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INTRODUCTION
Capture Cavity 1 (CC1) is a 9-cell superconducting radiofrequency cavity operating at 1.3 GHz which has been in operation in the A0 Photoinjector since 1997.  It came from DESY and CEA Saclay and has operated at a peak level of 14 MV/m. In addition to the limit in gradient, inoperability of the slow tuner, presumably due to a shorted motor, has limited CC1 from operating at its optimum, largely due to the inability to adjust its resonant frequency.
With the shutdown of the A0 Photoinjector, CC1 will be repurposed to fulfill a similar role at NML as one of two capture cavities for the photoinjector/electron beam facility (Advanced Superconducting Test Accelerator (ASTA)) currently under construction.  As part of its refurbishment, it is intended to remove the cryomodule from A0, replace the existing cavity with one capable of sustaining higher gradients, change the tuner to a blade tuner design, and carry out other upgrades on the support and thermal shield systems.  A blade tuner is desired to allow for ‘long pulse’ testing of the SRF cavity in ASTA.
SCOPE OF WORK
The remaining major tasks to prepare CC1 for operation at NML are identified below.
1. Redesign cryomodule internal components to support a cavity outfitted with a blade tuner
2. Identify a suitable cavity, with appropriate gradient and measured performance
3. Assemble cavity and associated internal cryomodule components in vacuum vessel, documenting all steps in the process
4. Test out all systems to the greatest extent possible. These systems include but are not limited to thermometry, RF cable continuity, and tuner operation. 
5. Transport CC1 to NML, position and align into its final location in the beamline
6. Make all necessary vacuum, cryogenic, and electrical connections
7. Cool down and bring CC1 into full operation

KEY ASSUMPTIONS, INTERFACES, AND CONSTRAINTS
Little documentation exists on the internal structure of the original CC1 cryomodule.  Conversations with the principals assembling it at Fermilab lead to many as yet unanswered questions.  Full assessment  of the compatibility of the internal plumbing and support structure with another cavity was not possible until the cryomodule was opened. The work moving forward is based upon findings from this internal assessment.
REQUIREMENTS

Operational Requirements
The refurbished CC1 must be capable of sustained operation at a gradient of no less than 25 MV/m.  The typical pulse length is 1.3 milliseconds and repetition rate is 5 Hz.  These parameters will meet the requirements for CC1 in support of ASTA operation.  The cavity’s tuner must be of the blade style to facilitate R&D on cavities designed to run with ‘long’ RF pulses i.e. up to 9 milliseconds.

Technical Requirements
The refurbished cryomodule must interface seamlessly to the existing cryogenics and vacuum systems in NML as well as be compatible with SRF components already installed in ASTA.  For uniformity sake – ease of installation and repair, the input coupler, thermometry and other instrumentation/diagnostic signals should be identical to that found in the other SRF devices to the extent possible.  In light of advances in design since CC1 was fabricated, modern cryomodule design techniques and sub-assemblies will be pursued while reusing as many of the existing parts as possible.    
Specific technical requirements are listed below.
1. Particle-free UHV systems are required to maintain cleanliness and cavity and input coupler volumes at pressures on the order of 10-9 Torr.
2. Cryostat must be modified in order to be able to house a 1.3 GHz 9-cell cavity outfitted with a blade tuner
3. In lieu of a 5K thermal shield, provisions will be made for thermal intercepts at 5K.  
4. Indirectly cooled components including High Order Mode couplers, tuner motor, and ends beam pipe assemblies shall be thermally anchored to the appropriate cryogenic circuit so as to provide adequate cooling.
5. [bookmark: _GoBack]An adequate support structure, integrated to the existing superstructure, will be designed and fabricated capable of providing the necessary stability for the cavity during transportation and normal operation
6. Cryogenic piping will be positioned and fitted with connections to allow easy interface to the ‘top hat’
7. Cernox© resistors will be the thermometry of choice.
8. 80K shield will be modified to allow for relatively easy access to the cavity vacuum isolation valves at each end of the module without compromising the function of the shield  
9. Tuner motor will be of a style to provide reliable operation in cryogenic, UHV, and radiation environment.
10. Vacuum vessel flanging will be modified as needed to accept the input coupler attached to the new cavity and accept all instrumentation feeds.
11. All internal components will be supported so as to minimize motion and damp vibration which could adversely affect cavity performance.
12. Alignment checks and fiducials will be provided so as to ensure alignment of the cavity center on the beam line to within 200 microns.



Safety Requirements
The following is a list of safety-related requirements for CC1.
1. Cavity and cryostat must comply with the applicable SRF Cavity and  Vacuum Vessel Standards set forth in the FESHM chapters
2. All systems shall be equipped with appropriate relief valves per applicable FESHM chapters to protect against over-pressurization
3. All piping must comply with the ASME/ANSI B31.3 Process Piping design code.

Quality Assurance Requirements
Careful documentation of the disassembly and refurbishment of the CC1 cryomodule, both written and photographic should be kept.  This allows for ease in troubleshooting should problems arise during operation. A complete set of ‘as found’ drawings will be prepared once the work is finished.  To the extent possible, the tuner, instrumentation, and electrical connections will be tested and confirmed operational prior to closing up the vacuum vessel. 

Test/Commissioning Requirements
The 1.3 GHz 9-cell cavity to be installed in CC1 has been previously tested at Fermilab and the results documented.  During installation in ASTA all vacuum and cryogenic circuits will be leak checked to the most sensitive scale reasonably achievable, nominally 10-9 atm.-cc/sec.
Commissioning of CC1 will occur in its final location in the ASTA tunnel at NML following nearly identical protocols as was done for CC2. This commissioning includes warm low power operation to condition the input coupler as well as on-resonance coupler conditioning and a full suite of performance tests.
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