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This report is a summary of discussions which took place during a series of Regional Interest R&D Panel Meetings held between May and July 2006.  The panel was formed by the US LCSGA in response to a suggestion from US funding agencies to examine various regional issues related to ILC.  In this report we flesh out the basic recommendations for 2007 activities and a strawman plan for 2008 and 2009, which were presented at July 2006 Vancouver meeting of the Panel and LCSGA, along with a more detailed description of GDE S0 Task Force plan that was in a development stage during the time of the Panel deliberation as well as a preliminary account of the developing plan of the S1 and S2 Task Forces.

The agency letter is in Appendix 1.  The membership of the panel is listed in Appendix 2. 

Background

Recently, the EPP2010 report made a strong recommendation for the on-shore ILC as a way for the US physics community to maintain globally shared leadership.  The DOE articulated its interest in hosting the ILC in the US at a site near Fermilab.  To make a bid to host credible and eventually successful, there are several needs:

1. US R&D activities need to make the strong contribution to GDE ILC R&D 
2. Demonstrate that the industrial capability for the large scale, big expense components, such as cavities, cryomodules, refrigeration, and RF power, exists in this country.

3. Install needed facilities at our laboratories or universities for conducting R&D on cavity production procedures and surface preparation techniques, as well as for assembling cryomodules and finally RF units, the basic building blocks of the ILC main linac.

4. The evaluation of specific site candidates with respect to geology, environmental and safety concerns, site infrastructure, and land acquisition will be required.
5. Test facilities and capabilities for R&D on other (non Superconducting RF) topics not covered by GDE initiatives or by other regions may also be needed.

Our Regional Interest R&D Panel was asked to provide:
1. The desired scope and time scale for these activities and provide an estimate of the expected cost profile of funds needed.

2. Optimized deployment of the materials processing, testing and assembly facilities, including the appropriate use of existing infrastructure and specific expertise at our laboratories and universities, as well as the appropriate role of industry in providing needed facilities.
3. Comments on the relationship of US initiatives to existing or proposed testing, processing and assembly facilities installations elsewhere.

4. Articulation of the priority of these US regional interest activities, relative to the R&D and technical design work being coordinated by the GDE, and the determination of the appropriate boundary between US-specific and global GDE responsibilities. 

5. A roadmap for US specific expenditures for the full R&D phase of the ILC.

In our discussions, the members of the Panel appreciated that we are in the ILC Project as members of a global organization.  The ILCSC intends to globalize the International Linear Collider (ILC) technical design effort and broaden collaborative efforts internationally and inter-regionally as well as with national laboratories and universities. These goals are expressed in the MOU to establish GDE, May 10, ’05.

“The purpose of this MOU is to provide a framework to internationalize the technical design of the ILC.  To further this effort, the Parties agree to initiate jointly the Global Design Initiative (GDI) for the ILC in accordance with the “Report of the ILCSC Task Force for Establishment of the International Linear Collider Global Design Initiative,” dated March 31, 2004”.

In order to reconcile Regional vs. Global Issues the Panel recognized that
· Regional interest R&D must be a strong contributor to ILC GDE R&D program.

· At the same time, it should support the development and/or preservation of the ILC critical technologies in the US.

· An important, if not essential, requirement to host the ILC is to have expertise in key areas of ILC technology.

 Accordingly our Panel agreed upon the following goals:

1. Support enhancement of technical capabilities and infrastructure for superconducting RF (SRF), in particular, by intensive R&D that is focused on the demonstration of GDE S0 goal, and prepare laboratory infrastructure and industrial participation toward S1, and possibly S2 in the future. (S0, S1 and S2 are three task forces set up by the GDE to address various issues related to cavities, cryomodules and RF units.)
2. Support R&D in certain technical areas that are not necessarily “very high” in GDE priority, but are important to the ILC, unique in the US, and are in danger of extinction due to lack of funding.

3. Support the geotechnical and other evaluation along with the development of conceptual machine layout at the US candidate site that is not covered by GDE. This would include the regional outreach necessary for the site approval.

1.0 Supporting GDE R&D Goals

One of the natural outcomes of intense R&D focused on the demonstration of GDE S0, S1 and S2 goals  would be to develop technical competency and strength to demonstrate that US is qualified to be a host to ILC, as well as to promote support of US industry to participate in ILC project, wherever it is finally situated.  The GDE ILC R&D Plan is evolving with focus on BCD (Baseline Configuration Document – website) activities.  There are several task forces: Kly, S0/S1, S2, S3(damping ring)… The goals and work plans are still developing in the various task forces. 

1.1 S0, S1, S2, Goals, Activities and Timeline

The main goal of S0 will be to improve the production and preparation procedures to reach 35 MV/m in cavities with a high yield.  The main goal of S1 will be to demonstrate 31.5 MV/m accelerating gradient in a small number (greater than 3) of cryomodules, the baseline gradient chosen in the BCD.  S2 has a range of possible goals, the first of which is to satisfy a long list of test and operation requirements (see Appendix 3) for cryomodules assembled into RF units.   The requirements R1 and R2 (from the Greg Loew’s Technical Review Committee) will serve as a starting point for this list. As a next stage the goal of S2 is to assemble a number of RF units into a string to demonstrate large scale system issues. In a final stage the string may be assembled into a test linac and operated with beam, provided the beam test goals are sufficiently compelling.  

It will be important to make substantial progress towards S0 goals by mid to end of 2008, and to complete S0 by mid-2009.  Results from these activities could impact final choice of gradient for TDR (due end of 2009).  The timeline for S1 is still under discussion. It is likely that one cryomodule will be demonstrated at 31.5 MV/m in 2006 at DESY.  Since DESY will focus on the XFEL program, subsequent S1 cryomodules must be demonstrated in other regions. The demonstration of S1 in time for the completion of TDR (end of 2009) will certainly be very desirable.  For S2, DESY TTF has already assembled and operated RF units at 25 MV/m with beam. It remains to demonstrate and operate RF units at the ILC 31.5 MV/m.  As with S1, S2 goals at 31.5 MV/m will have to be met in other regions.  The earliest possible time to complete an RF unit in either Americas or Asia region is 2010.   

It will be important for the S0/S1 Task Force to make their plans consistent with the needs for the goals of S2 Task Force, since cavities and cryomodules generated from S0/S1 activities will be used for RF units.  Equally important is to achieve a balance in targeting resources into achieving the short and long term goals of S0, S1 and S2.  Putting most resources into the most urgent tasks (e.g. S0/S1) will make other tasks become critical later.  The considerations of the Regional Interest Panel could influence the definition of the scope as well as the implementation of GDE R&D plan. 
1.2 The GDE S0 Work Plan (See Appendix 4)
At present, there is good proof-of-principle that 9-cell cavities reach gradients of 35 – 40 MV/m after applying the best preparation procedures of electropolishing (EP), high pressure rinsing (HPR) and baking at 120 C.  DESY is the only laboratory which has tested (about 10) cavities with gradients of 35 - 40 MV/m, but the yield is less than 0.5, the gradient spread is large ( (25%) and the average number of preparations and test cycles  required per cavity is three.  The tasks for S0 are therefore to improve the reproducibility of cavity fabrication and processing to achieve an overall yield > 80% in the first test of cavities. Therefore a 95% ultimate yield should be possible in two tests for cavities which are limited by inadequate preparation.  The yield improvements would have to come in a few stages as input from R&D activities becomes incorporated into the 9-cell preparation and testing batches for each stage. Cavities will be made in all three regions and tested by institutions with the necessary capabilities in all three regions.   All institutions should converge towards similar preparation and test procedures to establish comparable and cross-calibrated data for 9-cells.  

To achieve the needed dramatic improvement in yield and spread, it will be important to carry out coupled R&D programs in parallel to large scale testing of 9-cell cavities.  The goals are to improve processes (via multi-cell tests with full diagnostics, single cells preparation/tests, basic R&D on the preparation recipes, materials R&D, and diagnostics on EP, HPR…systems).  

