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The mission of the Accelerator Sector is to enable the U.S. scientific community to tackle the most fundamental physics questions of our era by focusing on the following mission elements:
· Operations: operating the accelerator complex at the highest levels of performance, efficiency and safety, 
· Expanding Capability: maximizing the capabilities of the accelerator complex through upgrades and improvements, 
· Future Facilities: designing and building the next generation accelerator facilities for particle physics, 
· Technology Development: developing and nurturing those technologies that will enable the accelerator facilities of the future, and seeking to deploy those technologies for national priorities, and 
· Accelerator Science: advancing basic understanding of beams and accelerators.  These interdependent mission elements 
These are interlocking and interdependent elements, all of which need to be nurtured and executed successfully to deliver on the larger laboratory mission.

Figure 1: Accelerator Sector Mission Elements
As the national laboratory for particle physics, Fermilab’s Accelerator Sector has a special responsibility to serve the needs of the U.S. particle physics community by operating today’s domestic user facilities, planning for tomorrow’s and developing concepts and technologies to ensure a vital program in the far future. We also have a responsibility to actively seek ways to deploy technology developed for particle physics to other national priorities.  
The Accelerator Sector Organization is shown in Appendix 1.  As of May 1, 2012, the Sector consists of 709 employees, arranged in two divisions and one center, composed of a total of 32 departments.  The breakdown by staff categories is 119 scientists, 166 engineers, 385 technical support staff (including ES&H, Facilities Management, and Information Technology) and 39 administrative support staff.
The Accelerator Sector has well-established core capabilities in Accelerator Science and Technology.  Staff members have extensive experience spanning decades of design, construction and operation of among the most technically challenging accelerator components, accelerator systems and facilities in the world.  Specific areas of expertise are shown in Table 1.
Table 1: Accelerator Science and Technology Core Capabilities
	Core Capabilities
	Areas of Expertise

	Accelerator Science
	Phase-space manipulation
Simulation and Modeling
Energy Deposition
Beam dynamics and theory

	Accelerator Operation
	Operation and commissioning of large, complex accelerator systems

	Accelerator Technology
	Superconducting Radio-frequency systems
High-field superconducting magnets
Beam Cooling systems
Beam Instrumentation
High and low-level RF systems
Cryogenics

	Accelerator Design and Engineering
	Cryogenic Engineering
Complete accelerator component Design, Procurement, Construction
High and low-level RF system engineering 
Accelerator component and system costing expertise
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The strategic plan for the Accelerator Sector is guided by Fermilab’s Strategic Plan, as outlined in Fermilab: A Plan for Discovery https://www.fnal.gov/directorate/plan_for_discovery/pdfs/Plan_for_Discovery_20111201.pdf
Fermilab’s accelerator strategy is to build upon our existing strengths to establish a world-leading program at the Intensity Frontier enabled by a world-class accelerator facility.  We intend to use this program to provide a cornerstone for an Energy Frontier facility in the long-term, beyond LHC.  Realizing this strategy relies on the further development of accelerator technology and the advancement of our fundamental understanding of beams.
This strategic plan can be summarized in four Ten-Year Goals for the Accelerator Sector, shown in Figure 2.

	Accelerator Sector Ten-Year Goals

	Goal 1: Fermilab is the world leader on the Intensity Frontier

	Goal 2: Fermilab plays a leadership role in developing the technology for next generation accelerators

	Goal 3: Fermilab is a recognized leader in Advanced Accelerator R&D and Accelerator Science

	Goal 4: Fermilab plays a leading role in applying accelerator technology to society’s problems



Goal 1: Fermilab is the world leader on the Intensity Frontier
Achieving this goal requires:
· Operating the Accelerator Complex to deliver on commitments to the experimental program
· Increasing the capability of the Accelerator Complex by doubling the beam power from the Booster and Main Injector through the completion of the NOvA construction Project and the Proton Improvement Plan
· Modifying the accelerator complex to establish a muon program based on the 8 GeV Proton Source, which should be completed the latter part of this decade
· Modifying the accelerator complex to support the Long Baseline Neutrino Experiment, which should be constructed throughout this decade and begin operation early in the next.
· Carrying out the necessary R&D tasks to be ready for Project X construction start in 2016
· Developing plans for the long-term evolution of the accelerator complex based on Project-X

Goal 2: Fermilab plays a leadership role in developing the technology for next generation accelerators

This goal is achieved through our Technology Development programs focused on critical technologies needed for future Intensity Frontier and Energy Frontier accelerators.  Namely, we will ensure that our programs in high-field superconducting magnets, superconducting radio-frequency structures and components, and the national programs directed at LHC upgrades (LARP) and future muon accelerators (the Muon Accelerator Program) position the field to build the next HEP accelerator, and that Fermilab is playing a leading role in it.

In ten years, we intend to:
 
· Deploy high-field magnets based on Nb3Sn for near-term LHC upgrades, and LHC interaction region upgrades, as part of a national program of integrated US contributions
· Propel magnet technology to the point of establishing feasibility of the next future hadron collider or lepton collider
· Continue to develop SRF technology to meet the needs of Project X and a future collider based on SRF technology. 
· Have completed the first phase of the Muon Accelerator Program R&D to establish key technologies to address the question of feasibility of muon accelerators.  We expect that demonstration of key subsystems (e.g. 6d-muon cooling) will be underway at a dedicated muon beam test area at Fermilab.

Goal 3: Fermilab is a recognized leader in Advanced Accelerator R&D and Accelerator Science

This goal is motivated by the recognition that, as the national particle physics laboratory, Fermilab needs to engage in the very long-term technology development that is required for the field.  

In ten years, we intend to:

· Have a broad program in AARD underway to develop the transformative approaches to beam manipulation and acceleration that are needed by particle physics
· Provide unique user facilities for the nation’s AARD program at the Advanced Superconducting Test Accelerator (ASTA), with a goal of supporting a program delivering 15 high quality publications per year.
· Develop a program in advanced acceleration techniques that best builds upon Fermilab’s strengths
· Have simulation, theory and modeling groups that are recognized as world-leading
· Have a well-regarded education program, enabled by increased partnerships with local and national universities
· Grow the Accelerator Science partnership with Argonne National Laboratory and the University of Chicago.


Goal 4: Fermilab plays a leading role in applying accelerator technology to society’s problems

This goal is motivated by the recognition of the importance and potential of accelerator technology in fields beyond particle physics, and the recent investments made by the State of Illinois to foster technology transfer and job creation based on accelerators.

In ten years:

· IARC will be financially self-sustaining with an active industry/laboratory/university program in applied accelerator technology.
· The program will have acquired substantial support from DOE-SC related to applied technology and stewardship activities.
· The Technology Applications program will have attracted substantial funding (>5% of laboratory funding) from non-HEP sources
· We will have an active technology transfer program measured by invention disclosures and patents
· Fermilab developed technology and expertise will have been deployed, where it can make an impact, to meet national needs beyond particle physics

[bookmark: _Toc330825432]Program Plans, Goals, Milestones and Metrics
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Overview and Long-Term Strategy

Mid-Term Plans and Goals

Fermilab’s Accelerator Complex serves the domestic high energy physics user program by providing primary beams of protons of 400 MeV, 8 GeV, and up to 120 GeV to create secondary neutrino, muon, pion, and kaon beams.  These beams enable the intensity frontier physics program that includes world class experiments to determine the nature of neutrinos and to study rare processes that occur in elementary particle interactions.  To facilitate experiments at Fermilab and around the world the Laboratory must also engage in a program of detector development.  A key ingredient in such a program is the availability of test beams.  Fermilab will operate 3 test beams over the next 5 year to serve these needs.   Over the next ten years, the operations goal for the Accelerator Complex is to deliver high intensity beams with high reliability to the neutrino program and to the muon program in order to maximize the physics output of the Laboratory. Achievement of this goal will require a series of cost-effective upgrades and enhancements to the Accelerator Complex.  Specifically the goals are to:

1. Deliver operational commitments to the currently running physics program
2. Double the flux of protons 8 GeV protons available to be shared by all the physics programs. This will be accomplished by executing the Proton Improvement Plan (PIP) , which calls for the upgrade of the 400 MeV Linac and the 8 GeV Booster synchrotron for both intensity and reliability. 
3. Modify the Main Injector and Recycler for the increased flux from the Proton Source and to deliver twice the beam power currently available to the 120 GeV neutrino target. These improvements are the goal of the Accelerator Neutrino Upgrade (ANU) subproject of the NOvA construction Project.
4.  Modifying the Recycler and Antiproton Source to create and manipulate muon beams  for a new muon physics program that will include the Mu2e and Muon g-2 experiments. 

Figure XX shows the anticipated beam intensity available from the Main Injector and Booster over the next decade.

[image: ]



FY12 Operations Plan

Accelerator Complex Operations Schedule [image: MacHD:Users:roger:Desktop:Seven.tiff]
Figure XX shows the Accelerator Complex Operations Schedule for the next two years.  Operation of the complex continues to the start of the NOvA shutdown, which begins May 1, 2012, and lasts for 11 months.  


FY12 Goals and Metrics


Figure XX shows the performance model for NOvA Protons On Target from the Main Injector for the next two years.	Comment by Peter Garbincius: Refer to prior figure

Risks to the Plan

Major risks to accomplishing the goals for accelerator operations stem from two sources.  The first source is failures of the high power neutrino targets, horns, and other technical components that have to endure severe operating requirements.  The second source is the aging infrastructure of the complex that has been poorly maintained over the years due to inadequate budgets.  Some of it of this equipment is obsolete because it dates back to the initial construction of the Laboratory.  

The first category of risks is mitigated by a program of constant maintenance and development.  The NuMI targets have been improved over the course of the NuMI run.  Much had to be learned to fabricate a robust target and horn system for the high energy neutrino beam.  Current reliability experience indicates that substantial improvements have been made, and spare targets and horn are presently available.  

The aging infrastructure is a more difficult problem because of the age and size of the accelerator complex.  Constant vigilance is necessary to identify and replace equipment before it fails.  An attempt has been made to identify high-risk systems that account for most of our vulnerability.  Limited infrastructure budget results in high vulnerabilities.  
[bookmark: _GoBack]
Risks to the Operation of the Accelerator Complex are summarized in Table 1.


Table 1: Risks for Accelerator Complex Operations
	FY12 Goal
	Threats
	Risk Priority    (H, M, L)a
	Mitigation Actions
	Owner

	Achieve DOE Metrics for NuMI POT 1.5E20
	NuMI Target Failure

Failure of critical infrastructure

	M

L
	Spare Target
	AD

AD/FESS

	Successfully execute and complete NOvA shutdown 
	Inadequate manpower to perform Maintenance activities


	M

	Manpower Loans from other Divisions and Sections
	AD

	aRisk Priority (HML) H=high; M=medium; L=low



Resource Requirements


	Activity
	FTE
	SWF
	M&S
	O/H
	Total

	KA 11-02 Proton Facilities – Accelerator Operations
	200
	$31.3M
	$12.4M
	
	$43M

	
	
	
	
	
	

	Total  FY2012
	200
	$31.3M
	$12.4M
	
	$43M
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Overview and Long-term strategy

The Proton Improvement Plan (PIP) is an effort by Fermilab to ensure that the 40 year old Proton Source remains viable and capable of delivering protons at a rate that meets present program planning goals for the next 15 years.  The Proton Source is comprised of the Pre-Accelerator (Pre-Acc), 400 MeV Linear Accelerator (Linac) and the 8 GeV Booster Synchrotron (and required beam transport lines.)

The demand for protons is expected to increase to 1.8 x 1017 protons/hr by May, 2013 when the NOvA experiment and Booster Neutrino Beam (BNB) will jointly request beam.  The demand is then expected to increase to 2.25E17 protons/hr in early 2016 when the Muon g-2 experiment will additionally request beam.  Thenceforth, a combination of requests from 120 GeV neutrino users (NOvA and/or LBNE), 8 GeV neutrino users (MicroBooNE et al.), and 8 GeV Muon program (g-2 or Mu2e) will entirely saturate the availability of protons from the Proton Source.  Other users, such as the Fixed Target program, will also need to be accommodated although they are expected to be small percentage of the Booster cycles.

The PIP effort began in December 2010 with a statement of goals and objectives given to PIP management by the Fermilab Directorate. 

· Beam Delivery Capabilities
· Operation of the Booster at 15 Hz (up from 7 Hz).
· Delivery of up to 2.25 x 1017 protons/hr (from current maximum capability of   1.1 x 1017 protons/hr).
· Maintain residual radio-activation at acceptable levels (no more than seen in 2010).
· Reliability
· Eliminate known major reliability issues.
· Maintain 85% availability for High Energy Physics at delivery of the full proton intensity.
· Obsolescence
· Eliminate known major obsolescence issues.
· Lifetime
· Minimally through 2025.
The PIP effort has been budgeted out for 5 years starting in FY12 using a fully burdened funding profile given by laboratory management.  All systems identified for the PIP were then used to develop a fully burdened Resource Loaded Schedule (RLS) that best meets the goals and planned funding profile.

The current PIP activities have been organized under the structure shown in table 1.  This table shows only the top level of the current PIP Work Breakdown Structure (WBS).


Table 1  PIP WBS Organization
	1.1 LINAC
	1.2 Booster
	1.3 RFQ Injector

	1.1.1 200 MHz RF P. S.
	1.2.1 RF
	1.3.1 RFQ 

	1.1.2 Accelerator Physics 
	1.2.2 Accelerator Physics
	1.3.2 Accelerator Physics

	1.1.3 Instrumentation
	1.2.3 Instrumentation
	1.3.3 Instrumentation

	1.1.5 Utilities
	1.2.5 Utilities
	1.3.4 Utilities

	
	1.2.7 Solid State Upgrade
	1.3.4 Beam Lines 



The PIP activity planning has been guided by the operational needs to first achieve a 15 Hz RF cycle rate, delivery of requested proton flux and then 15+ year sustainability.  The constraints of funding, manpower and engineered solutions were used to develop the current RLS configuration.  It is expected that as PIP further develops or as laboratory funding or manpower profiles change the RLS will need to be adjusted.  The current PIP schedule is extremely demanding and any reduction in funding or labor would necessitate a reduction in scope or a delay in planned activities beyond current 5 year plan.
Upon completion of the PIP in 2017, the Proton Source will be capable of 15 Hz operation and 
delivering over 2 x 1017 protons per hour while maintaining current radio-activation levels.  Fermilab has full High Energy Physics program planned for the next 15 years and to be successful the PIP has to be achieved.   

Recent PIP effort includes a complete organization chart with WBS structure, a design handbook, a management plan and based line schedule.  The base lining of PIP and weekly progress reporting has proven essential to best utilize the laboratory’s limited resources in this critical effort.  The strategy for achieving the PIP goals are laid out in the PIP documents and can be found on the Accelerator Division document database. 

Mid-term Plan and Goals

The PIP is a relatively short term project that intends to accomplish all the stated goals in 5 years.  Within the five years, the effort was prioritized based upon several block criteria: 

1. Achieve 15 Hz capability by upgrading the Booster RF systems.  
2. Achieve RF reliability also by upgrading Booster RF systems.
3. Achieve proton flux as needed to meet planned demand.
a. Mitigation of both controlled and uncontrolled beam loss
b. Aperture improvements
c. Upgrade of RF low level systems 
4. Achieve long term viability at current reliability of > 85 %
a. Achieve solutions to critical obsolete or high risk systems

Not all systems within the Proton Source were included into the PIP planning.  Only items that were determined too large in labor or funding to be handled with the limited department resources were included in PIP.  This decision requires that the Proton Source budget and labor be maintained at a level that enables the current reliable operations.

