Project X Transport & Injection RD&D Plan

This document discusses the Project X RD&D plan of the 8 GeV H- transport and 8 GeV H- injection into the Recycler for the configuration discussed in the ICD v1.0 document. The plan extends over the period between CD0 and the issuance of CD2. It spans the period of FY09 to FY12. It is recognized that the ICD configuration will change which will impact the design parameters. These design changes will be reflected in the specific design parameters for absorbers, collimators, injection systems, vacuum systems, etc. It is also recognized that during the period between CD0 and CD1 an alternate configuration (ACD) will be investigated. This alternate design may contain multiple transport lines, rings and injection systems at different energies which will greatly impact the current RD&D plan. This plan does not explicitly contain resources for the development of an alternate configuration. 
This document is divided into six sections:

1. Transport and injection issues

2. Orginization of Work Breakdown Structure for Transport and Injection

3. General description of Preliminary Design Tasks

4. General description of Preliminary Design RD&D schedule

5. Specific description of issues and requirements for each  sub-task
6. Resource requirements, collaboration orginization, and deliverables for each sub-task

Section 1:  8 GeV H- Transfer Line and Recycler 8GeV H- injection issues 
The main issues for transport and injection of the 8 GeV H- particle beam are:

· The control and mitigation of uncontrolled losses due to single particle loss mechanisms in the transport line.

· Uncontrolled losses in the injection region due to the injected and circulating ion interaction with the stripping foil.

· The stripping efficiency and lifetime of the injection foil or the stripping efficiency of laser stripping injection system.

· The collection of the stripped electrons and neutrals from the injection process and safely disposing of them in the injection absorber.

Section 2:  Organization of the RD&D plan for 8 GeV H- Transfer Line and Recycler  Injection

The Transfer Line and Recycler Injection are lumped together in a single level 2 task (WBS 1.10), named 8 GeV. The level 2 task has been organized as two independent WBS level 3 systems but are co-dependent. In this respect, a third level 3 task (WBS 1.10.3) has been defined as Project Management, which will oversee the coordination of both the Transfer Line (WBS 1.10.1) and Recycler Injection (WBS 1.10.2) level 3 tasks.  

The Research Development & Design phase of the project, denoted as Preliminary Design is contained in the first level 4 task of each of the above level 3 tasks. The duration of this task is envisioned to last from CD0 through CD2,  the transition into the Component Design, Construction, and Installation task. The goals for the Physics RD & Design tasks are 

· to mitigate the risks associated with the four major issues discussed above,

· evaluate technology choices,

· optimize the overall  system design,

· perform prototyping of  components, 

· perform alternative design analysis,  and

· perform value engineering on sub-systems as required.

General Description of the Deliverables for Preliminary Design Phase
· A cost and schedule for prototyping necessary components.

· Reports detailing optimazation, technology choices, results of prototyping, etc.

· A defensible Conceptial Design Report in support of CD1 based upon selected design alternatives and technology choices which meet the Project X requirements.  This should contain initial specifications of all the necessary components for the transport and injection system to be constructed. 

· A Preliminary Design Report, based upon the conceptual design, in support of  CD2 with preliminary engineering designs for all components.

Once the preliminary design of a system is complete and the specifications for the components are given, the detailed design work under Component Design/Construction task, WBS 1.10.1.2 (Transfer Line) and 1.10.2.2 (Recycler Injection) could begin. The Component Design/Construction task could begin as early as CD1 but many components could start as late as CD3.  The Project Management task runs through the entire project.

Although many of the following topics have been addressed for the Proton Driver under the High Intensity Neutrino Source (HINS) RD&D program, each topic will be revisited in conjunction with the new machine specifications and parameters for the initial configuration described in the ICD.

Section 3:  Description of Preliminary Design Tasks

WBS 1.10.1 .1  Transfer Line RD&D

The RD&D plan for the Project X level 4 Preliminary Design of the transport line centers around the following main topics:

1. Finalize a) dipole field, b) beam tube temperature, and c) beam tube vacuum specifications to mitigate uncontrolled single particle loss mechanisms of Lorentz stripping, Black Body radiation photo detachment, and electron loss due to residual gas interaction. Perform a risk assessment on not meeting the specification and determine a tolerance for each specification.

2. Finalize transfer line optics and optimize transfer line footprint to minimize civil construction impact.

3. Evaluation of technology alternatives for main dipole and quadrupole magnets in the transfer line and prototype the magnets, if necessary.