Many tests are still limited by field emission, some by quench, and a few by the hydrogen initiated Q-disease.  It will be essential to address all these effects, to ensure that existing procedures are optimized to minimize these effects, and to explore any promising procedures that ameliorate these effects.  Some examples are: improved methods of final rinsing, new final rinsing agents, stringent control of cleanliness during assembly, and processing field emission with high pulsed power RF.  

The GDE S0 Task Force proposed that the Tesla Technology Collaboration (TTC) be a forum to arrive at a comprehensive & coordinated program to achieve consistent, high performance cavities.  Multi-lab and multi-regional participation will be required with clear objective of “transportable” process information.  We aim to establish cross-institutional consistency and reproducibility.  We plan to invite industrial participation, including industries (such as microelectronics) with experience in some of the specialty arenas such as electropolishing and clean (dust-free) operations.  Involving universities (e.g via UCLC) would tap into key physics, engineering (chemical, materials, process, manufacturing) resources. Results from such parallel R&D programs will feed into subsequent 9-cell activities to aim for the final best recipe for ILC production.  A long-term continuation of this approach will initiate key linkages needed between academic and industrial process engineers, critical to achieving production cost reductions as we progress towards large scale production. 
1.3 Plan for US Institutions to contribute to S0

The S0/S1 Task Force Plans have not yet finalized, but are near-final.  Therefore we made our estimates of US institution contributions by evaluating the existing capacity for cavity preparation and testing as well as capacity under planning.  Jlab has a complete set of preparation and testing facilities: degreasing, electropolishing, high pressure rinsing, furnace to remove hydrogen at 600 – 800( C, tuning for field flatness, class 10 – 100 clean rooms for assembly, test stand insert, radiation shielded pits, CW RF power and refrigeration. A significant fraction of that capability will likely be used for the CEBAF upgrade program.  Cornell, MSU and LANL and Argonne have substantial core SRF capabilities (such as clean rooms, high pressure rinsing, RF power, and radiation shielded test areas) but will need to upgrade that capability for dealing with 9-cell cavities, and for adding electropolishing.  Cornell is already installing electropolishing.  Argonne has a proposal to install electropolishing.  Fermilab is installing a vertical testing capability in a shielded area. Argonne and Fermilab will work in tandem to prepare and test cavities.  The cost of these facilities upgrades and additional installations is included in our overall estimates. 

Our survey of preparation and testing capabilities showed that if all these capabilities can be put to work on S0 goals it should be possible to carry out about 70 cycles of preparation and testing before the end of 2007, and  about 140 cycles each in 2008 and 2009.  This should allow treatment of about 40 cavities before the end of 2007 and 110 cavities each in 2008 and 2009.  Some fraction of the existing and added capabilities will also have to be devoted to carrying out the R&D needed to improve the yield.  Therefore we  may need to add more infrastructure or more shifts to contribute effectively to the wide scope of the S0 program. 

A small number of cavities each year will be made in conjunction with new vendors for development of industrial capability. Expensive infrastructure items needed to fabricate cavities would be purchased by the laboratories and installed at a laboratory for the industrial use or at the new companies. (It is very unlikely that new companies will invest large sums needed for such facilities before ILC approval.)  The most expensive facility is the electron beam welder.  Basic chemistry to prepare niobium parts for welding would also be needed at the companies. This infrastructure would have to be purchased early since it takes a long time to acquire and commission. 

Much of the cavity preparation and testing would be devoted to characterizing and improving the preparation and manufacturing yield, in conjunction with similar activities at DESY and KEK.  However, DESY’s emphasis is on XFEL production where a gradient of 28 MV/m would be very satisfactory.  KEK’s present emphasis is on the important ACD activity of developing a better shape 9-cell cavity.  Most of their new cavity orders are for the new shapes. 

There would be several stages of preparation and testing with improvements incorporated at each stage to progressively raise the yield.   It would be ideal to involve industry also in cavity preparation and testing activities for qualification as well as for developing ideas for cost efficient, large scale facilities for the construction stage.  A fraction of these cavities will pass 35MV/m test but that fraction will depend on the success of R&D to improve the production and process yields.  Using a model for increasing production and process yield, we anticipate the availability of 32, 96 and 96 good cavities during 2008, 2009, and 2010 respectively
.   Our model is somewhat optimistic, so that more cavities and preparation/test cycles may be required, and the same would be the case globally.   

A summary of cost related to proposed US funded activates for GDE S0 plan is given in Table 1.  

Table 1:  Summary of Costs Related to S0 (M$).  
	Year
	2007
	2008
	2009

	Cavities
	3
	12
	11

	Prep/Tests
	2
	4
	4

	Infrastructure at labs: EP, HPR, Vertical Tests
	3
	1
	1

	Industrial participation in prep/tests at labs
	0.5
	1.5
	1.5

	Cavity Fabrication Infrastructure at Industry

e-beam welder, basic chemistry
	0
	5
	0

	Parallel R&D for yield improvement
	3
	3
	1

	Sub-totals
	11.5
	26.5
	18.5


1.4 Plan to Contribute to S1, S2

The good cavities would be used in subsequent years (2009, 2010 and 2011) to populate 4, 12 and 12 cryomodules respectively. Cryomodule parts must be ordered at least one year prior to the planned year (e.g., in 2008 for 2009 activity).  Infrastructure to build and test cryomodules would have to be acquired at an early stage (in 2008).  This includes horizontal test cryostats, facilities for high power coupler tests, cavity string assembly, and cryomodule assembly fixtures. Preparations for two cryomodule test stands would need to start in 2008. Namely, there will a big delay from the time infrastructure is ordered until it can be used to assemble cryomodules.  

The first set of few cryomodules assembled in 2009 aim to satisfy the goals of S1.   These modules would be tested at the cyromodule test stands.  Industrial involvement should be encouraged in early cryomodule activities for future vendor training and qualification.  R1 issues need to be addressed to firm the credibility of ILC.
The next set of 12 cryomodules could be assembled by industrial personnel in 2009 using the infrastructure set up at the laboratories.  The cryomodules need to be built in small groups e.g.  3 -6, paying careful attention to cost.  Fabrication and assembly procedures for the next batch would be adjusted after reviewing cost.  Cost reduction measures developed by industry should be implemented into the following set of 12 cryomodules assembled by industry in 2010.  

These combined activities for S0 and S1 would demonstrate that ILC Main Linac Technology is prepared for a multi-billion dollar project, that regional institutions have gained adequate command of the technology, and that the regional industrial capability exists for the large scale, big expense components for ILC , i.e., cavities, cryomodules, refrigeration, and RF power.  Building 28 cryomodules would better prepare industry to launch construction.  The staged approach would qualify industry to build modules, estimate costs, and finally lower costs in larger production stages during construction.

It is instructive to compare the scale of this scenario with the preparations for CERN LHC construction.  The LHC requires 1200 cryomodules (15 m long) as compared to the ILC’s 2000 modules (12 m long).  After design and modeling work at CERN, 3 prototype coils were built in industry and modules assembled and tested at CERN.  Prior to launching a large “pre-construction series,” vendors assembled 9 modules (3 per vendor) at CERN using facilities installed at CERN.  Vendors then manufactured a total of about 20 modules (7 per vendor).  About 6 of these were fully tested (2 per vendor) before starting the pre-construction series. In all, a total of 32 modules were prepared by the CERN/industrial collaboration before launching the pre-series.   After these preparatory activities, the “pre-construction” series consisting of 90 modules by 3 vendors was successfully finished over a 2 year period. Upon completing the pre-series, CERN launched the final construction series of the remaining 1100 modules. 

From the first 4 cryomodules assembled in 2009, the first RF unit could be assembled in 2010, and system tests carried out to address R2 issues (see Appendix 3) as needed for S2.  R2 issues need to be addressed in order to establish the credibility of ILC firmly. Funds for RF, low level RF and refrigeration need to be available by 2009 for the RF unit test facility. Funds are also needed to upgrade an existing electron gun to carry out needed beam tests as for R2 (see Appendix 3).  

