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[bookmark: _Toc277832175]Introduction
The design of the Fermilab Project X Linac as currently proposed includes cryomodules of 325 MHz Superconducting Spoke Resonator (SSR) accelerating cavities. A short prototype cryomodule comprising a limited number of cavities, solenoid magnets, beam instrumentation, and mechanical instrumentation will be designed and built to investigate engineering issues pertinent to the Project X production design and to be tested with beam in the Meson Detector Building Test Facilities beam line.
[bookmark: _Toc277832176]Scope
The scope of this specification includes and is limited to a single prototype accelerator cryomodule to contain four Project X 325 MHz superconducting spoke cavities, four Project X superconducting focusing solenoid magnets, and associated mechanical and beam instrumentation.   
[bookmark: _Toc277832177]Key Assumptions, Interfaces, and Constraints
It is assumed that this prototype cryomodule is built for a two-fold purpose: 
1) To address engineering design and component alignment questions pertinent to developing a final 325 MHz spoke cavity cryomodule design for proposed Project X
2) To test the performance of superconducting spoke type cavities in the presence of  and accelerating a low-energy, high-intensity (~2 milliampere) beam

This prototype cryomodule will be tested first and perhaps only with pulsed beam. 

The cryomodule is subject to space and operational constraints imposed by the physical beam enclosure in the Meson Detector Building Test Facility.
[bookmark: _Toc277832178]Requirements
[bookmark: _Toc277832179]Operational Requirements
The prototype cryomodule must be installable, operational, and serviceable within the Meson Detector Building Linac Beam Enclosure.  
· The beam elevation in this enclosure is 1285 mm from the nominal floor elevation. 
· The near (left as viewed by beam direction) wall is ~7 feet from the beam centerline.
· The far (right as viewed by the beam) wall is ~7 feet from the beam centerline.  
· The ceiling height is 126 inches from the floor. 
· Aisle space from the extreme extent of the cryomodule and attachments to the far (right) enclosure wall shall be maintained at a minimum of four feet. 
· Cryogenic distribution to the cryomodule in the enclosure is from the left (near wall) side. 
[bookmark: _Toc277832180]Technical Requirements
· One cavity, one solenoid magnet, and one beam position monitor define one cell of the cold mass.
· The cryomodule shall incorporate four cells with cavity-to-cavity center spacing of 800 mm.
· The static heat leak from the cold mass of the cryostat to room temperature shall be less than xxx.
· The cryomodule shall be designed for operating the cavities at 2K with CW RF.  (practical to use existing solenoid design but maybe too long)
· Each solenoid magnet package shall have integral X-Y steering dipoles and an associated X-Y beam position monitor.
· Cryomodule design shall be as consistent as possible with Project X requirements as they are known at the time prototype cryomodule design decisions are required.  (don’t take advantage of short length of prototype)
· The cryostat must provide optical view ports at each end compatible with the plan for component alignment verification.
· Although the cryomodule is being built to understand achievable alignment tolerances, the target alignment tolerances relative to a nominal beam line shall be +- 0.5 mm for each end of each solenoid and +-1 mm for each end of each cavity. Beam position monitor tolerance shall be XXX (relative to solenoid?)
· Cavity vacuum volume shall be separate from insulating vacuum volume.
· End effects….distance to element in next module
[bookmark: _Toc277832181]Safety Requirements
The design, fabrication, testing, installation, and commissioning of the cryomodule and cold mass components in any of their applications shall conform to all applicable requirements of the Fermilab ES&H Manual, the Fermilab Engineering Manual, and commercial codes for pressure and vacuum vessels.  
[bookmark: _Toc277832182]Quality Assurance Requirements
[bookmark: _Toc277832183]Test/Commissioning Requirements
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