4. The design and prototype of a cryo beam screen and vacuum system.

5. The design of transverse collimation system for large amplitude particles. This would include simulations with TRACK and design of a foil/absorber system.

6. The design of a longitudinal collimation system for protection of the Recycler against errant beam energies.

7. The design of a passive energy correction system (using a normal conducting superstructure) for longitudinal matching and painting into the Recycler RF injection bucket. 

8. The design of the Linac beam dump absorber and shielding.

9. Specification of instrumentation needs for the monitoring of beam positions, profiles, losses, and current.

10. Detailed component specifications and preliminary engineering designs. 

WBS 1.10.2.1 Recycler Injection RD&D
The RD&D plan for the level 4 Preliminary Design of the injection system is tied closely with level 4 design of the transport line and that of the Recycler RD&D in that the injection straight section must be compatible with the chicane design and the injection beam dump transport line. There are many detailed aspects that need to come together for a viable injection system. The RD&D plan for the Injection System centers around the following topics.

· The re-configuration of the current injection straight section FODO lattice into a symmetric straight section. This must be coordinated with the Recycler lattice modification.

· The design of the injection chicane. This must be coordinated with the Recycler and injection straight section lattice design.

· The choice of stripping system technology and stripping system design. There are two potential technologies that need to be developed simultaneously, foil and laser stripping. Each of these sub tasks include not only the physics design put the conceptual design of the foil changing system or the laser configuration and the electron catcher.

· Transverse painting processes and the required magnets and power supplies.

· The longitudinal painting design. This interacts closely with the design of the warm phase rotator cavity and the low level RF system for the Recycler.

· The waste beam design which includes the transport line to the absorber and the design of the absorber and shielding.

Section 4:  Description of RD&D Schedule
8 GeV Transfer Line and Injection RD&D Schedule
FY09

The first year will be mainly focused on the physics design, technology alternatives, and component specification for both the transfer line and injection systems. The post CD0 design effort will focus on the development of the conceptual design for transport and injection..  Effort will concentrate on the transfer line optics and footprint and on the injection straight section design parameters, while initiating effort on the other topics spelled in section 3. This effort will be somewhat in parallel to the documentation preparation and cost preparation for the CD0 review. 

FY10

The second year will continue the effort started in the first year and will continue the evaluation of technology alternatives. An evaluation of components for prototyping will begin with a cost and schedule for the prototyping effort. It is expected that the permanent magnet dipole and quad for the beam line and a half-cell vacuum section will be likely candidates for prototyping. Effort on actual design and prototyping could begin as time, funding, and manpower exist. Much of the effort will be toward the production of a Conceptual Design Report in support of CD1.

FY11

Prototyping of the required elements should be completed by the end of the third year and a final design for those elements underway. All to the technology choices should be resolved. Value engineering of components should occur during this time period. It is expected the effort during the third year will be focused on a technical design and specific component designs in preparation of a technical Directors Review for CD2.

FY12

It is expected that the critical decision CD2 will be sought during the spring or summer of the fourth year, 2012. At this stage the design should be well established with preliminary engineering designs completed and final engineering designs underway.

Multiple groups will be involved in the design of the optics of the transport line, collimation, injection layout, a transverse painting system, a longitudinal painting system, and evaluation of foil and laser stripping techniques, injection lattice design, and waste beam handling. Many of these tasks will proceed in parallel. Careful coordination between the different topics will be important. The majority of the labor during this period will consist of scientist and will include some mechanical engineering, electrical engineering, and drafting support. Regular communication between the design groups is critical and a series of design reviews should be held as needed. It is expected that at the end of the RD&D period, a consistent design based upon one of the selected injection stripping techniques will be produced with design contingencies. 
Section 5: Description of Each Task

WBS 1.10.1.1.1 Optics/footprint

The physics design of the transport line should proceed quickly based upon the previous work for the Proton Driver (PD) transport line to the Main Injector. To mitigate the single particle loss rate due to Lorentz stripping, this design assumed a maximum dipole field of <500 G  and a field of 480 G for the two achromatic arc sections of the transport line.  A cryogenic beam tube liner has been assumed to mitigate photo detachment due to black body radiation and a vacuum level of < 1E-8 specified to reduce electron loss due to residual gas. A risk analysis on the impact of not meeting the specifications and a tolerance on the maximum field, beam tube temperature, and vacuum level are required. 