Subsequently 4 RF units could be assembled and run in 2011 and 2012 as part of regional preparation activities.  These modules may also be instrumental to the needs of S2,if so determined. 
A summary of estimated cost related to US funded activates for GDE S1 and S2-related regional plan is given in Table 2.  The figure for 2007 is for cyromodule components for 2008 cyromodule assembly that is recommended.   Figures for 2008 and 2009 are subject to change depending on the final GDE Task force Plan.

Table 2: The Summary of Estimated Costs for S1 and S2

	 
	2007
	2008
	2009

	Cryomodule Components
	1.5
	16.5
	14.5

	Infrastructure for cryomodules, horizontal test, assembly fixtures
	0
	10.5
	0

	Coupler Test Stand
	0
	6
	0

	Module Test Stand
	0
	5
	5

	Assemble cryomodules
	0
	1.5
	1

	Industrial involvement
	0
	2
	1.5

	RF, LLRF and Refrigeration for RF Units
	0
	8
	5

	Electron source
	0
	2
	0

	Operations
	0
	1.5
	1

	Totals
	1.5
	53
	28


1.5 Continue SRF R&D on ACD Topics

The GDE has adopted a forward-looking approach for ILC.  Research to improve the performance and lower the cost is strongly encouraged in the ACD, the alternate configuration design.  To quote B. Barish, “ACD is part of the BCD”. 
The topics of interest here include broadening of the R&D beyond the S0 objective on controlling material defects, understanding Q-slope issues, and field emission.  They also include a study of new cavity shapes and new kind of materials. 

Over the last decade a set of procedures has been developed for the fabrication, surface treatment and assembly of superconducting niobium cavities, which lead to high performance cavities, if applied properly. These procedures include material QA by scanning for defects, extensive QA during cavity fabrication (e.g. cleanliness of weld joints), appropriate amount (about 100 µm) of material etching to remove the "damage layer",   heat treatments at 600 - 800°C for hydrogen removal (to avoid “Q –disease”), electropolishing (EP), high pressure ultra-pure water rinsing (HPR) for extended periods of time, clean room assembly, “in situ” baking at 100 - 130°C for 12 - 48 hours. 

Nevertheless, the underlying physics is in many areas not well understood so that a fundamental, generic R&D program should be aimed at clarifying the physical phenomena and aid to optimize the processes. In the context of a project of the scale of the ILC improved understanding of the processes is likely to benefit performance and cost.
1.5.1 Defects

One of the occasional performance limitations in today’s bulk Nb cavities are defects in the material.  Scanning methods need to be enhanced to eliminate defects as smaller than 50um. Characterization of these defects by surface analysis tools will be important and information fed back to the material supplier will improve the quality of forthcoming material.  Another type of defect arises from occasional welding errors. Location of these defects by thermometry and analysis of their source will be important to feedback to cavity vendors.  Thermometry diagnostic methods are well developed and need to be applied on a consistent basis to single-cell as well multi-cell tests.  It may be necessary to dissect cavities and analyze the defective regions with surface analytic tools.

1.5.2 Q-slope

At gradients > 20 - 25 MV/m a strong degradation of the Q-value occurs (‘high field Q-drop’), which significantly increases the cryogenic losses and limits the achievable gradients due to heating. This Q-drop can be eliminated/reduced by ‘in-situ’ baking at a temperature of ~ 120°C for a duration >12 hrs. Smoother surfaces (e.g. electropolished) give substantial improvements.  But the physics of the Q-slope is not fully understood, and neither is the benefit of baking.  Theoretical and experimental studies on the high field Q-slope and its reduction by baking should continue.  These may require surface analytical studies of niobium using state-of-the-art instrumentation such as XPS, Auger, SIMS, 3DAP and others.

1.5.3 Field emission

Experience shows that field emission remains a major impediment to reproducibility for high gradients. For the initial qualifying (vertical tests) high pressure rinsing (HPR) has been developed as the popular technique to preparing clean surfaces free of field emitting particles.  All labs have adopted this approach.  However there are still reproducibility issues at high fields.  Research on improving the rinsing and assembly procedures is needed to avoid contamination that causes field emission. There are several promising avenues, such as rinsing with ethanol, or hot soap and water before final HPR to remove sulphur residue from EP.   These techniques will be investigated under the R&D part of the S0 program as described above for both single cells and multi-cells. 

A leading cause may be inadvertent contamination entering the cavity after HPR, for example during final assembly. Ultimately, a technique must be developed to overcome such contamination which could enter after final rinsing, during assembly, during later steps of high power coupler assembly, or even during cavity-string assembly.  Processing with high pulsed power (HPP) has been shown to be a promising technique to eliminate field emitters in-situ.   This approach was successful in eliminating field emission in three 5-cell structures (1.3 GHz) to reach the best possible gradients (27 MV/m) at the time with BCP surface treatment.  Further R&D is needed to determine whether HPP after HPR can eliminate field emission to bring 9-cell cavities to 35 MV/m.  Success here would provide another path to improving the yield of vertical tests.  The HPP treatment can also be applied at the horizontal test of 9-cell units, since high power coupler and high power are available. In particular we need to investigate the power levels, pulse lengths and external Qs needed. 

1.5.4 New Shapes

Two major new shapes, the Cornell re-entrant shape and the DESY/KEK/JLAB low-loss shape, are under development. Both new shapes have a lower Hpk/Eacc and a higher G x R/Q. They have a higher ultimate gradient reach since Hpk is the fundamental limit, and lower cryogenic losses. But both shapes carry higher risk of field emission and dark current since Epk/Eacc is 20% higher than the TESLA shape. The iris aperture is a key geometrical difference between the two new shapes. The low-loss shape has a smaller iris aperture by about 15%, whereas the re-entrant shape has the same aperture as that of the TESLA shape.
Single cell cavities of both shapes have been built and tested at Cornell, Jlab and KEK.  Both shapes have exceeded accelerating fields of 50 MV/m.  Multi-cell low loss cavities have been made at KEK and JLab.  Cornell has ordered a 9-cell re-entrant cavity from AES.  More multi-cell cavities should be built and tested. 

1.5.5  New Materials

Recently, single cell and multi-cell cavities have been built at JLab from large grain ingot material or from single crystal, cut directly from the electron beam melted ingot by either wire EDM or saw cutting. This is an exciting new development, and has the potential of simplifying the production sequence and consequently the cost. Initial experience indicates that very smooth surfaces can be obtained with the single crystal material or even the large grain material using the BCP (chemical) etch process only, thus avoiding the necessity for using the more complex electro-polishing (EP) processing.  

Comparisons of the performance of large grain (and single grain) cavities  show that the ultimate performance does not improve substantially with grain size.  Grain boundaries are not the dominant source of the gradient limitations (refs).  Cost reduction via simple material and surface preparation techniques remains the main reason to pursue this line of research. Multicell cavities of large grain niobium should be built and tested.  The cost of slicing should be reduced to bring the large grain material costs below the polycrystalline material. 

A summary of estimated cost related to US funded activates for ACD plan together with other regional interest SRF related cost is given in Table 3.  

Table 3:  Estimated Costs for Entire Regional Interest SRF R&D Activities

	 
	2007
	2008
	2009

	     S0
	11.5
	26.5
	18.5

	     S1, S2
	1.5
	53
	28

	     ACD/SRF
	0.3
	3
	3

	     Total of SRF R&D
	13.3
	82.5
	49.5


2. Regional Interest Activities Other than SRF technology development

The activities discussed above show how the Regional interest R&D will be a strong contributor to ILC GDE R&D program. At the same time, the Regional program should support the development and/or preservation of the ILC critical technologies in the US.  The R&D in these technical areas are not necessarily “very high” in present GDE priority, but are important to the ILC, unique in the US, and are in danger of extinction due to lack of funding.  In particular we include the development of the final focus SC insertion magnets, extensive testing of the baseline high power RF source (10 MW Multibeam Klystrons) as well as the alternate power source, the Sheet Beam Klystron discussed in the ACD (Alternate Configuration Design).  The GDE R&D Board Task Force on klystrons has recommended both paths (Appendix 5 GDE Kly Report
).  

