Future Accelerator R&D

International Linear Collider R&D



19.d.

Background

The Accelerator Integration Department is collaborating with groups from SLAC and BNL in the study of three related issues for the ILC:  energy deposition and collimation for design of the beam delivery system and the interaction regions, backgrounds in the detectors and their mitigation, and treatment of the spent beams downstream of the interaction points.  The level of effort is projected to increase from approximately 1.5 to 3 full time equivalents over this time period.

19.f.

Accomplishments in FY05

A calculation model was generated including geometry and magnetic fields over 2 kilometers of beam line, including the 1.5 km beam delivery system, the interaction point and experiments, and the 0.5 km region downstream of the I.P. for stopping the spent beams.  This model was used to study beam impact to accelerator equipment and operation (quenching, cryogenic load, and radiation damage/activation), to the experiments, and to the environment.  A preliminary specification for collimation was prepared.  Initial estimates of experimental backgrounds were studied.
19.g.1

Accomplishments Expected in FY06

The geometric, magnetic, and physic models will be refined.  There will be the first attempt to minimize backgrounds to the experiments and heat and radiation loads to machine components.   
19.g.2

Future Accomplishments Expected in FY07 and Beyond

There will be the first application of real engineering constraints to the design study and optimizations will continue.

FNPL (Fermilab NICADD PhotoInjector Laboratory)


19.f.

Accomplishments in FY05

The photoinjector continued to operate for a variety of beam, laser and plasma experiments.  Four graduate students, from Chicago, Rochester, UCLA, and Rutgers, worked on thesis topics at the injector. One of these is supported by the FNAL PhD program. Two post docs have recently started. One of these is supported by the University of Rochester. A major improvement included the replacement of the laser oscillator (supported by NIU) and a reconfiguration of the laser system. This, along with along with improvements to the laser water system, improved laser reliability substantially. Studies undertaken at FNPL included the flat beam experiment (generation of large beam emittance ratio (>50) between the two transverse planes) and the investigation of a nitrogen cooled RF gun for potential polarized electron beam production.

19.g.1.
Accomplishments Expected in FY06
Operation and experiments at FNPL will continue. It is planned that the injector will be upgraded with a second TESLA cavity (CapCav#2 from DESY) to increase the energy to ~35-40 MeV. This will allow for the possibility of new experiments or new phases of ongoing experiments that rely on reduced space charge effects or larger relativistic γ-factor. The installation of the cavity system in FNPL will wait till it has been initially operated in the SMTF Meson Building as an initial goal of the SMTF program. 

19.g.2.
Future Accomplishments Expected in FY07 and Beyond

By FY07 and beyond (depending on progress at SMTF), FNPL effort will be initiated to move the photoinjector to SMTF facility and to upgrade it. Thus the photoinjector will supply the electron beam for the test of the β = 1 superconducting modules that are planned in support of SRF development in the STMF program for International Linear Collider (ILC), Proton Driver (PD), and continuous wave CW module, systems, and infrastructure testing. Once installed and commissioned, the injector and downstream modules will be used to support both the accelerator physics experiments with students and research associates and the beam and integrated systems studies needed for development of future projects. The photoinjector upgrade has three phases, the last of which will take place considerably later than the first two. In Phase A, the injector will be moved from the A0 Building and will consist of the basic configuration as it previously existed there, including the laser, RF gun and two 1.3 GHz superconducting TESLA cavities (CapCav#1 and #2). In Phase B, two 3.9 GHz SRF cavities will be added. The first, an accelerating mode (3rdHar) cavity, will linearize the bunch energy versus bunch length for effective bunch compression. The second, a transverse mode cavity, will be used for longitudinal bunch diagnostics by streaking the bunch transversely as a function of bunch length and thus characterize the different bunch slices. Phase C, which might take place three or four years further in the future, would upgrade the injector with a full eight cavity TESLA module followed by four cavity 3rdHar module as planned for the present TTF injector. Such an upgrade would supply a high energy beam of low emittance well outside of the space charge dominated regime for current operations.  A decision to proceed with  Phase C will happen in the future.

SMTF (Superconducting Module & Test Facility)

19.d.

