Development Program to optimize Performance, reliability, and cost for the SNS Second target station

Preliminary Thoughts – 10/25/07
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1.0
overview

The SNS Second Target Station White Paper [1] lays out a reference concept for a second target station at SNS (STS2) and provides performance evaluations based on this concept. As indicated in that White Paper, the reference concept target station could be constructed based almost entirely on existing technology. However, as was also pointed out there, it should be possible to develop and support a revised concept with improved performance, reliability and perhaps even lower cost if an appropriate development and evaluation program is carried out now before proceeding to a full conceptual design of the second target station. This document indicates a set of such development activities so far identified and provides a suggested road map for implementing this development program. Implementation bullets in red indicate actions already underway or otherwise covered.
Although the development activities identified here are aimed at support of an optimized concept for the second target station, many of them (especially the instrument development activities) may be relevant for current or near-term SNS and/or HFIR instrumentation as well. This should be taken into account in prioritizing the development activities.

2.0
Accelerator Systems

2.1
Power upgrade:

The STS2 scenarios start off with baseline accelerator systems capable of  delivering 2 MW, but assume that the accelerator systems will ultimately be capable of 3 MW, which is at the upper range of the expected performance that may be possible after the energy upgrade to 1.3 GeV. Reaching this higher power level requires additional ion source development, superconducting linac improvements, and stripper foil development. All of these efforts are crucial for achieving the best performance possible.
[image: image1]
2.2
Increased beam loading:

In addition to the R&D issues identified in 2.1, the STS2 concept necessitates further development activities. In particular the increased beam loading associated with not chopping the beam for the long pulses going to STS2 will require an RF system upgrade to handle un-chopped beam currents greater than 43 mA. These are largely engineering developments that would be part of the STS2 project, but some additional concept optimization could help minimize the cost impacts, the time requirements for installing equipment upgrades, and the time needed to learn to operate the upgraded equipment reliably. 

2.3
Long-pulse operation:

There are several other outstanding issues associated with the choice of the long-pulse mode of beam delivery to the STS2. Foremost is how much additional beam could be delivered in long-pulse vs short-pulse mode for an acceptable beam loss limit (some aspects of this are addressed in 2.2). Other issues related to the interleaving production of short and long pulses to the two targets include (1) control/timing system modifications, (2) design of an appropriate extraction system, and (3) production of an appropriate beam distribution on the STS2 target in long-pulse mode. 
2.3.1
Control and Timing System
The linac already provides a long pulse beam, and as such should not require any modifications. This is a significant advantage SNS has compared to the largest Spallation Neutron Sources currently operational or under construction in Europe and Japan (ISIS and J-PARC) which use a Ring to provide most of the beam acceleration. The SNS control and timing system would need to be modified to allow long pulses to be run either in separate test periods, or interleaved between normal short pulse delivery. Provisions for use of special pulse “flavors” of this type were anticipated in the design of the present control and timing system.

2.3.2
Long-pulse extraction

By adding a second set of extraction magnets the Ring could also be used as a long-pulse transport line to connect the HEBT and RTBT beam lines. No beam would be actually accumulated in the ring since it is directed to the RTBT before making a full pass around the ring. This would provide a simple method to send 1-ms long beam pulses directly from the linac to the STS2 target utilizing existing beamlines plus a straightforward ring-to STS2 transport line.
A new set of extraction magnets are needed because the present set is designed for a fast rise time (~200 ns) and a flat-top pulse length of just 700 ns. To interleave long and short beam pulses the new magnets would require a flat-top pulse length of about 1 ms, and the rise time could be several milliseconds. In fact the ring already uses eight similar kicker magnets in the injection section, although the bend angles are less than those required for long pulse extraction.

2.3.3
Beam spot size

Beam size is critical to target lifetime with high power beam operation. The linac beam emittance (0.5 pi-mm-mrad, normalized) is much smaller than the emittance extracted from the ring (240 pi-mm-mrad, normalized). The long-pulse beam on the target will therefore be too small unless compensatory action is taken. There are at least four methods to increase the beam size on the target: 1) install a rastering system in the RTBT, 2) paint using the ring injection kickers, 3) paint using the new extraction kickers, and 4) enlarge beam using RTBT quads.

