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Introductory Remark

The Committee would like to thank all the presenters for the very interesting and excellently prepared presentations.

General Comments

The long range plan for Fermilab, as prepared by the Fermilab Long-Range Planning Committee, was presented to the Committee by Steve Holmes. It identifies two possible visions for the laboratory in 2015:

1) A linear collider nearing completion in northern Illinois with Fermilab as host laboratory, and Fermilab established as a (the) world center in the physics of the energy frontier for decades.

2) A linear collider elsewhere, or delayed, with Fermilab serving as a world center of excellence in neutrino physics.

The clear direction that this plan provides for Fermilab is very helpful to guide the present R&D efforts. The goals are well set but, of course, depend strongly on events that are not under direct control of Fermilab; namely the LC technology decision to be forthcoming from ITRP by the end of this year and future decisions of whether to start construction and where to site the linear collider. In this challenging environment further careful planning will be helpful, in particular concerning the response to the upcoming technology decision.

The Committee feels that the presented efforts on the linear collider R&D, for both the warm and cold option, are of excellent technical quality and at the appropriate level in light of the upcoming technology decision. In particular, Fermilab is to be congratulated for the success in the production of the first X-band structures that meet the ILC-TRC R1 (International Linear Collider - Technical Review Committee Rank 1) requirements.

The next step in the very active field of neutrino physics will require a very intense neutrino beam produced by a megawatt-level proton beam commonly referred to as “neutrino super-beam”. The long-range plan calls for a new proton driver to provide a 2 MW, 120 GeV beam from the Main Injector. It would consist of either a 600 MeV linac and a 8 GeV Rapid-Cycling Synchrotron or a full energy 8 GeV super-conducting linac. The first option has been developed a while ago using proven technology. The new option of a 8 GeV s.c. linac is very exciting and ambitious and has clearly many additional capabilities and applications. Such a new, very powerful proton machine would be the appropriate future centerpiece of the Fermilab proton accelerator complex.

Pursuing these two proton driver options is appropriate for now as there is still significant R&D required for a realistic and cost effective design of the 8 GeV s.c. linac option. The Committee strongly endorses the plan to prepare a technical design report for this option including a study of beam-dynamics issues that is at the same level as already exists for the RCS (Rapid Cycling Synchrotron) option. It also strongly supports timely completion of the necessary R&D in support of the Technical Design Report for the 8 GeV s.c. linac option.

The Committee was also presented with an interim plan to provide adequate proton intensities to the presently approved experiments over the next ten years. The plan consists of various Booster and MI upgrades and is being prepared  in the same projectized manner as the RUN II upgrades were developed. The Committee feels that the scope of the plan should be expanded to lead naturally to either a future with or without a proton driver but in either case preserve the world leading proton accelerator capabilities of Fermilab.

1. Proton Plan

The Proton Plan is in preparation for release during the summer. At this stage of preparation we would like the committee’s views on:

 

Do goals appear well defined and credible?

For the next few years the goals in proton delivery capability are well defined. A major new demand will be to provide protons to NuMI with an additional demand to achieve the MiniBoone stretch goal. The proton delivery performance goal of achieving 11e16 p/hr appears well within reach. Achieving 16e16 p/hr for the MiniBoone Stretch number depends on a number of positive improvements summing up to this higher performance level, which rely strongly on the effectiveness of the new beam collimation system in the booster and the ability to reach a significant fraction of the theoretical collimation efficiency. Nevertheless given the uncertainties at present this stretch goal appears possible.

Beyond the next 3 years the goals appear to be less well defined.

 

Is the approach effective?

The short term approach appears to be well thought out. We were clearly presented the goals, priorities, present actions, and plans. The committee would like to commend the effort in modeling the booster and the positive results it has generated. The new collimation system in the booster with a theoretical efficiency of 30 is already helping to concentrate and contain the losses; however, continuation of a systematic program aimed at the reduction of losses should continue to be vigorously pursued. Other areas that are being pursued such as the alignment of the rf cavities and studies regarding the addition of two more rf cavities, improvements in the injection bump, and studies toward the addition of a second harmonic component to the ramp should also prove effective in FNAL’s goals to deliver more proton per hour.

Albeit less critical the same positive focus being given to the booster is also clearly visible on the main injector. Improvements to the MI instrumentation will pay dividends in the future. The bunch-by-bunch feedback system is clearly working very well and has allowed for operation at significantly reduced chromaticity. Also, continued work on longitudinal phase space manipulations in pursuit of achieving higher delivered charge is also appropriate at this time.