The yearly labor and funding profile required to accomplish the PIP was developed out of the resource loaded schedule.  The approved base lined RLS describes the task and includes:

1. Labor estimates
2. M&S estimates
3. Milestones 

Figure 1 below shows the current PIP fully burdened M&S and labor estimates as found in the PIP design handbook.  In order to get a base line for PIP, the current funding and labor profile consists of the planned engineered solutions and the most probably solution for tasks still being developed.  

Figure 1 PIP FY M&S and Labor Profile
[image: ]

PIP FY12 Plan

The PIP activity for the first two quarters of FY12 has been largely directed towards management activities, organizational structure, generation of the RLS and Booster RF.  However, a large number of other PIP task were also initiated and are in the early stages of design.  Several PIP tasks require significant engineering and design effort before final approval and procurement can begin.  These tasks have been assigned labor in FY12 to allow them to reach PIP milestones and goals.  Regular meetings and informal reviews are scheduled throughout FY12 to maintain progress.  Additional planning and resources have also been directed towards the long shutdown.  Tasks that required significant tunnel access and could be accomplished during the long NOvA FY12/FY13 shutdown have been given priority in order to be ready.   The start of the NOvA shutdown and PIP planning has required the coordination with the rest of the Accelerator Division and other groups.  Beam studies necessary for PIP have also received additional effort in order to finish before the start of the Proton Source shutdown.

PIP FY12 Goals and Deliverables

As stated earlier, FY12 goals are to enable Linac/Booster the capability of operating at 1.8 x 1017 protons/hour (at 12 Hz) by May 1, 2013 while maintaining Linac/Booster availability > 85% and maintaining residual radio-activation at acceptable levels.  These goals are reflected in the FY12 PIP milestones shown in the next section.

PIP FY12 Metrics and Milestones
Due to the limited time and an aggressive schedule, a lot of FY12 PIP effort has been to ramp up as quickly and efficiently as possible.  Several management goals and milestones for FY12 have been to address the direction of PIP, provide a plan of action, an organizational structure and necessary documentation.  Several tasks of the PIP such as the Booster solid state RF power upgrades and the new RFQ injector had been in the works before the official PIP.  These items are a laboratory priority and have metrics and milestones for FY12 that reflect their urgency.  Milestone for these tasks are readily measured and based upon already completed parts.  The current RLS can be found in Accelerator Division document database along with the PIP design handbook which includes a table with milestones, dates and description for all planned PIP tasks.  Table 1 is a summary of some of the top level millstones for PIP for FY12 found in the PIP design handbook.

Table 1 FY12 PIP Major Milestones
	Task
	Milestone FY12 Summary

	WBS 1.1.1.1 High Level RF 
	Determine course of action

	WBS 1.1.1.2 Linac Modulator 
	Determine course of action

	WBS 1.1.5.1 Power Distribution 
	Removal/Installation transformer

	WBS 1.1.5.3 Vacuum System
	Replace roots blower systems

	WBS 1.2.1.1 Anode Supply
	Design Approved

	WBS 1.2.1.5 Cavity and Tuner Refurbishment
	Procure Parts / Refurbishment 4 Cavities

	WBS 1.2.1.6 New Tuners
	Procure 1st Batch (10) 

	WBS 1.2.1.7 New Cavities
	Developed Model/Initial Cavity Design

	WBS 1.2.1.8 Cavity 1013 
	Completion of testing RF cavity 1013

	WBS 1.2.2.3 Booster Notcher
	Design, Build and Install Absorber

	WBS 1.2.2.4 Booster Cogging 
	Design and Procure New Cogging Hardware

	WBS 1.2.3.2 Dampers
	Completion of Proto L-Damper Card

	[bookmark: _Toc317687426]WBS 1.2.5 Utilities
	Valve, Gauge and Pump Work Complete

	[bookmark: _Toc317687427]WBS 1.2.7 Solid State Upgrade
	Upgraded Booster RF stations in east gallery

	[bookmark: _Toc317687428]WBS 1.3 RFQ Injector
	Installation of RFQ injector



Risks to the Plan

The risks for the PIP in FY12 are categorized in three levels: High (H), Medium (M) and Low (L).
Table 2 below has listed PIP tasks and a possible mitigation path.

Table 2 PIP Risk Level Table
	Task
	Risk Level
	Concern
	Mitigation Actions

	WBS 1.1.1.1  Level RF High 
	M
	Engineering Solution
	Additional Engineering Time

	WBS 1.1.1.2 Linac Modulator 
	M
	Engineering Solution
	Additional Engineering Time

	WBS 1.1.5.1 Power Distribution 
	L
	
	

	WBS 1.1.5.3 Vacuum System
	L
	
	

	WBS 1.2.1.1 Anode Supply
	M
	Manpower, Time
	Additional Engineering  and Time

	WBS 1.2.1.5 Cavity and Tuner Refurb 
	H
	Manpower, Time
	Additional Tech, Eng

	WBS 1.2.1.6 New Tuners
	H
	Manpower, Time, Engineering Solution
	Additional Tech, Eng

	WBS 1.2.1.7 New Cavities
	L
	
	

	WBS 1.2.1.8 Cavity 1013 
	M
	Manpower, Time
	Additional Tech, Eng

	WBS 1.2.2.3 Booster Notcher
	L
	
	

	WBS 1.2.2.4 Booster Cogging 
	L
	
	

	WBS 1.2.3.2 Dampers
	L
	
	

	WBS 1.2.5 Utilities
	L
	
	

	WBS 1.2.7 Solid State Upgrade
	M
	Manpower, Time
	Additional Tech, Eng

	WBS 1.3 RFQ Injector
	H
	Engineering Solution
	

	H = High Concern, M= Medium, L= Low;  Based upon time, funding, labor and possible solution concerns



The levels of risk for the different tasks within PIP are largely based upon funding and labor concerns.  However there are several PIP tasks that have a risk associated with development of an acceptable solution.  These systems that require finding an engineered solution before proceeding have FY12 milestones to either select or reach a design specification. 

FY12 Resource Requirements

PIP resource requirements for FY12 for PIP are shown in table 3.  The table is the rolled-up WBS structure.  The numbers reflect the PIP RLS and guidance provided by laboratory management.  A more complete breakdown of the task structure can be found in the PIP design handbook.  The FTE numbers are rounded to half FTE and are adjusted regularly to meet milestones and other laboratory labor demands.   The PIP uses $125K/FTE at 85% burden and 18% M&S burden.


Table 3 PIP resource table for FY12 Fully Burdened
	My Activity
	FTE
	Labor Cost
	M&S

	WBS 1.1.1 200 MHz P.S. 
	2
	$462.5K
	$1,398K

	WBS 1.1.2 Accelerator Physics 
	2
	$462.5K
	$0

	WBS 1.1.3 Instrumentation
	3
	$693K
	$40K

	WBS 1.1.5 Utilities 
	3
	$693K
	$525K

	WBS 1.2.1 RF
	4
	$925K
	$1,948K

	WBS 1.2.2 Accelerator Physics
	4
	$925K
	$168K

	WBS 1.2.3 Instrumentation
	1.5
	$346K
	$0

	WBS 1.2.5 Utilities
	4
	$555K
	$394K

	WBS 1.2.7 Solid State Upgrade
	12
	$2,775K
	$608K

	WBS 1.3 RFQ Injector
	8
	$1,850K
	$255K

	PIP Management (Contingency)
	2.5
	$578K
	$208K

	TOTALS FY2012 FULLY BURDENED
	46
	$10,638K
	$5,290K
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Overview and Long-term strategy

ANU is the Accelerator and NuMI Upgrades part of the NOvA project, to upgrade the Fermilab accelerator complex to deliver 700 kW to the NuMI target hall.  NOvA is a 2nd generation neutrino mixing experiment, with the main goal to see e appearance in a  beam.  The project is building a 14-kton active detector in Ash River MN, located 14-mrad off-axis to get a ‘mono-energetic’  beam.  The project received DOE CD-2 in September 2008, CD-3a in October 2008, and CD-3b in October 2009 and is on schedule for CD-4 in November 2014.  

By using the Recycler as the accumulation ring, we are able to cut down the Main Injector cycle time from 2.2 seconds to 1.33 seconds and deliver 4.9E13 protons per Main Injector cycle at 120 GeV.  We are building new transfer lines to use the Recycler, as well as associated RF and instrumentation.   With the associated increase in power, we are building new targets and horns also.  The NOvA project plan defines the following as the CD-4 deliverable for ANU:

CD 4 Project Deliverable:  Upgraded Fermilab Accelerator Complex and NUMI Beamline
Complete Description:
Capable of delivering a 700 kW proton beam to the NuMI target. The required capability is demonstrated when the installation and testing of the following devices is complete and all safety documentation that is required to begin beam operations is approved.
1 The Recycler Ring must be converted from an antiproton storage ring to a proton storage ring. 
2 A new injection line and a new extraction line must be built using four new kicker systems. 
3 Two new RF cavities must be added to the Main Injector. 
4 A new target to handle the increased beam power must be designed, constructed and installed. 
5 The second horn, including its associated power and services, must be moved downstream. 
This description is copied from the NOvA Project Execution Plan, available in the NOvA document database, document #130.

We are on schedule to start the changeover shutdown in FY12, to be completed in FY13.  Full beam commissioning is the responsibility of the Accelerator Division, not the NOvA project. 

Mid-term Plan and Goals

ANU will be complete in FY13 and the NOvA project in early FY15 (CD-4 in November 2014).   The NOvA experiment is expecting to run for 6 years, starting in FY15, with total protons on target of 3.6E21 over that time period.  

FY12/13 Plan

Work has continued through the year to prepare for the changeover shutdown.  Starting April 30, 2012, we will begin removing the antiproton capabilities in the Recycler and installing the new transfer lines, rebuilding the RR30 straight section, installing new 53 MHz RF cavities, and upgrading the instrumentation.  In addition, we will install a new target, a new design of Horn 1, and move the location of Horn 2 in the NuMI target hall.  Detailed planning is underway to handle the 11 months of shutdown activities.

FY12/13 Goals and Deliverables

In FY12 and FY13, we intend to complete the fabrication of all components (horns, targets, kickers, magnets, power supplies, etc.), remove all antiproton devices from the Recycler and Main Injector, install two new transfers lines, install new RF cavities in both the Recycler and Main Injector, install new instrumentation, install the NOvA target in the medium energy position, install the new horn 1, and move horn 2.  Completion is scheduled for April 2013.


FY12/13 Metrics and Milestones

There are detailed project metrics associated with the Fermi Research Aliance (FRA) Earned Value Management System (EVMS) that will be used to monitor the successful execution of the plan.  Simple metrics are as follows:	Comment by Peter Garbincius: But wait, PIP isn’t doing EVMS!

· Start the Accelerator Shutdown in May 2012
· Install all components by March 2013
· Complete all shutdown related work by April 2013
· Deliver as-built drawings by September 2013
· Close out all ANU accounts by October 2013

Risks to the Plan	Comment by Peter Garbincius: Aren’t RF cavity fabrication and kickers/ceramic tubes still risks for NOvA/ANU?  Or have they been retired?

	FY12/13 Goal or Milestone
	Threats
	Risk Priority    (H, M, L)a
	Mitigation Actions
	Owner

	Start Accelerator Shutdown in May 2012
	Resource availability to complete fabrication work prior to shutdown start

	M


	Work regularly with Department, Division, and Laboratory management to address resource requests
	

	Finish Accelerator Shutdown in April 2013
	Radiation levels in tunnel slow down work progress
	H
	Our ALARA plan includes detailed studies of radio-activation, shielding where appropriate, engineering and fabrication designed to minimize exposure, and cycling of crews through the radiation areas in the tunnel
	

	aRisk Priority (HML) H=high; M=medium; L=low




Resource Requirements

Resources and associated B&R elements to finish the NOvA ANU work in FY12 and FY13.  Direct and indirect costs are included.  All funding comes through Project 425 (as denoted in Fermilab’s accounting system) which is contained under KA 11 02 01-1 PROTON FACILITIES - ACCELERATOR OPERATIONS, KA 11 02 02-1 EQU PROTON FACILITIES COMPLEX SUPPORT – ACCELERATORS and KA 11 02 81-1 SPECIAL PROCESS SPARES.


	
	FTE
	Labor Costs
	M&S
Costs
	Total

	ACEL MIE
	53.5
	$10.4M
	$4.2M
	$14.6M

	ACEL R&D
	0.1
	$0.01M
	$0
	$0.01M

	ACEL OPS
	6.3
	$1.1M
	$0.1M
	$1.2M

	Total FY 2012 Burdened
	59.9
	$11.5M
	$4.3M
	$15.8M





[bookmark: _Toc330825437]Muon Program Activities (Technical Lead: Gerry Annala)

This includes facilities for the Mu2e and Muon g-2 experiments.

[bookmark: _Toc330825438]2.1.4.1     The Mu2e Experiment (submitted by Steve Werkema)

Overview and Long-term strategy

The Mu2e experiment is an experiment to that is designed to detect charged lepton flavor violation (CLFV) or exclude it in the observed channel to a rate that is four orders of magnitude below the present experimental limit. Specifically, Mu2e proposes to measure the quantity Rμe, where Rμe is given by:

	
N(A,Z) represents an atomic nucleus of mass A and atomic number Z. The present experimental limit on the value of Rμe is from the SINDRUM II experiment [1]. The SINDRUM II limit on muon-to-electron conversion is Rμe < 6.1  10-13 (90% CL). The Fermilab Mu2e experiment is designed to improve this limit to Rμe < 6  10-17 (90% CL). The observation of CLFV would be a clear signal of physics beyond the Standard Model at a mass scale that is beyond the reach of present day collider facilities.

The Mu2e experiment plans to begin taking data in late 2019 or early 2020. Approximately 3 to 4 years of running is required to achieve the design sensitivity. In ten years the experiment wants to be running with routine accelerator and experiment operating procedures and equipment that has been that has been thoroughly debugged. 

The present Mu2e project [2] is undertaking the fabrication of the detector as well as the necessary accelerator and facilities upgrades required by the Mu2e experiment. The project was granted CD-0 in November of 2008 and expects CD-1 in early summer of 2012. Given sufficient funding and resources, the Mu2e project expects to begin its implementation phase (post CD-3) in the fall of 2014.

The Mu2e project depends on several other projects for its ultimate success.  shows several essential accelerator upgrades, which are managed by other projects. The ultimate result of the completion of all of these projects will be a facility that serves multiple experiments utilizing muon beams. We call this facility the Muon Campus.

[bookmark: _Ref319751091]Table 2: Essential tasks carried out by other projects
	Task
	Project

	MI-8 to Recycler injection kicker
	NOvA

	Recycler Ring 2.5 MHz RF system
	Muon g-2

	Recycler to P1 line extraction kicker
	Muon g-2

	Upgrades to former Antiproton source beamlines & rings
	Delivery Ring[footnoteRef:1] AIP [1:  The Antiproton Source Debuncher Ring has been renamed the Delivery Ring.] 


