Critical spares/obsolence list
Hall A
Magnets 
Two High Resolution Spectrometers (HRSs). Each HRS has,
· 1 resistive quadrupole (Q1)
· 2 superconducting quadrupoles (Q2, Q3)
· 1 dipole
- Failure, sudden or over time, disables or constraints full range operation of HRSs affecting approved research program.
- Likely failure points are those with thermal cycling,
· High current leads. For example, originally both HRSs were equipped with superconducting Q1s. After ~20 years of operation, both Q1s current leads soft-failed due to implementation chosen by vendor (crimping). Repairs were assesed to require personnel/resources not avaiable and a time frame of 1+ years during which Hall A will not be operational. Decision was taken to replace both superconducting Q1s with easy to implement but lower performing resistive Q1s. There is a manegable impact to the Hall A research program due to the smaller spectrometer acceptance caused by these Q1s as well as optics distorstions caused by magnetic saturation of these magnets at spectrometer momenta above 3 GeV/c.
· Coil voltage sense wires. These are used to measure the voltages across various magnet subcoils as well as current leads to determine when an abnormal condition has ocurred and the magnet protection circuit needs to be engaged. Multiple copies of each conexion are made during fabrication to reduce impact of failures. Repairs are very unlikely because it requires dismantling the magnet cold mass. If a set of sense wires is lost, the magnet quench protection scheme must be revised usually by reducing the redundancy (and increasing the operating risk). One of the Hall A Q2 has lost both the main and the spare sense wires from the cold-end of one of the high current leads. Hall A has also a few instances where one of the two sense wires in a set have been lost.
- Support links failure. The support links hold the cold mass (the vessel that includes the magnet coil and liquid helium) to the outside vessel creating an space in between. These links take the forces attempting to move or distort the cold mass. Link failure could be caused by defects, fatigue or simply exceeding its working limits. Derating (safety) factors are introduced during magnet design to compensate for design errors and link failure is unlikely unless magnet is operated at or above design. A link failure is very likely catastrophic. This is a possibility in case of Hall A. One of the HRS dipoles got damage during commisioning 20+ years ago when its protection system did not engage properly. A fast discharge of the magnet causes large asymmetric forces that a few links must absorv. Maximum allowed operating current was reduced to a 3.1 GeV/c momenta equivalent (instead of the 4 GeV/c design) - a compromise between reducing the abnormal forces and the impact to the envisoned Hall A research program. Conditions to trigger a fast magnet discharge were also reduced to those of absolutely no recourse. Thresholds to initate a slow ramp down were set substantially lower than all other Hall A superconducting magnets.
- Loss of insulating vacuum
>Risk,
· Likely 3-4 days to asses failure
· 2+ days to recover from sense wire loss
· Any other failure is likely catastrophic and/or requires extended repairs
 >Mitigation,
· None feasible
Superconducting magnets power supplies
4 FuG (10V/2000A/100ppm) power supplies for quadrupoles Q2/Q3 with
· magnet quench protection circuit
· cryogenics protection
- Obsolete (23+ years in operation)/no vendor support
- Have limited set of spare boards and many componets on those boards are no longer available – i.e. repairs sometimes require impementing equivalent function with newer parts.
- Only a couple of individuals @ JLab have experience repairing these units
+stright forward analog design
>Risk: 
· High likelihood of failure due to age
· Failure disables High Resolution Spectrometer and associated research program
· Repair time set by the few individuals that can work on it
· No direct replacement supply available if catastrophic failure or failure can not be identified on a reasonable time scale.
>Mitigation: 
· Identify replacement power supply
· Identify installation scheme (direct replacement on platform may not be feasible on short notice)
· Identify new scheme to implement magnet quench/cryo protection.
· Identify how to remotely communicate/interface with new system (present system is analog, most new supplies have digital communication) 
2 Dynapower (10V/2000/10 ppm) for dipoles. Quench and cryogenic protection external to supplies. 
- Obsolete (23+ years in operation)/no vendor support
- A STD Bus computer system provides “high level” services like serial communication and sets supply current/maximum voltage output. No CPU spares nor access to code (BASIC)
- A Programmable Logic Controller supervises the power supply interlocks, detects status of front panel switches and operates the two high current switches the supply has for normal operation or to initiate a slow/fast magnet dischage. No PLC spares nor access to code.
– Remaining circuits are analog but only a couple of individuals @ JLab have experience repairing these units. Few spare boards available and many componets on those boards are no longer available – i.e. repairs sometimes require impementing equivalent function with newer parts.
- Cryogenic magnet protection based on standard off the shelf units
- Magnet quench protection circuit is one of a kind although straight forward analog.
 >Risk: 
· High likelihood of failure due to age
· Failure disables High Resolution Spectrometer and associated research program
· Repair time set by the few individuals that can work on it
· No direct replacement supply available if catastrophic failure or failure can not be identified on a reasonable time scale.
>Mitigation: 
· Identify replacement power supply
· Identify installation scheme (direct replacement on platform may not be feasible on short notice)
· Identify new scheme to implement magnet quench/cryo protection.
· Identify how to remotely communicate/interface with new system – protocol will likely be different to present
Beam Line
Resistive Magnets
· Moller polarimeter dipole
· Quadrupole MQO1H03A
· Quadrupole MQO1H03
· Quadrupole MQM1H02
· Quadrupole MQO1H02
· Compton chicane dipoles (4)
> Risk,
· Failure of the Moller dipole or Compton chicane power supplies will prevent using that system to measure the beam polarization for those experiments that need this information. Failure of one of the polarimeters leaves the other operational - i.e. reduced redundacy. 
· Quadrupoles are used both for beam polarization measurement (Moller polarimeter) and for beam optics. Failure would potentially affect all experiments (exact impact depends on beam energy)
>Mitigation,
· None identified/implemented
Magnet power supplies
Moller polarimeter dipole
Compton chicane
Quadrupole MQO1H03
- These are resistive magnet power supplies. Vendor is Danfysik. There is a wide knowldege base at the lab.
- Obsolete (23+ years in operation)/no vendor support – i.e. no drop-in replacement parts available.
- Supplies are integral part of the accelerator control system (hall does not controls these supplies)
> Risk,
· High likelihood of failure due to age
· Failure of the Moller dipole or Compton chicane power supplies will prevent using that system to measure the beam polarization for those experiments that need this information. Failure of one of the polarimeters leaves the other operational - i.e. reduced redundacy. 
· Quadrupole MQO1H3 is used both for beam polarization measurement (Moller polarimeter) and for beam optics. Failure would potentially affect all experiments.
>Mitigation,