Effectiveness on a longer time scale will require setting clear requirements and goals.

 

What are the primary technical risks and their potential impacts?

Reliability Risks

The risk associated with the linac was mentioned but not assessed. It is clear that it does represent some risk to long-term operation over the next 10 years even though tube production has been restarted.

Radiation Level

The observed collimation and localization of losses in the booster is sufficient to reach the short-term goals; however, the potential to reach higher proton delivery critically depends on the effort invested in both loss control and mitigation.

At present the envisioned radiation level in the MI does not appear to be a major risk.

How can the plan be improved?

The short term plan appears to be well thought out. The committee can only recommend that additional attention be directed towards the Gamma-t jump system in the booster and to the implementation of the rf upgrade as well as continued detailed study of the harmonic ramp system.

In the medium and longer term, the proton plan would certainly benefit from a clarification of its goals and relationship to the two visions presented in the Fermilab Long-Range Plan. This would provide an extended framework for actions already initiated. It may also clarify avenues of study directed towards the Proton Driver or other proton program upgrades. Examples could be

· Detailed studies of the ultimate efficiency limit of the two-stage collimation system

· Systematic studies of loss mitigation beyond the short-term requirements in both the booster and main injector.

 

2. Proton driver 

The Committee was presented with an overview of the exciting opportunities in neutrino physics that a new multi-megawatt proton driver (PD) would make possible. Such a long baseline neutrino program would be a natural extension of the present world-leading neutrino physics program at Fermilab. This is the primary motivation for a new proton driver, even though such a proton driver could also enable many other operational capabilities and applications.  

The Committee was presented with two options for a future major upgrade of the proton capabilities of the Fermilab accelerator complex. Both options aim at about 2 MW proton beam power at the Main Injector energy of 120 GeV and can also deliver at least 0.4 MW beam power at the Proton Driver energy of 8 GeV.

The first option consists of a new 600 MeV Linac, located in the enclosure of the present linac, and a new 15 Hz rapid cycling synchrotron. This design was presented at the last AAC meeting. It is very sound and essentially complete. 

The second option consists of a superconducting Linac that directly accelerates H- beam to the Main Injector injection energy of 8 GeV, eliminating the need for a rapid cycling synchrotron. The two key risk factors of this option are uncontrolled stripping of the 8 GeV H- beam and the potentially high cost of the 8 GeV superconducting linac. 

Significant progress was reported in the design of such a proton driver. R&D started on high-power phase-shift tuners, which will allow for a single high-power klystron to power multiple cavities even in the low energy sections of the linac. This is important to reduce cost. The Committee was also presented with initial estimates of H- stripping rates in the high-energy transfer line and injection into the Main Injector. All magnetic fields used for the transport are planned to be less than 600 Gauss. The value for the maximum allowable field will have to be validated by more accurate predictions for H- stripping rates.

The Committee again strongly supports the plan to develop a detailed Technical Design Report for the s.c. linac option that, in particular, addresses the following issues:

1. Magnetic stripping of H- during the high-energy beam transport.
2. Detailed “end-to-end” beam transport calculations with a significant number of particles in the tracking to estimate halo development and subsequent beam loss. This is of particular importance if it is decided to use 1.3 GHz cavities that have a smaller beam aperture. A collimation scheme should also be developed.
3. Development of fast high-power phase-shifters
Both proton driver options require an upgrade of the Main Injector to allow for an increase of the intensity from the present 3e13 to 15e13 protons per cycle and also reduce the cycle time from 1.9 seconds to 1.5 seconds. A study program of the needed upgrades has started. The upgrades include all the standard tools and equipment for high intensity synchrotrons such as injection painting with an appropriate H0 dump, high-frequency chopping of the H- beam, transition energy jump system, collimation system, and high power rf system. Special attention should be given to the collimation system. The newly installed collimators in the Booster can serve as a test bed for developing the design of MI collimators.

Since both proton driver options will be capable of delivering 0.4 MW beam power at 8 GeV it will be possible to deliver close to 2 MW at energies between 40 and 120 GeV with the same Main Injector ramp rate. This capability would be very useful to optimize the neutrino energy spectrum for long baseline neutrino experiments. However, a 2 MW beam at 40 GeV will require 400 kW beam power at injection, which is three times higher than for 2 MW at 120 GeV. Losses and collimation efficiencies should be analyzed for this more demanding scenario.

