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# cavities per cryomodule
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Technical Considerations
No major mechanical or cryogenic specific requirements can be used to justify an optimal number of cavities to allocate in a single cryomodule. The cryomodule baseline configuration as derived by the experience on TTF can be adapted to a cryomodule length ranging from the actual 12 m to the slightly more than 16 m required to allocate 12 cavities and a quadrupole/BPM package. This exercise was done for the TESLA TDR.
Within this length range the major design features of the TTF, 8 cavities, cryomodule can be substantially kept. These include the use of the 3 post suspended HeGRP (He Gas Return Pipe) as the cold mass structural backbone and its referencing through a long milling machine for the reduction of the external forces created at the bellow interconnections.
The ongoing reviewing of the diameters of the internal He distribution pipes is mainly dictated by the feeding distance, which depends on the cryo-plant optimization, and by the distribution of dynamic losses (determined by the chosen cavity gradient and quality factor). The effect on the two phase line diameter introduced by the # cavities per module can be easily included in this reviewing process. 
Cost Drivers:
The number of cavities per cryomodule is only marginally impacting the overall cost of the machine. A number of cost drivers are affected by the # cavities per cryomodule but, at first order, they are compensating each other, indicating only a slight advantage for longer cryomodules. The major cost drivers affected by the cryomodule length are listed in the following and preliminarily commented.
In favor of “long” cryomodule
· Linac length: according to the work done for the TESLA TDR the impact of each module interconnection on the linac length is 380 mm. This number can be optimized but we can expect that it cannot be substantially reduced because it includes at lest two vacuum valves, bellows and the connection between the two phase line and the HeGRP. The space required for the 70 K HOM absorbers and the pumping ports is here considered as independent, given their different modularity 
Taking 30 MV/m as cavity design gradient, the impact on the length of each 250 GeV linac moving from the 12 cavity scheme proposed in the TESLA TDR to a 10 or 8 cavities per module scheme is respectively 53 m or 133 m.
· Interconnection components: longer modules reduce the number of interconnections, which mainly means the number of vacuum valves (+ 280 or + 700 per linac moving from 12 cavities per module to 10 or 8, respectively). 

· Module assembly: longer cryomodules means fewer modules to be assembled and installed. However, the overall impact is not expected to be substantial because of the higher difficulties during the handling and alignment procedures.
In favor of “short” cryomodules

· Cryomodule fabrication: the experience gained with TTF is limited to the production and installation of 8-cavity cryomodules. The extrapolation done with the industry for the TESLA TDR showed that the overall fabrication cost of 8 or 12 cavities cryomodules should stay within the error bar of the estimation: machining and tooling are more expensive for longer modules. 
· Alignment of cavities and quads: longer cryomodules with three suspension posts are more sensitive to external forces and more demanding to preserve alignment from warm to cold. The necessary compensation through momentum of inertia (by means of an increase of the wall thickness/diameter of the HeGRP/vacuum vessel) has a negative cost impact to be properly quantified.
· Vibrations: for the same driving forces and suspension systems the cold component installed into a longer cryomodules are vibrating with larger amplitudes. The compensation of this effect has a negative cost impact to be properly studied and quantified.
· Transportation and Handling: both are more demanding and expensive for long cryomodules. Larger shafts are required to bring the module into the tunnel; the scheme used for LHC dipoles is difficult to be foreseen for ILC modules.
Conclusion: 

The present cryomodule reference design, the so called TTF Type 3, can be implemented to allocate any number of cavities from 8 to 12, plus the quadrupole package, with no need of major substantial reviewing of the basic design concepts. Nevertheless the TTF experience is limited to 8-cavity cryomodules and more work is required to possibly move up to a 12-cavity cryomodule. At present the expected cost saving moving from 8 to 12 cavities per cryomodule looks possible, but also marginal and risky
BCD: 8 cavities per cryomodule
ACD: 10 or 12 cavities per cryomodule
