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GOALS

The overall goal of the accelerator R&D program at Fermilab is to provide for effective utilization of the existing complex, while simultaneously preparing for construction of a new forefront facility at Fermilab.

(
Runs II and IIb

(
NuMI

(
MiniBoone

(
120 GeV Test Beams

(
Future experimental initiatives pending approval

(
LHC accelerator – U.S. contribution

(
New Proton Source

(
Neutrino Factory (and/or Muon Collider)

(
Linear Collider

(
VLHC

(
Advanced Accelerator R&D (A-0 Photoinjector)
(
How to establish an appropriate balance between all these activities, in the presence of finite resources, is the hard part.

R&D AIMED AT THE EXISTING COMPLEX

Despite what one might guess, there are actually significant connections between R&D performed in support of the existing complex, and R&D aimed at the longer term future.

(
Permanent magnet technology developed during the Main Injector project may find application in linear colliders.

(
The Neutrino Factory Study benefited significantly from knowledge gained during the NuMI target development.

(
The development of transverse deflecting superconducting cavities operating at 3.9 GHz for a separated K beam, as required for CKM, would build on expertise developed at Fermilab as part of our contribution to the TESLA Test Facility.

(
Construction of new interaction region at C-0, as required for BTeV, would be a direct outgrowth of our work on the low beta quadrupoles for LHC.

(
The development of high field dipoles as part of superconducting magnet R&D program offers opportunities for creation of free space in the Tevatron for a variety of purposes.

R&D AIMED AT FUTURE FACILITIES

Possibilities for new facilities have been discussed since the Snowmass’96 meeting. Looking back we can identify significant progress:

(
U.S. participation in the LHC construction project has provided the impetus for reinvigorating the national superconducting magnet program

(
The Muon Collider is now seen as farther off than it was a few years ago. Serious looks at a Neutrino Factory have established basic feasibility and identified (significant) R&D required for realization.

(
The NLC has developed a complete design concept and an initial cost estimate that is generally regarded as too high. R&D is focused on identifying cost reductions and energy upgrade possibilities.

(
Meanwhile, TESLA is making good progress on superconducting cavities and is moving toward release of a proposal at the end of the year.

(
Intriguing staging scenarios have been developed for a VLHC, while superconducting magnet R&D is moving towards fabrication of the first round of model magnets.

Neutrino Factory

Jocelyn Monroe has described the Neutrino Factory Feasibility Study recently completed at Fermilab. Our interpretation of the report is that:

(
A neutrino factory based on a stored muon beam of 20-50 GeV, providing ~1020 decays/straight section/year is technically feasible. 

(
Cost drivers are the RLA’s and cooling channel.

(
A very serious and wide ranging R&D program will be required to realize such a facility.

(
While the report is nominally based on a Fermilab site, the overwhelming majority of the information in the report is independent of site.

(
The report, along with its companion physics report, identify real opportunities for staging within such a facility.
(
This study is being followed up by a second generation study sponsored jointly by the Brookhaven director and the Muon Collaboration.

Fermilab’s Role in the (Inter)National Effort 

Fermilab will be participating within the Muon Collaboration in the ongoing R&D program. We would like to concentrate our effort in a few areas where we believe we can have a real impact:

(
Complete the Proton Driver Study (including physics study).

(
Further explore staging scenarios.

(
Mount a strong effort on the cooling simulations.


(
Collaborate and provide infrastructure for local universities involved in cooling hardware development and testing.

(
Move towards a proposal for a beam test of ionization cooling.


(
Provide support and infrastructure to the Muon Collaboration for rf structure testing at 200 MHz(?)

(
This represents a continuation of the Fermilab program at approximately the same level of effort as the last two years.

Linear Collider

Fermilab has joined the U.S. NLC Collaboration with the following goals:

(
Assist SLAC, LBNL, and LLNL in executing a successful R&D program. 

(
Educate ourselves so that we can be informed participants in the decision-making processes that must occur in the next few years.

(
Fermilab has signed an MOU with SLAC outlining participation in the NLC R&D program.