Due to the smaller cross sections of the Recycler magnets on either side of the straight section (as compared to the MI quads), the offset trajectory into the Recycle will be revised. This offset impacts the Recycler injection chicane and must be coordinated with the Recycler injection design. This also impacts the inclusion (or elimination) of a horizontal achromat just before injection, the location of the vertical dog-leg to match from the linac elevation to the Recycler elevation, the footprint of the transfer line, and location of the linac. Although the footprint of the transport line crosses existing tunnels, it has a major impact on two existing structures, 1) the location of tie in where the current MI and 8 GeV line meet and 2) the proximity to the MI65 Service Building. In the PD design, the horizontal achromat was utilized to shift the beam line trajectory such that the new tunnel tie-in only impacted the existing 8 GeV line tunnel, did not require demolition of the wide-span tunnel, and left the MI tunnel and components intact. This shifted the beam line tunnel under the corner of the MI65 Service building. A cost and schedule impact analysis on footprint civil construction trade-off options will be performed. 

Although there are many design choices for the transfer line based upon cost and engineering issues, several components lend themselves to a choice of differing technologies. The project choice to transport the beam to the Recycler, a fixed energy permanent magnet storage ring restricts the linac energy and energy of the H- to 8 GeV kinetic. Given this choice, the option of utilizing permanent magnets for the dipoles and quads will be initially costed. A basis for this choice already exists in the current Booster to Main Injector 8 GeV transport line. It should be noted that the required field for the new permanent magnet dipoles is ~ a factor of four lower than used in the 8 GeV line.  Another option is to utilize normal conducting dipoles, either new or recycled from the old Fermilab Main Ring (B2 dipoles) or PEP-II high energy ring (2.8C212 dipoles).  The choice of dipole design will impact the choice for the beam tube cryogenic screen to mitigate losses due to Blackbody radiation photo detachment and vacuum system design.   

This task should generate instrumentation specifications.

As the transport line design matures start-to-end simulations from the RFQ to the injection foil, including Lorentz stripping, black-body radiation, gas stripping, collimation, and RF phase rotation will be carried out utilizing the tracking code TRACK.
WBS 1.10.1.1.2 Vacuum System


With the transfer line beam tube at 300 oK the dominant loss mechanism is photo detachment due black body radiation within the beam pipe creating an average loss of 0.8 w/m along the length of the transfer line for 1 MW beam power. A cold beam screen at 77 oK reduces this loss rate by ~4000X to 0.2 mW/m. The initial concept is to utilize a cold beam screen inside a common beam tube vacuum . The beam tube and screen design is dependent on the magnet choice, so close coordination will be required. The segmentation of the beam screen and number of interfaces will be determined for this task. The vacuum tube geometry and well as cryo screen geometry and  cryo-feedthroughs will be designed. A cost and schedule for a half-cell prototype will be prepared. A prototype vacuum section should be constructed to verify the design of the cryo screen and vacuum interconnections and that the system meets temperature and vacuum specifications.
WBS 1.10.1.1.3 Transfer Line Collimation


This task includes both transverse and longitudinal collimation. The transverse collimation consists of  3 pairs of horizontal and vertical foil/absorbers within the 60 degree FODO straight section to contain large amplitude particles. Both foils and absorbers will have adjustable apertures. The initial specification is that the full collimation system should be able to routinely handle up to a 5% halo removal (each jaw would see ~.42%) of 1 MW beam (and upgradeable to 2 or more MW ).     


The longitudinal collimation system is located at the dispersion peak in the first achromat. A set of movable foils between the quad and first dipole are used to define the momentum acceptance of the Recycler. The momentum acceptance of the current Recycler lattice was measured to be +78 MeV/-34 MeV. Particles outside this acceptance are stripped to protons by the foils and removed by downstream dipoles in the transfer line. This system should limit both high and low energy particles as well as serve to protect the Recycler from errant energy pulses.

This task should work closely with the optics/footprint to define required aperatures, absorber handling capacity, and required instrumentation.
WBS 1.10.1.1.4 Energy Correction System


The RF phase and amplitude stability error budget for the linac RF cavities has been specified as 1 degree and 1%. The base design includes a warm 1.3 Ghz cavity approximately 800 m downstream of the linac and properly phased to act as a passive correction for energy and phase jitter generated in the linac. This task will investigate the physics and hardware required for the passive energy correction function.  In addition, it is suspected that longitudinal painting into the Recycler 53 Mhz bucket will be required. The current concept is that this can be integrated into the operation of the energy correction system.  be closely coupled to the longitudinal painting task for Recycler injection and the design of the low level RF control system for the linac and the new Recycler RF system.
This task includes the design of the cavity and the RF power system including integration. This task will work closely with the Optics/Footpring task and the group designing main the 1.3Ghz RF system (high level and low level). 