2.1 Baseline klystron development

SLAC will lead the ILC Americas effort to develop a viable, cost efficient rf source for the ILC linacs. To speed up the development of a robust klystron, SLAC proposes to buy two next-generation 10 MW multi-beam klystrons (MBK).  Given the high cost and the 1-2 year turnaround time per design iteration, this will require a multi-prong approach to be effective. Currently Thales is fairly saturated providing tubes to DESY (four tubes are on order, two of which may be modified to improve performance). SLAC will contract CPI and Toshiba (in collaboration with KEK) to build improved versions of their multi-beam klystrons (each company has built one but neither tube has been fully qualified, as yet).  These tubes would be evaluated using the three modulator test stands that will be available at End Station B (at SLAC) in FY07. One of these tubes would eventually be shipped to FNAL for RF unit test assembly.
2.2 Sheet Beam Klystron Development

The Sheet Beam Klystron (SBK) is an alternative to round-beam designs for the

ILC. This tube is likely to be less expensive than the ILC baseline Multiple Beam Klystron (MBK) due to its planar geometry and its reduced parts count, and it is likely to have a longer cathode lifetime due to its lower beam current density. Two prototypes SBK’s will be designed, fabricated and tested at SLAC. This effort will benefit from work that the Klystron Department has done to develop a small W-band SBK. The beam will have a 40:1 aspect ratio and will utilize permanent magnets for focusing. Aside from the novel beam architecture, rectangular cavities, and absence of a large solenoid and power supply, the device will essentially be a plug-in replacement for the existing multi-beam devices currently under consideration for the ILC. Much work has been performed over the past 3 years in perfecting 3-dimensional simulation efforts using recently developed software packages for modeling of the gun, beam transport and RF power formation and extraction.

Upgrades in the parallel computing platform allow for faster turnaround in the design synthesis process. The first prototype will be tested in the Fall of 2007. The design of a second version will be started earlier to incorporate the lessons learned from the fabrication and QC of parts for the first SBK. In this way, the development of this tube concept will be accelerated. At present, the basic design work has been completed

for the first prototype and simulations of the rf and beam transport are ongoing.
2.3 Final Focus Superconducting Magnet System

This work is being conducted in support of the Reference Design Report (RDR) on the Insertion Region Magnet System for the ILC. Several of the key concepts to be included are untested in the configuration needed for the ILC, namely the combination of small coil diameter and long coil length, as well as the narrow separation between elements. It is anticipated that many lessons can be learned from the construction of a prototype which will provide great benefit in terms of technical and schedule risk avoidance in the subsequent years of the R&D program.
3. Considerations for A U.S. site specific civil design
The Regional Interest Panel recommends support for site specific evaluations not covered by GDE.  This will include the geotechnical and other evaluations necessary for the development of conceptual machine layout at the US candidate site, as well regional outreach needed for eventual site approval.

More specifically these may include activities to optimize the ILC machine layout for the site, the location of the Interaction Point on the site, and positioning of the damping rings to a central location.  Tunnel access and shafts may be different from those adopted by the RDR (Reference Design Report). It will be important to design for a surface presence that is accepted by the surrounding community.   Spoil removal or other surface activity offsite will need to be minimized.  The impact of the large centralized He storage tanks, compressors and related infrastructure on the surrounding community will need to be minimized as will the land acquisition costs.  Environmental permits and other community issues need to be addressed.   Site specific tunnel construction methods need to be explored, the design for electrical infrastructure optimized.  It will be necessary to  design around existing roads, ponds, sewers, etc.  The cooling water design must be optimized for the site location.   Recommended funding to cover non-SRF R&D activities and a straw man plan for 2008 and 2009 are presented in Table 4.  It is highly likely that the site specific geotechnical & layout evaluation activities may involve an engagement of AE firm, which most likely will increase the required budget significantly.

Table 4: the Summary for Funding Needed for 2007, 2008, and 2009 Plans

	
	Recommendation
	Stawman plan

	
	2007
	2008
	2009

	10MW Multi-beam Klystron
	1.2
	1.2
	1.4

	Sheet-beam Klystron
	0.8
	1.0
	2.0

	FF S/C Magnet System
	1
	1.8
	1.4

	Site Specific Geotechnical & Layout Evaluation
	1.2
	3+?
	4.5+?

	Total other than SRF
	4.2
	7+?
	9.3+?

	Total Regional Interest
	17.5
	89.5+?
	58.8+?


4. Items Not Included in Regional Interest Panel Considerations

Susbtantial R&D is in progress under the GDE activities in a variety of arenas which have not been discussed at the Regional Interest Panel.  Funding for continued R&D in these areas will also be needed, but is not discussed here. 

· Global systems

· Electron sources

· Positron sources

· Damping Ring R&D 

· RTML

· RF systems

· Beam Delivery System

A large number of GDE activities in progress will also need support. 

· Program direction/admin
· Design/TDR
· Cost studies
· Reserve

5. Summary of funding required for the recommended 2007 plan and 2008 and 2009 strawman plan for Reginal Interest R&D 

Table 5: Summary Of Overall Regional Interest R&D Plan For 2007, And Straw Man Plan For 2008 And 2009

	
	Recommendation
	Straw man plan

	
	2007
	2008
	2009

	S0
	11.5
	26.5
	18.5

	S1, S2
	1.5
	53
	28

	ACD/SRF
	0.3
	3
	3

	10MW Multi-beam Klystron
	1.2
	1.2
	1.4

	Sheet-beam Klystron
	0.8
	1.0
	2.0

	FF S/C Magnet System
	1
	1.8
	1.4

	Site Specific Geotechnical & Layout Evaluation
	1.2
	3+?
	4.5+?

	Total Regional Interest
	17.5
	89.5+?
	58.8+?


Table 6: Summary of Regional Interest R&D Plan by Category

	
	2007
	2008
	2009

	S0 + S1 + S2 Activities
	13.0
	79.5
	46.5

	ACD/SRF
	0.3
	3
	3

	Total other than SRF
	4.2
	7+?
	9.3+?

	Total Regional Interest
	17.5
	89.5+?
	58.8+?
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Professor Maury Tigner

Chair, Linear Collider Steering Group for the Americas

Laboratory for Elementary Particle Physics

Cornell University

Ithaca, NY 14853-5001

Dear Maury:

It is important for DOE and NSF to understand the funding needs for those activities required to support a US bid to host the ILC.  We are pleased that LCSGA has undertaken to review this issue.  This letter outlines what we wish to get from your evaluation.

The DOE has articulated its interest in hosting the ILC in the US at a site near Fermilab.  To make a bid to host successful, there are several needs:  

1. It should be demonstrated that the industrial capability for the large scale, big expense components exists in this country.  In particular, this means showing the capability for producing superconducting rf cavities in US industry, with sufficient throughput, reproducibility and quality assurance to provide a substantial fraction of the ILC need.  

2. The test facilities needed at our laboratories or universities for conducting R&D on cavity production procedures and surface preparation techniques, and to the extent necessary, testing industry-fabricated cavities, should be identified.  The facilities needed to test larger scale strings of cryomodules and rf components should be evaluated.

3. The evaluation of specific site candidates with respect to geology, environmental and safety concerns, site infrastructure, and land acquisition will be required.

4. Test facilities for R&D on other (non SCRF) topics not covered by GDE initiatives or by other nations may be needed.

We ask that your panel provide advice on the desired scope and time scale for these activities and provide an estimate of the expected cost profile of funds needed.

The materials processing and test facilities may quite extensive.  We therefore ask that in evaluating their scope you consider an optimized deployment, including the appropriate use of existing infrastructure and specific expertise at our laboratories and universities.   Your advice on the appropriate role of industry in providing test facilities will be helpful.

The worldwide planning for test and processing facilities is not tightly coordinated at present, but we would appreciate your comments on the relationship of US initiatives to existing or proposed installations elsewhere.  

A crucial aspect of your panel’s advice is articulation of the priority of these US bid-to-host activities, relative to the R&D and technical design work being coordinated by the GDE.  A component of this is the determination, with GDE, of the appropriate boundary between US-specific and global GDE responsibilities.  The relative priority of these two aspects of ILC R&D is important since the DOE ILC budget for FY07 and in the out-years will include both categories of expense, and we must set the appropriate division of effort within the program.  It will be important that you develop a roadmap for US specific expenditures for the full R&D phase of the ILC.

