Question ID-42 :position of quad in cryomodule
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* The question was answered by Carlo Pagani in his plenary presentation of cryomodule questions on August 25, Thursday session. I also became the same conclusion with Carlo as described below.

1. Proposals

     There is one proposal for the quadrupole position other than TESLA TDR. In TESLA TDR, the quadrupole and BPM package is hanged on the GRP(Gas Return Pipe) at the center of the cryomodule. The center of cryomodule is the place of the center support structure for hang of cold mass from the outer cryostat vessel. This is the most vibration stable place and the most non-distorted place for shrinkage of the cold mass after cooling down, in the cryomodule.

     The counter proposal is that the quadrupole and BPM package is placed in the short independent cryostat located between the cryomodules connected by cryostat bellows tubes in the side. In the short cryostat, the quadrupole is supported from the bottom with thermal insulator materials and precise mover is attached at the outside bottom of the short cryostat. Mechanical vibration of the quadrupole is less than that of hanging from GRP. The quadrupole magnet has no dipole windings so that the beam-based-alignment with high resolution BPM and precise mover is assumed to perform emittance preservation tuning. To make BPM high resolution, the aperture of beam pipe of this section is reduced to 35mm diameter. This small aperture is also good for magnetic center stability by small bore of superferric quadrupole magnet. SLAC has a R&D program to test this scheme at around February 2006.

2. Requirements for quadrupole&BPM system

Emittance preservation simulation by K. Kubo shows that <400µm quad misalignment for 5% emittance dilution is allowed, and <400nm quad fast movement for 10% emittance dilution is allowed. The quad fast movement means a mechanical vibration typically greater than 0.5Hz which can not be corrected by the orbit feedback at IP. The required BPM resolution is 10µm for 5% additional emittance dilution. These requirements are similar to the one of other simulation studies and TESLA TDR. 

3. Pros and cons

         Quad in module center :  Vibration measurement done at TTF shows the quad in the cryomodule has 80nm rms amplitude at 5Hz and not steep rise towards 0.5 Hz. It is enough small than the requirement. The alignment of quadrupole is done for bare cold mass before installation into the cryomodule. The cooling down makes distortion within +/-200µm peak-to-peak. This is also smaller than the requirement. The BPM resolution 10µm for 78mm diameter seems to be attainable, considering 2µm resolution for 24mm diameter ATF-DR button BPM. Scaling ATF BPM to 78mm diameter, resolution will be 6.5µm for single bunch and single passing even for button BPM. The other type of BPM will have higher resolution.

     On the other hand, there will be two types of cryomodule, such as, cryomodule with only cavities and with quad/BPM and cavities. Otherwise we will lose packing efficiency. And, if we need re-alignment of cavities and quads based on the beam based measurement, we have to do by movers on the support posts and by the leg-stand movers. They are not precise movers with accuracy of several tens µm. The alignment adjustment will be done for long cold mass as a set,  not for each of cavity and quadrupole. However, emittance tuning simulation using dipole corrector is enough good for preservation of emittance in the main linac. No necessary of beam-based-quad-alignment for each quad is required.

     Quad in separate cryostat : TTF vibration measurement shows the bottom of the cryomodule has 30nm rms amplitude at 5Hz and not steep rise towards 0.5 Hz. It is factor 3 small amplitude compared to the hanging quad. This vibration amplitude is expected for the quadrupole mounted on the separate cryostat. To have small aperture in the quad chamber has an advantage for magnetic center stability and BPM resolution. However, the short-range wake-field is increased around 10% by this smaller aperture chamber between cryomodules. The quad mover can be located outside of the short cryostat or inside of them, so that the precise quad adjustment is to be possible. The worry of this scheme when the mover outside of the cryostat is the rigid bellow connection between cryomodules will make precise movement impossible. The hardware test of this scheme will begin February 2006 at SLAC. The simulation study of this beam based alignment with quad mover is strongly required to justified the scheme. Using separate cryostat for quad has an impact for module length about 1m additional. And the additional cost impact will be for short cryostat, precise mover, and support girder for the cryostat.

4. Conclusion of selection

     The simulation study and TTF measurement strongly support the TESLA TDR scheme. There is no requirement for precise quad mover and more high resolution BPM. The selection for BCD is the quad in the center of the cryomodule inside. The separate cryostat for the quad will be alternative scheme, need to be proved by the hardware R&D, emittance simulation study and cost impact study.