WBS 1.10.1.1.5 Linac Absorber


The current design capicity of the linac absorber  has been sized for a nominal 2 MW.  The capicity needs to be reviewed and finalized in conjunction with the integration task. It is to be located in a straight ahead dump line with the absorber in a independent enclosure. This task includes dump line lattice, instrumentation specifications and the engineering design of the dump core, absorber, shielding and RAW system. In addition the task will look at required modifications to the transport line to convert this line into an injection line for an accumulator ring. 
WBS 1.10.2.1.1 Recycler/Injection lattice


A symmetric straight section has been proposed for Recycler injection. The modification of the existing FODO lattice to include this insert requires compensation of the differential phase advance of the two inserts. The necessary modifications to the rest of the lattice will be determined to restore the nominal tune. A lattice will be created without measured multipoles, which meets all the requirements. The lattice will be able to be retuned to compensate the vertical tune shift and beta function distortion due to the injection chicane.  This retuned lattice will be used to initiate phase space painting simulations. Techniques for tune control will be investigated. The lattice must have flexible lattice functions in the injection straight and be easily tunable for compensation of the chicane fields and optimization of injection. The final design lattice will be able to specify all measured multipoles for the body and end-shims. This task will work closely with the transport line optics group, the injection chicane design, and the transfer painting task. 

WBS 1.10.2.1.2 Injection chicane system


The injection chicane system, located wholly within the symmetric straight section, sets the closed orbit through the injection system. The selection of the fields and lattice positions impact the lifetime of the H0 excited states in the waste beam, the initial trajectory of the waste beam, the trajectory of the stripped electrons, and the field at the stripping foil location. This task requires careful coordination with the Optics/footprint and Recycler/Injection Lattice. This task will generate magnet designs and will create a 3D model of the injection area and track injection and circulating beam trajectories. Magnet specifications and parameters should be transmitted to engineers to enable them to determine power supply needs.


The design is constrained by the elevation of the Recycler and the required small cross section of the magnets. The ring lattice functions may be distorted due to powering the chicane dipoles, which implies that the lattice needs to be compensated between dipoles on/off. This task should investigate a potential DC chicane system where the chicane is turned on and the lattice is compensated once. Are permanent magnets a potential?  
WBS 1.10.2.1.3 Foil Stripping system

The stripping system converts the injected H- into protons. Two options are currently being evaluated, charge exchange via carbon foil stripping and laser assisted Lorentz stripping. The main technology choice lies with the injection stripping technology itself. The use of an injection charge exchange foil has been the standard method for charge-exchange multi-turn injection. Even though Project X energy is an order of magnitude higher than any existing stripping foil charge-exchange system in operation, the technology is proven. The issues of losses and foil lifetime may significant and motivate the design team to consider alternatives. The front running alternative is the utilization of a laser assisted Lorentz stripping technique demonstrated at SNS. The ultimate complete injection system design would include both stripping techniques co-existing (or swappable) in the injection straight.

The physics design effort of the foil charge exchange stripping system must consider the material, construction, orientation, and thickness of the stripping foil, the efficiency of converting H- into H0, the charge state distribution of the waste beam, handling the stripped electrons, impact of the foil on the circulating beam, the impact of the injected beam and circulating beam on the injection foil, estimation of foil temperatures, stresses and deformations and lifetimes, injection loss distributions and mitigation, optimum circulating lattice parameters at the foil, injected beam parameters, etc.  In addition, this task will create a conceptual design for a foil handling/ electron catcher system. This task should be closely coordinated with the Recycler lattice development, Injection chicane development, Transverse painting, and Waste beam design.

WBS 1.10.2.1.4 Laser Stripping system

The stripping system converts the injected H- into protons. Two options are currently being evaluated, charge exchange via carbon foil stripping and laser assisted Lorentz stripping. The main technology choice lies with the injection stripping technology itself. The use of an injection charge exchange foil has been the standard method for charge-exchange multi-turn injection. Even though Project X energy is an order of magnitude higher than any existing stripping foil charge-exchange system in operation, the technology is proven. The issues of losses and foil lifetime may significant and motivate the design team to consider alternatives. The front running alternative is the utilization of a laser assisted Lorentz stripping technique demonstrated at SNS. The ultimate complete injection system design would include both stripping techniques co-existing (or swappable) in the injection straight.