3.0
Target Station 

3.1
Neutronics

3.1.1
Ortho-para hydrogen kinetics:

Optimization studies of STS2 have indicated that significant gains of long-wavelength neutrons can be realized by using large para-hydrogen moderators. The importance of para-hydrogen cannot be overstated, as the large cross section of ortho-hydrogen results in a poorly performing moderator system in this geometry. Development work on the understanding of ortho/para kinetics of irradiated hydrogen will be important to understanding the need for a catalyst, sizing the catalyst, and understanding the per-pulse generation of ortho-hydrogen due to irradiation, which cannot be impacted with a catalyst.

3.1.2
Other materials:

The STS2 reference concept target system geometry has been based upon moderator, premoderator, and reflector materials that have proved reliable in existing target systems. Advanced materials, particularly for premoderators and reflectors, have potential to improve the system performance or significantly reduce the cost while maintaining performance. To computationally evaluate additional premoderator and reflector materials, such as mesitylene, titanium hydride, and so on, requires the creation of scattering kernels at the proper temperature for these materials. In addition to the creation of these scattering kernels, verification of the kernel accuracy based upon neutron scattering or moderator measurement data will be an important part of the process.

3.1.3
Other geometries and spectrum reoptimization:
The STS2 reference concept target system geometry has been optimized for cold beams generated by two large supercritical hydrogen moderators fed by a liquid mercury target. Other options need to be explored. These include 1) possible modification of the geometry to extract beams with spectra extending into the thermal range (e.g., by partially viewing the premoderator in addition to the cold moderator); 2) reoptimization of target-moderator geometry based on the possible use of a rotating solid target; 3) inclusion of other moderator options including a very cold neutron source moderator; and perhaps others.


3.2
Target Assemblies

3.2.1
Mercury cavitation damage:

Cavitation damage to the target mercury vessel is expected to be much less severe or possibly not a problem for long-pulse operation. However, confirmation of this expectation is needed. Cavitation in the mercury is known to occur for short-pulse operation (< 1 s pulses) because the heating rate is much greater than the thermal relaxation rate, and the resulting initial compression waves produce rarefaction waves after reflecting from the interface on the vessel shell. When the pulse length is approximately 1 ms, it is likely that relaxation can occur, reducing the initial level of compression; but since the mercury has been shown to cavitate at low negative pressures (1 to 2 atmospheres), an analysis of the pressure response is needed.  

3.2.2
Rotating solid target:
A rotating solid target design has the potential to provide a simple, robust, highly flexible, and long-lifetime alternative target for the SNS second target station that is insensitive to the selection of either long-pulse (~1 ms) or short-pulse (~1 µs) operation. Slow rotation (a few Hz) would greatly reduce the average power density and radiation damage. As a result, the cooling requirements would be relaxed, resulting in longer target lifetimes (years) and increased neutron production. Efficient coupling to the moderators can be achieved using smaller beam spot sizes. The principal issues are developing the mechanical design concepts, including target cooling; handling methods for the target, moderators, and reflectors; and optimizing the source geometry to fit the desired suite of neutron instruments.

3.2.3
Moderator structures:

The large coupled moderators are responsible for most of the neutronic gain expected at STS2. Optimizing the thermal hydraulic and structural design of these moderators to maximize neutronic performance while minimizing structure to reduce heat loads will be a challenge. The largest comparable moderator design is at the J-PARC facility with a 140 mm internal diameter moderator designed for 1 MW operation. The STS2 design for 220 mm internal diameter and operation at 2 to 3 MW will require innovative structural and thermal-hydraulic design development. 

4.0
Instruments

As shown in the STS2 White Paper, current technology would enable the construction of a suite of world-class instruments at STS2 that would be much better than any currently available. However, by the time the STS2 is built the technology for neutron scattering instruments and components is certain to have advanced, and it is prudent to carry out R&D to ensure that the instruments ultimately built at STS2 can take full advantage of techniques and components that are state-of-the-art at that time. Such an R&D program would focus both on developing new techniques for neutron scattering measurements and on developing new or improved components for neutron scattering instrumentation.

