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FY15 Progress

General description
Fermilab has comprehensive capabilities that enable Accelerator science and technology R&D, SRF science and technology R&D, High Field Magnet R&D for future accelerators, as well as several projects and national programs.  During FY15 our test capabilities allowed records to be exceeded in high Q R&D, ILC high gradients in CM2, 11.6 T in a dual aperture dipole magnet for LHC, and the first beam (20 MeV) through the FAST injector and the SRF capture cavity cryomodule.  These record accomplishments are discussed in FWP’s of various projects and programs.  

Progress in FY15
The Test Facilities are in high demand for a large number of users.  The demand continues to grow as the prototyping phase of projects and programs accelerates, and projects approach production.  Several one-time improvements were carried out.  In FY 15 we commissioned two new Vertical Cavity Test stands (VTS 2&3) to greatly increase cavity testing rates (to >150 test cycles/year), upgraded the ANL/FNAL cavity processing system to electro-polish 1.3 GHz He-vessel dressed cavities for LCLS-II and 5-cell 650 MHz cavities for PIP-II.  The SRF vacuum furnace is under upgrade to 1400 C for Nb3Sn R&D.  The HTS stand was modified to carry out CW RF testing instead of pulsed.  The Cryomodule Assembly Facility (CAF) is under upgrade to assemble one cryomodule per month in production.  Lab 2 has been cleaned out and upgraded to prepare for installation of a clean room and a crane to assemble prototype cavity strings and prototype cryomodules in future years along with parallel capabilities for R&D cavities rinsing and clean assembly at Fermilab.   For magnet fabrication we finished the first stage of the SELVA winding upgrade.  We upgraded the VMTF magnet test stand to test magnets above 15 kA at 1.9 K.  We upgraded the Solenoid Test Facility (at CHL) for high-current Mu2e magnets to complete testing the Transport Solenoid prototype.  By the end of FY 15 we will have developed the next generation of single stretched wire measurement system for magnets.  At the recently renamed FAST Facility (Fermilab Accelerator Science and Technology Facility), the FAST photo-injector was completed and commissioned with 20 MeV beam accelerated through an SRF Cryomodule (CC2); Cryomodule-2 (CM2) was operated for 6 months.  Installation of IOTA infrastructure continued.   CMTS1 test cave was constructed and it’s cryogenic distribution system procured.  Low Conductivity water cooling system and chillers at CMTF were installed and commissioned.  Cryogenic systems throughout the Lab were maintained and operated. We covered the operations, maintenance, and infrastructure upkeep of the cryogenic and multi-purpose systems associated with the Accelerator test facilities across the lab. 

We held a one-day review with SRF, Magnet and Beam Test experts from BNL and JLAB to validate our cost analysis of Test Facilities Operations.  The review report validated our FY15 cost estimates, and recommended increased funding to maintain these critical facilities in good operating conditions, to carry out one-time improvements, and additional investments in high priority items.  Accordingly, 4.7 M$ was added to the B&R from carry-over. 

DRAFT IFP FY2016
Accelerator Infrastructure and Test Facilities (KA-25-02-01)
$17,500,000 is provided for the operation, maintenance, and improvement of the Fermilab accelerator test facilities.  
· $5,527,000 is provided for the operation and maintenance of the Fermilab technical facilities related to construction and testing magnets.  This includes basic measurement systems, development of new measurement technology to support future programs, fabrication of test magnets, the infrastructure for inspection of incoming components, common operating expenses, the oversight of the magnet testing program, and a share of the cryogenic plant operations.
· $7,772,000 is provided for the maintenance and operation of Fermilab world-class SRF facilities including processing and cryogenic RF testing of single and multi-cell cavities of different frequencies and geometries in the vertical test stands at IB1 and horizontal test stands in MDB, a share of the cryogenic plant operations, string and full cryomodule assembly and testing, and niobium QA/QC and surface analysis.
· $1,300,000 is provided for the operation of the test accelerators and test stands within the accelerator complex test facilities.  This includes the costs associated with running the actual accelerators and test stands, including costs for cryogens, laser systems, instrumentation, controls and commissioning/experimental support.
· $2,900,000 is provided for the operations of cryogenic test facilities at MDB, FAST, CMTF, MTA, and CHL as needed (11 refrigerators and 19 compressors).