A proof of principal demonstration of laser assisted stripping has been performed on a small time slice of a linac pulse which demonstrated ~90% stripping efficiency. Plans for a full scale follow up test are underway. Due to the scale of the Doppler shifted photon energy to the rest frame of the H- ion, Project X should be able to use photons from a Nd:YAG laser which has enjoyed significant technological advances in recent history. The goal of the RD&D effort for laser  stripping is to produce a design for this system with >98% stripping efficiency which is compatible with the existing Recycler straight section design. Calculations and simulations for the laser stripping technique at 8 GeV will be performed and will determine requirements for the laser system, interaction region, injected and circulating beam parameters, and magnet systems used.  The calculations and simulations will be based upon the SNS experience. Ultimate stripping efficiency will be predicted and the simulations performed for SNS experiments will be extended to Project X energy and beam structure. These parameters will then feed into the design of the laser system and hardware necessary.

WBS 1.10.2.1.5 Transverse painting

The Proton Driver project utilized a combination of horizontal painting and vertical injection steering to minimize the required vertical aperture and reduce the complexity of painting in the ring in both dimensions to produce a uniform transverse distribution in x and y. Initial tracking simulations utilizing the code STRUCT for the transverse painting has produced promising results but they did not include transverse space charge and only contained a limited sample of the transverse phase space. In addition to the code STRUCT, the project will utilize the tracking code ORBIT developed by SNS which includes space charge and options for larger number of particles. Both codes will be utilized to study various painting algorithms and foil geometries to minimize circulating beam hits on the foil. Phase space distributions at the injection foil generated from the TRACK will be utilized.  The conceptual design of the painting magnets and the power supplies to meet the optimal selected waveforms are included in this task.

The engineering challenge for the transverse painting will be in the painting magnets and their power supplies which depend on the details of the required painting waveform. 

WBS 1.10.2.1.6 Longitudinal painting

ESME simulations have been carried out for longitudinal phase space painting only in phase for micro-bunch injection for Proton Driver into the Main Injector.  These simulation results will make a good starting point for continued progress toward longitudinal injection design. Future simulations need to incorporate new longitudinal emittance and beam distribution requirements and include painting in energy and broadband impedance effects. The results of longitudinal painting in energy will lead to specifications for the normal conducting RF superstructure utilized for phase rotation and energy and phase jitter correction.  Results from simulations need to be coordinated with design efforts for the low level RF system of the Recycler and Linac as well as the design specifications for the warm RF cavity used for passive energy correction. It is expected that longitudinal painitng will be incorporated into ORBIT and thus must be coordinated carefully with the transverse painting simulations.
WBS 1.10.2.1.7 Waste beam handling.  


Waste beam handling includes the physics design of the beam line, diagnostics, and the design of the injection absorber. Stripping efficiencies and single particle loss mechanisms must be folded into the design as well as normal operational tuning considerations. This task is closely coupled with the injection chicane task as the 3rd chicane magnet starts the extraction channel. This section should be additionally incorporated into the 3D model of the injection region to assure that all orbits for the H- missing the foil and the H0 cleanly make it to the absorber. 

The design specification for the Proton Driver injection absorber was 5% of 132 kW nominal intensity. The specifications in the Project X ICD is for a nominal 10% of 1MW or 100 kW nominal beam power into the injection absorber.  Energy Deposition calculations and thermal modeling for an absorber core capable of handling Project X beam powers is in progress A shielding design study is underway to determine the required shielding configuration which will meet or exceed radiological shielding requirements. The Proton Driver contained an internal injection absorber. Due to increased beam power, civil construction issues are to be folded into the injection absorber design. A n evacuation of absorber design, operation , and civil construction issues is an integral component of this task.

Section 6: Resource, orginization, and deliverables
WBS 1.10.1.1.1 Optics/footprint
Responsible Institution: FNAL
Collaborators:  BNL, SNS, CERN
Manpower:
FNAL manpower


[image: image1.emf]Type FY09 FY10 FY11 FY12 TOTAL

Sci 0.5 0.5 0.25 0.125 1.375

Eng 0.5 0.5 0.25 0.125 1.375

Draft 0.125 0.125 0.0625 0.0625 0.375

Tech 0

M&S $0


Resources:
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David Johnson APC

FESS

TD

person 2 APC


Deliverables FY09: 

· Publish specifications and tolerance specifications for maximum dipole field, beam tube vacuum pressure, and beam tube temperature .