4.1
New Measurement Techniques

4.1.1
Repetition rate multiplication and wavelength multiplication: 

A number of the instruments proposed for STS2 make use of RRM or wavelength multiplication. These techniques have been successfully tested and extensively simulated, so there is little technical risk [2,3]. However, further development of these techniques will be useful to ensure full optimization of the STS2 instruments.


4.1.2
Neutron imaging: 

Neutron beam imaging techniques such as radiography and tomography have been available since the early days of reactors, and several modern facilities exist at other neutron sources [4-6]. However, the imaging techniques currently in use have changed but little over the years. Modern developments in neutron optics and detectors have opened the possibilities for the development of new approaches to neutron imaging, with the potential to provide new capabilities that will turn neutron imaging into an effective qualitative and quantitative research tool applicable to a broad range of scientific areas. Such an instrument would be ideally suited to STS2 because of the intense cold neutron beams available and the opportunity for energy-selective imaging readily afforded by the pulsed neutron source. However, the development of such new capabilities at ORNL will require the development of local expertise and the development and evaluation of novel optical arrangements. At ORNL the opportunity exists to make direct or parasitic use of neutron beams at SNS or HFIR to develop these capabilities and to develop a broad-based local and US user community for these techniques.


Several other promising new measurement techniques have been proposed and carried to the point of proof-of-principle experiments. However, all of these techniques will require considerable development before they can lead to neutron scattering instruments at STS2.
4.1.3
TISANE: 
TISANE (time-resolved small angle neutron experiments) [7] is a technique in which the beam is chopped at a high frequency while the sample is “pumped” by an external field and the detector is gated at yet another frequency. This technique can be used to probe relaxation times as short as a few (s, a time range that is not readily accessible to other neutron scattering techniques. However, this technique is still in the early stages of development, and there is still room for considerable improvement.

4.1.4
SERGIS:
SERGIS (spin-echo resolved grazing incidence scattering) [8] is a technique in which scattering angles of a broadly divergent beam are coded by the Larmor precession of neutron spins in a magnetic field in a variant of the well-known neutron spin-echo (NSE) method. SERGIS measures spatial correlations directly in real space rather than in reciprocal space and, in particular, measures lateral structural correlations in thin films, on surfaces, or at interfaces. Preliminary measurements with prototypes show the technique to be highly promising, with the potential to revolutionize the use of neutrons for probing lateral structures at surfaces. However, considerable development will be required before an STS2 instrument can be based on this technique.

4.1.5
MIEZE:

MIEZE (modulation of intensity with zero effort) [9] is based on the NRSE technique but with all coils and the analyzer installed upstream from the sample. The resulting sinusoidal signal has the same frequency for all neutron wavelengths; but it can have the same phase at only one point, the so called spin echo point, which is downstream from the sample. The detector is installed very close to this point and must have very good timing characteristics. MIEZE is especially suited for measurements on protonated samples because polarization analysis is done upstream of the sample; therefore, the strong spin flip probability of hydrogen does not deteriorate the signal, in contrast to NSE or neutron resonance spin-echo (NRSE). This will be a particularly strong advantage for the study of dynamics in biological samples, if this technique can be developed to serve as the basis for one or more STS2 instruments.

4.1.6
Longitudinal NRSE:

Longitudinal NRSE [10] is a new implementation of the NRSE technique, in this case with longitudinal magnetic fields rather than the usual transverse fields. In this field geometry, the effect of beam divergence can be corrected by means of standard Fresnel coils while the other advantages of the NRSE technique over conventional NSE are maintained. It should therefore be possible for longitudinal NRSE to be extended to higher resolutions, enabling the study of even slower dynamical motions with correlations over longer time scales. As with the other techniques discussed, however, considerable development will be required before this technique can be routinely used for neutron scattering instruments.