The National Effort 

The major thrusts are (my interpretation):

(
Iteration of the May 1999 design with goal of significant cost reduction.

(
Reinitiation of an R&D program aimed at understanding high(er) gradient performance.

(
Investigation and identification of possible (multi-TeV) upgrade paths

(
Definition of the physics program

Fermilab’s Role in the National Effort 

Major components of the Fermilab program are:

(
The Main Linac

-
Includes all components downstream of the rf distribution system and development of an industrial fabrication capability.

(
Accelerator Physics 

-
Significant contributions already made in areas of wakefield calculations, multi-bunch beam breakup, viability of a earth curvature following linac, and characterization of local ground motions. 

-
Participation in upgrade studies are being initiated.

(
Permanent Magnets

-
Three (different) prototypes under construction.

(
Civil Construction

-
Analysis of both “North-South” and “East-West sites in a variety of configurations. 

(
ETF (Engineering Test Facility)

-
Fermilab has proposed, and SLAC has reacted favorably to, consideration of a facility (at Fermilab) that could provide the culmination of the R&D program in a full scale systems engineering test.

Fermilab’s Role in the International Effort 

Fermilab is acutely aware of the need to come to a rational resolution of the technological impasse associated with the decision on a linear collider. We are also aware of the unique position Fermilab occupies that could allow us to play a constructive role.

We are attempting to identify how best to enter into this role.

(
Pursuit of the program outlined will require an expansion of the effort on NLC by approximately a factor of four over he next two years.

VLHC

The major activities on VLHC have been in the areas of superconducting magnet R&D, conceptualization of staging scenarios, and tunneling/geological investigations.

(
Superconducting magnet R&D

Superconducting magnets are the enabling technology for hadron colliders and represent one of the significant core competencies of Fermilab. 

-
Three magnets types are currently under development at Fermilab, two high and one low field magnet.
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-
Expect to have first Nb3Sn short model this fall.

-
Common coil proceeding towards narrow gap test later this year.

-
Transmission line magnet proceeding towards a “longish” magnet.

(
Staging Scenarios

There has been something close to a consensus developing at Fermilab as to what a sensible staging scenario for a VLHC might look like:

-
Construction of a 200 km tunnel and installation of low field magnets to achieve 30 TeV (center-of-mass) followed by operations in this mode for ~10 years.

-
Installation of high field magnets to achieve 200 TeV, utilizing the low field ring as a full circumference, single turn, injector. 

(
Tunneling and geological investigations

-
Tunneling and geological investigations are being pursued in a cooperative and collaborative way with similar studies related to the linear collider and, to a lesser extend, the neutrino factory.

(
The intention is a continuation of the Fermilab program at approximately the same level of effort as the last two years.

RESOURCES AND PLANNING FOR THE FUTURE

The total current investment at Fermilab in accelerator R&D aimed at future facilities is approximately $8M. This is a very small amount in relation to the Fermilab budget. A program aimed at providing viable choices for the laboratory over the next decade would probably amount to $20M annually.

(
Fermilab is committed to growing the accelerator R&D program. The extent to which we are successful is coupled with the evolution of the laboratory budget.

(
Linear collider R&D will be the first to benefit because we believe that a decision on this machine is going to have to be made first.

(
However, we will have to keep all these programs going because the outcome of future decisions is not a foregone conclusion. These efforts will expand (or contract) as decisions are approached (or passed) and/or as financial pressures on the laboratory are relieved.

There are some very hopeful developments:

(
Significant university involvement in the Neutrino Factory R&D effort.

(
Interest and investment by the NSF in Neutrino Factory R&D.

(
Probable support by the State of Illinois for accelerator R&D in support of Fermilab in local universities.

How can the community help?
High energy physics has always progressed in step with the extension of the energy frontier. The High Energy Physics community itself has historically led the effort to develop the new technologies that will support its future. 

The time has come for everyone to lend a hand in to the effort to define a future. If you do so you will encounter problems as intellectually stimulating as those that you are used to dealing with as a HEP experimentalist of theorist.

Especially, encourage and be supportive of young people who want to enter into this field. The future of high energy physicists depends upon it.
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