Minutes of a meeting on the transverse impedance of a metal or ceramic collimator on 09/04/2008

Present: F. Caspers, A. Grudiev, F. Roncarolo, B. Salvant and E. Métral.

- In the simulations from T. Kroyer using the code called MAXWELL, it is not possible to simulate dielectric losses as there is no electric field. T. Kroyer obtained results from 1 Hz to 1 MHz.
- T. Kroyer also made simulations using HFSS to study higher frequencies (from 1 MHz to 1 GHz) and obtained results in good agreement with those from Elias. Some few points need to be clarified. Action1: Fritz will clarify with Tom what looks like some inconsistencies (or typos) in some plots from Tom (pages 6 and 7). Fritz will also check with Tom if has the imaginary part of the simulated impedances, as only the real parts are shown. Alexej reminded us that it is difficult with HFSS to go above few GHz.
- Reminder: Eddy currents in a conductor come from Bdot (i.e. variation with time of the magnetic field). Note that it could also come from the displacement of the conductor under a constant magnetic field…
- We had some discussions about the use of the permittivity for a conductor. In our theoretical formalism, we define, for any layer, a complex permittivity (combining the conduction and displacement current terms), which is given by
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- Action2: Elias will zoom around the high-frequency resonance(s) introduced by a ceramic collimator (see Elias’s talk on 04/04/08, page 15) to try and understand if there is numerical noise, how it changes with the geometry (changes the 2.5 cm thickness), change the resistivity with constant thickness, scan the relative permittivity, the tan term, etc (we have a Cerenkov PU which is a property of the material and not the geometry…). Elias will also compute the case of a coated ceramic: resistivity of 1E6 (m for the ceramic (scan also if possible) with a permittivity of 5 (scan also if possible) and a thickness of ~ 2.5 cm. The thickness of the coating should be 10 (m with a resistivity of 1E-1 (m. Note: The way Fritz obtained the value of the coating’s thickness is not clear to me and I might need more explanations*.
- The peak at high frequency is believed to decrease with the ceramic thickness, so a first conclusion is that the thinner the ceramic layer the better (something like ~ 5-10 mm should be OK).
- Action3: Alexej will make GdFidl simulations to try and reproduce the theoretical predictions and Tom HFSS simulations.
- Elias informed everybody that Wil Vollenberg brought him yesterday 4 ceramics to be measured:


1) Silicon Carbide Target SiC,

2) Ti519300 Titanium Diboride Target TiB2,

3) SJ619300 Silicon Nitride Target Si3N4,

4) B4C.

 - The 4 ceramics are now (after the meeting) in Benoit’s office. Action 4: Benoit and Federico will measure them with the current setup even if it is believed that the measurement tool is certainly not the appropriate one (at least one should measure the same thing as predicted by MAXWELL). Reminder: With the coil (or Sacherer’s method) one can measure only Eddy currents and not displacement currents. However, if his could be clearly shown, it might already be very useful. For other measurements one definitely need another person (student?) as Federico and Benoit have to finish and document (writing also the EPAC papers) the measurements on the LHC PIMs and LHC graphite collimator (phase 1). This is top priority and the rest should come after for them (at least for Benoit but I think it is the same for Federico).
- Preliminary measurements with the nail board (“planche a clous”) from Fritz were performed by Benoit and Federico but no data are available yet (data stored on some disk only for the moment). It might be good to see them at some point but it seems that the nail board behaves as expected by Fritz (and Tom’s simulations), i.e. acting as a bad conductor at low frequency and therefore having a smaller impedance at low frequency.

- Fritz reminded us that we have a Cerenkov PU with a ceramic collimator so we can take the signals from it. Here we have to designs a bad PU…

- Fritz also reminded us that a corrugated metal surface (as we have with slots) is very similar to a dielectric coated surface.

- Main messages to be passed to Alessandro Bertarelli (meeting tomorrow):

1) When using ceramics blocks we do not care about gaps in between as there is no current. This is opposite to the case of metallic blocks.

2) The thinner the dielectric the better (we imagine that something like ~ 5-10 mm should be OK) and then one should put the best conductor (taking into account the mechanical constraints etc.).

3) The way to go heavily depends on the stabilization method:

- If one relies on Landau damping => One should decrease the imaginary part of the impedance, even if the real part slightly increase.

- If the transverse feedback can be used (let’s wait the conclusions from W. Hofle, remembering the issue of the flatness of the real part of the impedance between 8 kHz and 20 MHz) then one should preferably decrease the real part of the impedance. Note that if the real part at these frequencies is decreased it will help the feedback but if the impedance increases at high-frequency (in a broad-band manner) then we enter into another type of instability which is the single-bunch one. Action5: Elias will estimate the effect of the high-frequency part of the ceramic collimator on the single-bunch instability (once this high-frequency part is understood of course…).

4) The heating of a ceramic collimator during operation will change the characteristics of the material (conductivity etc.) and this effect should not be forgotten, as one might enter into a bad regime (see Elias’ presentation and in particular scan with resistivity).

5) Alexej reminded us that the transition between a ceramic and a metal is different from the transition between 2 metals ( One wants to avoid the step in the induced current (see Fig. 1).
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Figure 1: Transition between 2 metals (upper), and between a metal and a ceramic (lower).

6) Once we have the 3D model of the ceramic collimator one needs to make detailed simulations to study the possible resonances etc.
* Email from Fritz (just after the meeting): “Let me just try to explain again the logic for the "transparent"resistive layer. The thickness is given by the technology (thick film printing) and will be after firing around 10 micron. The resistance per unit square can be dialed and we assumed values between 10 KOhm and 1 MegOhm. Such a thin (very thin compared to skin depth) layer is transparent to the wakefield if R surface is >> 377 Ohm. (which is the case for 10 KOhm and 1MegOhm respectively). Note that the unit of the surface resistance has no geometrical dimensions! For R surface =10 KOhm (and 10 micron thickness) we get a bulk resistivity of 0.1 Ohm meter (because we have to put 10E5 such layers in parallel to fill one cubic meter); for 1 MegOhm we get 10 Ohmmeter respectively. This is something like 6-8 orders of magnitude below copper. Copper has a skin depth of 2 micron at 1 Ghz. Thus even at 1 Ghz the skin depth for this material will be around 1 mm and with a mech thickness of 10 micron we are really very well below this number.”
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