· A risk analysis for not meeting single particle beam loss goals. 
· A cost and schedule analysis of the transport line design footprint options on civil construction. (FESS).
· A cost and schedule for a prototype of a permanent magnet c-magnet type beam line dipole.

· An updated beam line lattice in MAD notation containing all technology choices.

· Preliminary specification list for all components.

Deliverables FY10: 

· Documentation for Conceptual Design Document

· Support for CD1 design reviews

Deliverables FY11: 

· Support project
Deliverables FY12: 

· Documentation for Preliminary Engineering Document

· Support for CD2 reviews
WBS 1.10.1.1.2 Vacuum System
Responsible Institution: LBNL
Collaborators:  FNAL
Manpower (in FTE-yr): LBL manpower 




[image: image3.emf]Type FY09 FY10 FY11 FY12 TOTAL

Sci 0.25 0.125 0.0625 0.0625 0.5

Eng 0.25 0.25 0.25 0.25 1

Draft 0.125 0.125 0.125 0.125 0.5

Tech 0.25 0.25 0.5

M&S (K$) $10 $10 $20


Resources:
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Joel Misek  AD 0.0625 0.0625 0.0625 0.0625

LBNL

LBNL


Deliverables FY09:

· A baseline design for the beam line vacuum system including cryo screen design.

· A cost and schedule for prototyping a section of vacuum system.
Deliverables FY10:

· Prototype section of vacuum system and document results meet specifications
· Documentation for Conceptual Design Document

· Support for CD1 design reviews

Deliverables FY11:

· Complete preliminary engineering design of full vacuum system 
Deliverables FY12:

· Documentation for Preliminary Engineering Document

· Support for CD2 reviews

· Initiate final design for complete vacuum system
WBS 1.10.1.1.3 Transfer Line Collimation
Responsible Institution: FNAL
Collaborators: BNL, SNS , CERN
Manpower (in FTE-yr):




[image: image5.emf]Type FY09 FY10 FY11 FY12 TOTAL

Sci 1 0.5 0.125 0.25 1.875

Eng 0.5 0.5 0.5 0.25 1.75

Draft 0.125 0.125 0.125 0.0625 0.4375

Tech 0

M&S $0


Resources:
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David Johnson APC

Igor Rakhno APC

Zhijing Tang PPD

ADMS

APC/AD


Deliverables FY09:

· A tracking study to determine magnitude of halo production and required foil and absorber aperture ranges.
· A conceptual design of an absorber with a variable aperture capable of handling the expected thermal load and meets radiation shielding requirements.
Deliverables FY10:

· A conceptual design of a movable foil system (both transverse and longitudinal may be the same)
· A conceptual design for the momentum absorber capable of handling the expected thermal load and meet radiation shielding requirements.
· A conceptual design of the vacuum chamber for the separation dipole (first dipole after the momentum foils) and transport line to the momentum absorber based upon tracking study.
· Documentation for Conceptual Design Document

· Support for CD1 design reviews

Deliverables FY11:

· A preliminary engineering design for transverse collimation absorber
· A preliminary engineering design for longitudinal collimation absorber

· A preliminary engineering design for movable collimation foil system
Deliverables FY12:

· Documentation for Preliminary Engineering Document

· Support for CD2 reviews

· Initiate final design for  collimation absorbers, foil sysem
WBS 1.10.1.1.4 Energy Correction System
Responsible Institution: LBNL
Collaborators:  FNAL (SNS,CERN)
Manpower (in FTE-yr):




[image: image7.emf]Type FY09 FY10 FY11 FY12 TOTAL

Sci 0.25 0.25 0.125 0.125 0.75

Eng 0.25 0.5 0.25 0.125 1.125

Draft 0.125 0.125 0.125 0.125 0.5

Tech 0

M&S $0


Resources:
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Deliverables FY09:

· A physics design of a energy correction system capable of meeting the specifications for compensation of energy and phase jitter and longitudinal painting.
· Generate requirements for the system and specifications for necessary components.
· Generate a conceptual design for debuncher cavity
Deliverables FY10:
· Generate conceptual design for complete system
· Documentation for Conceptual Design Document

