. In particular, it reviews proposals for new 
experiments and gives advice to the Laboratory Director about the optimization of the ongoing experimental 
program and plans for the future program. The meeting is also attended by a representative of DOE/SC who 
reviews and endorses the PAC recommendations. 
 

124 

https://pac.fnal.gov/


Detector R&D Planning  
While several of the lab goals and objectives related to detector R&D, and associated with existing and 
planned experiments, are already managed through the annual laboratory strategic planning exercises via their 
corresponding strategic themes (accelerator, collider, computing, cosmic, neutrino, precision, and quantum 
science), we are currently in the process of establishing an additional new standalone strategic theme for 
detector R&D to more effectively develop the laboratory strategy for all detector R&D activities. This new 
theme will explicitly include generic R&D which, up until now, has been planned in a standalone manner as 
described below. 
 
Strategic and tactical planning for generic R&D is currently accomplished through a Detector Advisory Group 
(DAG, https://detectors.fnal.gov/contact/) that is chaired by the Detector R&D Coordinator and includes 
external advisors who help define long- and short-term R&D projects. The DAG meets regularly and advises 
laboratory leadership on detector R&D budgets and issues, as well as on priorities among different R&D 
efforts. The group consists of the Detector R&D Coordinator, laboratory staff, and two external advisors. The 
DAG membership includes scientists and engineers with expertise covering the entire range of detector 
technologies at the laboratory. Fermilab users and employees are encouraged to propose new R&D projects 
that are evaluated by the DAG, and the laboratory routinely collaborates with other laboratories and university 
groups on a variety of R&D projects.  
 
Up to now, the standalone strategic planning and prioritization process for Detector R&D has been built on 
input from DAG members, and from the leadership of the three divisions involved in detector R&D (Particle 
Physics Division, Neutrino Division, Scientific Computing Division) via their representative members in the 
DAG.  Each member of the DAG is tasked annually with soliciting and collecting R&D topics within their area of 
expertise.  Resource needs are established and aligned with the budget guidance by consensual prioritization 
within the DAG, taking into account the P5 priorities and the CPAD Grand Challenges.  The DAG prioritizes the 
R&D activities, taking into account the technical and scientific expertise at the laboratory (i.e. lab capabilities) 
and additional expertise that is available through collaboration with universities and other national laboratories.  
 
Detector R&D program funding is subdivided among the three divisions involved in the R&D. The program is 
funded through a KA25 Budget and Reporting (B&R) code that is subdivided into four thrusts: 

● Sensors/Detectors and Front-End Electronics (FEE) 
● Detector Systems 
● Trigger/Data Acquisition Systems (DAQ) 
● Core 

 
The plan for detector R&D is developed from the prioritized list, and resources are divided among the relevant 
divisions and R&D thrusts. Table Q.1 is included as an example of how the technical labor resources are 
allocated among the four Detector R&D thrusts for FY 2018.  These detailed projected operating needs for 
detector R&D are included in the gap analysis workbook, which provides FTEs resolved by skill set and by 
year from 2017 to 2030. 
  
Most detector R&D activities follow a multi-year strategic plan that is updated annually. A small fraction of the 
annual budget is reserved for low-cost emerging tactical opportunities that have been identified as high priority 
needs. This budget fraction has been roughly constant in past years. If the reserve is not sufficient, funding for 
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unplanned initiatives is obtained from under-spent KA25 budget codes while maintaining the division 
allocations defined at the beginning of a fiscal year.  
 
 

Technical Labor by R&D Thrust (FY 2018) FTEs 

  

Sensors/Detectors & Front-End Electronics: 7.5 

Design 0.3 

Electrical Engineer 1.6 

Electrical Technician 1.8 

Mechanical Engineer 0.6 

Mechanical Technician 0.5 

Interns 0.8 

Other Technical 1.9 

  

Detector Systems: 2.4 

Electrical Technician 0.1 

Mechanical Engineer 0.6 

Mechanical Technician 1.4 

Other Technical 0.3 

  

Trigger/DAQ: 2.9 

Electrical Engineer 2.2 

Electrical Technician 0.3 

Application Physicist 0.4 

  

Core: 1.7 

Design 0.5 

Mechanical Engineer 0.7 

Mechanical Technician 0.2 

Other Technical 0.3 

 
Table Q.1: FTEs of technical labor for detector R&D shown by OHAP categories for four KA25 thrusts.  

 
 
 
 
 
 
Current detector R&D activities are presented in the following table. The table shows the activities for the four 
Detector R&D thrusts and indicates how each activity is aligned with strategic themes that have been 
established for the laboratory strategic planning exercises. 
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Detector R&D Activities Collider 

Science 

Cosmic 

Science 

Neutrino 

Science 

Precision 

Science 

Quantum 

Science 

      

Sensors/Detectors & Front-End Electronics:      