3. Linear Collider R&D

The committee was asked to review and comment on the linear collider R&D program at Fermilab with focus on the effectiveness of the program to date, on planning to allow the Fermilab program to proceed expeditiously following the technology decision expected later this year, and on possible new or expanded directions for the program. 

Since the last meeting of the AAC, significant progress has been made in both normal conducting and superconducting linear collider R&D.   With the successful production of the first X-band structures meeting the R1 specifications defined by the ILC-TRC, Fermilab has clearly demonstrated  technical expertise in the area of normal conducting  rf structure technology.  In addition, continued research in areas of cold rf structure design and the extension of efforts to include studies of critical accelerator physics issues have proceeded at an impressive pace.  These developments should provide a solid frame of reference for future LC activities at Fermilab following the technology decision expected later this year. 

effectiveness of program to date 

The recent advances in warm rf structure development by Fermilab have been not only extremely successful but also imperative for the NLC/GLC effort given the imminent technology decision. Following years of accelerating structure design work  by the NLC/GLC collaboration and months of eager research into the problem of rf breakdown in these NLC structures, several of the new Fermilab FTC-series structures operating at 60 Hz have demonstrated for the first time accelerating unloaded gradients of 65 MV/m with an rf breakdown rate of less than 0.1/hour as required for demonstration of the ILC-TRC R1 criterion.   The rf-breakdown problem was solved to a large extent by FNAL initiatives in new designs for the waveguide input couplers.  These achievements demonstrate unambiguously the valuable in-house technical expertise that has been developed at FNAL in the design and construction of normal conducting  accelerating structures.  

Near-term plans for further technological developments in normal conducting linacs were presented including the design and analysis of  the structure HOM extraction couplers (FXD-series), the “fat-lipped” input coupler design (FXE-series), girder R&D including vibration studies, and the design and construction of a prototype girder support.  The committee endorses these plans as a natural extension of the work completed so far in development of in-house expertise in normal conducting linear accelerator design initiatives. 

The Committee commends the initiation of accelerator studies undertaken in the direction of beam dynamics modeling for the main linac, which is of critical interest for both the warm and cold technologies.  Studies of  low-emittance beam transport were presented for the case of the NLC/GLC linac while similar analyses for the TESLA linac are planned. The Committee strongly encourages this effort and notes that significant contributions in this area could have positive influence in support of Fermilab’s interest in becoming the host laboratory for the LC.  

With regards to superconducting linear accelerator R&D, FNAL has also initiated studies in the area of the somewhat controversial TESLA dog-bone damping ring.  A meeting was held at FNAL with participants from 7 laboratories to define the relevant issues. We were presented briefly with innovative new designs which feature a significantly shorter total circumference (factor ~3) which would enable a staged commissioning of the TESLA LC.  Accelerator optics and beam stability studies are being carried out in collaboration with ANL and LBNL for a design with a present circumference of about 6 km.  The Committee supports the goal of completing the design and the costing of this small damping ring version of the TESLA damping ring. 

As was pointed out, a critical issue for the short (and the long) damping ring design are the injection and extraction kicker systems.  Several innovative new schemes were (very briefly) presented.  The Committee suggests that the relative trade-offs in the new kicker designs be evaluated and supports the prototyping and testing of the chosen scheme possibly as part of an engineering test facility.  The Committee would also like to suggest that for overall planning purposes milestones with time estimations for this project be identified. 

In a new multi-institutional collaboration led by Fermilab, significant progress has been in the design and manufacture of superconducting rf structures in R&D aimed presently towards the construction of two SC 3.9 GHz rf structure concepts (the “CKM” TM110-mode and the “third harmonic” TM010-mode structures). In both cases fundamental manufacturing steps were performed including material quality control, stamping, EB welding (by industry), BCP acid etching (by JLab), and high pressure rinsing.  Initial tests with fewer-cell test variants are ongoing with initial results not unusual at this early stage of R&D in SC rf structure fabrication.  Design and fabrication of the cryovessels is also beginning. The Committee feels that the next steps as presented are logical and supports further studies aimed towards reaching the structure design parameters. The Committee feels that these developments and the additional studies presented including R&D with Piezo-tuners, RRR measurements,  and microscopy are consistent with Fermilab’s effort to build SRF expertise for the LC. 