4.2
Improved Instrument Components
Although the development of a totally new measurement concept can open up totally new areas to exploration, most of the major advancements in neutron scattering instrumentation have come about by improvements in the performance of instrument components. Steady incremental advances in components can lead to such large improvements in the measurement capabilities of instruments based on existing concepts that they enable qualitatively new science as well. 
4.2.1
Optics:

An area of component development that is still in its infancy is the use of neutron focusing and magnifying devices to provide the very high intensity necessary for the study of smaller samples, and to magnify the images of such sample regions. Further development of such devices will be important for fully realizing the potential of many neutron scattering instruments at STS2. Another, similar development that has not yet reached wide application is focusing in the time domain, which can enable higher intensities by opening up the acceptances of various components while preserving and optimizing resolution. 

4.2.2
Detectors:

Modern neutron sources and instrumentation are already pushing the rate and resolution limits of the detectors currently available, and this problem will be much more pronounced with the high fluxes available at the STS2. R&D to increase the instantaneous data rate capabilities and/or the spatial resolution of the detectors will be critical for realizing the full capabilities of many of the STS2 instruments. 

4.2.3
Polarized Neutrons:

Many of the new instrument concepts to be explored for use at STS2 instruments will depend on the manipulation of neutron spins (e.g., for spin-dependent measurement techniques such as spin-echo and for the study of magnetic scattering), so R&D aimed at developing better polarizers, analyzers, resonance coils, flippers, and so on will be very important. 

4.2.4
Sample Environment:

The use of small samples and the design of the instruments for the concurrent use of many different measurement techniques mean that it will be necessary to develop new approaches to the sample environments. The small sample sizes will also open up the opportunity for measurements under extreme sample environment conditions, and appropriate sample environments will need to be developed.

4.2.5
Software:

Finally, modern instruments are becoming capable of collecting far larger quantities of data across much larger ranges of energy- and momentum-transfer space than were previously accessed. Currently existing analysis software is capable of extracting and analyzing only a limited portion of the information content from such large data sets, and it frequently requires many iterations before even that limited portion of the data can be adequately analyzed. Thus large gains in scientific capability can also arise from significant improvements in analysis software capability. The next generation of instrumentation to be developed for the STS2 will extend this trend, making it even more important to expend adequate resources on the development of analysis techniques and associated software.


4.3
Development Beamline(s)

Most of the development efforts in sections 4.1 and 4.2 require evaluation and refinement using significant access time for testing in a neutron beam. Access to beams at other facilities will be helpful and can play a role in this. However, central to a successful instrumentation R&D program will be adequate access to one or more test beams at STS1 and HFIR, and later at STS2.

5.0
Conventional Facilities 

Figure 1 shows two potential alternative sites that should be investigated to see if either of them could provide a cost-effective location for the STS2 facility that would allow the proton beam to be transported directly from the linac to the STS2 target, bypassing the ring.
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Fig. 1. Alternative reference concept layout of STS2. Two alternative sites are identified (hatched)
 for STS2 facilities. 

6.0
required resources
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Suggested Action: 


1.	Develop local expertise by having one or more persons observe and/or participate in TISANE experiments at NIST.


2.	Report on experience at NIST, and evaluate (by a small group) whether to proceed at ORNL.


3.	Develop components and implement technique for selected experiments locally.





Suggested Implementation:


1.	Actions 1 and 2 would need to be carried out by NFDD/NSSD personnel. Minimal travel funds would be required.


2.	If warranted, submit proposal for LDRD, seed money, or other funds to carry out a demonstration experiment at HFIR or SNS.





Suggested Action: 


1.	Develop a flexible prototype beamline at HFIR that can be used to optimize the technique, demonstrate scientific results, and begin to develop a user community.


2.	Follow up with full proposal to NSSAC for a beamline at HFIR or SNS on which to build an optimized, world-class instrument.





Suggested Implementation:


1.	Explore potential of sharing HFIR CG1 beam for prototype SERGIS, Imaging, and Test beamlines (underway).


2.	Hire scientist to lead the necessary development of the prototype instrument, carry out science using that instrument, and develop a user community based on the demonstrated results.