FY16 Overview/Executive Summary
Overview
Built on decades of investment in specialized fabrication and test equipment, Fermilab efficiently uses accelerator test facilities for multiple purposes and extends the systems as required for new R&D and project needs. The projects and programs that are customers of the facilities are: LCLS-II, PIP-II, CLAS12, Mu2e, g-2, LARP, US-HighLumi, MAP/MICE, the Fermilab neutrino program, SRF basic science, Accelerator Science and Technology, SRF-Science and Technology, the FNAL accelerator complex, and Detector R&D. Projects/Programs pay for the direct scope of work done with facilities (e.g. magnet or cavity preparations and tests).  Projects/Programs do not pay for readiness, upkeep and maintenance of facilities. To ensure their success, customers need the fabrication and processing tools to be functional, liquid helium to be available, test stands to be ready for measurements and beam facilities to be operational.  The equipment is large, complex, and some aging.  Hence there are significant operational costs to maintain the facilities to be ready when needed.  Periodic improvements are necessary to increase efficiency, reliability, capability, and reduce risk of down time.  

The funds in FY 15 ($22.565M) includes $4.295M for CMTS installation and $18.3M for Test facilities operation.  CMTS will be complete in FY 15.  With $17.5M funding plan for FY16, facilities operations support will be down by $0.8M.   At the same time there will be substantially increased throughput as we move into production for Mu2e and LCLS-II, as well as increased prototyping effort for PIP-II and LARP.  There will be an increase in the number of operational systems and test stands at the FAST and CMTF facilities.  Testing will start in CMTS for the LCLS-II prototype CM.  

The increased load will strain the systems and increase risk to project schedules and goals.  Due to the tightly constrained budget, and growing scope of work, some upkeep and maintenance will have to be deferred. For example, cryogenics controls upgrades will have to be deferred to FY17.  This may introduce delays in high priority efforts in the event of failures.  Operations of the FAST injector and CM2 will have to be curtailed to 6 months or less.   Our goals to satisfy the GARD panel recommendations for 16 T Nb3Sn magnet R&D, as well as cost reduction R&D for SRF will be compromised.  

FY 16 Additional Request 

	Cryoplant Upgrade (IB1)
	
	

	
	SWF ($k)
	500

	
	M&S ($k)
	300

	
	Sum Dollars (k)
	800

	
	FTE
	2.5

	Upgrade controls in MDB and FAST
	SWF ($k)
	200

	
	M&S
	100

	
	Sum Dollars (k)
	300

	
	FTE
	1

	Total Supp Request ($k)
	
	1100



If additional funds become available, the highest priority activity would be to carry out the design and the early procurements needed to upgrade the cryo plant at IB1.   The goal is to double the present cryo capacity from 300 L/hr to 600 L/hr within two years.  With intensifying activities for LARP, LCLS-II and PIP-II the increased capacity of the cryoplant will provide redundancy for both magnet and SRF testing to enable better co-ordination, and to avoid delays.  These projects are in the top three (out of ten) highest lab priorities.  PIP-II is also high priority for P5.  Cryo controls systems at MDB and FAST also need serious upgrades which have been deferred.  With the supplemental funding, some of these upgrades could also be started. 


FY17 Preview
FY17 will see an even further increase in facility operational loads as LCLS-II production starts. With the increase in FY 17 budget to 22.5 M, increased scope of production and testing activities for LCLS-II and Mu2e production will become better manageable, as will the prototyping efforts for PIP-II and LARP.  Needed upgrades to the vertical and horizontal superconducting magnet test stands will be carried out.  The measurement electronics and software for The Vertical Magnet Test Facility will be updated.  Needed upgrades to cryoplants will be started.  