We are not at this time asking for prioritization of the detector R&D effort relative to the accelerator related activities, although this is also an important consideration that should receive attention in the near future.

Please let us know if you need information from us to assist the panel’s deliberations.  Your recommendations will be a key part of our determination of ILC budgets for FY07, so we ask that your report be completed by August 1, 2006.



Sincerely,



Robin Staffin




Joseph Dehmer



Associate Director



Director



DOE Office of High Energy Physics
NSF Division of Physics
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Appendix 3

R1 Definition from Technical Review Committee (TRC): (Greg Loew Panel)
· The feasibility demonstration … requires that a cryomodule be assembled and tested at the design gradient of 35 MV/m

· The test should prove that quench rates and breakdowns, including couplers, are commensurate with the operational expectations
· It should also show that dark currents at the design gradient are manageable, which means that several cavities should be assembled together in the cryomodule

R2 Definition from TRC
· To finalize the design choices and evaluate reliability issues it is important to fully test the basic building block of the linac. 

· This means several cryomodules installed in their future machine environment, with all auxiliaries running, like pumps, controls, etc. 
· The test should as much as possible simulate realistic machine operating conditions, with the proposed klystron, power distribution system and with beam. 
· The cavities must be equipped with their final HOM couplers, and their relative alignment must be shown to be within requirements. 

· The cryomodules must be run at or above their nominal field for long enough periods to realistically evaluate their quench and breakdown rates. 

· Other TRC Remarks

· Establishing the mass production designs (not R&D or near-final design level stuff) of the components and their validation.

· Establishing the mass production capabilities and required expertise within the ILC group(s). 
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1 Introduction

In the following a more detailed work plan will be laid out to achieve the task force goals on the multi-cell cavities
. This document focuses on the planning for 2007. In another document the more general planning will be described. As described there are two basic ways of performing test cycles: the ‘tight-loop’ and the ‘production-like’ efforts. The tight-loop experiments have the main goal to give confidence in processes and procedures during the surface preparation. The procedures will be monitored closely and key parameters controlled. The production-like efforts introduce the added complexity of dealing with factory manu​factured cavities. Thus the full cavity production cycle yield can be determined. 

An additional R&D program, such as on single-cell cavities and sample studies must be focused on the procedures applicable to multi-cell cavities and must provide feedback for the improvement of the preparation processes. Especially the R&D program should include suggestions from the proposal from the TTC
. Sample tests and accompanying surface studies are also needed to follow important process steps.
1.1 Available experimental setups

1.1.1 Today

The main process to yield high gradient cavities is electropolishing (EP) together with high-pressure ultra-pure water rinse (HPR) and 120-130°C ‘In-situ’ bakeout (bake). The exact parameters to be used in the process should be determined during the TTC meeting at KEK in September 2006.

The overall process of cavity preparation includes a large number of process steps with many parameters to be monitored and be adjusted. In order to get sufficient statistics on the processes it is mandatory to perform a reasonable number of preparation and test cycles. The overall resources available indicate that efforts have to be made to increase the overall capacity of cavity preparations and tests. At the same time a more effective use of existing resources needs to be implemented.

Currently, three setups for multi-cell electropolishing are available today: KEK/Nomura, JLab and DESY. The largest available preparation and test capacity will probably be at KEK with about 40 preparations and tests per year. The preparation and test capacity at DESY is needed to a large degree for the ongoing effort to build prototype modules for the XFEL.

1.1.2 Near future

An increase in the preparation capacity especially on the EP and KPR are needed. Existing facilities should be maintained to an as large degree as possible.

In the near future the KEK setup at Nomura will be phased out of operation as the newly built setup at STF will become available. It needs to be assured that during this transition the current large preparation capacity at Nomura/KEK remains intact As the number of multi-cell cavities at KEK is relatively small, but the overall preparation capacity is large it is proposed to send cavities to KEK for treatment (see below).
In addition to the JLab facility a new EP facility will be brought online at ANL/FNAL. The timely installation of this facility is of great importance to increase the overall turnaround on surface preparations. At Cornell a vertical EP facility has been assembled for 9-cells and is presently under test. If this method gives results comparable to horizontal EP it will add to the overall EP capability in the US and increase the number of cavities which can be processed.
In Europe it is expected that industry will be building nine-cell EP facilities for the first (pre-furnace) EP step. This would considerably increase the capacity for the final EP at the existing setup at DESY.

1.2 Available Cavities

1.2.1 Terminology

· TESLA (= TTF 4th production cavities):

· NbTi flanges using aluminum gaskets

· HOM : ‘Mirrored’ geometry, build from tube material, larger antenna port for simpler adjustment

· Magnetic shielding external to He tank
· TESLA (short)

· Identical to above but beam tube length ‘short’ on both sides 

· TESLA-like (KEK version)
· Design to increase stiffness at He tank end plates

· Different coupler port distance

· Flange system using indium seals

· HOM: 1 TESLA + 1 with special geometry to fit frequency tuner, CNCed from full material

· Magnetic shielding in He tank

· ICHIRO (Original KEK ICHIRO design)
· Similar to LL shape

· HOM design not completed

· Larger cut-off tubes

· Stainless flanges using indium seals
· Improved ICHIRO

· ICHIRO center cells

· Very similar to low-loss shape 

· End-groups: new end cells with new geometry and HOM coupler a la SLAC, J. Sekutowicz and KEK
1.2.2 General

The overall number of cavities available for the first phase of the tight-loop experiments (see below) seems sufficient. In order to be able to go to a production-like experiment a larger number of cavities is needed. This is being addressed in the long-range workplan currently being finalized.
1.2.3 Japan

Currently, only 2 ICHIRO cavities are available. The current beam tubes with HOM damping will be replaced by beam tubes without HOM dampers. In 2006 there will be 2 improved ICHIRO cavities will be built. These cavities feature the newly developed end-cell geometry for asymmetric HOM damping (by SLAC , J. Sekutowicz and KEK).
The other existing cavities will be used for STF Phase 1. Another 8 cavities (4 TESLA-like and 4 improved ICHIRO with new HOM damping) are planned to refurbish the STF cavities in STF Phase 1.5. 

The large preparation and testing capacity at KEK could be used more efficiently by adding TESLA cavities to the Japanese R&D program.
1.2.4 Europe

In Europe the production-like operation is underway for the XFEL. About 15 more cavities will be tested from the existing 4th production cycle until the end of 2006. Another production cycle of 30 is being ordered soon.

It seems that a few cavities can be put in use for the ILC. It is worthwhile noting that the effort to make the process more reproducible is important for both the XFEL and the ILC. It is acknow​ledged that the gradient goals for these projects are different (In low-power test: 28 MV/m for XFEL and 35 MV/m for the ILC). 
1.2.5 US

In the US 4 TESLA (ACCEL) cavities are currently being processed. Another 6 TESLA cavities are being fabricated, 4 at AES and 2 at Jefferson Lab. In addition, 14 short TESLA cavities are being ordered (6 from AES, and the remaining 8 from a vendor to be determined shortly). Another 24 cavities are being planned for FY07.

1.3 Nine-cell R&D program - Tight-loop experiments
The very first step is evidently to use the existing cavities to qualify procedures and setups in the labs. It is assumed that necessary diagnostics e.g. HF monitoring and witness samples for process monitoring will be added to all the setups (see section 1.5 ‘Other developments’ below). At this stage all available multi-cell cavities are useful to demonstrate that handling of cavities does not deteriorate field flatness and that the parameters are reproducible in a lab. The goal should be to gain experience in the setups by the end of the year 2006. A database format for the process variables should be developed. A common set of measurements for the cavity tests has already been agreed upon
.

After the initial treatment with a large removal of about 100 um and the 800°C furnace treatment, the basic treatment tight-loop will consist of the three basic processes: Short EP (30um after furnace, then 10-20um), High Pressure Rinse and In-situ bakeout.