3.	This scientist would also lead the development of an IDT for the SERGIS instrument, the development and performance evaluation of a conceptual design for that instrument, and the development of the proposal to NSSAC.





Suggested Action: 


1.	Evaluate current developments elsewhere. Combine with computations to assess the potential of the technique.


2.	If warranted, procure necessary components for trials on SNS or HFIR test beam.





Suggested Implementation:


1.	Arrange framework for collaboration with Roland Gähler on this project.


2.	Hire scientist to develop the use of Larmor precession techniques such as MIEZE and Longitudinal NRSE (consider directed candidate search for Instrument Development Fellowship?)





Suggested Action: 


1.	Evaluate current developments elsewhere. Combine with computations to assess the potential of the technique.


2.	If warranted, procure necessary components for trials on SNS or HFIR test beam.





Suggested Implementation:


1.	Arrange framework for collaboration with Roland Gähler on this project.


2.	Hire scientist to develop the use of Larmor precession techniques such as MIEZE and Longitudinal NRSE (consider directed candidate search for Instrument Development Fellowship?)








Suggested Action: 


1.	Push development of focusing devices with the goal of being able to focus significant intensity (at least for cold neutrons) into a 10 micron diameter spot.


2.	Develop expertise using neutron lenses (refractive optics and/or mirror optics) for magnification, with the goal of evaluating the concepts and prospects for neutron microscopes.


3.	Explore concepts for time focusing, with the one goal being higher resolution on TOF instruments; and another goal being to provide high intensity in narrow time slices, to be used for high time resolution in kinetic measurements.


4. Test various optical elements in different combinations to develop and evaluate concepts for techniques such as microcopy, etc.





Suggested Implementation:


1.	Work with Gene Ice to see how far K-B mirror technology can be pushed. This will require theoretical analysis and probably development and testing of new prototypes.


2.	Explore how far Wolter optics can be pushed realistically. Investigate fabrication techniques and quality of mirrors, perform theoretical analyses, develop and test prototypes.


3.	Work with Ted Cremer (Jay Theodore Cremer, Jr., Adelphi Technology) and/or perhaps others to test/develop refractive lens system (SBIR?)..


4.	Work with Jack Carpenter and/or Roland Gähler to develop time-focusing concepts and applications.


5.	Several of these activities would be ideal for an Instrument Development Fellow, or possibly a post-doc, if one with the appropriate interests can be identified.





Suggested Action: 


1.	Develop a plan (i.e., updated version of Detector White Paper [11]) that identifies and prioritizes detector needs for STS2.


2.	Develop proposals and obtain funding for high-priority detector developments.


3.	Establish a full-time detector R&D team at SNS to explore and develop some of the new detector ideas.





Suggested Implementation:


1.	First Instrument Development (ID) Fellow is working on a project to provide high-resolution high-data rate detectors, initially aimed at reflectometry.


2.	Work with external laboratories/detector groups and SBIR/STTR activities to generate proposals for funding high priority detector developments (this has been ongoing, but priorities may have changed).


3.	Consider applying for funding for an NMI3-like inter-laboratory coordination activity to support workshops, post-docs, etc. for detector development.


4.	Work with funding agencies and external groups to obtain funding for these high-priority proposals.


5.	Hire staff scientist into NFDD Detector Group (or Instrument Development Group) who is devoted full-time to detector R&D. Supplement with students, post-docs, and/or appropriate ID Fellows.


6.	Plan to fund internal detector R&D activities as part of the regular operations budget.





Suggested Action: 





Suggested Implementation:








Suggested Action: 





Suggested Implementation:








Suggested Action: 


1.	Put together a White Paper identifying the specific goals for advanced analysis software for a number of different scientific areas. This activity needs to be led from ORNL, but should involve input from a broader community. (May require workshop(s).)