	Transport to experiments
Cryogenics Facilities
Delivery Ring to Mu2e target beamline enclosure
Muon Campus Site preparation civil construction
	Mu2e and Muon g-2
Muon Cryogenics AIP
Muon Beamline GPP
Muon Site Prep GPP



Mid-term Plan and Goals

The near term future of the Mu2e project consists primarily of engineering design work as well as management and resource planning. There are a number of things that must be accomplished to be ready to begin installation by the fall of 2014.  lists the significant milestones necessary to prepare for Accelerator Sector component of the implementation of the Mu2e project.

[bookmark: _Ref319746621]  Table 3: Mu2e project near-term milestones

	Item
	Date

	Complete Conceptual Design Report
	May 2012
May 2012

	Complete project resource loaded schedule
	

	Receive CD-1
	July 2012

	Initiate the Delivery Ring AIP
	June 2012

	Complete Preliminary Engineering Design (30% design)
	February 2014
February 2014

	Establish Mu2e project baseline
	

	Receive CD-2/3a
	March 2014

	Complete Final Engineering Design
	Spring 2015

	Receive CD-3b
	Summer 2015

	Begin Implementation phase of Mu2e project
	Summer 2015

	Project Complete
	Fall 2019



The present plan is to run the Muon g-2 experiment[footnoteRef:2] before the initial run of Mu2e. Consequently, the planning and design work for Muon g-2 and Mu2e are extensively interconnected. Considerable scientific and engineering resources will be required for the design of this system. Coordination of the installation and running of these two experiments presents a significant management challenge. [2:  The Muon g-2 experiment expects to begin data taking sometime in the year 2016.] 


During the time frame indicated in Table 3 the Mu2e project will require significant human resources from across the laboratory. In the near term, the resources required will be scientists, mechanical, electrical, magnet, RF, safety system, and accelerator controls engineers. Acquisition of these resources is essential for further progress on the accelerator portions of the Mu2e project.


FY12 Plan

Presently Accelerator Sector Physicists and Engineering Physicists are involved in the development of a Conceptual Design Report (CDR) to be presented at the project reviews that precede CD-1.  The Mu2e project was temporarily given a limited amount of engineering assistance to develop the project cost and schedule. This effort is complete, although work on the cost and schedule continues. 

A significant effort was devoted to a major re-scoping of the Mu2e accelerator project. The exercise of creating costs and schedules revealed that the actual costs of the accelerator upgrade plan originally proposed for Mu2e were unacceptably high. A taskforce was formed to determine a way to meet the physics goals of the Mu2e experiment at a satisfactory cost [3]. A new baseline Mu2e accelerator upgrade concept was developed and the previously obtained cost estimates are being adjusted to accommodate the new plan.

FY12 Goals and Deliverables

The FY12 deliverables for the Mu2e accelerator project are the following:

· Mu2e accelerator upgrades conceptual design report
· Mu2e accelerator upgrades resource loaded schedule
· Other Mu2e project documents including accelerator systems requirements documents, risk registry, and interface document.

The goal of the FY12 efforts is the granting of CD-1 to the Mu2e project and the commencement of work on a preliminary design.

FY12 Metrics and Milestones

The progress toward this goal will be measured by a series for project reviews. The materials to be presented for review are the aforesaid deliverables. The schedule for completion of the deliverables and the subsequent reviews is given below:

· Complete Conceptual Design Report by March 15, 2012
· Complete resource loaded schedule by March 15, 2012    
· Director’s technical, cost and schedule review: April 3-5, 2012
· Lehman Review for CD-1: June 5-7, 2012



Risks to the Plan

Table X.  Major risks to the Mu2e plan for FY12.  Those that have successfully been retired in preparation for the DOE CD-1 Review in early June, 2012 are pointed out.

	FY12 Goal or Milestone
	Threats
	Risk Priority    (H, M, L)a
	Mitigation Actions
	Owner

	Complete Conceptual Design Report by March 15, 2012
	None – nearly complete
RISK RETIRED
	
L


	Correct errors found in the process of compiling the CDR
	S. Werkema

	Complete resource loaded schedule by March 15, 2012
	Failure to completely account for impact of scope changes on cost estimates                   RISK RETIRED
	L
	Cost and schedule reviews
	S. Werkema

	
	Failure to completely account for all costs
RISK RETIRED
	M
	Cost and schedule reviews
	S. Werkema

	
	Insufficiently detailed preliminary design plan RISK RETIRED
	M
	Add more detail
	S. Werkema

	Director’s technical, cost and schedule review: April 3-5, 2012
	Inadequate preparation of cost and schedule
RISK RETIRED
	M
	Correct before Lehman Review
	S. Werkema

	
	Significant findings of technical error
RISK RETIRED
	M
	Continued study of areas of concern:	
· Radiation Safety
· Target Station
	S. Werkema

	Lehman Review for CD-1: June 5-7, 2012
	Project found to not be ready for CD-1
RISK RETIRED
	M
	
	S. Werkema

	Begin preliminary design work:  Summer 2012
	
Failure to acquire sufficient engineering resources to begin preliminary design phase

	M

	Continued communication with AD and Laboratory management to adequately staff the Mu2e project.  Delay completion of the preliminary design phase & project CD-2
	Fermilab

	aRisk Priority (HML) H=high; M=medium; L=low






Resource Requirements

The labor and M&S profiles for the life of the Mu2e project are shown in the charts below. 

[image: ]Obligation profile for the Accelerator Systems upgrades for the Mu2e project. The numbers are BCWS in actual year kilo-dollars.




Labor resource profile for the Accelerator Systems upgrades for the Mu2e project.	Comment by Peter Garbincius: Hmm, can’t tell much when printed in black & white…

The labor and M&S costs for FY12 and FY13 are summarized in the table below.

	Mu2e Accelerator Upgrades
	FTE
	Labor Costs
	M&S
Costs
	Total

	FY 2012 BWCS (k$)
	9.5
	2,249
	433
	2,682

	FY 2013 BWCS (Ay k$)
	9.3
	2,279
	18
	2,296





[bookmark: _Toc324744102]References for the Muon Program:

1. [bookmark: _Ref147461401]C. Dohmen et al., Phys. Lett. B317, 631 (1993).
2. [bookmark: _Ref318199017]Mu2e Collaboration, Proposal to Search for μ-N  e-N with a Single Event Sensitivity Below 10-16, Mu2e-doc-388, October 10, 2008.
3. [bookmark: _Ref319755584]E. Prebys, et. al., Findings and Recommendations of the Mu2e Task Force, Mu2e-doc-1911, November 2011. 

[bookmark: _Toc330825439]2.1.4.2     The Muon g-2 Experiment (submitted by Mary Convery)

Overview and Long-term strategy

The goal of the new Muon g-2 experiment is to measure the anomalous magnetic moment of the muon a with a precision of 0.14 ppm (parts per million).  The most recent measurement by Brookhaven National Laboratory (BNL) E821 had a precision of 0.54 ppm and showed a 3 discrepancy with theory, evidence of new physics.  If the same value is measured, the precision of the Fermilab experiment would establish the anomaly at better than 5.  A precision measurement of a is complementary to new physics searches at the Large Hadron Collider (LHC) and can help to discriminate among models that LHC experiments have a difficult time separating.

The Muon g-2 experiment is a short-term project, which in ten years, should be complete.  The experiment plans to take data starting in 2016 and to integrate 4x1020 protons on target by the end of 2018.

Repeating this experiment at Fermilab is feasible only if costs can be kept low and this short timeline can be maintained.  To this end, existing infrastructure from the antiproton source will be modified and reused.  One potential barrier has already been removed by coordinating with the Mu2e experiment to make compatible and share as much infrastructure as possible.  The shared infrastructure is provided for either in the Muon g-2 project, in Accelerator Improvement Projects (AIPs), or in General Plant Projects (GPPs), which protects Muon g-2 from any delays or funding cuts in the Mu2e project.

Mid-term Plan and Goals

The Muon g-2 experiment has an ambitious schedule, planning to take data starting in 2016.  In order to meet this, conceptual design should be completed in FY12, and technical design in FY13.  Beamline construction and reconfiguration will take place during FY14-15.  In addition, the MC-1 building to house the muon decay ring and detector must be constructed in time for the ring to be transported from BNL in the summer of 2013.  This building also houses equipment for cryogenic cooling for the ring.  The ring cryogenics must be established in time for the ring to be cold in FY15 to allow nine months for shimming to establish a uniform magnetic field in the ring before data taking begins.  The required 4x1020 protons on target should be achievable in two years, running at present accelerator-complex intensities, assuming the Booster operates at 15 Hz.

The critical path is the MC1 building construction, ring disassembly, relocation from BNL to FNAL, and reassembly, ring cryogenics, and magnetic field shimming.  The risk in relocating the ring will be settled early in the project, in FY13.  Support from the Accelerator Division Cryogenics Department will be essential to maintaining the critical path.  Support from the AD RF Department, as well as Mechanical and Electrical Engineering Support Departments will also be needed for the accelerator modifications.  In particular, building the new Recycler RF cavities using existing ferrites is expected to be labor-intensive.

FY12 Plan

FY12 is the conceptual design phase of the Muon g-2 project.  

· Recycler: Although protons will eventually be delivered using the Recycler, beam studies are being conducted in the Main Injector for reforming 53 MHz bunches into 4 bunches at 2.5MHz which will be extracted every 10-12ms.  A conceptual design for connecting the Recycler to the P1 line already exists, as does a plan for the Recycler extraction kicker.
· Target station: Mechanical and electrical engineering is required for potential upgrades needed to support running the target station in a burst mode at roughly 100 Hz.  If the lithium lens is not able to run at this repetition rate, significant costs and delays could be incurred in finding another solution to focusing the secondary beam coming off the target.  Potential improvements to the existing target station components are also being evaluated.
· Beamlines: Designs for reconfiguring primary beamlines for 8 GeV protons, for improving the focus onto the target, for accepting as much of the large-emittance secondary beam as possible, and for altering the connection from the secondary beamline to the Delivery Ring (formerly the Debuncher), are in progress under either the Muon g-2 project or the Debuncher AIP.  The Delivery Ring provides two improvements over the BNL experiment, first in simply increasing the total length of the beamline over which pions will decay into muons, eliminating pions making it into the ring and causing background in the detectors, and increasing the muon yield.  The second improvement comes from allowing the muons to separate in time from the heavier protons over several turns around the Delivery Ring, and then kicking the protons into an abort, thus eliminating protons making it into the muon decay ring.  The Delivery Ring modifications are covered by the Debuncher AIP.  A new beamline to transport muons from the Delivery Ring to the g-2 muon decay ring is also being designed.  
· Instrumentation: Work is also underway to determine what types of instrumentation will be sensitive to the secondary pion beam, which has an expected intensity on the order of 107 pions from the target, and the number of accepted muons from pion decays which is roughly an order of magnitude smaller.  


FY12 Goals and Deliverables

In FY12, we intend to test pulse the lithium lens at higher rate as well as model the stresses on it, to measure secondary particle yields from 8 GeV protons on the existing target to compare to simulation, to redesign the beamline from the target station to the Delivery Ring to accept as many pion decays as possible, and to design a new beamline from the Delivery Ring to the g-2 ring in the MC-1 building.  We also intend to complete a shielding assessment for the MC-1 building to allow the final design of the building.  By the end of FY12, Muon g-2 should be ready for a CD1 review.


FY12 Metrics and Milestones

· Complete Conceptual Design Report by 10/2012    
· MC-1 building design complete by 10/2012

Risks to the Plan


	FY12 Goal or Milestone
	Threats
	Risk Priority    (H, M, L)a
	Mitigation Actions	Comment by Peter Garbincius: No mitigation
	Owner

	Complete Conceptual Design
	Possible lack of engineering resources
	M

	
	

	Complete MC-1 building design
	Possible delays in shielding assessment due to limited personnel resources
	M
	
	

	aRisk Priority (HML) H=high; M=medium; L=low




Resource Requirements	Comment by Peter Garbincius: Nothing filled in except for $


	Muon g-2
	FTE
	SWF
	M&S
	O/H
	Total 	Comment by Peter Garbincius: Direct or Burdened

	Recycler
	
	
	
	
	$150K

	Target station
	
	
	
	
	$200K

	Beamlines
	
	
	
	
	$400K

	Controls/Instrumentation
	
	
	
	
	$50K

	Ring reassembly
	
	
	
	
	$230K

	Project management
	
	
	
	
	$950K

	Total FY2012
	
	
	
	
	$1,980K



	Muon g-2 off-project	Comment by Peter Garbincius: Is this AIP & GPP or other?
	FTE
	SWF
	M&S
	O/H
	Total 	Comment by Peter Garbincius: Direct or Burdened

	Debuncher AIP
	
	
	
	
	$150K

	MC-1 Building Design
	
	
	
	
	$530K

	Ring Disassembly
	
	
	
	
	$400K

	Ring Transport
	
	
	
	
	$40K

	Total FY2012
	
	
	
	
	$1,120K





[bookmark: _Toc330825440]LBNE (Technical Lead: Vaia Papadimitriou)

[bookmark: _Toc330825441]Project X R&D (Technical Lead: Steve Holmes)

Overview and Long-term strategy

Project X is a multi-MW (Mega Watt) proton facility that will secure Fermilab’s leadership at the Intensity Frontier for multiple decades. Project X is the centerpiece of a program of continuous performance improvement of the Fermilab proton complex and is being developed to support a mission need comprising four elements:
· Multi-MW beams at 60-120 GeV for long baseline neutrino experiments;
· MW-class beams at 1-3 GeV for rare processes experiments based on kaons, muons, and neutrinos;
· MW-class beams at 1 GeV for experiments utilizing nuclei for Standard Model tests and for nuclear energy applications;
· Provide a platform for a future muon-based particle physics facility: either a Neutrino Factory or Muon Collider.

Project X is currently in the design/R&D phase. A complete concept of Project X has been developed and has been designated as the “Reference Design” (http://projectx-docdb.fnal.gov/cgi-bin/ShowDocument?docid=776). The Reference Design comprises a 1-3 GeV superconducting CW linac operating with a 1 mA average current, a 3-8 GeV pulsed linac operating with a peak current of 1 mA and a duty factory of ~5%, and upgrades to the Main Injector/Recycler complex to support multi-MW operations. The Reference Design provides multiple opportunities for the implementation of Project X in stages.	Comment by Peter Garbincius: How do we introduce the three stages of Project X?

The Reference Design provides the framework for organization of the R&D program. The goal of the R&D program is to mitigate risk: technical, cost, and schedule. The primary elements of the R&D program include:
· Front end development
· CW ion source/RFQ
· Wideband chopping with high (1×10-4) extinction rate
· (Low-) acceleration through superconducting resonators with minimal halo formation
· MEBT beam absorber (>8 kW)
· Development of an H- injection system
· Booster and/or Recycler  
· Superconducting rf development 
· Cavities, cryomodules, rf sources – CW to long-pulse
· Development of partners and vendors
· High Power targetry
· Integrated facility design
· Conceptual design based on beam dynamics modeling and simulation
· Reliability analysis
· Upgrade paths
· Muon Facilities (Neutrino Factory; Muon Collider)

The first and third elements listed are planned to be addressed as part of an integrated systems testing program known as PXIE (Project X Injector Experiment). The goal is to complete the R&D phase by 2016. Project X could then be constructed over a five year period.

The long-term goal is to have the initial stage(s) of Project X nearing completion of construction in 2020.