Thrusts
Magnet Test Facilities
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The Magnet Test Facilities thrust covers the operation and maintenance of world class facilities related to construction and testing magnets.  This includes basic measurement systems, fabrication of test magnets, the infrastructure for inspection of incoming components, and common operating expenses.  The oversight of the magnet testing program and development of new measurement technology to support future programs is also covered by this B&R.  This is an on-going effort.  
· The Accelerator Test Facilities B&R maintains multiple test stands for measuring both superconducting and room temperature magnets.  Replacement of obsolete systems and upgrades to the facilities to increase efficiency and maintainability are included.  The costs of operating the cryogenic plant that provides liquid helium for testing both superconducting magnets and SRF cavities are split between this thrust and the SRF facilities thrust.  
· Common tooling used in the fabrication of superconducting and room temperature magnets is also covered.  For room temperature magnets, existing equipment supports coil winding, grit blasting, vacuum impregnation, epoxy curing, core lamination stacking, ferrite brick magnetization, and a multitude of in-process inspections.  For superconducting magnets, existing equipment supports strand and cable testing, cable making, coil winding, coil reacting, coil collaring, and magnet assembly.  In FY16 we plan to extend that capability to allow programming of cable paths, in addition to the current manual operation.  
· Although the incoming inspection lab supports both magnet and SRF R&D and production, for convenience we include costs of calibrations, equipment maintenance, and upgrades under magnets.

The basic infrastructure is mature.  It requires maintenance.  Operation of the common helium refrigeration plant supporting both magnet and SRF cavity R&D is also covered.  Multi-year plans are in progress for upgrades to improve efficiency and replace obsolete systems.    
· The measurement electronics and software for the three room temperature magnet test stands dates from the mid-1990’s and requires constant attention.  A project is under way to replace the software and the obsolete hardware for making multiple types of measurements.  In FY15 a new single stretched wire system was commissioned using the new framework.  
· A major piece of equipment used for forming of 10-meter-long superconducting coils has been hobbled by its 1990-era control system.  In FY15 we commissioned a new control system replacing the obsolete system, improving the functionality and safety.
· A new helium gas recovery line will be installed in FY15 allows capture and reuse of helium boiled off in tests at the Strand and Cable Lab.   A new transfer line will be installed starting near the end of FY15 from the liquid helium storage Dewar to the test stand area, allowing more efficient use of the helium liquefied by the refrigerator by reducing the heat load on the liquid in transit.  
· The major equipment year-end purchase under consideration in the Inspection Lab is a new coordinate measuring machine (CMM) to replace a heavily-used, obsolescent unit that dated from the 1990’s.  
Using shared equipment maintained by this B&R, prototype superconducting magnets for the LARP will continue in FY16, along with a high field magnet R&D program directed at future proton accelerators.  The facilities will be used to fabricate and refurbish magnets for the Fermilab accelerator complex, especially those needed for beam lines associated with the Muon g‑2 and Mu2e experiments.  The facility will also be using the equipment rebuild Main Injector quadrupoles to replenish the pool of spares.    
· In FY16 we will bring the Hall/NMR probe point scan system on-line for the three room temperature magnet test stands, and start commissioning rotating coil system.   
· Much of the superconducting magnet test infrastructure dates from about 1980, though individual test stands have been adapted over the years to accommodate a wide variety of magnet sizes and configurations.  The Vertical Magnet Test Facility, dating from the late 1990’s, will continue to be used to test model magnets for both LARP and the high field magnet program.  The measurement electronics and software needs to be updated, and that project will start in FY16 or early FY17 depending on funding constraints.  
· The Industrial Building 1 liquid helium plant supports testing of both superconducting magnets and SRF cavities, with operating costs split between the two thrusts.  The current plant will not be enough to support the testing rate required for the LHC US‑HiLumi program along with production testing of SRF cavities, so initial planning for an upgrade of the facilities started in FY15.  Initial work will begin in FY16 or deferred to FY17 depending on funding constraints.  
· Initial work will begin in FY16 or deferred to FY17 depending on funding constraints.  
· The major equipment purchase for incoming inspection is a replacement laser tracker to support measurement and alignment of large test devices.  

Construction of extensions to the facilities to support specific projects, device fabrication, and the execution of tests are generally supported by the programs and projects.  When projects are complete, any new facilities with general applicability become part of the infrastructure and are maintained under this B&R.    

Magnet Test Facilities and SRF Operations will share the cost of one additional refrigerator operator to support the planned increase in testing and to start preparing for potential retirements.  Magnet Test Facilities will increase M&S spending to upgrade the conventional magnet test stands and effort to extend the capabilities of the long coil winding equipment. 