2.	This White Paper should also assess which of these goals will be all or partially met by the DANSE Project.


3.	Prioritize areas to address and put together more detailed plans (i.e., a proposal) for what would be required (scope, resources, schedule) to develop the desired software for one or two of the highest priority scientific areas. It is probably more effective to focus on one or two areas at a time and try to do them right, than to spread resources across all the different scientific areas.





Suggested Implementation:


1.	Actions 1-3 will probably have to be provided by NSSD/NFDD personnel. Funding for any related workshops would probably have to be provided internally.


4.	Search for funding for the resulting development proposal (internal SNS funds, LDRD, NSF, DOE, etc.)


5.	Also use the White Paper to encourage SBIR applications, proposals from university groups or groups at other labs, etc. that address other of the identified needs (as was done for detectors).





Suggested Action: 


1.	Develop plans for test beams at HFIR (cold and/or thermal) and at SNS. These may involve shared use of a beamline with another instrument.


2.	Prioritize these and proceed to implement the highest priority one or two. This probably must be done primarily with NFDD resources (people and funds).


3.	Work with other facilities to arrange for additional testing there as needed.





Suggested Implementation:


1.	Actions 1 through 3 probably must be done primarily with NFDD resources (people and funds).





Suggested Action: 


1.	Formulate plan for these R&D activities.


2.	Complete all proposed R&D activities.





Suggested Implementation:


1.	Plan was previously developed.


2.	Fund planned activities as AIP project(s)





Suggested Action: 


1.	Develop mechanical design.


2.	Develop computational fluid mechanics design for hydrogen flow and heat removal within the moderators.


3.	Conduct mock-up testing with a surrogate fluid to visualize the internal flow patterns for an optimized design.





Suggested Implementation:


1.	This would probably have to be funded and carried out by NFDD.





Suggested Action: 


1.	Prioritize materials for kernel development.


2.	Develop kernels.


3.	Verify accuracy.





Suggested Implementation:


1.	Look for LDRD or seed money to fund these activities – otherwise they probably will need to be funded from NFDD operating budget.


2.	Work with neutronics community to coordinate the development of scattering kernels – perhaps consider holding a workshop for this. However, some of the work will likely have to be done by NFDD neutronics personnel.


3.	Carry out measurements in conjunction with LENS facility or other low power facility.


4.	Consider involving a student or post-doc.





Suggested Action: 


1.	Modify the simulation code used for the SNS first target station (STS1) mercury target pressure wave propagation, to be able to handle long pulses and cavitation effects.


2.	Simulate a range of long-pulse cases (power, beam pulse length) and evaluate the propensity for cavitation.


3.	Carry out confirmatory in-beam testing, most likely at the Los Alamos accelerator. 





Suggested Implementation:


1.	Augmentation of current STS1 mercury target simulation codes is currently underway.


2.	Full simulation and evaluation of the long-pulse cases will require additional NFDD resources (primarily personnel).


3.	In-beam testing at Los Alamos (or elsewhere) will also require NFDD resources (personnel and some funds), as well as coordination with Los Alamos (or other facility).





Suggested Action: 


Review of the SNQ, ESS backup design, and recent design work on solid rotating targets


Preliminary evaluation of major design options


Wing or slab moderator neutronic performance 


Horizontal or vertical axis mechanical evaluation for range of disk radii from .25m to 2 m


Target and moderator/reflector radiation damage and heat loads estimates as a function of disk radius 


Target mechanical design for a selected configuration and neutronic performance evaluation


Initial layout with selected axis and moderator configuration


Concept development for remote handling


Concept development for target bearing and sealing methods


Identify key technical problem areas for target development


Mockup design solution for key technical problem 





Suggested Implementation:


1.	An LDRD proposal has been approved to carry out all these actions. It is funded at $300K in FY08 and $300K in FY09.





Suggested Action: 


1.	Study the linac RF system upgrades required to handle the increased beam loading associated with un-chopped pulses.


2.	Define a set of linac RF system upgrades needed to run un-chopped beam.





Suggested Implementation:


1.	Needs a commitment of time from one or more system experts from RAD/NFDD.


2.	Package as part of an AIP or seed money project?





Suggested Action: 


1.	Quantitatively evaluate each method to determine the optimum choice.


2.	Define the associated hardware requirements. 





Suggested Implementation:


1.	Work with NFDD personnel to identify the optimum beam size for the various STS2 target options under consideration.


2.	Needs a commitment of time from one or more system experts from RAD/NFDD.


3.	Investigate use of post-doc to minimize required system expert time.


4.	Package as part of an AIP or seed money project?





Suggested Action: 


1.	Develop cost estimates for location of the STS2 target building and instruments at each of the alternative sites shown in Figure 1, including the costs for the required proton transport line in each case.