Background






SMTF is a collaborative activity of many US and international laboratories and universities to provide a facility and to carry out superconducting RF cavity (SRF) R&D directed toward SRF cavity module development for future proposed projects using this technology. An Expression of Interest (EOI) and a proposal from the forming collaboration have been prepared and submitted to the Fermilab Director. The facility and support infrastructure would be located at FNAL. Two locations, the Meson Lab and the New Muon Lab experimental halls, are being considered to house various aspects of the SMTF program.  A number of different project development programs are incorporated, including: International Linear Collider (ILC), Proton Driver (PD), Relativistic Ion Accelerator (RIA), and CW development directed toward synchrotron radiation light source applications. The overall SMTF activity is divided into these activities and the supporting infrastructure. The Accelerator Division (AD) and Technical Division (TD) share the major responsibility for the infrastructure development and the ILC and PD Linac, SRF, and systems development. This division is basically between the cavity and module development (TD) and operational infrastructure, injector, beam, RF, and cryogenic development (AD). Within these broad divisions of labor, personnel from the entire lab are incorporated into the technical working groups.  The general boundary between infrastructure and technical developments (e.g. ILC, PD, CW, RIA) is that building infrastructure, controls, and cryogenics are considered infrastructure. The injector is a supplied (an infrastructure-like support facility), but the cavity modules and the RF power systems are associated with the individual project development efforts (e.g.  ILC, PD, etc.) In this section, the infrastructure and ILC responsibilities of the AD associated with SMTF will be discussed. 

19.f.

Accomplishments in FY05

The AD has taken part in the preparation of the SMTF EOI and Proposal submitted to the FNAL Director. Infrastructure installation was initiated with particular emphasis on preparing the existing Meson liquid helium refrigerator for operation of SRF cavities and extending transfer lines to the appropriate area in Meson Hall. Work on a helium vacuum pump system to provide 2 oK liquid helium was initiated and will continue in FY06. The area of Meson Hall to be used for SMTF has been cleaned out in preparation of installation of SMTF components and shielding. A major goal for FY05 is to install and test the single TESLA cavity module (CapCav#2) with both cryogenics (4 oK) and RF power. To this end, the DESY cavity must be prepared and mounted in its cryostat (with the help of DESY), the cryogenic connections must be made, the RF modulator and klystron system built and commissioned, and a rudimentary control system provided. During FY05, a study of possible options for a larger (~300 Watts @ 2 oK) cryogenics plant for longer range SMTF needs was undertaken.

19.g.1.
Accomplishments Expected in FY06
The goal of CapCav#2 commissioning in Meson Hall will continue into the first part of FY06. When successful, the cavity will be moved back to A0 for installation into FNPL in order to upgrade the injector. If early MIE funding is available, procurement of the cryogenic system to provide 2 oK helium will begin. The control system will be further developed. The overall goal will be to prepare to support the operation of an eight-cavity TESLA module with cryogenics and RF power in the late FY06- early FY07 time frame. An RF power system (~5 MW) will be commissioned as part of the ILC effort. Major effort toward LLRF (Low Level RF) and RF system interlock and control development will be initiated. It is hoped that procurement of the larger cryogenics plant will be initiated.

19.g.2.
Future Accomplishments Expected in FY07 and Beyond
By FY07, the first TESLA module should be installed in SMTF, commissioned, and tested for peak gradient limitations. Two modules will be possible for this first installation: a module from DESY with individual cavities tested at DESY, then assembled into a cryomodule at Fermilab; or a US-International module with cavities provided from both US and KEK with the cold mass possibly provided from INFN (actual details still to be worked out). The commissioning will require the RF, LLRF controls, and cryogenics development initiated in FY06 and the beginnings of beam instrumentation to measure dark current. During FY07, MIE funding is expected to be available to begin the procurement of the  2 oK helium plant.  Hopefully, such a plant will become available in the FY08-09 time scale in order to support operation of more that one cryomodule at full duty factor and gradient. Module components from other developments (PD, RIA, CW…) will be brought into operation and test.  Firm plans will be developed and initiated for the move and improvement of the FNPL photoinjector and laser. The photoinjector will be brought into operation as soon as possible in the FY07-08 time scale so that beam operation of the SRF modules and other linac systems can be carried out. Development of LLRF multi-cavity control with beam will be a key development study as well as long term systems, vibration and dark current studies and beam diagnostic developments.

Superconducting RF Cavity (SRF) R&D



19.f.

Accomplishments in FY05

Fabrication, processing and vertical dewar testing of 3.9 GHz superconducting cavities, both accelerating and deflecting mode continued. 3.9 GHz is the 3rd harmonic (3rdHar) of the 1.3 GHz frequency of the TESLA RF cavities.  Emphasis was placed on fabrication of four accelerating mode cavities (3rdHar) in preparation for assembly of a four cavity TTF (TESLA Test Facility) module in 2006. Higher and lower mode couplers were developed for the transverse mode cavity (CKM) so that cavity can be used as a longitudinal streak diagnostic in the FNPL (Fermilab NICADD PhotoInjector Laboratory) injector. This R&D program is a joint activity between Accelerator Division (AD) and Technical Division (TD).

19.g.1.
 
Accomplishments Expected in FY06
Development and test of 3.9 GHz superconducting cavities will continue. Major emphasis will be directed toward the assembly of the four cavity accelerating mode module (3rdHar) to be used for very short bunch compression in TTF. Development of a single cavity transverse mode module (CKM) for the photoinjector will continue. 

