Question 43:  Re-entrant or Cavity Beam Position Monitors?
Linac& BDS Beam Position Monitor Requirements

	BPM Requirements

	Parameter
	Requirement
	Comments

	Quantity
	800
	linac

	
	500
	BDS

	Resolution
	0.5 micron
	linac

	
	/10 ~100 nm
	BDS

	Stability
	<10 microns
	long term

	
	< 1 micron
	Energy Spectrometer

	Temporal resolution
	bunch-by-bunch
	many places, assume all

	
	
	


What are the options?

Cavity BPMs
By “cavity BPM” we mean a pillbox-type cavity BPM with common-mode free coupling to external electronics. Cavity BPMs show extremely good resolution and stability. Examples are those designed at BINP and studied extensively at KEK’s ATF, those built by KEK’s Shintake and evaluated at SLAC’s FFTB,  the design due to Zenghai Li which was built and tested by KEK, and Zenghai’s S-band design proposed for the ILC linac. See talks by Z. Li and S. Smith. These feature dipole-mode couplers that reject the cavity monopole modes. This is thought to make sub-micron resolution easy and yield excellent accuracy and stability. At C-band resolutions in the 20 nm range or better have been reported for the Shintake and BINP BPMs. Centering stability better than +- 50 nm over 2 hours has been observed. However we are not aware of common-mode-free cavity BPMs that have been qualified for use in a cryogenic environment.
Re-entrant Cavity BPMs

These are RF BPMs using coaxial resonant modes in a shorted coaxial structure, see talks by C. Simon and O. Napoly. They have proven cryo-compatibility and have been demonstrated in the TTF cryomodule. Much of the monopole-mode rejection is accomplished externally by RF hybrids in the processor electronics; careful monopole mode cancellation is required here. A recent design should achieve 1 micron resolution.
Pros and Cons
	Type
	Pros
	Cons

	Reentrant Cavity
	Proven cryo-compatibility
Good bunch-bunch resolution
	Unproven sub-micron resolution

Unproven stability; depends on tuning in electronics module

	Cavity
	Proven resolution
Expect excellent stability

Good bunch-bunch resolution
	Unproven cryo-compatibility


R&D needed before making a decision

Reentrant Cavity BPMs need R&D to establish that resolution and stability requirements can be satisfied. Cavity BPMs need R&D to establish cryo-compatibility, both in design for thermal cycling and in cleanability so they may be accepted in the cryo module.
Recommendation for the BCD

Neither option meets all the requirements. R&D is needed on both options.  