Mid-term Plan and Goals

Achievement of the long-term goal requires completion of the R&D phase in late 2016/early 2017. The centerpiece of the R&D phase will be integrated systems testing of front end components at PXIE. The successful completion of this program will validate the concept for the front end, thereby minimizing the primary technical risk element within Project X.  The scope of PXIE includes:

· CW H- source delivering 5 mA at 30 keV
· LEBT with beam pre-chopping
· CW RFQ operating at 162.5 MHz and delivering 5 mA at 2.1 MeV
· MEBT with integrated wide band chopper and beam absorbers capable of generating arbitrary bunch patterns at 162.5 MHz,  and disposing of up to 5 mA average beam current
· Low beta superconducting cryomodules capable of accelerating 1 mA of  beam to at least 15 MeV
· Half Wave Resonator to 10 MeV
· Single Spoke Resonator to 15-30 MeV
· Associated beam diagnostics
· Beam dump capable of accommodating 1 mA at full beam energy for extended periods.
· Associated utilities and shielding

It is anticipated that PXIE will be located within the newly constructed CMTF building, and will utilize significant electrical, cryogenic, and HVAC infrastructure within that building.

Specific goals/deliverables over the period between now and 2016 include:

FY13
Receive PXIE ion source and LEBT; initiate installation at CMTF
Complete prototype HWR accelerating cavity
Identify Project X Stage 1 configuration and release corresponding Reference Design Report	

FY14
Receive/commission PXIE RFQ power supply
Receive/start beam commission of PXIE RFQ

FY15
Beam delivered to end of PXIE MEBT with nearly final beam parameters
Complete assembly and testing of HWR cryomodule

FY16
Deliver HWR cyromodule
Beam delivered to 15 MeV with nearly final beam parameters



FY12 Plan

In FY12 we will update all documentation required to support CD-0 for Project X, further develop staging options with an emphasis on Stage 1, and complete planning for PXIE.


FY12 Goals and Deliverables

· Submit draft Mission Needs Statement to DOE corresponding to Stage 1 of Project X.
· Complete conceptual design, cost estimate and resource loaded schedule for PXIE
· Conduct RFQ design review and complete all procurement specifications
· Initiate procurement of the PXIE RFQ power supply
· Construct vacuum prototypes of wideband kickers
· Initiate procurement of shielding blocks for PXIE enclosure at CMTF
· Complete simulations of rotating foil for H- injection
· Conduct Project X Physics Study

FY12 Metrics and Milestones

The above goals and deliverables should be completed by September 30, 2012.


Risks to the Plan

Summarize the major risks to the plan for FY12 in table form.  If one requires more explanation, expand on it by adding text in this section.



	FY12 Goal or Milestone
	Threats
	Risk Priority    (H, M, L)a
	Mitigation Actions
	Owner

	Submit draft Mission Needs Statement to DOE
	
	L
	
	

	Complete conceptual design, cost estimate and resource loaded schedule for PXIE
	Insufficient personnel resources to complete the task
	L
	Establish as high priority activity
	

	Conduct RFQ design review; complete procurement specifications
	Design not in reviewable form
	L
	Retain good communication with designers at LBNL
	

	Initiate procurement of PXIE RFQ power supply
	Insufficient funds; inadequate requirements specification
	M
	Develop strategy for phased funding; conduct RFQ review as scheduled
	

	Construct vacuum prototypes of wideband kickers
	Inadequate engineering resources to complete design
	M
	Assign lead mechanical engineer to this effort
	

	Initiate procurement of shielding blocks for PXIE enclosure at CMTF
	Final layout not defined
	
	Get signoff from CMTF/Project 18 management on the siting and infrastructure requirements
	

	Complete simulations of rotating foil for H- injection
	Inadequate scientific resources
	M
	Evaluate priority relative to other activities
	

	Conduct Project X Physics Study
	Insufficient community interest
	L
	Good publicity
	





Resource Requirements

FY12 resource allocations are as follows:

	Project X – FY2012
	FTE
	SWF
	M&S
	O/H
	Total

	KA 11 02 03-4
Future Facility R&D
	34
	$4,500K
	$4,820K
	$4,567K
	$13,887K





[bookmark: _Toc330825442]Goal 2: Fermilab plays a leadership role in developing the technology for next generation accelerators

[bookmark: _Toc330825443]Superconducting RF Program (Technical Lead: Bob Kephart)
Editor’s note:  This section was up to date as of July 1, 2012. With the end of ILC R&D funding, OHEP has since instructed Fermilab to stop building out NML as an AARD facility until they have approved such a facility.  Work at NML for the rest of FY 2012 and in FY 2013 will be limited to installing the photo-injector and cryomodule testing.  A proposal to use these facilities for Advanced Superconducting Test Accelerator (ASTA) is under preparation.

Overview and Long-term strategy

 Superconducting Radio Frequency (SRF) is a powerful enabling accelerator technology planned for essentially all future machines envisioned to require high power beams.

As such, expertise, staff, and infrastructure to carry out projects within the DOE Offices of Science with SRF technology must be at the foundation of any OHEP plan for accelerator stewardship. Fermilab as the sole SC laboratory dedicated to HEP is the natural focal point for this activity.

Fermilab’s effort on SRF R&D ramped up in 2006 in support of ILC R&D. This effort continues but with reduced emphasis pending LHC results and world decision to construct such a machine. Another major SRF thrust is the development of low beta cavities and cryomodules in support of Project X (PX) a new intense Proton source proposed for Fermilab and based on SRF linacs. The FNAL 1300 MHz ILC R&D effort is, by design, well aligned with R&D needed for the Project X 3-8 GeV/c pulsed linac.  

 Although cavities and cryomodules developed in Fermilab SRF program are aimed at future discovery-science accelerators for HEP, they may be used in a broad spectrum of other applications. A number of national and international projects propose to use SRF technology. Examples include SC projects like NGLS and FRIB and international projects like LHC crab cavities, ESS, RISP in Korea, or energy projects in collaboration with India, China, etc. Other future applications include energy, environment, medicine, industry, and national security. 

Generic SRF infrastructure either completed or under construction at Fermilab consists of:  vertical and horizontal test stands; a cryomodule assembly facility; a stand-alone cryomodule test area; and facilities for testing cryomodules with beam. These facilities will also serve not only High Energy Physics projects but also many other Projects within the DOE Office of Science as well as international collaborative projects. Examples of collaboration on SRF projects under consideration include Accelerator Driven Systems (ADS) projects in India and China, and the Next Generation Light Source (NGLS) proposed by LBNL. 

Fermilab is strategically building the necessary infrastructure to process, treat and test superconducting radio-frequency (SRF) cavities and cryomodules. The NML RF unit test facility is a major new SRF R&D facility that supports:  ILC, PX pulsed linac, and Advanced Accelerator R&D goals.  The Project X Injector Experiment (PXIE) will support basic R&D on the front end of the high intensity CW proton linac of Project X. Another important goal of the Fermilab SRF program is the creation of a U.S. industrial base for SRF cavity and cryomodule parts fabrication. 

Key to this strategy is an approach that emphasizes fundamental understanding of SRF surfaces. With this goal, FNAL launched a strong in house SRF material R&D effort and organized both a national and international University-Laboratory collaborative SRF materials R&D effort. The Fermilab program has already born fruit in the form of a transformational cavity processing techniques and cavity quality factor improvements.  

The overall guiding principle of the Fermilab SRF program is to master the technology at the laboratory for use in the construction of future accelerators and to transfer that knowledge to U.S. industry to increase American competitiveness.

Fermilab’s SRF Program has been organized to achieve the following goals:

· Intensity Frontier − Prepare to initiate (staged) construction of Project X in the latter half of the decade by developing the necessary technology and by engaging India as a partner providing a substantial in-kind contribution
· Energy Frontier − Position the U.S. to eventually recapture the energy frontier with a lepton collider
· Accelerator Stewardship − Complete the ARRA investment in SRF capabilities to serve as a resource for the Office of Science, and to allow FNAL to play a substantial role in future national and international SRF projects. Pursue improved understanding of SRF materials limitations on SRF cavity performance.
· SRF Industrialization and U.S. competitiveness – Develop U.S. SRF industrial base with world class technical capability
· Advanced Accelerator R&D − Leverage the ILC and ARRA investment at NML to establish a world class program in AARD based on the Advanced Superconducting Test Accelerator (ASTA). Exploit ASTA to advance the state of the art in accelerator science and technology.

Mid-term Plan and Goals

The following summarizes the goals toward which the SRF program has been working, and the associated scope and deliverables at completion of each activity.

Goal 1: Intensity Frontier − Prepare to initiate (staged) construction of Project X in the latter half of the decade by developing the necessary technology and by engaging India as a partner providing a substantial in-kind contribution

Scope: 
· Development of low-beta accelerating cavities, cryomodules and associated hardware at 162.5 MHz, 325 MHz and 650 MHz
· Development of the Project X Injector Experiment (PXIE) to validate the most innovative and consequential portion of the Project X linear accelerator – the front-end − thereby mitigating risk associated with the fundamental concept of Project X.
· Development of cavities, cryomodules and infrastructure in close collaboration with Indian Institutions in order to establish, nurture and grow a relationship resulting in a large in-kind contribution to the domestic HEP program
Deliverables
· A complete set of  RF structures based on sub-harmonics of 1.3 GHz built and tested by 2016
· The Project X Injector Experiment first demonstration of flexible chopped beam formats with acceptable beam quality after acceleration in very low-beta RF structures by 2016
· India incorporates substantial funding for Project X in their five-year plan, and commits to a substantial in-kind contribution to the U.S. neutrino program and Project X
Goal 2: Energy Frontier − Position the U.S. to eventually recapture the energy frontier with a lepton collider

Scope: 
· Develop capability at the laboratories and in industry for high-yield high-gradient cavity performance
· Validate and demonstrate in a full beam test the performance of all components at ILC parameters
Deliverables
· “Be at the table when a decision on ILC is made” with sufficient technical and industrial capability to participate in a future international project
· Test a complete ILC RF unit at NML by 2015
Goal 3: Accelerator Stewardship − Complete the ARRA investment in SRF capabilities to serve as a resource for the Office of Science, and to allow FNAL to play a substantial role in future national and international SRF projects. Pursue improved understanding of SRF materials limitations on SRF cavity performance

Scope: 
· Build infrastructure for processing, testing and constructing SRF cavities and cryomodules, including vertical test stands, horizontal test stands and the Cryomodule Test Facility (CMTF)
· Pursue improved understanding of SRF materials limitations through a program in fundamental materials science
Deliverables
· Completion of Vertical Test Stands 2 and 3 (with Indian involvement) in 2013
· Completion of Horizontal Test Stand 2 (with Indian involvement), the only test stand capable of testing fully dressed 650 MHz cavities, by 2014
· Completion of the construction and commissioning of the Cryomodule Test Facility refrigeration system by 2014
· Improved understanding of surface processing techniques to achieve higher gradient and higher quality factor 
· Formal involvement in a domestic or international Project, such as NGLS, ESS or RISP (in Korea), etc.  by supplying SC RF systems and components
Goal 4: SRF Industrialization and U.S. competitiveness – Develop U.S. SRF industrial base with world class technical capability

Scope: 
· Transfer SRF  technology and know-how to industry
· Verify performance through the characterization of a large sample of industry-produced 1.3 GHz cavities funded by ARRA.
· Work with industry to establish industrial surface processing capability
· Exploit the large investment in the Illinois Accelerator Research Center to develop new SRF based applications and products
Deliverables
· Complete processing and characterization of ~40 ARRA funded 1.3 GHz SRF cavities built by three industrial vendors to validate US industrial capability by 2014.  Provide appropriate feedback to industry.
· Validate industry-processed 1.3 GHz SRF cavities
· Capable and competitive U.S. based SRF Industry
· New SRF based applications and products developed in collaboration with Industry using FNAL SRF facilities and the Illinois Accelerator Research Center(IARC)
Goal 5: Advanced Accelerator R&D − Leverage the ILC and ARRA investment at NML to establish a world class program in AARD based on the Advanced Superconducting Test Accelerator (ASTA). Exploit ASTA to advance the state of the art in accelerator science and technology

Scope: 
· Construction of the NML facility and the Advanced Superconducting Test Accelerator (based on four 1.3 GHZ ILC cryomodules) and associated experimental beam lines.
· Construction of the Integrable Optics Test Accelerator (IOTA) demonstrating a transformative  technology for high intensity storage rings
· Establish an AARD user program through broad engagement of the user community
Deliverables
· Launch AARD user program in 2014
· Complete construction and commissioning of ASTA by 2015
· Complete construction of IOTA by 2015

FY12 Plan

· Adoption of the powerful 3 GeV CW linac as part of the Project design in 2010 presents a significant challenge.  In addition to the ILC 1300 MHz cavities, five distinct SRF cavity families at differing betas and at 3 different frequencies had to be developed. This is a very large R&D challenge but adds enormous capability to Project X.  The resultant family of compatible cavities will be a resource for many future projects. Indeed, India, Korea, and China have recognized this fact and chosen Project X frequencies.  Our principle focus in FY12 is the development of these cavities.
· Project X proposes to use SRF CW cavities and cryomodules at very low velocity (2.1 MeV protons) just downstream of a high power beam absorber. This will be the first application of 2K CW SRF technology in this way and there are many unknowns. It is crucial for future high power SRF proton linacs (Intensity frontier machine, ADS, source for Muon collider, etc.) that the technical issues be studied with prototypes.  The plan is to address these issues with the PXIE facility. Our FY12 activities give highest priority to preparing cavities and CM for PXIE. In particular we will be processing and testing SSR1 cavities from the recent Roark-Niowave delivery, designing the PXIE 325 MHz cryomodule, supporting HWR collaborative work with ANL.
· We also plan to continue development of 650 MHz cavities (cost driver for Project X CW linac) and 1300 MHz cavities/CM including CM tests at NML
· The SRF materials R&D effort will focus on Q0 improvement in 650 MHz cavities. Recent work with HF rinse after the 120 C bake looks very promising based on single cell 1300 MHz cavities. We intend to expand this to include 650 MHz single cells in FY12.
·  Centrifugal Barrel Polishing (CBP) that has been demonstrated to 1) Dramatically reduce usage of hazardous and environmentally unfriendly acids, while reducing hazards for SRF workers 2) delivers cavities with near mirror finishes that have world class gradient and Q0 performance, 3) appears likely to result in significant cost reduction 4) requires infrastructure that is dramatically less expensive than electro-polishing, 5) Will be easily transferable to U.S. industry. In FY12 we will continue to expand this R&D with increased 9-cell 1300 MHz statistics, install 650 MHz capability, and study time/motion to reduce labor costs.