Silicon sensor R&D: small pixel size, 3D integration, 
Low Gain Avalanche Diode (LGAD) sensors 

x     

Plastic scintillators: radiation hardness, doping, 
co-extrusion 

x   x  

Photodetection: quantum dot scintillators, sparse 
silicon photomultipliers, ARAPUCA light trap 

x  x x  

Picosecond timing R&D: large area photodiode 
detectors, LGAD’s, system aspect R&D 

x     

Single Event Upset (SEU) studies within the CERN 
RD53 collaboration 

x   x  

3D Integration: collaborations with industry and with 
MIT-LL and BNL 

x     

Skipper Charge Coupled Devices (CCD): packaging 
for imaging and spectroscopy applications 

 x   x 

High density fiber positioning system for future 
cosmic surveys 

 x    

Microwave Kinetic Inductance Detectors (MKID): 
suitability study for CMB-S4 

 x    

Transition Edge Sensors (TES): cold electronics 
R&D for CMB-S4 

 x    

Detector Systems:      

Liquid Xenon detector R&D for dark matter searches  x    

Liquid Argon Time Projection Chamber (LAr TPC) 
R&D: light collection, doping, high voltage behavior, 
test beam data 

  x   

Pixelated LAr TPC readout   x   

Trigger/DAQ:      

Ultra-low threshold electronics for CCDs  x    

Electronics for reading out thousands of MKID and 
TES detectors 

 x    

Data acquisition support and development for test 
beam applications 

x  x x  

High-speed radiation-hard optical links x   x  

Low-mass or cable-less link R&D x   x  

Core:      

Research Techniques Seminar series x x x x x 

NEXUS clean room to enable ultra-low background 
detector R&D 

 x    

 
Table Q.2: Detector R&D activities grouped by KA25 thrust. The five columns on the right show strategic themes and “x” 
marks indicate the applicability of R&D activities to strategic themes. 
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As mentioned above in this appendix, the laboratory leadership is in the process of establishing a standalone 
strategic theme for detector R&D. This will integrate planning for detector R&D into the laboratory’s framework 
for strategic planning and will help to communicate detector R&D initiatives to key stakeholders. In response to 
a request from DOE/HEP, the DAG is currently working on developing a five-year plan for detector R&D that 
will be delivered to DOE/HEP in September 2019. The plan will articulate lab goals and objectives and will 
present this information in relation to the laboratory’s strategic themes that are derived from the P5 Plan for 
U.S. particle physics. 
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Appendix R: Glossary 
ADMX - Axion Dark Matter eXperiment 
ASIC - Application Specific Integrated Circuit 
AIP - Accelerator Improvement Project 
AUP - Accelerator Upgrade Project 
B&R - Budget and Reporting  
BNB - Booster Neutrino Beam 
BNL - Brookhaven National Lab 
BOE - Basis of Estimate 
BPS - Fermilabs Budget and Planning System 
CDF - Collider Detector at Fermilab 
CMB-SPT-3G - Cosmic Microwave Background - South Pole Telescope, third generation 
CMS - Compact Muon Solenoid experiment at CERN 
CMTF - CryoModule Test Facility 
DAMIC - Dark Matter in CCD’s 
DES - Dark Energy Survey 
DESI - Dark Energy Spectroscopic Instrument 
DOE - Department of Energy 
DOE/HEP - Department of Energy Office of High Energy Physics 
DOE/SC - Office of Science in the Department of Energy 
D0 - Tevatron era experiment 
DUNE - Deep Underground Neutrino Experiment 
FAST/IOTA - Fermilab Accelerator Science Test Facility/Integrable Optics Test Accelerator 
FOM - Figure of Merit 
FRA - Fermi Research Alliance 
FTE - Full Time Equivalent (usually over a period of one year) 
FY - Fiscal Year 
GPP - General Plant Project 
HiDex -  
HL-LHC - High Luminosity Large Hadron Collider 
HR - Human Resources 
IB - Industrial Building 
IERC - Integrated Engineering Research Center 
ILC - International Linear Collider 
J-PARC - Japan Proton Accelerator Research Complex 
LBNF - Long Baseline Neutrino Experiment 
LCLS-II - Linac Coherent Light Source II project at SLAC 
LINAC - Linear Accelerator 
LSST - Large Synoptic Survey Telescope 
MAP - Muon Accelerator Program 
MI - Main Injector 
MicroBooNE - LAr SBN neutrino experiment in the Booster neutrino beam 
MINERvA - Main Injector Neutrino reaction experiment 
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MINOS - Main Injector Neutrino Oscillation Search experiment 
Mu2e - Muon to electron conversion project 
NOvA - NUMI Off-axis neutrino experiment 
OHAP - Organizational and Human Asset Plan 
OHEP - Office of High Energy Physics in the Department of Energy 
ORNL - Oak Ridge National Laboratory 
P5 - Particle Physics Project Prioritization Plan 
P6 - Primavera scheduling tool 
PEMP - Performance Evaluation and Measurement Plan 
PIP - Proton Improvement Plan 
PIP-II - Proton Improvement Plan II project 
ProtoDUNE - 1 kTon LAr technology demonstrators at CERN 
QIS - Quantum Information System 
RHIC - Relativistic Heavy Ion Collider 
SBN - Short Baseline Neutrino 
SENSEI - Sub Electron Noise Skipper-CCD Experimental Instrument 
SiDet - Silicon Detector facility 
SME - Subject Matter Expert 
SNS - Spallation Neutron Source 
SPS - Strategic Planning System 
SRF - Superconducting Radio Frequency 
SuperCDMS - Second generation Cold Dark Matter Search 
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