Although the basic process is very similar, there is a large variation in the detailed steps. A more detailed analysis is under way and a more detailed proposal will be discussed during the upcoming TTC meeting at KEK. To illustrate the variations some examples are given:

· EP

· Low pressure water rinse to pH or resistivity

· KEK uses hot water.

· HPR

· 0.2um filter (KEK)

· 0.04 um filter (JLab, DESY)

· Assembly with all but bottom flange

· HPR

· KEK 6 hours

· DESY 10 hours

· JLab 16 hours

· Drying

· Evacuation

· Bake

· Temperature

· Time

· Assembly to test stand

· Pumping during cryo cycle

The overall process cycle at KEK is currently very different as the facilities for EP and HPR are at Nomura, whereas the final assembly is at KEK. Currently, the second HPR step is not being done at KEK. With the installation of the STF facilities this will change.

During the phase I testing cycle, each region should identify the best 3 cavities and do at least 3 preparation loops on them. These cavities should then be sent to the other regions for repeated testing and for calibration of the results from lab to lab. Again, three cycles per cavity should be planned. This experiment will allow comparing the different setups without being strongly influenced by cavity production problems. It will give a measure of the gradient yield of the cavity preparation process. For this type of measurements a sufficient set of cavities must be available. As the initial yield in the process might be low at least 20 cavities are needed world-wide. This task should be finished by mid of 2007.

A previously agreed upon data base of testing and preparation parameters will be prepared and closely analyzed to monitor the tight loop operations.

As it is expected that improvements to the cavity preparation steps will be suggested from the parallel single-cell and other R&D programs (see section 1.4 below), in a second phase the same cavities should go through the improved processes and should yield a higher average gradient with a smaller spread in performance thus increasing the yield of the cavity processing.

1.3.1.1 Proposed steps in Japan

At KEK there will be Ichiro-like nine-cells available where the end groups will be changed to simple beam tubes. These cavities are ideal for the setup of the infrastructure. As the flange design is different from the original TESLA and the short TESLA design the exchange of those cavities needs development of transition pieces. 
To make best use of the KEK facilities in 2007 sending 6 TESLA (or short TESLA) cavities from Europe and the US to KEK for tight-loop processing is proposed. A delivery is expected in March 2007. If cavities have been tested, they should perform at a minimun of 25MV/m and not be quench limited. First results on the tight-loop might be expected autumn 2007. A comparison between the performance of TESLA and ICHIRO cavities tested at KEK ( for example using peak electric and magnetic fields) will facilitate the future inclusion of ICHIRO cavity data into the overall statistics of preparation yield.

In addition, the fabrication of another 10 cavities at KEK is proposed for the production-like processing (see below section Error! Reference source not found.). These cavities could be partially used for the tight-loop effort or as exchange for the shipped cavities mentioned before.
1.3.1.2 Proposed steps in the US

The existing cavities should be used to establish procedures at JLab, send 3 cavities to KEK and make the selection of the three best cavities for the tight-loop processing. The first tight-loop experiments will start at JLab in beginning 2007. The infrastructure for testing e.g. variable coupling needs to be made compatible with the current planning of cavity preparations. The cavities destined for KEK will be short TESLA cavities. Delivery of these is expected to begin in May 2007. 

Further cavities would be needed to setup the EP facility at ANL/FNAL. Being a new facility, the EP facility at ANL would be checked out with single cells first. 
1.3.1.3 Proposed steps in Europe

Three lower performing or untested cavities should be sent to KEK as mentioned above.

It is proposed to continue the production-like mode in the ongoing cavity production cycles. The three best cavities should be used for the tight-loop effort. The tight loop effort will also be important to the XFEL program.
1.3.2 Production-like experiments

As said above the tight-loop experiments will allow separating the cavity preparation yield from the overall cavity production yield. But it is the cavity production yield which matters from the ILC project point-of-view. Therefore a production-like measurement with many cavities being fabricated and prepared is needed. 

It is likely to iterate this production-like operation as new cavity vendors need to be qualified for the demanding fabrication process. In addition to this, a certain quantity of cavities is needed for the fabrication of full accelerator modules which eventually are being used in the various test facilities to reach the emerging goals for S1 and S2.
A more detailed proposal is under development and should be available by mid of September 2006.

1.4 Single cell R&D 
The single-cell R&D should aim at improving the nine-cell preparation process. The time the results must be available is October 07 to allow a timely feedback into the nine-cell preparation cycle. If important results become available much earlier the baseline process will be re-visited. Since single cell results tend to have better statistics than 9-cell results, any “ improved treatment”  should be repeated several times and results compared with a baseline single cell treatment which is also established through several tests on the same cavity.

The single-cell program needs to includee the recommnedations of the proposal by the TTC group as mentioned earlier.  Sample and surface studies will continue in co-ordination with single and 9-cell cavity activity. 
1.4.1 Rinsing studies

A special focus need to be the rinsing studies after the EP process. There are several methods of rinsing being pursued. The list gives a prioritised view of the task force:

1. Oxipolishing

a. HF rinsing

2. US degrease

3. Megasonic with water only

4. Ethanol

5. H2O2
It is proposed that at the TTC a discussion is initiated on who would be willing to take over which task. 
1.4.1.1 Proposed steps in Japan

At KEK the ‘fresh acid’ recipe needs to be confirmed. The results on single-cells should be compared to sample studies using standard surface analysis tools. This should finish by end of the year.
1.4.1.2 Proposed steps in the US

A dedicated program with single-cells on the other options of rinsing described in the TTC report namely oxipolishing and alcohol rinsing should be pursued. This program should make use of the one-cell setups available at JLab and Cornell. The results on single-cells should be compared to sample studies using standard surface analysis tools.

1.4.2 Overall preparation recipe comparison
An alternative preparation cycle proposed by KEK includes centrifugal barrel polishing. This method smoothens the welds, and has the potential to reduce the amount of EP necessary. The benefits should continue to be explored.
1.4.2.1 Proposed steps in Japan

It is proposed to compare a sufficiently large batch of cavities with centrifugal barrel polishing with a batch of cavities with the standard process as described in the BCD. This could be done as a follow-up of the study mentioned under ‘Rinsing studies’ (1.4.1.1).
1.5 Other developments
For an improved monitoring of the various preparation processes several diagnostics need to be developed or implemented. Most of these activities should be implemented by mid/end 2007.

1.5.1 Acid monitoring

The quality control of the electrolyte needs further improvement. This is true for both offline measurements between EP cycles and online during the EP process. A standard set of data should include the HF content and the polarization curve amongst others.

Methods for offline acid quality control should be developed in each region and compared to each other. This should be supplemented with niobium sample studies.
1.5.2 High Pressure Rinsing parameters

A method needs to be established to make water rinsing cycles in the different labs comparable.
1.5.3 Cavity measurement
See also:

http://www.linearcollider.org/wiki/lib/exe/fetch.php?cache=cache&media=rdb%3Ardb_external%3As0s1definitions_cavity_tests.pdf
For cavity testing it is important to have the diagnostics at hand. This includes especially the development of a temperature mapping system in each laboratory performing multi-cell tests.

It is a necessity to apply temperature mapping diagnostics to cavities which consistently show poor performance to track down the source of the problems, whether material defects or welds, for example.
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2 Introduction

In the following a more detailed work plan will be laid out to achieve the task force goals on the multi-cell cavities
. This document focuses on the planning for 2007. In another document the more general planning will be described. As described there are two basic ways of performing test cycles: the ‘tight-loop’ and the ‘production-like’ efforts. The tight-loop experiments have the main goal to give confidence in processes and procedures during the surface preparation. The procedures will be monitored closely and key parameters controlled. The production-like efforts introduce the added complexity of dealing with factory manu​factured cavities. Thus the full cavity production cycle yield can be determined.

2.1 Production-like experiments

As said in the document on the tight-loop experiments will allow separating the cavity preparation yield from the overall cavity production yield. But it is the cavity production yield which matters from the ILC project point-of-view. Therefore a production-like measurement with many cavities being fabricated and prepared is needed. 