(a) Several supplies of this type were retired during the 12 GeV upgrade. Hall A  stored several of them to replace/use as spare providers on short notice.

(b) Refurbish existing units when downs allow it (requires 1 month+ work plus parts)
Quadrupole MQO1H02
Quadrupole MQM1H02
Quadrupole MQO1H03A
- These are resistive magnets. Each is driven by a Sorensen DHP40-330 (40V/330A) switching power supply. There is limited knowledge base at the lab.
- No longer manufactured.
- Supplies are integral part of the accelerator control system (hall does not control these supplies)
- System is 18+ years in operation
>Risk,
· High likelihood of failure due to age
· Above quadrupoles are used both for beam polarization measurement (Moller polarimeter) and for beam optics. Failure would potentially affect all experiments
>Mitigation,

(a) One replacement supply Sorensen SGA40X375C-0AAA was identified and purchased

(b) Upgrade control system (presently based on CAMAC/PLC) and all supplies.
Fast Raster System
Scans the beam on the target at high speed (order of 20 kHz) in a non-repetitive pattern to difuse the beam power deposited over the scan area and avoid a beam burn through. The system is controlled by accelerator operations and interlocked with beam delivery. Minimum scan size is set by the Target Group/Accelerator operations. User can request a scan size above the minimum.
>Risk,
· Failure of system will prevent beam delivery for most targets and/or severely restrict the beam current impacting heavily the running experiment.
>Mitigation,
· Spare coils, power amplifiers and VME card drivers are maintained and can be replaced on short notice.