SRF Operations
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This Thrust covers maintenance and operation of Fermilab world-class SRF facilities including processing and cryogenic RF testing of single and multi-cell cavities of different frequencies and geometries, string and full cryomodule assembly and testing, niobium QA/QC and surface analysis.  

SRF facilities include: 
· Joint ANL/FNAL facility (at ANL) for electropolishing, buffered chemical polishing, high pressure rinsing, and clean room assembly of cavities for projects and R&D 
· Cavity Processing Lab (CPL) in IB3 including EP, tumbling, furnace treatments including nitrogen doping, and RF tuning lab for projects and R&D  
· Vertical Test Stands (VTS-1, 2, 3) in IB1 for a full set of RF measurements at temperatures down to 1.4K with advanced diagnostics such as T-map, second sound, fast thermometry, and fluxgate magnetometers at temperatures down to 1.4K
· Horizontal Test Stands (HTS, HTS-2, STC) in MDB for fully dressed cavity testing and a coupler test stand. 
· Cryomodule Assembly Facilities (CAF) for string and final assembly of complete cryomodules
· Advanced Analytical instruments including SEM/EBSD/EDX, LCSM optical profilometry, DC magnetometry, AC susceptibility, resistivity, and thermal transport measurements in PPMS, Instron® machines, metallurgical polishing equipment, and sample chemical preparation lab
· Engineering Computing facilities including a suite of software tools for advanced engineering modeling 
· Cryogenic and multi-purpose systems associated with the Accelerator test facilities located at FAST, CMTF, and MDB.

Fermilab plays a major role in the LCLS-II project at SLAC, being responsible for building 17 cryomodules of 1.3 GHz 9-cell cavities and two cryomodules of 3.9 GHz 9-cell cavities prepared by the FNAL-developed nitrogen doping technique.  Similarly, PIP-II project at FNAL relies on SRF Facilities for the development of 325 and 650 MHz cavities and cryomodules. Additionally, GARD program uses many of the same facilities for fundamental SRF R&D. Heavy demand and oversubscription leads to full schedules.

In FY15 SRF facilities were heavily used for the development of 1.3 GHz 9-cell cavities for LCLS-II, 325 MHz SSR-1 and 650 MHz resonators for PIP-II, and multiple GARD SRF experiments. ANL/FNAL cavity processing facility had to be modified to accommodate the requirements to EP and HPR dressed 1.3 GHz cavities for LCLS-II, as well as 5-cell 650 MHz cavities for PIP-II. VTS-2 and VTS-3 were commissioned to drastically increase cavity testing throughput in the vertical configuration. A required upgrade to support 3.9 GHz cavity HPR and EP for LCLS-II and GARD, as well as RF measurements is also underway and will be completed in FY15. Upgrade to the vacuum furnace to increase its highest treatment temperature to 1400C is under way to enable Nb3Sn LDRD. Horizontal test stand (HTS) has been significantly modified for CW measurements (required by LCLS-II) as opposed to pulsed ILC type measurements in the past. Spoke Test Cryomodule (STC), while initially designed for 325 MHz cavity testing, is being modified to support 1.3 GHz cavity measurements due to the very high importance of horizontal tests for LCLS-II high Q0 design verification program. STC was originally designed for 4.5K operation, but has recently been upgraded to allow operation down to 1.8K. Modifications in tooling are underway to prepare the cryomodule assembly facilities (CAF) for the stringent 1 cryomodule/month production rate for LCLS-II. Lab 2 building is being converted into a clean room with required tooling for cryomodule string assembly in order to resolve the facility occupancy conflict in FY16 and 17 between LCLS-II and PIP-II.

Operation, maintenance, and infrastructure upkeep was carried out for the cryogenic and multi-purpose systems associated with the Accelerator test facilities located at FAST, CMTF, and MDB to support the Lab’s R&D program.  At FAST, the photo-injector was completed and commissioned with 20 MeV beam accelerated through an SRF Cryomodule (CC2); Cryomodule-2 (CM2) was operated for 6 months; and the installation of IOTA began.  At CMTF, the facility low-conductivity water (LCW) cooling system was installed and commissioned; the CMTS1 test cave was constructed and it’s cryogenic distribution system procured to support LCLSII testing; the PXIE RFQ RF stations, LEBT, and RFQ sub-chillers were installed and commissioned in preparation of the delivery of the RFQ in late FY15 for PIPII; At MDB, the construction of the cryo distribution and electrical infrastructure for the HTS2 test stand progressed; and the operation of the HTS and STC test stands continued to support LCLSII and PIPII. Finally, general maintenance and operation of all the support systems at each of the test facilities was carried out.