FY12 Goals and Deliverables

Goal 1: Tested SSR1 bare cavities
Goal 2: first fabrication of 162.5 MHz HWR in industry
Goal 3: STF achieves 2 K operation
Goal 4: CM2 cooled down in NML
Goal 5: Begin construction of CM3

FY12 Metrics and Milestones

Metric/Milestone 1: 3 Tested SSR1 bare cavities 
Metric/Milestone 2:  first HWR fabricated by AES by end of 2012
Metric/Milestone 3:  CM2 cooled down in NML by end of FY12
Metric/Milestone 4:  STF upgrade finished and cooled down by end of FY12

Risks to the Plan

	FY12 Goal or Milestone
	Threats
	Risk Priority    (H, M, L)a
	Mitigation Actions
	Owner

	all
	DOE funds assigned in FY12/13 insufficient to support necessary R&D program on PX timeline 


	H


	Need to scale back NML effort
	SRF program Director 

	all
	Crippling loss of SRF workforce
	         H
	Obtain Directorate and OHEP agreements for required support
	SRF program Director

	aRisk Priority (HML) H=high; M=medium; L=low



FY12-13 Resource Requirements

Table of resources for FY12 for this activity:  ( Funding in flux, various levels under discussion indicated below)

[image: ]
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Overview and Long-term strategy

The mission of the Superconducting (SC) Accelerator Magnet Program (High Field Magnet program) at Fermilab is the development of advanced SC magnets and baseline technologies for present and future particle accelerators. This activity secures and expands Fermilab’s technical capabilities and leadership role in accelerator based HEP research. During the past decade the program focused on the development of high-field accelerator magnets with operating fields up to 15 T based on Nb3Sn superconductor. In the long term, the program will include development of accelerator magnets with operating fields up to 20-25 T. This program also supports the improvements of magnet design and analysis methods and tools, fabrication and test infrastructure, instrumentation, and training of young scientists and engineers at Fermilab. In addition, the program is strongly synergetic with the development of new SC materials suitable for use in high-field accelerator magnets,

This activity has the potential for making a strong impact on the future Energy Frontier HEP programs in the U.S. and worldwide, including luminosity and energy upgrades for the LHC as well as the construction of new machines such as the Muon Collider or new Hadron collider.  In ten years the program has to provide technical capabilities and a leadership position for Fermilab to participate in focused R&D and then in construction of the next HEP accelerator complex expected in the next decade or two.

Mid-term Plan and Goals
The first step towards the long-term goals will be the successful development and demonstration of Nb3Sn accelerator magnets and use of this technology in real machines, in particular for the LHC luminosity upgrades planned for 2017-2021. The decision on using  of Nb3Sn accelerator magnets in the LHC upgrades is expected around 2014-15 and will be made by CERN based on the results of development and testing of 5.5 m long twin-aperture 11 T dipole prototype for LHC collimation system upgrade and 4 m long large-aperture high-gradient quadrupole demonstrator for new high-luminosity Interaction Regions (IRs).  

Fermilab is a key member of the LARP collaboration which has been working on the Nb3Sn Interaction Region (IR) quadrupoles for the LHC luminosity upgrade since 2003. To demonstrate the feasibility of Nb3Sn dipoles for the LHC collimation system upgrade, Fermilab in collaboration with CERN has started in FY2011 a joint R&D program with the goal of building by the end of 2014 a 5.5-m long twin-aperture Nb3Sn dipole prototype suitable for the LHC collimation system upgrade. These magnets can be also used to provide space in the LHC lattice for different insertion devices such as dynamic collimators based on the e-lens concept, corrector magnets, BPMs, etc. In the future, these magnets could be considered as a baseline design for a new hadron collider.
 
The program consists of three phases. The first phase of the program is the design and construction of a single-aperture 2 m long demonstrator dipole magnet, delivering 11 T at the nominal LHC current of 11.85 kA and temperature of 1.9 K in a 60 mm bore with 20% margin. The second phase of the program includes the fabrication and test of two 2 m long, twin-aperture demonstrator dipoles to confirm the final magnet design, demonstrate the magnet performance parameters and their reproducibility. And finally, the third phase will focus on the design and technology scale up and on the development and test of 5.5 m long dipole prototype.

The program promotes improvement of Fermilab’s magnet infrastructure to support the previously described R&D activities and possible participation in magnet production (in the case of a successful demonstration and selection of these magnets for the LHC collimation system upgrade, a joint FNAL-CERN project to fabricate eight or more 11 T 11 m long dipoles will be proposed). The improvements include cabling machine upgrades, modernization of SELVA winder, installation of 6 m long collaring press, etc. These improvements will also be used later in magnet R&D for Muon Collider (MC) and LHC energy upgrades. 

FY12 Plan

In FY2012 Fermilab is finishing the development of the first single-aperture Nb3Sn demonstrator dipole based on 40-strand Rutherford cable and 0.7 mm Nb3Sn RRP-108/127 strand (RRP = Restacked-Rod-Process technology). The main goal of this model is to demonstrate quench performance, nominal field, and operation margin of the Nb3Sn coils in a single-aperture structure. In addition, magnet field quality and quench protection data will be acquired for further optimization and selection of the conductor, magnet design and fabrication technologies. The coil fabrication for the first twin-aperture 11 T dipole demonstrator and preparation to coil scale up to 5.5 m long will also begin. 

Fermilab magnet program also works on Nb3Sn (in collaboration with OSU, industry and CDP) and Nb3Al (in collaboration with KEK and NIMS, Japan) strands and cables for the accelerator magnets including 11 T dipole as well as on the radiation hard impregnation materials for accelerator magnets exposed to hard radiation environment.

The long-term plans for 20-25 T magnet R&D based on hybrid LTS/HTS (Low Temperature SC/High Temperature SC) coils are being shaped and optimized taking into account the available resources and program priorities.

FY12 Goals and Deliverables

In FY2012 Fermilab intends to finish fabrication and test of the first single-aperture 2 m long 11 T dipole demonstrator magnet and start coil fabrication for the first twin-aperture 2 m long dipole demonstrator magnet to be assembled and tested at CERN in 2013. Fermilab will continue to optimize and study 40-strand cable with stainless steel core and work on advanced Nb3Sn RRP-150/169 strand and its qualification for use in production of the 11 T dipoles. It will also complete the 90-mm Nb3Sn quadrupole R&D program and continue the study of radiation resistant materials to replace epoxy for Nb3Sn coil impregnation.

FY12 Metrics and Milestones

The FY2012 milestones include:

· Fabricate and test the first single-aperture 2 m long 11 T dipole demonstrator magnet three 2 m long coils for the first single-aperture dipole demonstrators by 06/2012
· Initiate the fabrication of two 2 m long coils for the first twin-aperture dipole demonstrators by 09/2012
· Fabricate 300 m of the 40-strand cable with stainless steel core and RRP-150/169 strand by 12/2011
· Test 35 samples of RRP-108/127 and RRP-150/169 strand extracted from 40-strand cored and non-cored cable by 09/2012
· Impregnate 90-mm TQ coil with MATRIMID and prepare it for testing in quadrupole test structure by 08/2012
· Assemble and test TQC03E with the LARP coils based on RRP-108/127 strand and the dipole style collar by 02/2012
· Prepare the draft of “Mission need statement (CD-0)” for the 11 T dipole project by 03/2012
· Complete Conceptual Design Report for “The 11 T single-aperture Nb3Sn demonstrator dipole” by 09/2012 
· Publish 8 papers in FY2012 

Risks to the Plan

	FY12 Goal or Milestone
	Threats
	Risk Priority    (H, M, L)a
	Mitigation Actions
	Owner

	Fabricate and test the first single-aperture 2 m long 11 T dipole demonstrator magnet by 06/2012
	Coil damage during assembly or testing

	H


	a) Prepare and test coil witness samples
b) test mechanical model prior magnet assembly
c) control coil pre-stress during assembly using strain gauges
d) fabricate a spare coil
	

	Initiate fabrication of two 2 m long coils for the first twin-aperture dipole demonstrators by 09/2012
	Cable or insulation damage during coil processing
	M
	a) test witness samples 
b) find and repair damage
c) fabricate spare cable unit length
	


	Fabricate 300 m of the 40-strand cable with stainless steel core and RRP-150/169 strand by 12/2011
	· Strand cross-over 
· Cable geometry out of tolerance 
· Large strand degradation
	H
	a) make initial run of cable using Cu strand and inspect for cross-overs 
b) control cable width and mid-thickness
c) test extracted strand samples prior cable fabrication
	

	Test 35 samples of RRP-108/127 and RRP-150/169 strand extracted from 40-strand cored and non-cored cable by 09/2012
	Sample loss during processing or testing.
	L
	Make and test more samples
	

	Impregnate 90-mm TQ coil with MATRIMID and prepare it for testing by 08/2012
	Incomplete impregnation
	M
	Preform “10- stack” sample impregnations to produce best process for the coil
	

	Assemble and test TQC03E by 02/2012
	Coil damage during assembly
	M
	Control coil pre-stress during assembly using strain gauges.
	


aRisk Priority (HML) H=high; M=medium; L=low

Resource Requirements
	KA 15-02-01-1 Future Physics – General Accelerator 
	FTE
	SWF
	M&S
	O/H
	Total

	High Field Magnets
	~ 15
	$1,646K
	$442K
	$1,431K
	$3,519K

	Total FY2012
	
	$1,646K
	$442K
	$1,431K
	$3,519K




[bookmark: _Toc330825445]Superconducting Materials Program (Technical Lead: Lance Cooley)

[bookmark: _Toc330825446]2.2.3.1     SRF Materials and Processing R&D (Technical Lead: Lance Cooley)

Overview and Long-term strategy

A central mission of the Superconducting Materials Department is to understand superconducting RF cavity performance in terms of the fundamental limits imposed by the materials they are made of, as well as the practical limits imposed by the processes used to prepare cavities for use.  Department activities then implement this understanding to optimize the present bulk niobium SRF cavity technology, develop new superconducting materials and new processes, develop and implement standards and quality control procedures, and qualify of vendors and processing tools.  The purpose is to support SRF cavity technology and guide the design and engineering of new accelerators.  

Needs identified for the energy and intensity frontiers present a mixture of goals for the long term.  Foreseeable linear accelerators will be made from bulk niobium, and must have cavities with outstanding superconducting properties. Niobium cavity technology must achieve maturity for all frequencies in less than 10 years, and understanding beneath the technology should be comprehensive in terms of what limits the maximum gradient as well as what limits quality factor at lower gradient.  Sustaining basic materials R&D in niobium and the network of collaborators working on various problems is the central strategy for this goal.

The high cost of niobium also means that linear accelerators must have fabrication and processing technologies that are extremely efficient with yield greater than 95%.  An evaluation of cost saving strategies, such as seamless forming and niobium films on cheaper substrates, should be completed by 5 years, and could lead to new cavity technology within 10 years.  Adaptation of existing facilities to prepare cavity surfaces as substrates, manage coating and cleaning processes, and accommodate a wider variety of materials will be main aspects of facility development over 10 years.  

By exceeding the limitations imposed by bulk niobium metal, it may be possible to achieve 50 to 70 MV/m RF cavities or reduce the BCS losses by orders of magnitude, which could transform accelerator designs.  This requires a new paradigm for materials R&D, whereby the RF surface is carefully built up from superconducting compounds, and possibly other materials such as dielectrics.   Exploiting new advances in surface preparation, film and coating sciences, and characterization techniques will be crucial for demonstrating first-of-kind cavities.  The best of these possibilities, e.g. Nb3Sn cavities, should be ready to begin technology exploration in 10 years.  Since most of the key investigators are external to Fermilab, exploiting opportunities to collaborate where breakthroughs are possible is the central strategy here.

Mid-term Plan and Goals

The Superconducting Materials Department fosters external collaborations to bring together resources not possible within the constraints of laboratory budget or authority.  These collaborations provide access to the key knowledge, characterization tools, fabrication and processing techniques, and materials with which the long term goals can be met.  These collaborations also serve as pipelines for personnel and information that create new opportunities for activities. Sustaining the collaborations and modifying their membership appropriately are vital goals over the middle term.  

A full understanding of the nanometer scale structural and chemical changes that occur during processing of bulk niobium cavities, and how they affect SRF properties, should be finalized in 5 years.  This includes a comprehensive understanding of the interplay of oxides, hydrides, defects, dislocations, and other near-surface features, and how they affect superconducting properties.  Proscriptions for capping or protecting the niobium surface to improve performance may also emerge during this course, which could utilize new facilities discussed below.  Department core activities, the SRF University Collaboration, and a Young Investigator grant, comprise a comprehensive network of researchers to meet this goal, with 5 Ph.D. theses expected within 5 years.

Welding, chemical polishing, and now mechanical polishing routes are already highly developed for 1.3 GHz cavities, and this level of maturity should be transferred to other frequencies within 5 years.  This activity is aligned with goals for Project X and possible participation in NGLS (Next Generation Light Source).  Chemical processing will continue to be important as a baseline activity.  Acid-free processing may be possible by mechanical means, which will be investigated as a replacement of chemical processing.  Transformation to acid-free processing, along with new processing equipment, could be completed by FY16.  It is also possible that a more optimum combination of mechanical and chemical processing will be found, and transfer of this technology should be complete by FY16.  Adaptation of mechanical processing to prepare substrates for films is a pre-requisite for long term activities.  Such processing should be routine by the end of FY13, and a separate activity should split from bulk niobium activities early on, perhaps with its own infrastructure.  

Cavities prepared by thin films of niobium on copper or aluminum will become a significant fraction of all cavities receiving R&D within 3 to 5 years, given the opportunity for cost reduction.  Initial work with LBNL and ANL may motivate the installation of a cavity coating system at Fermilab and re-training of staff.  Procurement of copper or aluminum cavities, as well as “coupon cavities” for materials science, will increase.  Consideration of vapor deposition or plasma-assisted processing facilities will also enable long term goals.  This infrastructure can be incorporated into the Industrial Building 4 Cavity Processing Laboratory.  A plan for upgrade should be ready by the end of FY13 should other developments, such as research for NGLS, instigate funding.  Coating capabilities could then be ready in FY15 to FY16.

FY12 Plan

The Superconducting Materials Department has just begun operation of the Cavity Processing Laboratory (CPL), which incorporates mechanical and chemical polishing along with a high-pressure rinse facility.  This laboratory can accommodate all R&D needs.  Mechanical polishing activities are prominent.  These activities have several thrusts: (1) processing of 9-cell cavities; (2) experiments directed at the polishing mechanism itself; (3) interaction with basic studies for bulk niobium; and (4) evaluation of mechanical polishing as an enabling technique for films.  The other components of CPL will serve as finishing steps for the mechanical polishing activities, serve basic R&D discussed below, and serve overflow needs of the SRF Development Department.

A wide range of basic studies, ranging from small samples to single-cell cavity experiments, is also active.   Electron microscopy, optical microscopy, and other analytical techniques are being applied to understand the interactions of defects, hydrides, and oxides.  Hydrofluoric acid rinsing is being used to progressively remove small (2 nm) portions of the RF surface and evaluate changes in superconducting behavior due to the material uncovered.  Numerical calculations are being conducted to understand what interactions should be most likely, with data from collaborators helping to anchor these calculations. 
 
Interactions with LBNL have been initiated and films of niobium have been deposited on copper using their revolutionary high-impulse metal plasma technique.  Extension to cylinders and later cavities is planned.  