19.g.2.
Future Accomplishments Expected in FY07 and Beyond

The assembly of the four cavity module (3rdHar) will be completed with final transport, installation, and commissioning in the TTF injector at DESY (Hamburg, Germany).  Emphasis will shift toward the assembly of two single cavity 3.9 GHz modules (one accelerating mode and one deflecting mode) for the FNPL or SMTF injector. During this time, it is expected that the FNPL injector will be moved and be incorporated into SMTF (Superconducting Module & Test Facility). After the move is completed the injector will include two 1.3 GHz TESLA superconducting cavities and the two  3.9 GHz superconducting cavities discussed here. The SRF development and test infrastructure at A0 Building will continue to be used for the smaller 3.9 GHz cavities. This infrastructure consists of clean room, ultra pure water, high pressure rinse, vertical dewar testing facility, and RF and vacuum support equipment.  This infrastructure could be combined with the larger SRF infrastructure being developed at MP9 building after completion of this phase of the 3.9 GHz cavity development. In the longer time period, an upgrade of the PhotoInjector (after integration into SMTF) may require the fabrication of a second four cavity 3rdHar module similar to that being fabricated for TTF.

New Proton Driver






19.d. 
Background
In August, 2004, superconducting RF was announced as the technology choice for the International Linear Collider.  In February, 2005, the proposed Fermilab BTeV experiment was cancelled by the Department of Energy.  Both of these actions have led to an increased emphasis and allocation of resources to prepare the proposal for a Proton Driver based on a superconducting Linac, which could conceivably be approved for construction start as early as FY08. 

19.f.
Accomplishments in FY05
Effort focused on preparation of documentation to support Critical Decision 0 (CD-0):  determination of mission need for a Proton Driver.  It is anticipated that CD-0 will be attained. In the Accelerator Division, a Proton Driver core group was formed and budget was established to support this effort. The main responsibility of this group included specifications of Main Injector upgrades and new beam transfer lines required to fully utilize the Proton Driver as a higher intensity replacement for the 30+ year-old Linac and Booster.  This group also assisted in designs for the Proton Driver Linac and civil construction.

19.g.1.
Accomplishments Expected in FY06

After CD-0 is granted, Fermilab will proceed with conceptual design using program funds. Preparations to request CD-1 will begin, along with the request for Project Engineering and Design (PDE) funding to be available for the preliminary and final designs.  Major R&D of the Accelerator Division’s Proton Driver core group will include: assisting with the implementation of the dual power amplifier upgrade of the existing Main Injector RF (part of the Proton Plan), and R&D on a future new RF system for the Main Injector (part of the Proton Driver project), diamond foils for stripping electrons from H- ions after injection into the MI, laser beam chopping, beam debunching cavities, and phase shifters for distribution of the power to the Proton Driver RF cavities.

19.g.2.
Future Accomplishments Expected in FY07 and Beyond
The Conceptual Design Report (CDR) will be completed. CD-1 and CD-2 approval will be requested in FY07. The R&D activities listed above will continue. A Fermilab site study for a facility for long baseline neutrino physics based on the Proton Driver will be started. Accelerator Division will play an increasing role in the preparation for the construction, which could start as early as FY08 after CD-3 approval.

2.5 MW Power Amplifier Research & Development



19.d.
Background

This is part of the US-Japan Collaboration on High-Intensity Proton Facilities (Proton Driver at Fermilab and J-PARC at JAERI/KEK, Japan).  The goal is to develop a low frequency (7.5 MHz) high gradient (0.5-1 MV/m) RF system and a wideband RF system (barrier RF).

19.f.
Accomplishments in FY05

A wideband RF system (barrier RF) was installed in the Main Injector. It can generate ( 7 kV singular square voltage pulses (the so-called RF “barriers”). Beam studies successfully stacked two Booster batches into the size of one batch and accelerated the beam to 120 GeV. The beam intensity reached 8.3(1012. There was no loss when crossing the transition. 

Fabrication of the high peak power amplifier began.

19.g.1.
Accomplishments Expected in FY06

A second barrier RF system is under construction and will be installed in the Main Injector. With two barrier RF systems, one can test the so-called “fast stacking” scheme, which allows a continuous stacking process instead of the slow debunching-squeezing-recapture method.

Fabrication of the high peak power amplifier will continue. The design of the ceramic-loaded RF cavity will begin. 

19.g.2.
Further Accomplishments Expected in FY07 and Beyond

The barrier RF systems will be modified for long pulse operation. This can be accomplished by replacing the air-cooled switches in the modulator by liquid-cooled switches. One will be able to stack 12 Booster batches for NuMI, or 9 batches for NuMI plus 2 batches for pbar in the same cycle.  A low level RF system will be built and integrated into the Accelerator Division control network so that operators can use the barrier RF system.

Test of the high peak power amplifier will begin. Fabrication of the ceramic-loaded RF cavity will be completed.