· Support for CD1 design reviews

Deliverables FY11:

· Generate a preliminary engineering design for complete system
Deliverables FY12:

· Documentation for Preliminary Engineering Document

· Support for CD2 reviews

· Initaite final engineering design for complete system
WBS 1.10.1.1.5 Linac Absorber
Responsible Institution: FNAL
Collaborators:  
Manpower (in FTE-yr):




[image: image9.emf]Type FY09 FY10 FY11 FY12 TOTAL

Sci 0.125 0.25 0.125 0.125 0.625

Eng 0.0625 0.5 0.5 0.5 1.5625

Draft 0.0625 0.125 0.125 0.0625 0.375

Tech 0

M&S $0


Resources:
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PPD

APC

ADMS


Deliverables FY09:

· A conceptual design for the Linac dump line lattice.
· A report on potential modifications to the dump line and its civil construction to incorporate a proton accumulator and bunch rotator for muon production.
· Specifications for instrumentation.
Deliverables FY10:

· A conceptual design for the Linac dump absorber and shielding which meets thermal load specifications and the required radiation shielding.
· Documentation for Conceptual Design Document

· Support for CD1 design reviews
Deliverables FY11:

· Complete preliminary engineering design for dump line vacuum system, instrumentation, and magnets
· Complete preliminary engineering design for absorber core, shielding, RAW system
Deliverables FY12:

· Documentation for Preliminary Engineering Document

· Support for CD2 reviews

· Initiate final engineering for absorber core, shielding, and RAW systems
WBS 1.10.2.1.1 Recycler/Injection lattice
Responsible Institution: FNAL
Collaborators:  BNL  (SNS,CERN)
Manpower (in FTE-yr):




[image: image11.emf]Type FY09 FY10 FY11 FY12 TOTAL

Sci 0.5 0.5 0.125 0.125 1.25

Eng 0.25 0.25 0.5 0.125 1.125

Draft 0.25 0.125 0.125 0.0625 0.5625

Tech 0

M&S $0


Resources:
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Meiqin Xiao AD

AD

David Johnson APC


Deliverables FY09:

· Develop a Recycler parameter document including requirements specified in the ICD. This list should include lattice parameters, magnet parameters, operational  parameters such as tune and chromaticity, and operational tuning ranges.

· An updated Recycler lattice in MAD format which includes the new injection straight section with initial injection devices. This lattice should be compensated for tune shift due to the new insertion and have tune, chromaticity, and coupling control. 
· An updated Recycler injection straight section design.
Deliverables FY10:
· A document discussing initial ring modifications required to meet the nominal tune and chromaticity specifications.
· Documentation for Conceptual Design Document

· Support for CD1 design reviews
Deliverables FY11:

· A preliminary engineering design for ring modifications
Deliverables FY12:

· Documentation for Preliminary Engineering Document

· Support for CD2 reviews

· Initiate final engineering design for required components
WBS 1.10.2.1.2 Injection chicane system
Responsible Institution: BNL
Collaborators:  FNAL (SNS,CERN)
Manpower (in FTE-yr):




[image: image13.emf]Type FY09 FY10 FY11 FY12 TOTAL

Sci 0.25 0.25 0.125 0.125 0.75

Eng 0.25 0.25 0.5 0.5 1.5

Draft 0.125 0.125 0.125 0.125 0.5

Tech 0

M&S $0


Resources:
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Deliverables FY09:

· A conceptual design of the magnetic chicane layout including field requirements and aperture specifications which meet physics requirements, lattice requirements and consistent with 
· Conceptual design for chicane magnets
· A 3D design for chicane dipoles 2 and 3 
Deliverables FY10:
· Documentation for Conceptual Design Document

· Support for CD1 design reviews
Deliverables FY11:

· A 3D field map for the chicane area.
· Preliminary engineering design of chicane magnets
· Specification of power suppply requirements
Deliverables FY12:

· Documentation for Preliminary Engineering Document

· Support for CD2 reviews
· Initiate final engineering design of chicane magnets
WBS 1.10.2.1.3 Foil Stripping system
Responsible Institution: BNL
Collaborators:  FNAL, SNS, (CERN)
Manpower (in FTE-yr):
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Sci 0.25 0.25 0.25 0.125 0.875

Eng 0.25 0.25 0.5 0.5 1.5

Draft 0.125 0.125 0.125 0.0625 0.4375

Tech 0

M&S $0


Resources:
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Deliverables FY09:

· An evaluation issues related to multi-turn charge exchange foil injection system (issues discussed above).