LC R&D and accelerator physics studies have progressed with usual impressive performance and laudable cost-effectiveness at the FNPL.  A summary of the last 5 months was presented demonstrating improvements in the understanding of beam dynamics issues including  measurements of bunch compression versus laser timing and rf cavity phasing obtained from the two-macroparticle experiment and new analyses of the round-to-flat beam transformation.  Improved beam diagnostic methods that enhance present understanding and/or should facilitate further beam dynamics experiments include a time-of-flight measurement as a cross-calibration of the beam energy at the exit of the electron gun, sub-picosecond measurements of the bunch length, and improved resolution in the measurement of the vertical beam emittance.  Beam physics experiments in plasma-wakefield acceleration and plasma-wakefield generation of electrons and plans for the FNPL upgrade were also presented.  The upgrade plan includes the use of  the new 3.9 GHz cavities  thus offering the opportunity for direct testing of the Fermilab-based SC rf structures in a beam environment. 

The Committee feels that further studies of the flat-beam transformer should be vigorously pursued to better understand its theoretical (including space charge effects) and practical limitations.  In addition, the Committee suggests that continued progress on the polarized rf gun be given higher priority as these studies would constitute a critical contribution to the LC effort.

planning to allow the Fermilab program to proceed expeditiously following the technology decision expected later this year

The Committee feels that the presented technical and scientific efforts on linear collider R&D are well defined and appropriate on the time scale of the upcoming technology decision.  As part of the Fermilab program, the committee encourages clear definition of plan in one or more engineering test facilities (ETF).  With regards to the NC technologies, the committee concurs with the plans to finish the prototyping of the FXD- and FXE-series rf structures, the continued work on girder and vibration studies, the study of industrialization of the structures, and the procurement of one or more 11.3 GHz klystrons to enable in-house testing of the structures.  In the latter two cases, the committee suggests that the goals be identified to enable a quick start should the ITRP decide on the warm LC.  Regarding SC technologies,  the committee supports strongly the idea of a structure test facility, as being discussed in the recently established consortium between laboratories and universities.  We note also that design and construction of a SC linac-based proton driver at FNAL would significantly increase  FNAL’s expertise in both the areas of SC technologies and beam physics. 

The committee recommends that FNAL continue to  further develop its scientific expertise in linear collider-based accelerator physics.  In particular, the Committee strongly supports enhanced efforts in accelerator studies in the chosen focus areas of the main linac and damping rings.  Such efforts are considered an excellent investment of resources independent of the technology decision  with both near and far term benefits.  Establishing enhanced leadership in these areas should strongly support the FNAL case as host for the LC. 

In preparation for the site-selection, the committee strongly supports all ongoing efforts in site studies.

possible new or expanded directions for the program
Demonstrating engineering expertise at FNAL in validation of FNAL’s desire to serve as host laboratory is showing strong and steady progress.  On the other hand, the committee believes that the scientific expertise with regards to accelerator beam dynamics issues should be strengthened.  The committee feels that the potential FNAL has to offer in this respect is substantial and is not yet fully exploited at this time. 

Already in the near-term, should the ITRP decision be for normal conducting technology, the committee suggests that the reproducibility of the warm rf structure design be carefully analyzed and acceptance criteria be specified in the context of the industrialization process. 

Should the ITRP decision be for superconducting technology, we note that the capabilities of US industries for  producing the rf structures as developed by the TESLA collaboration are limited.  The Committee proposes that FNAL consider assuming leadership in developing industrial contacts both within and outside the US with possible new collaboration partners as this may have positive impact on future funding and siting decisions.

Appendix

Charge to the Committee 

Fermilab Accelerator Advisory Committee

May 10-12, 2004 Meeting

Charge (Draft Rev. 2)

The spring 2004 meeting of the Fermilab Accelerator Advisory Committee (AAC) will focus on accelerator R&D activities aimed at Fermilab’s long term future as reflected in the recently released Ferrmilab Long Range Plan. These activities include preparation of a “Proton Plan” aimed at supporting proton demand over the balance of the current decade, development of technical designs and cost estimates for a Proton Driver, and R&D aimed at establishing an international linear collider.

The AAC is specifically asked to review and comment on the following aspects relative to the material presented:

1. Does the committee view the programs described as well aligned with the vision presented in the report of the Fermilab Long Range Planning Committee (FLRPC) in terms of goals, execution, and future plans?