FY12 Goals and Deliverables

1) Evaluate the possibility of acid-free processing.
2) Establish a 9-cell cavity process for ILC cavities, and evaluate its potential as an alternative baseline.
3) Qualify EP tool and HPR facility for R&D operations.
4) Co-ordinate basic materials R&D to evaluate aspects of mechanical polishing that might be beneficial for maximum gradient, in collaboration with SRF Development Department.
5) Co-ordinate multiple processing approaches to evaluate what material aspects are most important for quality factor at 5 MV/m and 17 MV/m, in collaboration with SRF Development Department.
6) Polish copper and aluminum cavities for niobium film deposition, and complete niobium film deposition in collaboration with LBNL.
7) Complete the understanding of material changes that occur after 120 °C bake, and why it improves RF performance after electropolishing.
8) Firmly establish the connection between hydrides and locations where cavities exhibit heating by sample cut-out studies and electron microscopy, in collaboration with our university partners.
9) Complete analyses linking hydrides, oxides, and presence of dislocations.  Evaluate the impact of 800 °C baking, which removes dislocations, on cavity performance using 6 single-cell cavities specifically annealed for this purpose.
10) Monitor the possibilities for protecting the cavity surface, e.g. by dry oxidation, and creating new materials, e.g. Nb3Sn.
11) Develop a road map for future high-gradient and high-Q studies.

FY12 Metrics and Milestones

· Publish 3 papers on SRF cavity material science.
· Process five 9-cell ILC cavities by proposed mechanical process baseline route.
· Electropolish 3 single-cell ILC cavities to attain reproducibly good results.
· Validate HPR facility with 3 field-emission-free cavity tests.
· Deposit a niobium film inside one cylinder or cavity.
· Provide research plan for quality factor to Project X by end of FY12.
· Provide road map for future high-gradient and high-Q studies to DOE-HEP by June, 2012 as requested from ILC ART.
· Deliver intention to renew SRF University Collaboration by end of FY12.

Risks to the Plan

	FY12 Goal or Milestone
	Threats
	Risk Priority    (H, M, L)a
	Mitigation Actions
	Owner

	Publish 3 papers on SRF cavity material science
	Inability to achieve clear results with important implications



	L


	Multiple paths of attack are being coordinated.  Collaborators  broaden insights and perspective
	L. Cooley; A. Romanenko

	Electropolish 3 single-cell cavities.  Validate HPR facility.
	Lack of manpower, scheduling conflicts 
	M
	Contract workers have been hired.  Activities are being coordinated with SRF Dept.
	C. Cooper

	Process five 9-cell cavities by mechanical route.
	Lack of manpower, scheduling conflicts, cavity delivery
	L
	Coordination with SRF Dept. 
	C. Cooper

	Deposit niobium film inside copper cylinder or cavity
	Lack of support at LBNL
	L
	Coordination of external collaborations
	L. Cooley

	Provide research plan for Project X
	Changes in scope 
	L
	Coordination with Project X mgmt.
	L. Cooley

	Provide high-gradient and high-Q roadmap
	Lack of agreement over content
	L
	Coordination with key stakeholders
	L. Cooley

	Deliver SRF University Collaboration renewal intention
	Lack of agreement over future program
	L
	Coordination with collaborators
	L. Cooley

	aRisk Priority (HML) H=high; M=medium; L=low




Resource Requirements

Present a simple table of resources in the plan for FY12 for this activity:

	
	FTE	Comment by Peter Garbincius: No # FTEs?
	SWF
	M&S
	O/H
	Total

	KA 15-02-01-1 Future Physics – General Accelerator
	
	$484K
	$368K
	$464K
	$1,316K

	Early Career Grant KB-02-01-05-2 Nuclear Physics Heavy Ion Accelerator R&D
	
	$200K
	$107K
	$182K
	$490K

	Total FY2012
	
	$684K
	$475M
	$646K
	$1,805K

	
	
	
	
	
	



[bookmark: _Toc330825447]2.2.3.2     Strand and Cable R&D Program for Accelerator Magnets (Technical Lead:  Giorgio Apollinari)

Overview and Long-term strategy

The mission of this program is to understand and improve scientific and engineering aspects of superconducting strands and cables that are used to make accelerator magnets, including dipoles, quadrupoles, and solenoids. The outcome of this work provides conductor specifications and engineering data for design and construction of accelerator magnets. Coordination of work with industry has been essential to improve performance of strands and cables, and collaboration with other laboratories and universities has contributed to fundamental understanding at all levels.

Over the long term, Nb3Sn will achieve its maturity as an engineering material and will be implemented in dipoles and quadrupoles for LHC upgrades, as well as in ITER and as outer layers of solenoids operating above 20T.  Far-term magnets with magnetic fields above 20 T for a possible muon collider and LHC energy upgrades will require materials outside of the niobium family.  Conductor development, cable development, and small coil forms must therefore be emphasized in strategic plans.  These must include Bi2Sr2CaCu2O10+x (Bi-2212) round wires and YBa2Cu3O7 (YBCO) tapes, as well as their cables and the ancillary materials required for insulation, prevention of reactions, etc.  Development of test facilities should coordinate with these activities as appropriate.  This work is coordinated with other labs funded by DOE to make high-current cables and coils, investigate their properties, and apply the fundamental work topics started for Nb3Sn to Bi-2212 and YBCO.

This activity plays a key role and has the potential for very high impact on the future Energy Frontier programs in the U.S. and worldwide, including luminosity and energy upgrades for the LHC as well as the construction of new machines such as the Muon or a new Hadron collider. 

Mid-term Plan and Goals

The top priority is to support strand and cable construction for the LHC luminosity upgrades planned for 2017-2021. These include the 5.5 m long twin-aperture 11 T dipoles for the 11 T Dipole Program by 2018 and the large-aperture high-gradient quadrupoles for the new high-luminosity IR’s by 2021. The decision at CERN on magnet technology for the LHC luminosity upgrades is anticipated by 2015.  

These magnets operate at 11 to 14 T nominal fields, for which mid-term goals must emphasize industrial Nb3Sn strand development, understanding behavior during cable fabrication and magnet operation, optimization of critical current density at high fields, strand and cable magnetization, thermo-electromagnetic stability, mechanical stress/strain sensitivity, and other factors.  Restacked-Rod-Process (RRP) technology at Oxford Instruments – Superconducting Technology (OST) is the only qualified process so far.  To the extent that resources permit, qualification of a second Nb3Sn vendor is an additional goal.  Project activities will focus on the present baseline design with 108 Nb3Sn sub-elements in 127-element restacks, as well as development of prototype designs of 150/169 and even up to 217 restacks.  These latter goals may be in conjunction with the U.S. DOE Conductor Development Program (CDP).  Full production of the 169 sub-element design could be achieved by FY14.  While this is less likely for the 217 design, it is possible.  Concomitant with strand activities, cable R&D will explore how the parameter space of strands translates into design paradigms for cables, with the goal of being able to proscribe cable designs without requirement of broad optimization studies.  The more advanced strand and cable designs add engineering flexibility, but are more challenging to produce.  A conductor decision will occur in FY14 based on relative success of cabling and demonstration coils.  A cabling decision will likely be made at the same time.  These upgrade activities are expected to define the maturity of Nb3Sn technology much like LHC defined the maturity of Nb-Ti technology.

Mid-term goals also must plan for the transition from Nb3Sn to Bi-2212 and YBCO.  A comprehensive conductor development program should be negotiated with HEP, where universities are supported to do basic materials work, Fermilab and other labs can undertake cable and small magnet development, projects such as the Muon Accelerator Program (MAP) emphasize larger magnet engineering, and an industrial base is developed to supply the conductor.  As a goal, this program should be operating at full capacity in 3 years, due to the anticipated start of engineering for cooling solenoids under MAP.  This development pathway would mirror that which was successfully used for Nb-Ti during the 1980s and Nb3Sn during 1998-2010, and will be well positioned for a high-energy LHC R&D program in the 2020s.  The Superconducting Magnet Department should have completed a basic cable technology and demonstrated small coils from these cables by FY14.

FY12 Plan

In FY2012 for the first single-aperture and twin-aperture 2 m long 11 T dipole demonstrator magnets, Fermilab will continue to optimize and study 40-strand cable with and without stainless steel core and work using advanced Nb3Sn RRP strands to qualify them for use in production of the 11 T dipoles.  The cabling studies will continue to focus on aspects such as intermediate annealing, understanding the interplay between strand number, cabling parameters, the presence of cores, compaction, and degradation and loss.  Research will continue on new conductors by performing systematic studies of basic strands from vendors as well as cables to provide feedback for industry to improve their wire designs.  

To prepare for HTS work, a large-aperture magneto-cryostat by Oxford Instruments was procured and is being commissioned.  New probes are being designed and commissioned to permit testing of HTS wires.  A Walters spring device to measure sensitivity to longitudinal strain will be commissioned, and a superconducting transformer for cable tests at up to 14 T will be upgraded to exceed 11,000 A. For cable development and production, new Turks-head rollers and a cable quality control system will be implemented.

FY12 Goals and Deliverables

1) Finalize cable specifications for the first single-aperture Nb3Sn demonstrator dipole magnet based on 40-strand Rutherford cable using 0.7 mm Nb3Sn RRP-108/127 strand.  Specifications shall be solidly based on thorough R&D, such that our collaborators at CERN can replicate cable production. 
2) Optimize cable technology for engineering flexibility, including with and without a core, with options for intermediate annealing in both the 1-step and the 2-step cable fabrication processes.  
3) Commission new cabling equipment, including the new Turk’s-head designed for one-pass cable fabrication and a cable quality control system 
4) Develop long (600m+) cable technology.
5) Collaborate with industry to explore alternate vendors to OST, as well as support development activities under the DOE Conductor Development Program (CDP).
6) Complete Bi-2212 and, as resources permit, YBCO strand studies aimed at increasing high-field current density.
7) Complete a small Bi-2212 cable suitable for a cable-wound solenoid.
8) Commission facilities to make and test HTS conductors and cables.
9) Upgrade facilities in anticipation for testing small coil models.

FY12 Metrics and Milestones

· Establish cable specifications for the development phase of the 11 T Dipole Program by 06/2012.
· Develop cored cable technology and specifications using RRP strands by 09/2012.
· Report the outcome of studies of the effect of cross-overs during cable fabrication on conductor performance by 09/2012.
· Study 150/169 RRP performance in cables by 03/2012.
· Study Hypertech designs in cables by 09/2012 and beyond, to the extent enabled by the collaborating vendor.
· Test/commission new Turk’s-head designed for one-pass cable fabrication 09/2012.
· Implement cable quality control system by 09/2012.
· Commission 8.5 T/10 T large-aperture magneto-cryostat by 04/2012.
· Upgrade electrical system of cryostat to 2400 A for test of coils at self-field by 04/2012.
· Complete manufacture and commissioning of multi-sample HTS probe by 09/2012.
· Complete heat treatment facilities for Bi-2212 wire by 04/2012.
· Complete first Bi-2212 cables by 04/2012.  Evaluate cable performance by 06/2012.
· Complete Bi-2212 small coils by 09/2012.
· Deliver a conductor development roadmap, which defines the transition from Nb3Sn to HTS, to HEP by 03/2012.

Risks to the Plan

	FY12 Goal or Milestone
	Threats
	Risk Priority    (H, M, L)a
	Mitigation Actions
	Owner

	Establish cable specifications for the development phase of the 11 T Dipole Program by 06/2012
	Magnet tests reveal need area not identified by present specs.
	H


	Alternate cable designs have been explored and modeled, and are ready for further development.
	E. Barzi; L. Cooley

	Develop cored cable technology and specifications using RRP strands by 09/2012.
	Unforeseen factors force changes in materials from those used in successful tests (goal has been met ahead of schedule)
	M
	A range of cabling parameters has been explored and modeled, providing flexibility for materials choices.
	E. Barzi


	Report the outcome of studies of the effect of cross-overs during cable fabrication on conductor performance by 09/2012.
	Resources to complete goal are diverted to other tasks
	L
	Management coordination will reserve ~30% of effort for core R&D activities
	E. Barzi; L. Cooley

	Study R&D strand performance in cables
	Resources to complete goal are diverted to other tasks
	L
	Management coordination will reserve ~30% of effort for core R&D activities
	E. Barzi; L. Cooley

	Test/commission new Turk’s-head designed for one-pass cable fabrication 09/2012
	Materials, installation, or implementation turns out to be insufficient to meet goals
	M
	Double-pass approach presently used will continue
	E. Barzi; A. Rusy

	Implement cable quality control system by 09/2012
	(a) Failure of hardware or software;(b) Unforeseen obstacles confront installation with our cabling machine
	L
	(a) Upgrades of hardware are planned; Sharing of image analysis expertise with SRF Department
(b) Cables can also be analyzed post-fabrication on separate line
	E. Barzi; D. Turrioni

	Commissioning and upgrades of facilities
	Unforeseen pressure-vessel or cryogenic safety concerns, diversion of resources
	L
	Strong interactions with safety committees; management coordination; use of protocols in Fermilab Engineering Manual 
	E. Barzi; L. Cooley

	Bi-2212 cable and coil development
	Insufficient resources to complete goals
	M
	External collaborations and funding; Early Career funding; management coordination
	T. Shen; L. Cooley


aRisk Priority (HML) H=high; M=medium; L=low

Resource Requirements

	KA 15-02-01-1 Future Physics – General Accelerator
	FTE
	SWF
	M&S
	O/H
	Total

	SC Materials R&D
	
	$163K
	$66K
	$145K
	$375K

	Total FY2012
	
	$163K
	$66K
	$145K
	$375K




[bookmark: _Toc330825448]H- Beam Test Facilities (Technical Lead: Sergei Nagaitsev)


[bookmark: _Toc330825449]Target development activities (Technical Lead: Pat Hurh)


[bookmark: _Toc330825450]Muon Accelerator Program (Technical Lead: Mark Palmer)	Comment by Peter Garbincius: Not submitted yet


[bookmark: _Toc330825451]LARP (Technical Lead: Eric Prebys)

[bookmark: _Toc330825452]2.2.7.1      Other LARP (Technical Lead:  Eric Prebys)

[bookmark: _Toc330825453]2.2.7.2      LARP Magnet R&D and Fabrication of IR Quads for LHC Luminosity Upgrade (Technical Lead:  Giorgio Apollinari)

Overview and Long-term strategy

This activity covers Fermilab contribution to the LARP Magnet R&D and to the design, prototyping and construction of some IR Quads for the LHC Luminosity Upgrade.

The overarching goal is for Fermilab to have a leading role in a successful luminosity upgrade of the LHC, allowing more physics results at the LHC, more return for the US investments in the LHC, and keeping Fermilab’s role as steward in the US of enabling technologies for particle accelerators.

This goal will be completed with the successful commissioning of the new IR Quads at the LHC, presently schedule around 2022.

The strategy for achieving this goal has the following milestones:

· Completion of the Nb3Sn technology demonstration by LARP.
· Demonstration of the IR Quad prototype.
· Fabrication and test of the new IR Quads.


Mid-term Plan and Goals

In order to meet the overarching goal we need to successfully complete the Nb3Sn technology demonstration by the end of 2014; and we should have a successful prototype in 2-3 years after that.  Depending on the features that will be selected for the IR quads (aperture and length) some infrastructure upgrade will be needed for the prototype and the production magnets.  Possible infrastructure upgrades are: longer oven for coil heat treatment; new vacuum oven for coil potting; larger press for coil curing.  


FY12 Plan

In FY12 we plan to complete the Long Quadrupole R&D (last step of the 90 mm aperture program); to demonstrate the successful adjustment of the HQ coils (120 mm aperture); and to start the fabrication of the LHQ coils (3.6 m). 

We should develop a plan in coordination with BNL, LBNL and CERN for the IR Quad prototype, as requested by DOE.

We are also planning to perform mechanical and potting test of rad-hard potting materials.  These tests, complementary to the EuCARD plan, will help selecting the best option for the IR Quads. 