In FY16 the heavy load on the facilities will increase with the added LCLS-II prototype cryomodule full assembly work, and PIP-II SSR-1 cryomodule string assembly. 
	
FY17 will see a further increase in facility operational load as LCLS-II production starts.  With the increase in FY 17 budget from 17.5 M to 22.5 M, items deferred from FY 16 to FY 17 will be executed. Needed upgrades to the vertical and horizontal superconducting magnet test stands will be carried out.  The measurement electronics and software for the Vertical Magnet Test Facility will be updated.  Needed upgrades to cryoplants will be started.  

SRF R&D will also have an increased demand provided GARD funding increase recommended by HEPAP Accelerator R&D Subpanel.  

Beam Test Facility Operations

[image: B:\FY 16-17 BUDGET PLANNING\FY16 FWP PREP\FWP Tables Final\Padamsee KA-25-02-01\Beam Test Fac Opers.png]

This Thrust supports the operations of the test accelerators and test stands within the Lab’s accelerator test facilities.  This includes the costs associated with running the actual accelerators and test stands, including costs for cryogens, laser systems, instrumentation, controls and commissioning/experimental support.  The accelerators covered by this B&R include the photo-injector, the CC1 and CC2 cryomodules, and cryomodule-2 (CM2) with high-energy beamline at FAST; 3.9 GHz cavity R&D (being moved to IB1 in FY15) and high brightness gun development at A0; and the PXIE injector for PIPII testing at CMTF.  It should be noted that the cost for construction and commissioning of the PXIE accelerator is funded by the PIPII project and this thrust only includes a minimal amount to support the operational costs associated with running the accelerator.  The operation of the LCLSII test stand at CMTF will be funded by LCLSII in FY16.  The budget for this thrust increased from FY15 due to more accelerators being commissioned in FY15, such as the FAST injector and PXIE accelerator.  The operation of CM2 is only funded for 6 months in FY16.

Cryogenics Operations
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This Thrust supports the operations of five operational cryogenic test facilities at MDB, FAST, CMTF, MTA, and CHL as needed (11 refrigerators and 19 compressors). This Thrust also includes on-going maintenance of all of these systems, the coordination and scheduling of gaseous helium distribution throughout the Lab, and the maintenance and certification of the Laboratory tube trailers.  In FY16 the cryogenic support of projects will continue at a relatively stable level of support from FY15 and maintenance will be performed on the systems as needed.  The CMTF Cryoplant will begin regular operation in FY16 to support the operation of the LCLSII test stand and will be primarily funded by the LCLSII project.  An upgrade of the cryogenic controls systems at the MDB and FAST facilities, to replace obsolete equipment, was planned to begin in FY16, but due to insufficient funding, this upgrade is only funded at a very minimal level.  These upgrades are required and will have to be pushed off until FY17, if funding remains tight.

SRF CMTS-1
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The Cryomodule Test Stand (CMTS1) is a general purpose, multi-frequency test station for performance testing of SRF cryomodules.  CMTS1 is located in the Cryomodule Test Facility (CMTF) which also houses the PIP II injector experiment and the superfluid cryoplant (supplies cooling for both systems). Its first use will be to test seventeen 1.3 GHz LCLS II cryomodules, followed by two 3.9 GHz LCLS II cryomodules. In the longer term, CMTS1 will test cryomodules for PIP II. Funding for the initial construction of the test stand comes from both Fermilab and LCLS II and there is an in-kind contribution of cryogenic components.  It is expected that the test stand will be fully operational in Q2 FY16.
This will mark the completion of the infrastructure portion of CMTS.  The end-caps for CMTS1 have been built and tested in BARC (India) and now shipped to Fermilab.  
The cost of operating CMTS is anticipated to be primarily covered by the LCLSII Project and only minimally by the SRF Operations thrust, going forward.  
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