DECISION # 33: Machine Protection System (MPS) Design
The MPS is the set of all devices which allow continued, smooth, operation of the machine with a minimal chance of beam-related component damage or the generation of unacceptable levels of residual radioactivity. Generally, the MPS consists of beamline components, associated sensors, beam diagnostic devices, and an interconnection system that controls beam pulses and beam power. The MPS includes automated fault logging, recovery and some level of self-diagnosis that is used to predict performance at a power higher than the current power. The ILC MPS was ranked as the highest risk by the USLCTOPS in 2003 because it is not possible to subject it to a full system test until very late in the commissioning stage and because it is anticipated that required retro-fitting would be costly and slow. An initial MPS design is needed for the BCD because of the potential cost impact. 
Proposed MPS requirements:

1. The possibility of single pulse damage must be mitigated.
2. A restart ramp sequence following a fault is required
3. A primary goal of the beam power control system should be to minimize radiation exposure.
4. Mechanical designs must be ‘self-protecting’ to the fullest extent practical
5. The Controls system must be well integrated.
Proposed MPS features

1. A benign pilot bunch is needed in order to prove that a given subsystem will allow passage of the main train. There should be a gap of 10 microseconds between the pilot bunch and the main to allow time for abort systems to respond and dump the high intensity bunches (already extracted from the DR). The gap effectively reduces the efficiency of the linear collider by 1%.
2. A parallel-source beam permit system is needed. The permit should be issued 1ms before beam time. This system will directly monitor and evaluate most devices that can change during the inter-pulse period and generate the permit signal as allowed.
3. A set of fail-safe abort kickers and associated low power beam dumps are needed. These may not be needed within the bulk of the main linac, but will be needed in the bunch compressor and beam delivery. The typical required inter-dump spacing can be estimated by the round trip of the pilot bunch transit and the return abort signal latency and delay. The worst case is when an aberrant pilot bunch trajectory is detected just upstream of dump n. In that case dump n-1 must be fired before the main bunches pass through it. Assuming 10 microsecond spacing, 100 ns kicker rise time, and 1 microsecond total latency time, the inter-dump spacing should be less than 1km. This implies roughly 3 in the bunch compressor system and 3 in the beam delivery per side. 
4. We must evaluate and recognize the risk of damage so that the system is tailored to the components it protects.
5. Some assessment of the local beam dynamics is needed so that we understand the properties of errant beams and de-rate the single bunch damage threshold accordingly.
6. The operational impact on the injector must be modeled. Perhaps most important is the role of the damping ring in the ‘power metering’ start up and low repetition rate sequence. 
7. There would be no abort dump systems within the linac itself. This is because we anticipate there will be no (basically no) systems within the linac that can change so much, in a single pulse interval, that the beam hits the vacuum chamber on the subsequent pulse. This strategy may change depending on the linac curvature and dipole geometry. In this case, some abort systems may be needed.