FY12 Goals and Deliverables

In FY12 we intend to:

· Complete the Long Quadrupole R&D (90 mm; 3.6 m): complete fabrication of LQ coils with RRP_108/127, make LQS03 coil-coil connections, test LQS03, compete analysis, write paper.
· Demonstrate successful adjustments to the design of HQ coils (120 mm; 1 m): assembly and test HQ coil #15 in mirror structure (HQM04), write paper.
· Start the Long HQ R&D (120 mm; 3.6 m): complete procurement and installation of equipment and tooling for LHQ coils; wind and cure the first two practice coils.
· Evaluate mechanical properties and perform potting tests on rad-hard potting materials (Matrimid, Cyanate Ester).
· Develop plans for LHC IR upgrade prototype (aperture and length TBD): schedule and cost estimate.


FY12 Metrics and Milestones

· Complete fabrication of LQ coils with RRP_108/127 (to be tested in LQS03): DONE.
· Commissioning of Helium recovery line at VMTF by 05/01/2012 (for testing it before LQS03 test)
· Make coil-coil connections and prep LQS03 for test by 06/15/2012
· Complete LQS03 test at VMTF test by 08/31/2012 
· Write and give LQS03 paper at ASC 10/8-11/2012
· Complete HQM04 assembly by 4/20/2012
· Complete HQM04 test at VMTF by 5/31/2012
· Write and give HQM04 paper at ASC 10/8-11/2012
· Complete installation of equipment and tooling for LHQ coil winding and curing by 7/31/2012
· Procure two sets of reaction and potting fixtures for LHQ coils and deliver to BNL and LBNL by 7/31/2012
· First LHQ practice coil wound, cured, and shipped to BNL by 8/31/2012
· Second LHQ practice coil wound, cured, and shipped to LBNL by 9/28/2012
· Complete tests of mechanical properties and potting compatibility on ten-stacks with rad-hard materials by the end of FY12
· Complete plan (schedule and cost estimate) for IR upgrade prototype by end of FY12


Risks to the Plan

	FY12 Goal or Milestone
	Threats
	Risk Priority    (H, M, L)a
	Mitigation Actions
	Owner

	Commissioning of He_recovery line at VMTF
	Not ready for LQS03 test
	L
	Large margin, and plan to test it with the magnet that will be tested before LQS03
	

	Make coil-coil connections for LQS03 and prep for test
	Resource conflict with 11T

	M


	Use overtime
	

	Test LQS03
	VMTF not available
	M
	We can wait one month
	

	Test LQS03
	Limited performance
	L
	Remove limiting coil and retest with spare coil
	

	HQM04 assembly
	Resource conflict with 11T
	M
	Use overtime
	

	HQM04 test
	VMTF not available
	L
	Assume test is successful for LHQ plans; may have to redo parts if it is not.
	

	HQM04 test
	Limited performance
	L
	Understand cause of limitation, repeat test with improved coil, implement improvements in 2nd series of LHQ practice coils.
	

	Complete installation of equipment and tooling for LHQ coil winding and curing
	Delay of IB3 floor rearrangement
	L
	Plan has large time margin; may use overtime if needed
	

	Two LHQ practice coils wound, cured, and shipped
	Resource conflict with 11T
	M/H
	The plan agreed in FY11 solved conflicts by giving priority to 11T till June, and to LHQ after June. Delays of the 11T may cause conflicts.  Mitigation: overtime and contractor(s). 
	

	Procure and ship LHQ reaction and potting fixtures
	Fabrication delay, parts out of tolerance
	L
	Select reliable vendor, start procurement well in advance.
	

	Complete plan for IR upgrade prototype
	Delay due to many stakeholders to be involved in development and approval of plan
	H
	Inform TD HQ on a regular basis
	

	
	
	
	
	

	aRisk Priority (HML) H=high; M=medium; L=low







Resource Requirements


	Activity
	FTE
	SWF
	M&S
	O/H
	Total

	FY11 carry-forward
	0.8
	$100K
	$581K
	$239K
	$920K

	FY12 original plan
	4
	$405K
	$299K
	$618K
	$1,323K

	LHQ React &Pot fixtures*
	0.1
	$11K
	$360K
	$79K
	$450K

	Total FY2012
	4.9
	$516K
	$1,240K
	$936K
	$2,693K


* Additional budget requested from DOE by Eric Prebys

[bookmark: _Toc330825454]Beam Instrumentation (Technical Lead: Manfred Wendt)


[bookmark: _Toc330825455]Goal 3: Fermilab is a recognized leader in Advanced Accelerator R&D and Accelerator Science

[bookmark: _Toc330825456]NML and ASTA Build-out and Operations (Technical Lead: Mike Church)

Overview and Long-term strategy

The Advanced Superconducting Test Accelerator (ASTA) is an SRF electron beam facility  being built in the NML building.  The purpose of this facility is to conduct world-class advanced accelerator R&D (AARD).  It consists of an L-band RF photoinjector, followed by 2 SRF L-band cavities, a 50 MeV injection line, 3 (possibly more) ILC-type cryomodules, multiple downstream beamlines for AARD experiments, and a high energy stop capable of handling 80 KW of beam power.  In addition there will be a second 50 MeV beamline dedicated to AARD.  With 3 cryomodules installed the maximum beam energy will be 900 MeV, and the facility will be capable of delivering ILC intensity and bunch structure beam.  The long term goal is to establish ASTA  as a world-recognized center for AARD and accelerator technology development, with a broad user community from throughout the world accelerator community.  We will reach this goal by developing the infrastructure (both hardware and software) to be fully integrated into the Fermilab accelerator operations mainstream.  Commissioning will occur in well defined steps:  commission the electron gun; commission the 50 MeV beamline; commission the high energy beamlines with a single cryomodule; commission the high energy beamlines with 3 cryomodules;  and finally increase the beam intensity to ILC values.  Simultaneously to this commissioning process we are launching several AARD experiments at the outset.   We will establish a review committee with a dedicated director to guide the experimental program to the most interesting and relevant topics.

Mid-term Plan and Goals

· Install and commission the 50 MeV injector beamline (including capture cavity 1) – deliver low intensity beam to the low energy beam dump – FY13
· Complete the 1st AARD experiment in the 50 MeV beamline – the high brightness x-ray channeling experiment – FY13
· Install and commission the high energy beamlines – deliver low intensity beam through 1 cryomodule to the high energy dump – FY13
· Establish a baseline design for the 50 MeV experimental beamline; install, commission and mount the first AARD experiment there – FY14
· Complete the installation of the IOTA experiment and start experiments there – FY14
· Install and commission the 2nd and 3rd cryomodules – FY14
· Deliver high energy beam through 3 cryomodules to the high energy dump – FY15
· Establish routine, high reliability operations 
· Work towards high (ILC) intensity beam delivery – conduct ILC “string test” – FY16
· Establish an AARD review process and start the AARD experimental program

FY12 Plan

We intend to continue to develop the necessary infrastructure to support machine operation.  Cryomodule 1 will be removed and replaced with cryomodule 2, the electron gun will be installed and commissioned, and the gun laser system will be installed and commissioned.  Installation of 50 MeV beamline components will start.

FY12 Goals and Deliverables

· Commission cryomodule 1 and the cryomodule RF system (complete)
· Commission capture cavity 2 and its RF system (complete)
· Install and commission the electron gun cathode chambers (complete)
· Install the high energy beam dump (complete)
· Complete all required infrastructure – LCW, cryogenics, AC power, AC, civil construction
· Replace cryomodule 1 with cryomodule 2 and commission
· Install and commission the electron gun and its RF system
· Install and commission the electron gun laser system
· Establish 5 MeV beam to the Faraday cup downstream of the electron gun
· Develop a fully engineered design of the 50 MeV injector beamline and start the installation

FY12 Metrics and Milestones

· Successful operation of cryomodule 2 under full RF power (no beam)
· Delivery of laser-induced 5 MeV beam from the RF gun to a downstream Faraday cup

Risks to the Plan

	FY12 Goal or Milestone
	Threats
	Risk Priority    (H, M, L)a
	Mitigation Actions
	Owner

	Cryomodule 2 operation
	tuner motor fails



	H


	lessons learned from cryomodule 1; extensive pre- testing at TD; operation with fewer than 8 cavities until the next cryomodule is completed
	Leibfritz

	Cryomodule 2 operation
	vacuum leak
	H
	lessons learned from cryomodule 1;  extensive pre-leak check; warm up and repair leak
	Leibfritz

	Cryomodule 2 operation
	does not condition to satisfactory RF power
	H
	operate at lower gradient or fewer than 8 cavities until next cryomodule is completed
	Leibfritz

	Electron gun operation
	does not condition to satisfactory RF power
	H
	prepare spare gun; prepare spare RF windows; operate at lower gradient until 2nd gun can be installed
	Church

	Electron gun operation
	excessive dark current
	H
	prepare spare cathodes
	Church

	aRisk Priority (HML) H=high; M=medium; L=low




Resource Requirements

	Activity
	FTE
	SWF 
	M&S
	Overhead (40% SWF, 16% M&S)
	Total

	Project 18.2
	33
	$3,300K
	$1,882K
	$1,621K
	$6,803K

	Project 18.13
	6
	$600K
	$603K
	$336K
	$1,539K

	15.02.01
	2
	$200K
	$165K
	$106K
	$471K

	Total FY2012
	41
	$3,900K
	$2,650K
	$1,983K
	$8,813K





[bookmark: _Toc330825457]2.3.2 A0 Program and High-Brightness Electron Source Lab (Technical Lead: Yine Sun)

Overview and Long-term strategy

The A0 photoinjector is a R&D facility that has delivered high brightness electron beams with energies around 16 MeV from 1999 to 2011. Over this period, twenty students worldwide have graduated with a Ph.D. or Masters degree in accelerator physics with topics ranging from the design of the photoinjector to advanced-accelerator experiments using the beam produced by the A0 photoinjector. The flagship experiments of A0 photoinjector include round-to-flat beam transformation, transverse-to-longitudinal emittance exchange and its application to the beam current-profile shaping. These innovative phase space manipulations are now incorporated in several designs of next-generation light sources. As A0 ceased 16 MeV operation in Oct. 2011, its conversion into a low-energy electron source was proposed and highly recommended by the Fermilab’s Accelerator Advisory Committee. The A0 lab space is being reconfigured into a High-Brightness Electron Source Lab (HBESL) operating at 4 MeV. The conversion gains Fermilab a very valuable asset with minimal spending as the existing infrastructure at A0 is just right for such a source development lab.  It also offers a facility that complements the ASTA facility as the electron-source R&D performed at HBESL could eventually be beneficial and integrated into ASTA.  The HBESL will eventually relocate to the newly-built IARC when it is ready within the next several years.
 
In ten years we expect HBESL to support a vibrant R&D program in advanced cathode development and new acceleration techniques that could support the development of very compact accelerators. These synergetic research efforts could open the path toward super-radiant table-top x-ray light source and ultra-fast electron diffraction at the attosecond time scale. If successful the beams produced could be used by university groups. In addition to research, the small-scale facility will be ideal to support the education of future accelerator scientist. We will build strong ties with universities and provide the infrastructure for graduate students to work on their theses. 

Mid-term Plan and Goals

A suite of experiments has been proposed for HBESL for the next several years before it moves to IARC: 

 (1) Ellipsoidal beam generation via:
· ultrashort (fs) drive-laser for operation at the blow-out regime;
· 3D ellipsoidal-shaped drive-laser pulse for higher bunch charge operation;
· Measurement of the generated ellipsoidal bunch longitudinal phase space.
(2) Cathode developments:
· Multi-photon photo-emission from CsTe cathode;
· CsTe cathode response time measurements;
· Field emission, photo-assisted field emission and RF-gated field emission from a needle cathode.
(3) Phase-space exchange of a field-emitted beam:
· Collaboration with MIT partially supported by the Defense Advanced Research Project Agency (DARPA); experiment tentatively planned end of FY2012 pending successful test of photo-assisted field emission.
(3) Advanced acceleration methods:
· Short laser system commissioned and amplified to 3-4 mJ;
· Generation of THz radiation and measurement of modes;
· Construction and installation of a 4-pass amplifier to produce ~200 mJ laser pulse.

FY12 Plan

In FY12, the beamline will be reconfigured from the 16 MeV A0 photoinjector to 4 MeV HBESL. The tasks include: (1) the removal of the superconducting booster cavity and other beamline elements needed by ASTA etc.; (2) reconfiguration of the beamline which requires relocation of the beamline sections, energy spectrometer and beam dump; (3) get permission for beam operation from Fermilab. Currently, most of the safety action items are completed and the last one, the beam interlock system reconfiguration, is schedule to be completed before end of April 2012. In parallel to the beamline reconfiguration, a new seed laser system was installed and is being commissioned. We expect to resume beam operation in May 2012, with the intention to perform the photoemission and ellipsoidal bunch generations. Two field-emitter cathodes, based carbon nanotube and a diamond array are being prepared using A0 cathode holders by respectively Radiabeam LLC (as part of a DOE phase-II SBIR) and Vanderbilt University (funded by DARPA). The cathode from Vanderbilt is undergoing preliminary test and will be shipped to Fermilab in May and tested at A0 in the early summer 2012. 

FY12 Goals and Deliverables

In FY12, we intend to complete the beamline reconfiguration from 16 MeV to 4 MeV beam operation.  First sets of experiments on ellipsoidal beam and longitudinal phase space measurement will be conducted. 

FY12 Metrics and Milestones

· Reconfigure beamline with safety document and operating procedure (04/2012);
· New laser seed system amplified to 3 mJ ( 04/2012);
· First beam (photo-emission) (05/2012); 
· Commissioning of the single-shot longitudinal phase space (06/2012);
· Production and characterization of a 4 MeV electron beam via photoemission using an ultra-short laser (06/2012);
· Electron bunch from field (and photo-field) emission in an rf gun (09/2012).

Risks to the Plan

	FY12 Goal or Milestone
	Threats
	Risk Priority    (H, M, L)a
	Mitigation Actions
	Owner

	Beamline reconfiguration 
	Limited technician time
	         L

	Request  technician time much in advance
	

	First beam experiments
	RF or other hardware failure
	         L
	 
	

	aRisk Priority (HML) H=high; M=medium; L=low




Resource Requirements

	Activity
	FTE
	SWF
	M&S
	O/H
	Total	Comment by Peter Garbincius: No resources here

	Beam line reconfiguration
	2
	
	
	
	

	beam experiments
	2
	
	
	
	

	Total FY2012
	4
	
	
	
	



[bookmark: _Toc330825458]ASTA AARD Program (Technical Lead: Philippe Piot)

Overview and Long-term strategy

Electron accelerators have widespread uses ranging from fundamental science to industrial and defense applications. The Advanced Superconducting Test Accelerator (ASTA) aims at supporting advanced accelerator R&D (AARD) toward the advancement of accelerator science and education. ASTA will support tests of new acceleration concepts and accelerator-based light sources along with the development of associated beam physics and accelerator technologies (e.g. phase space manipulations, beam diagnostics, etc…). The facility capitalizes on pioneering work on novel phase-space manipulations performed at Fermilab. These phase-space manipulations will eventually enable the arbitrary tailoring of the electron bunch properties within the three degrees of freedom. At term, the availability of a tailored bunch produced in a superconducting linac would provide a unique setup not available anywhere else worldwide. It is therefore expected that the facility will become the backbone of a world-wide user-driven AARD center. Its main mission will be to:

· Lead R&D efforts relevant to next-generation accelerators with applications to Discovery Sciences, Industry, Defense, and Medicine, 
· Develop ASTA as a user-driven facility opened to external institution.  