· A conceptual hardware design of a foil changing system including electron catcher.

Deliverables FY10:

· Documentation for Conceptual Design Document

· Support for CD1 design reviews
Deliverables FY11:

· Generate preliminary engineering design of foil changer /electron catched
Deliverables FY12:

· Documentation for Preliminary Engineering Document

· Support for CD2 reviews

· Initiate final engineering design of coil changer/electron catcher
WBS 1.10.2.1.4 Laser Stripping system

Responsible Institution: FNAL
Collaborators: BNL,SNS,CERN, LBNL
Manpower (in FTE-yr):
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Sci 0.25 0.125 0.125 0.125 0.625

Eng 0.25 0.25 0.25 0.5 1.25

Draft 0.125 0.125 0.125 0.125 0.5

Tech 0

M&S $0


Resources:
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Deliverables FY09:

· A conceptual design of a laser stripping system compatible with the ring optics of a foil charge-exchange system with system parameters and component specifications.
Deliverables FY10:

· Documentation for Conceptual Design Document

· Support for CD1 design reviews

Deliverables FY11:

· A preliminary engineering design of a laser stripping system to be incorporated in injection straight with foil system.
Deliverables FY12:

· Documentation for Preliminary Engineering Document

· Support for CD2 reviews

· Initiate final engineering design of laser stripping system
WBS 1.10.2.1.5 Transverse painting
Responsible Institution: FNAL
Collaborators:  BNL, SNS,CERN
Manpower (in FTE-yr):
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Sci 1 1 0.5 0.25 2.75

Eng 0.25 0.25 0.5 0.5 1.5

Draft 0.0625 0.125 0.1875

Tech 0

M&S $0


Resources:
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Deliverables FY09:

· A comparison of painting algorithms for the production of a uniform distribution in transverse phase space utilizing STRUCT and ORBIT.
· A specification document for phase space painting kicker magnets and power supplies
Deliverables FY10:

· Conceptual design for painting magnets

· Conceptual design for magnet supplies
· Documentation for Conceptual Design Document

· Support for CD1 design reviews

Deliverables FY11:

· Preliminary engineering design for painting magnets
· Preliminary engineering design for power supplies
Deliverables FY12:

· Documentation for Preliminary Engineering Document

· Support for CD2 reviews

· Initiate final engineering design for magnets and power supplies
WBS 1.10.2.1.6 Longitudinal painting

Responsible Institution: FNAL
Collaborators:  LBNL 
Manpower (in FTE-yr):
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Sci 0.5 0.125 0.25 0.125 1

Eng 0.5 0.25 0.125 0.5 1.375

Draft 0.0625 0.0625

Tech 0

M&S $0


Resources:
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Deliverables FY09:

· Evaluation of longitudinal phase space painting requirements and documentation of phase space painting simulations
· A specification document for energy correction cavity.
Deliverables FY10:
· Create specifications for low level RF control
· Documentation for Conceptual Design Document

· Support for CD1 design reviews

Deliverables FY11:
· Create a preliminary engineering design of LLRF control
Deliverables FY12:

· Documentation for Preliminary Engineering Document

· Support for CD2 reviews

· Initiate final engineering design for required components
WBS 1.10.2.1.7 Waste beam handling
Responsible Institution: FNAL
Collaborators:  CERN, BNL
Manpower (in FTE-yr):
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Sci 0.5 0.5 0.125 0.125 1.25

Eng 0.5 0.5 0.5 0.25 1.75

Draft 0.125 0.125 0.125 0.0625 0.4375

Tech 0

M&S


Resources:
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Deliverables FY09:

· Technical and cost evaluation for an internal vs external absorber looking at civil and radiological issues

· A conceptual design for a waste beam transport line.

· A conceptual design for a injection absorber 
· Generate instrumentation specifications
Deliverables FY10:

· A conceptual design of waste beam line magnets 

· A conceptual design of waste beam line power supplies
· Documentation for Conceptual Design Document

· Support for CD1 design reviews

Deliverables FY11:

· Create a preliminary engineering design of injection absorber and RAW system
· Create preliminary engineering design of waste beam line vacuum 
Deliverables FY12:

· Documentation for Preliminary Engineering Document

· Support for CD2 reviews

· Initiate final engineering design of injection absorber
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