It is likely to iterate this production-like operation as new cavity vendors need to be qualified for the demanding fabrication process. In addition to this, a certain quantity of cavities is needed for the fabrication of full accelerator modules which eventually are being used in the various test facilities to reach the emerging goals for S1 and S2.
Our ultimate goal is to establish 95% yield for 35 MV/m in a production-like batch of cavities by mid-2009 including at most one repeat preparation and testing cycle.  This translates to an 80% yield goal for the first test.  We adopt a phased approach towards this goal.  The approach is based on a model for yield improvement in 2007 and 2008. The maximum number of cavities planned must be compatible with the maximum preparation and testing capability planned globally.

2.1.1 Phase 1: (till end of 07)

In the fall of 2006 we plan to order a large batch of cavities and, during 2007, apply the best treatments available from the on-going tight-loop and R&D activities outlined above. These production cavities will be treated separately to those cavities ear-marked for the tight-loop activities. Cavities limited by field emission will be re-treated and re-tested until they pass 35 MV/m. Some cavities will be rejected due to low field quench from manufacturing or material defects. Rejected cavities will be targeted for thermometry analysis in order to identify the nature of the material or manufacturing errors. Information from this activity will be fed to the material supplier or the cavity manufacturer in an effort to improve the yield for the next batch of cavities. Successful cavities will immediately pass to cryomodule population for subsequent S1 and S2 activities
.

· A US supply of 24-28 cavities is foreseen by beginning 2007:

· 8 TESLA design cavities have already been ordered from industry. 

· 12 – 16 short TESLA cavities will be ordered in 06 from industry. 

· Jlab will make 4 cavities (2 short TESLA and 2 TESLA).  

· DESY/XFEL

· ~15 out of 30 cavities of the current production are still to be tested

· 30 cavities are on order by DESY for the XFEL and will be delivered around April 2007

· KEK

· KEK requests 10 cavities to be built in 2007 (order April and delivery in October). The shape for these cavities is currently under discussion. 

Therefore it should be possible to obtain a batch of 36 or more cavities globally for this phase. Assuming a fabrication yield of 0.7, and an overall processing yield of 0.4 it should be possible to obtain 24 good cavities after 90 treatment and testing runs.

These 24 successful cavities would be sufficient to populate three cryomodules with cavities > 35 MV/m for S1 in 08 (as required for S1) and one RF unit in 09 (if required by S2).

2.1.2 Phase 2: (till end of 08) 

In the fall of 2007 we plan to order a second, larger batch of 160 cavities. This order will involve new vendors under development. However, at least 128 cavities (80%) should be ordered from vendors who have already qualified to deliver cavities capable of reaching 35 MV/m. We assume a fabrication yield of 0.9 for these vendors, to yield 115 good cavities. For the 32 cavities from new vendors we assume a cavity success rate of 0.5, which will yield 16 good cavities. As before the failed cavities will be sent to a lab to test with thermometry and determine the cause of failure. 

During 2008, these cavities will be treated by improved processes learnt from phase 1, tight-loop program and the R&D program. Therefore we assume an overall processing yield of 0.8 requiring 200 total processing and testing cycles. 

For the yield study, a processing yield of 0.8 means that we can expect a 95% yield after 2 cycles of processing. This is consistent with the goal for the ultimate yield. The statistical error for a batch of 100 cavities is significantly less than the fraction of failed processes. 

With 130 good cavities it should be possible to populate 16 modules in 09 and 5 RF units in 2010 (if required by S2)

2.1.3 Resources needed

2.1.3.1 General timeline

The total number of processes and tests for the two phases (including vendor development) will be about 290. In addition a 100 processing and testing cycles are needed for the tight loop operation, yielding a grand total of 390 process and test cycles. 

Below we estimate the existing and planned global facilities to show that a significant expansion is necessary.

An analysis of the various steps in the preparation and testing cycle shows that it takes 21 working days (or about one calendar month) for a cavity to go through the complete set of operations (see table below). Here we assume that just one set-up is available for each of the operations, such as EP, tuning, 800 C, baking stand, test-stand, etc. and that these facilities are utilized for only one shift per 24 hours.  The rate is limited by the occupation of the test stand which is about 4 days. If the work is done in an assembly line mode, it is therefore possible to treat and test 5 cavities per month. A completely equipped facility can therefore reach a capacity of 60 cycles per year. Accounting for 20% downtime and maintenance time could bring this rate down to about 50 per year. 

	Degrease & EP 100-120 um
	3 days

	HPR 
	1 day

	Drying 
	1 day

	H-removal, 600 – 800 C 
	3 days

	Tune field flat 
	1 day

	EP 20-30 um and degrease
	1 day

	HPR 
	1 day

	Dry 
	1 day

	First stage assembly & HPR 
	1 day

	Dry 
	1 day

	Final assembly to test stand, evacuation 
	2 days

	120 C bake on bake stand 
	2 days

	Attach to test stand, evacuate 
	1 day

	Cold test, warm up 
	3 days

	Total:
	21 days (4 weeks)


Table 1:  Prep and Test Cycle: Modeled After DESY Procedure Described by Matheisen, 1st ILC Workshop @KEK 2004. The details in the processes vary between the various laboratories.

2.1.3.2 Testing

If KEK, DESY and Jlab can provide this test rate, for 07 and 08, it will give the total number of cycles available to be 300. But there are other projects competing for the same resources at these labs. At DESY the main project will be XFEL, at JLAB it is the upgrade and at KEK it is the drive to demonstrate ACD goals (ICHIRO cavities). In addition, there is the need to carry out single cell tests for developing improved techniques. Clearly we will need to increase this capacity by a substantial number to fulfill all needs.

Therefore it will be very important to push forward as rapidly as possible on plans to install additional capabilities at other labs. Argonne has plans to bring on a new EP and Fermilab has plans to bring on line a new vertical test capability. These should be operational in tandem by mid 2007, yielding 1.5 years x 50 cycles/year  = 75 additional cycles. Cornell is working on bringing a vertical EP facility on line. If this gives comparable results to the horizontal EP facility, it will add 12 cycles x 2 years = 24. 

It will also be important to add more test stands and/or more shifts at existing or soon to be finished facilities. Adding a second test stand at Jlab and KEK by mid 2007 will increase the rate by 100 cycles/year x 1.5 years = 150. The grand total of all these efforts approaches the required 550 cycles in two years. Of these 390 cycles will be required for the S0/S1 efforts. 

The need to diagnose defective cavities can take place at other facilities. LANL has core SRF capabilities and a proposal to HPR and test cavities that get EP elsewhere, for example at Argonne or at Jlab. LANL could be a location for analysis of failed cavities with thermometry. MSU has also core SRF capabilities, and could be developed as another site for testing with thermometry diagnostics. 

2.1.3.3 Next generation infrastructure

2007 will be a year of intense activities on cavity preparation and testing, standardization of recipes, and improvements of procedures. As our knowledge and experience mature through these intense activities, it would be appropriate to begin planning for the next generation of preparation and testing infra-structure that would incorporate improvements as well as begin a scaling up in preparation for the pre-production phase of ILC. 

In this context, it is instructive to examine the “preparation activities” for CERN LHC construction. The LHC requires 1200 cryomodules (15 m long) as compared to the ILC’s 2000 modules (12 m long).  There were three stages of preparation before launching a sizable “pre-construction” series of 90 modules.

· Stage 1: After design and modeling work at CERN, 3 prototype coils were built in industry and modules assembled and tested at CERN. 

· Stage 2: Vendors assembled 9 modules (3 per vendor) at CERN using facilities installed at CERN. 

· Stage 3: Vendors then manufactured a total of about 20 modules (7 per vendor).  About 6 of these were fully tested (2 per vendor).  

In all, a total of 32 modules were prepared by the CERN/industrial collaboration before launching the pre-series.  After these preparatory activities, the “pre-construction” series consisting of 90 modules by 3 vendors was successfully finished over a 2 year period. 

One concept for scaling up the next generation infrastructure could therefore be modeled on the CERN preparation activities of 32 modules, which would require preparation and testing for 256 cavities. 