Therefore, the center is expected to support a wealth of experiments to be carried by external users. The facility and beam time will be awarded on a competitive basis following evaluations of user proposals by Fermilab’s local AARD group and recommendation from an external program committee. Besides its user mission, the center will also support research initiated by Fermilab’s personnel relevant to Fermilab’s mission. 

Mid-term Plan and Goals

Upon commissioning of the ASTA accelerator, the mid-term (FY13-17) plan is to establish ASTA as a AARD facility by carrying a series of novel experiments. One of the overarching goals is to implement the advanced phase-space manipulations developed at Fermilab’s A0 photoinjector to eventually support other experiments requiring a beam with precisely tailored phase spaces (e.g. dielectric wakefield acceleration in slab structures which required flat beams and tailored current profiles). 

Several key experiments have been identified and are being explored:

1. Generation of high-brilliance x-ray radiation using channeling radiation of high-brightness electron beams in a thin diamond crystal (collaboration with Vanderbilt University), 
2. Exploration of phase-space manipulations and emittance repartitioning (using fa combination of flat beam and emittance-exchange techniques) and application to pulse shaping including the microbunching at sof x-ray wavelength (collaboration with Los Alamos National Laboratory and MIT),  
3. Test of the integrable-optics concept at the Integrable-Optics Test Accelerator (IOTA) ring to be built at ASTA (collaboration with Oak Ridge National Laboraty),
4. Investigation of laser-induced harmonic bunching for next-generation free-electron lasers (collaboration with Lawrence Berkeley National Laboratory). 

FY12 Plan & Goals and Deliverables

At the time of the writing of this report, there is indication that ASTA will be in early commissioning stage by the end of FY12. We therefore do not expect any AARD experimental results to be produced during FY12. The AARD-related activities will be purely theoretical in preparation of possible experiments utilizing the 40-MeV beam produced in the photoinjector.  The preparative tasks for FY12 are:

1. Complete a numerical investigation of the performance of low-energy bunch compression and its compatibility with the flat-beam-generation method pioneered at Fermilab’s A0 photoinjector. We intend on performing an experiment demonstrating the compression of flat beam and mitigation of collective effect early FY13 (note that this experiment could be performed at either 15 or 40 MeV). The production of compressed flat beams has important applications ranging from novel light source concepts (beam-driven image-charge undulator) and linear collider (mitigation of collective effects),
2. Investigate, in collaboration with Vanderbilt University, the performances of possible configurations of ASTA rf gun as a photo- and field-emitter source to produce X-rays (20-keV photon) using channeling radiation from a thin Diamond crystal (recent simulations have demonstrated the capability of producing, accelerating to 40 MeV and focusing low-charge (25 fC) beams with normalized emittances below 10 nm as required for channeling radiation experiment. If photo-emission performances are satisfactory a parasitic experiment based on the setup using at A0 could be installed early FY13 (researchers from the ELBE free-electron laser facility at the Helmholtz-Zentrum Dresden-Rossendorf in Germany have offered to loan equipment for X-ray detection and diagnostics), 
3. Finalize the design of a possible 40-MeV off-axis user experiment which accommodates:
a.  an optimized phase space exchanger and explore with Los Alamos possible use of this exchanger to increase the beam brightness using a tapered foil,
b. an undulator in support to harmonic bunching experiments. The experiment is being design in collaboration with staffs from Lawrence Berkeley National Laboratory,
4. Pursue design studies of the IOTA ring and the provide requirements on the electron beams parameters to be injected in the ring. 


[bookmark: _Toc330825459]Simulation and Modeling (Technical Lead: Panagiotis Spentzouris)


[bookmark: _Toc330825460]Beam Dynamics and Theory (Technical Lead: Yuri Alexahin)


[bookmark: _Toc330825461]Goal 4: Fermilab plays a leading role in applying accelerator technology to society’s problems
[bookmark: _Toc318521763][bookmark: _Toc330825462]IARC Project and Program Development activities, goals and milestones (Technical Lead: Bob Kephart)

Overview and Long-term strategy

The Illinois Accelerator Research Center (IARC) is a new accelerator research facility being built at Fermi National Accelerator Laboratory. 
 
IARC will provide a state-of-the-art facility for research, development and industrialization of particle accelerator technology. The design and construction of the IARC facility is jointly funded by DOE ($13 M to refurbish an existing heavy industrial building on the Fermi site that will be incorporated into the IARC complex) and the State of Illinois ($20 M) for design and construction of an addition to this heavy industrial building.  It is anticipated that both the DOE and State of Illinois will provide funding for the eventual IARC program.
 
A major focus of IARC will be to develop partnerships with private industry for the commercial and industrial application of accelerator technology for energy and the environment, medicine, industry, national security and discovery science. IARC will also offer unique advanced educational opportunities to a new generation of Illinois engineers and scientists and attract top scientists from around the world.

The long term goal of IARC is to make the Fermilab and Northern Illinois a national center for the development of new technologies based on accelerator concepts and to train the next generation of Accelerator Scientist and technologists. IARC will serve to underwrite the stewardship role the Office of High Energy Physics (OHEP) has assumed with respect to accelerator development within the DOE Office of Science and make explicit the many benefits that technologies developed in OHEP for basic research can bring to the national economy. The State of Illinois, Department of Commerce and Economic Opportunity (DCEO) goal is to leverage the presence of Accelerator expertise and facilities at Fermilab and nearby Argonne Laboratory to attract or create new high tech accelerator based industries in Northern Illinois. 

Our strategy is to create IARC as facility with unmatched technical infrastructure for development of accelerator technology. We will combine this with a flexible R&D program that leverages the unique expertise of the Fermilab Accelerator Laboratory and Accelerator Staff to provide an attractive environment that promote entrepreneurial development of accelerator ideas into marketable products. Initially the program will bye funded by DOE, DCEO, and other funding sources including Work for Others, SBIR grants, etc, a long term goal is to develop sufficient intellectual property that  a support revenue stream is created to further this activity.    

More information about the Illinois Accelerator Research Center is available at: http://www.fnal.gov/pub/IARC
 

Mid-term Plan and Goals

Located in the heart of the industrial area of the Fermi lab campus, IARC will consist of 36,000 square feet of heavy assembly, technical, and office space in the existing heavy industrial building plus an additional 47,000 square feet of technical, office and educational space in the State funded addition.  The resulting 83,000 square foot IARC complex will provide space and infrastructure for scientists and engineers from Fermi lab, DOE’s Argonne National Laboratory, local universities and industrial partners to turn new ideas in accelerator technology into viable commercial products.

Our 5 year plan is focused on construction of the IARC physical plant in the FY12-14 time frame followed by launching the Accelerator Applications and Educational Programs.  Important Milestones include 1) Construction Start of the $20 M State funded Office Technical and Educational (OTE) building adjacent to the B0 heavy assembly building; 2) Completion of the removal of CDF experimental equipment by FY13; 3) Restoration of safety systems and necessary repairs and refurbishment of the B0 heavy assembly building in FY14; Beneficial Occupancy of the OTE bldg. and start of the IARC Educational Program in FY14; Start of the Accelerator Applications program in IARC in FY15.

Necessary infrastructure in IARC includes refurbishment of the existing B0 assembly building infrastructure. This includes: the controls for the 50 T crane; AC power distribution systems; building HVAC; Industrial Cooling water system; Low conductivity cooling water system; and cryogenic infrastructure.  In addition we would provide any addition infrastructure requested by the initial suite of users. A number of life safety systems will have to be refurbished and upgraded in this building in FY14.


FY12 Plan

FY12 is focused on awarding the contract for the construction of the OTE building and starting construction. The construction of this portion of IARC is expected to take 18 months so will extend into FY13. In addition we will be developing the IARC Accelerator Applications and Educational Program and working with the DOE Fermi Site Office to establish rules for industrial entities working at IARC, secure program funding from DOE and DCEO.  

In addition, the following activities are in progress:

· OHEP is also working on budget formulation plans to identify funding for the IARC program 

· OHEP is developing an Accelerator Stewardship Plan for the Office of Science and a model for the Lab/Industry relationship, which will allow companies to work at the facility by either competing for grants or proposing projects that would be evaluated for merit.  The list of topical areas to be worked through includes:

a. Use of government facilities
b. Proposal process/evaluation/eligibility
c. Health and safety requirements
d. Charges for support (utilities/space/training/admin/
e. Intellectual property
f. Access control/badging
g. Union work (welding/operators)

· Fermi Lab contractor Fermi Research Alliance, LLC is creating an integrated IARC implementation plan to support the DOE OHEP budget submission and potentially additional funds from the state of Illinois

· Fermi Lab and DOE hope to host a visit for Karina Edmunds of the DOE Tech Transfer Office in late April or early May.

· Fermi Lab, DOE Fermi Site Office and the University of Chicago are also working with the Booth Business School at the University of Chicago to design a case study of a section for the advanced management program that would look at potential business models for the unique IARC partnership and business arrangement. This course begins on April 18th with the theme “Fermi lab – Industry partnerships”. 


FY12 Goals and Deliverables

Goal 1: Begin construction of the State funded IARC OTE building 
Goal 2: Create the outline of the IARC Accelerator Applications and Educational Program 
Goal 3: Create the draft IARC business model  
Goal 4: Establish a straw man set of rules for users at IARC
Goal 5: Obtain a commitment from DOE OHEP to fund the program and establish the level of funding




FY12 Metrics and Milestones

Metric/Milestone 1: Award the IARC OTE construction contract by June 2012 and start OTE construction
Metric/Milestone 2: Create the outline of the IARC Accelerator Applications and Educational Program by the end of FY12
Metric/Milestone 3: Create the straw man IARC business model by the end of FY12

Metric/Milestone 4: Establish a straw man set of rules for users at IARC by end of FY12
Metric/Milestone 5: Obtain a commitment from DOE OHEP to fund the program and establish the level of funding and staff support levels by end of FY12


Risks to the Plan


	FY12 Goal or Milestone
	Threats
	Risk Priority    (H, M, L)a
	Mitigation Actions
	Owner

	Insufficient DOE funds assigned in FY12 to support necessary OTE building construction changes and IARC staff
	Delays or cost overruns, failure to develop plans for IARC program



	H


	Careful OTE project oversight and cost awareness, obtain personnel assignments and permission to charge to Program Development codes
	FESS, COO

IARC Director, AD for accelerators 

	Insufficient workforce assigned to IARC activities
	Goals are not accomplished
	         H
	Obtain Directorate agreements for required support
	IARC Director, AD for accelerators

	aRisk Priority (HML) H=high; M=medium; L=low






Resource Requirements

Table of resources for FY12 for this activity:
	  Activity
	FTE
	SWF
	M&S
	O/H
	Total

	Directorate B&R	Comment by Peter Garbincius: which code?
	1
	$125K
	$200K
	$267.5K
	$492.5K

	Total FY2012
	1
	$125K
	$200K
	$267.5K
	$492.5K

	
	
	
	
	
	




[bookmark: _Toc330825463]Work For Others activities (Technical Lead: ??)


[bookmark: _Toc330825464]Non-HEP Program Development activities (Technical Lead: Stuart Henderson)


[bookmark: _Toc330825465]Accelerator Sector Operations Goals

[bookmark: _Toc330825466]ES&H

[bookmark: _Toc330825467]Quality



[bookmark: _Toc330825468]Resources: Staffing and Budget

[bookmark: _Toc330825469]Partnerships

[bookmark: _Toc330825470]Performance Monitoring Plan



[bookmark: _Toc330825471]Performance Indicators

	Area
	Metric/Measure

	Mission Accomplishment
	DOE Peer review of Science Programs
Institutional Review 
Operational goals 
Publications, invited talks, and awards
Environmental compliance
Safety performance

	Design, Fabrication, Construction and Operations of Research Facilities 
	Achieve project milestones for NOvA, LBNE, MU2E
Complete Preliminary Design for Muon g-2
Operational goals 
Outcomes of Accelerator Advisory Committee meeting

	Program/Project Management
	DOE Peer review of Science Programs
Institutional Review
Program Reviews
Human resources statistics for hiring and retention




[bookmark: _Toc330825472]Sector Assessment Plan

Directorate-directed Assessments performed on the directorate	Comment by Peter Garbincius: need to fill this stuff out
	Area to be assessed
	Type of assessment
	Schedule
	Assessment Title
	Assessment Scope/Description
	Assessor

	Accelerator Sector Science and Operations
	Independent
	
	
	
	Accelerator Advisory Committee

	Mu2e accelerator concept
	Independent
	
	
	
	Mu2e Directors Review Committee

	Accelerator Safety
	Independent
	 Q1
	
	
	





[bookmark: _Toc330825473]Appendix 1.  Accelerator Sector Organization	Comment by Peter Garbincius: is this sufficient?
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Document Outline

1. Accelerator Sector Strategic Plan
a. Overview of accelerator sector, mission and organization
b. Overview of strategy and 10-year goals
2. FY12 Program Plans, Goals, Milestones and Metrics
a. Goal 1: Fermilab is the world-leader on the Intensity Frontier
i. Accelerator Complex Operations
ii. Proton Improvement Plan
iii. NOvA Project
iv. Muon Program activities
v. LBNE Project
vi. Project X R&D
b. Goal 2: Fermilab plays a leadership role in developing the technology for next generation accelerators
i. Superconducting RF Program
ii. High Field Magnet Program
iii. Superconducting Materials Program
iv. H- beam test facilities
v. Target development activities
vi. Muon Accelerator Program
vii. LARP
viii. Beam Instrumentation
c. Goal 3: Fermilab is a recognized leader in Advanced Accelerator R&D and Accelerator Science
i. NML and ASTA Buildout and Operations
ii. A0 Program and Source Development Lab
iii. ASTA AARD Program Planning
iv. Simulation and Modeling
v. Beam Dynamics and Theory
d. Goal 4: Fermilab plays a leading role in applying accelerator technology to society’s problems
i. IARC Project activities, goals and milestones
ii. IARC Program Development activities, goals and milestones
iii. Work For Others activities
iv. Non-HEP Program Development activities (ITER, NGLS)
3. Accelerator Sector Operations Plans, Goals, Milestones and Metrics
a. ES&H
b. Quality
c. Staffing
4. Resources: Staffing and Budget
5. Partnerships
6. FY 2012 Performance Monitoring Plan
a. Performance Indicators
b. Sector Assessment Plan


Continuing Notes

Need Appendix 1 – Accelerator Sector Organization Chart – is this sufficient?
Stuart likes the 3 x 1014 format, rather than 3E14
Should we say radio-activation?
Page 6 – Project X start in 2016 seems optimistic
JUSTIFY text, both left and right
Table and Figure numbers?  Inclusive from start or by section or sub-section?
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Draft 2012-2013 Fermilab Accelerator Experiments Schedule
This schedule will be updated regularly, as plans change.
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In Calendar 2012-2013, an 11 month shutdown for maintenance is scheduled to begin approximately May 1
to upgrade the proton source and change the NuMI beam to the Medium Energy (ME) config.
‘See http:/iwww-bdnew. fnal. govioperations/schedules.htmi for shutdown schedule details when available.
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