Suggested Implementation:


1.	This will require time from site-services experts (the same team that developed the cost estimates for the reference concept in the STS2 White Paper)


2. 	Funding would almost certainly have to come from SNS operating funds, unless additional funding can be obtained for STS2 R&D.





Suggested Action: 





Suggested Implementation:








Suggested Action: 


1.	Investigate and optimize geometries for extended spectrum beams, and evaluate performance.


2.	Reoptimize target moderator geometry with rotating solid target, and evaluate performance.


3.	Investigate and optimize geometry for a very cold neutron source moderator, and evaluate performance.


 


Suggested Implementation:


1.	Action 2 is covered under the rotating target LDRD (see 3.2.2).


2.	Actions 1 and 3 may be appropriate activities for students or post-docs, with supervision from NFDD neutronics staff. Consider supporting these out of NFDD operating budget, or applying for LDRD.





Suggested Action: 


1.	Start to develop local expertise by carrying out additional simulations for several specific instrument configurations.


2.	Participate in RRM or wavelength-multiplication tests elsewhere if possible.





Suggested Implementation:


1.	Both actions would require NSSD personnel. Minimal travel funds would be required.


2.	Consider submitting a proposal for LDRD, seed money, or other funds to carry out these studies.





Suggested Action: 


1.	Develop complete description of the control and timing system modifications needed to interleave long pulses.





Suggested Implementation:


1.	Needs a commitment of time from one or more system experts from RAD/NFDD.


2.	Investigate use of post-doc to minimize required system expert time.


3.	Package as part of an AIP or seed money project?





Suggested Action: 


1.	Develop a conceptual design for the modifications necessary to extract long pulses from the ring and determine the basic parameters for the new magnets, suitable for use to procure any needed equipment. 





Suggested Implementation:


1.	Needs a commitment of time from one or more system experts from RAD/NFDD.


2.	Investigate use of post-doc to minimize required system expert time.


3.	Package as part of an AIP or seed money project?





Suggested Action: 


1.	Develop local expertise by carrying out imaging experiments at NIST, PSI, FRM-2, and in SNS instruments.


2.	Develop prototype instrument at HFIR or SNS.


3.	Explore use of modern optics in neutron imaging applications.


4.	Develop scientific program based on experiments elsewhere and in ORNL prototype instrument.


5.	Develop user program at prototype instrument and promote a broad-based (many areas of science) user community.


6.	Form an IDT and develop proposal to NSSAC for a beamline (HFIR or SNS) for a full-fledged world-class instrument.





Suggested Implementation:


1.	Scientist (Hassina Bilheux) is already on board and is currently involved in actions 1 and 2 and in initial stages of developing a science program and a user community.


2.	Collaboration between scientist and UT (Dayakar Penumadu) has been established, and a UT student will participate in this program (funded at $25K/year from NSSD).


3.	Additional FY07 NSSD funding ($60K) has been earmarked for support of this program and a full budget, including that needed for prototype instrument, is being developed.


4.	Follow up on initial discussions with ORAU to obtain ORAU support for parts of this program.


5.	Continue exploration of possibilities for shared use of HFIR CG1 for temporary prototype Imaging, SERGIS, and Test beams.


6.	Follow up on initial discussions to evaluate use of and to obtain loan of excess SNS beamline temporary shield blocks for shielding prototype beamline at HFIR.


7.	Identify remaining funding needed for prototype instrument, and look for sources for remaining funding needed (e.g., seed money, other).
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