The ongoing effort of the XFEL module production will serve as an important basis in the ILC production effort. Industry has already been invited to participate in the assembly of XFEL accelerating modules for training. This will result in a study including suggestions to improve the processes towards being the basis for the assembly in industry. Afterwards industry will start to build the first prototype modules. The natural development will be the production of 100 XFEL accelerating modules by 2013.  The sooner the ILC couples into this process, the more the benefit will be for both XFEL and ILC.

2.2 Addendum

2.2.1 Explanation of Cavity Names

· TESLA (= TTF 4th production cavities):

· NbTi flanges using aluminum gaskets

· HOM : ‘Mirrored’ geometry, build from tube material, larger antenna port for simpler adjustment

· Magnetic shielding external to He tank
· TESLA (short)

· Identical to above but beam tube length ‘short’ on both sides (symmetrical ends)

· TESLA-like (KEK version)
· Design to increase stiffness at He tank end plates

· Different coupler port distance

· Flange system using indium seals

· HOM: 1 TESLA + 1 with special geometry to fit frequency tuner, CNCed from full material

· Magnetic shielding in He tank

· ICHIRO (Original KEK ICHIRO design)
· Similar to LL shape

· HOM design not completed

· Larger cut-off tubes

· Stainless flanges using indium seals
· Improved ICHIRO

· ICHIRO center cells

· Very similar to low-loss shape 

· End-groups: new end cells with new geometry and HOM coupler a la SLAC, J. Sekutowicz and KEK
[image: image4.emf]
Table: Overview on planned ILC cavity R&D activities today. This list serves as a basis for further proposals from the task force. As outlined in the text it is proposed to increase the number of cavities from 2008 significantly.  

 Appendix 5 

Minutes of the ILC klystron R&D meeting held at DESY on May 12th, 2006.
Present : for the RDB: E. Elsen (DESY), T. Garvey (LAL), H. Hayano (KEK), 

                                     T. Himel* (SLAC), M. Ross (SLAC).

               Experts :       S. Choroba (DESY), Fukuda-san (KEK).

               For SLAC:   C. Adolphsen, E. Paterson.

* by telephone.

In order to provide advice to Gerry Dugan (America’s Regional Director for the GDE) on priorities to support in the domain of klystron development for ILC, Bill Willis (RDB Chairman) asked T. Garvey to organise a meeting with klystron experts in order to have their opinions.  The request for funding on klystron development essentially comes uniquely from SLAC. 

The SLAC program concerns two items; (i) the development of a L-band “sheet-beam” klystron with the potential for costs savings of 50% w.r.t. the BCD choice, (ii) the procurement of L-band klystrons. The L-band klystron procurement can be divided into two activities; (a) development of 10 MW multi-beam klystrons with CPI and Toshiba (in collaboration with KEK), (b) the purchase of 5 MW single-beam klystrons with a higher efficiency (70% rather than the current 42%) than the time-served 5 MW Thales tube.

It is worth noting that C. Adolphsen declared no personal priorities among these different activities. He added however that by the end of FY07 SLAC would have three test sockets available and wished to have tubes to use with them.

On the subject of MBK developments, S. Choroba (who arguably has the most experience of MBK work amongst personnel from the national labs), was extremely enthusiastic at the prospect of SLAC starting a development program with CPI. Fukuda-san also welcomed this idea. Although DESY has already had a contract with CPI for an MBK klystron it was felt that this would still be very worthwhile. C. Adolphsen added that it was important to accumulate running-hours with MBK tubes at 10 MW, whereas the first phase of the European XFEL requires the tubes to be operated at ~ 5 MW only. No concern was shown over the problem of production capacity of CPI should they work for both DESY and SLAC (a similar remark could be said for Toshiba who will produce tubes for KEK and possibly also for DESY). However, the time required to test the klystrons is of concern and the question of finding test installations was raised. SLAC offered to perform factory acceptance tests of CPI tubes produced for DESY at the SLAC site. KEK also offered to test Toshiba tubes for DESY at KEK. S. Choroba welcomed this initiative (in a post-meeting comment S. Choroba noted it would be a decision of the manufacturer’s whether or not to accept the offers of acceptance testing at SLAC and/or KEK). Depending on requrest for quotations, DESY may soon order MBK’s from any or all three companies

Following the discussion there was a general consensus that SLAC should proceed with their plans to develop an MBK with CPI.

DESY plan to obtain, in the near future, an MBK which would be mounted horizontally. SLAC felt that they would do as DESY. Although, from an RF point of view, the tubes are the same whether they are operated horizontally or vertically, it is clear that there may be new mechanical difficulties to resolve when the tubes are horizontal. It was noted that perhaps SLAC should begin with the conservative choice of a vertical MBK which would allow them to accumulate running-hours and test other RF components. They could then benefit later from DESY experience with the horizontal tubes.

T. Himel noted that it would be useful to have some inter-regional co-ordination between the laboratories on this MBK work. Nevertheless, S. Choroba underlined that the DESY call for tenders is already complete and that they could not change things for their next purchase.

The idea of developing higher efficiency single beam klystrons was clearly stated by SLAC to be a fall-back solution in case the MBK tube could not be made to work reliably. It should be stated that prior to the meeting S. Choroba had made a presentation on the XFEL RF system during which he underlined the problems that still exist with the Thales tubes. Despite this, he was very insistent that the MBK difficulties would be resolved and resolved rather soon. Although he gave no arguments to justify this conviction one is led to believe it is supported by information provided to DESY by their industrial partner(s). E. Paterson added that expert SLAC engineers were also highly confident that an MBK could be made to work reliably (although not necessarily the Thales design). Given these comments the RDB members and experts were inclined to feel that the cost of development and purchase of high efficiency single-beam tubes should be accorded rather low priority, if at all justifiable.

The arguments for developing sheet beam klystrons (SBK) are related to potential cost savings. C. Adolphsen argued that, should one want to be in a position to choose between the MBK and the SBK in a number of years from now, it was necessary to start development immediately. The long development time of the MBK is a clear example of this. E. Paterson showed concern for the potential loss of klystron expertise at SLAC if the R&D on the SBK is delayed. Feelings were rather divided between members of the RDB about the importance of beginning this work in FY07. 

To summarise, the order of priorities which emerged from the meeting was as follows (i) MBK klystron development, (ii) SBK development, (iii) high efficiency single-beam tubes.

The ‘level’of  priorities would be given by the RDB at their meeting of 13th May.

The meeting ended with a presentation, by Fukuda-san, of plans for development of a 36 beam klystron in Japan (not supported at the moment by ILC funds). S. Choroba was unable to stay to hear this presentation.










T. Garvey,










Orsay, 24th May, 2006.
�For the goals see : � HYPERLINK "http://www.linearcollider.org/wiki/lib/exe/fetch.php?cache=cache&media=rdb%3Ardb_external%3As0s1definitions_final.pdf" ��http://www.linearcollider.org/wiki/lib/exe/fetch.php?cache=cache&media=rdb%3Ardb_external%3As0s1definitions_final.pdf�





�For the TTC Proposal see: � HYPERLINK "http://www.linearcollider.org/wiki/lib/exe/fetch.php?cache=cache&media=rdb%3Ardb_external%3Attc_proposal17jan2006.pdf" ��http://www.linearcollider.org/wiki/lib/exe/fetch.php?cache=cache&media=rdb%3Ardb_external%3Attc_proposal17jan2006.pdf�





� For the descriptions of the measurements see: � HYPERLINK "http://www.linearcollider.org/wiki/lib/exe/fetch.php?cache=cache&media=rdb%3Ardb_external%3As0s1definitions_cavity_tests.pdf" ��http://www.linearcollider.org/wiki/lib/exe/fetch.php?cache=cache&media=rdb%3Ardb_external%3As0s1definitions_cavity_tests.pdf�





�For the goals see : � HYPERLINK "http://www.linearcollider.org/wiki/lib/exe/fetch.php?cache=cache&media=rdb%3Ardb_external%3As0s1definitions_final.pdf" ��http://www.linearcollider.org/wiki/lib/exe/fetch.php?cache=cache&media=rdb%3Ardb_external%3As0s1definitions_final.pdf�





� For the description of the cavity names, please refer to the addendum.





�Did I correctly interpreted the meaning these numbers?


�Hasan: Where do we find this report?





