Hans Weise / DESY (after discussions with K. Zapfe / J. Wojtkievicz) – 02.11.06
Thoughts about a dirty vent of cold accelerator modules
In a long superconducting linac (XFEL or ILC) a number of modules is assembled as a long string. The XFEL will use units of 12 accelerator modules, defined by the cryogenics. The consequence is that 12 x 8 accelerating cavities are attached to each other without any beam vacuum valve. At the end of such a long section the XFEL will use cold all metal automatic valves (no fast closing valves).
At TTF/FLASH we connect up to three modules (ACC4-ACC6). At the warm end of each cold-warm transition we use all metal automatic beam valves. These valves are closed whenever we do maintenance work at the beam line during shutdown periods. They are connected to pressure sensors closing the valves at some certain limit. Fast closing valves are protecting the modules from vacuum failures at a distance of more than 20 m, this distance defined by the state of the art of such safety systems. The beam line vacuum system contains only such components which were carefully cleaned (particle cleanliness is what counts). Its installation is done using local clean rooms (class 100).
The module-to-module connection as well as maintenance close to warmed-up modules might require venting / pumping. In the past this was done with great care, i.e. clean room techniques were used. Clean gas from a dewar together with a modified diffuser is used to let the vacuum system up to air pressure within approx. 1.5 d (36 hours). In order to accelerate this procedure, studies were done at DESY:   a long, not-particle-free 63 mm (and 16 mm) diameter vacuum system with typical chambers along the line was vented. The particle flow inside this line was measured. The mass flow during venting was carefully controlled. Up to 50 mbar l / sec the venting looked ok. As a kind of conclusion one can summarize: laminar flow of the venting gas causes no problems, even in a dirty surrounding. Turbulent flow transports particles; under normal venting conditions this is valid for the first few cm (below 25 cm). The fact that laminar flow is of low risk is supported by the statement of clean room experts: a laminar flow even at high speed can not be used for particle-free cleaning; only a turbulent gas flow can carry along particles.

Under the assumption of closed beam line valves during maintenance (transports etc. inside the tunnel are risky) the most probable risk is a broken ceramic or something similar. This would cause a slow venting over hours. Particle transport seems very unlikely. The automatic valve should be as close as possible to the warm-cold transition; ceramics should be in the neighbouring vacuum section so that in case of cracks the valve can be closed.