2. Proton Plan: This plan is in preparation for release during the summer. At this stage of preparation we would like the committee’s views on:

· Do goals appear well defined and credible? 

· Is the approach effective? 

· What are the primary technical risks and their potential impacts?

· How can the plan be improved?

3. Proton Driver: The proton driver group has been issued a specific charge from the director for work over the upcoming year. The charge asks for further development of design concepts for a superconducting linac-based proton driver, followed by a common basis cost estimate of the linac and synchrotron. We would like the committee’s views on the following:
· Is the linac concept is being developed in an effective direction?
· What are the primary performance risk elements within the linac concept and is adequate attention being applied? Are elements requiring future R&D identified correctly?
· Are there elements of the synchrotron design deserving of more focused R&D?
· Are Main Injector upgrade requirements understood?
4. Linear Collider: The linear collider group has been issued a specific charge from the director for work over the coming year. We would like the committee’s views on:

· Effectiveness of the program to date?

· Is adequate planning in place to allow the Fermilab program to proceed expeditiously following the technology decision later this year?

· What in the committee’s view would be the most effective new or expanded directions this program could move into?

· Does the overall balance make sense? 

As usual the committee is invited to issue comments or suggestions on any aspect of the programs discussed beyond those specifically included in this charge.

In order to provide a framework for the presentations and subsequent discussions the report of the FLRPC will be made available in advance to the committee, and a presentation will open the meeting.  

It is requested that a concise report responsive to this charge be forwarded to the Fermilab Director by June 17, 2004. Thank you.

Fermilab Accelerator Advisory Committee

Agenda

May 10-12, 2004

Comitium, Wilson Hall 2SE

Revision 15-April-2004

Monday, May 10

8:30
Executive Session – Roser (20 minutes)

8:50
Welcome and Presentation of Charge – Holmes (10 minutes)

The Fermilab Long Range Plan

9:00-9:35
Report from the Fermilab Long Range Planning Committee – Holmes

9:35-9:50
Discussion

9:50-10:05
Break

The Proton Plan (Organized by Eric Prebys)

10:05-10:25
Overview: Projected proton needs and major issues in the Linac/Booster – Prebys 

10:25-10:45
Main Injector issues and plans – Marchionni

10:45-11:05
Status of near term Linac/Booster projects – Lackey

11:05-11:25
Summary of the Current Plan: Timeline and decision points – Prebys

11:25-11:40
Discussion

Proton Driver (Organized by Bill Foster)

11:40-12:00
FLRPC Proton Driver recommendations and Charge to working group – Kephart

12:00-1:00
Lunch

1:00-1:25
Physics Opportunities with an Intense Proton Source – Geer

1:25-2:10
Proton Driver Technical Descriptions – Foster 

2:10-2:30
Main Injector Upgrades for 2 MW operation – Chou

2:30-2:45
H- Stripping and Transfer Line Design – Drozhdin

2:45-3:00
Break

3:00-3:20
Energy Stability Resonance Control in SCRF linac – Huening

3:20-3:40
Organization and Work Plan – Foster 

3:40-3:55
Discussion

Linear Collider R&D (Organized by Shekhar Mishra)

3:55-4:45
Overview of the Linear Colllider Accelerator R&D at Fermilab – Mishra

4:45-5:00
Discussion

5:00-6:30
Committee Executive Session


Requests for supplementary or breakout presentations on Thursday

7:00
Dinner at Chez Leon

Tuesday, May 11

Linear Collider R&D (continued)

8:30-8:50
Study of Low emittance beam transport in NLC Linac – Ranjan

8:50-9:10
Alternate Design for the TESLA Damping Ring – Gollin

9:10-9:30
Production of flat beam and other accelerator physics activities at FNPL – Piot

9:30-10:00
Production and results of the X Band rf structures – Carter

10:00-10:30
Design, Production and Testing of the SRF cavities and couplers – Solyak

10:30-10:45
Break

10:45-12:00
Supplementary presentations and/or breakout discussions as requested by the committee. Committee Executive Session

12:00-1:00
Lunch

1:00-5:00
Supplementary presentations and/or breakout discussions as requested by the committee. Committee Executive Session

Wednesday, May 12

8:30-11:00
Committee Executive Session

11:00-12:00
Closeout (60 minutes) 
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