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The ICD-2 version of Project X includes a continuous wave (CW) 2 GeV Linac, which consists of an RFQ front end followed by Superconducting RF (SRF) cavities of six varieties.1 At 325 MHz there are Single Spoke Resonators of three beam betas = 0.117, 0.22, 0.4  (SSR0, SSR1, SSR2).  Also at 325 MHz Triple Spoke Resonators (TSR) have a beta = 0.6.  A transition at 422 MeV to 1300MHz with two species of SRF cavities with betas = 0.81 a “squeezed” version of ILC cavities and beta =1.0 an ILC design (SILC and ILC).  In all SRF systems, a circulator will be used to isolate the cavity from the power amplifier (PA).  A block diagram of the RF systems has been created.2  Details of Low Level RF (LLRF) will be covered separately.  A simple LLRF box is included on the block diagram for completeness, but does not show the details of all required signal cables.

The RFQ estimate is based on existing systems at other labs.  Fine details are not yet available, but it appears power levels could approach 1 MWatt.  Argonne APS operates with several 352 MHz 1 MWatt CW klystrons systems.  Thales makes the klystrons for APS and they indicated that with a NRE cost of $500K, a similar design could be retuned to 325 MHz. The cost estimate is based on such a system but is preliminary as of the writing of this document.

Each of the cavities in the CW Linac will be powered by an independent RF system similar to what was done at SNS in Oakridge, TN.  The number of cavities in the linac fluctuates weekly, as the design becomes more details.  This estimate is based on the listed number of systems on the spreadsheet.  Power levels vary from a few hundred watts to 30 kilowatts.  Pricing of the RF systems was done by obtaining quotes from vendors with standard catalog items meeting the project specifications.  Solid-state amplifiers have been chosen for power levels below 1 KW and tetrodes or inductive output tubes (IOTs) chosen for power levels above 1 KW.  In an attempt to minimize the number of different amplifiers in the spare pool, a minimum number of different power level and frequency units have been chosen.

The SSR0 systems will have a 1 KW solid-state amplifier as the final PA.  SSR1, SSR2 a 5 KW tetrode unit at 325 MHz.  For the TSR cavities at 325 MHz, an IOT is the preferred amplifier.  IOTs have efficiencies approaching 60% and excellent saturation characteristics.3 Unfortunately, IOTs have inherent low gain and require a drive amplifier capable of several hundred watts.  It has been decided to utilize a 50 W, 200 W, and 1000 W solid-state amplifiers as drivers.

For the 1300 MHz systems, IOTs or Klystrons are viable options.  Thomas Jefferson Lab is in the CD3 stage of an upgrade to CEBAF.  They have chosen 16 KW CW klystrons, which will be supplied by L3 Corporation.  CEBAF has provided pricing information.  CPI, L3 and Thales have supplied bids for 20 and 30 KW CW 1300 MHz IOT.  The attached cost estimate has chosen IOTs over klystrons due to improved efficiency (60-70% IOT, approximately 50% klystron) and linear amplification.  Klystrons would need to be de-rated significantly for linear applications.

Only one bid has been received to date for power supplies for the IOTs.  Contact has been made with Universal Voltronics to obtain a second bid, but may not be available for a month or two.

1. Spreadsheet with details of RF cavity specs attached

2. Project X ICD-2 block diagram attached

3. CPI VKL9130 IOT data sheet attached

