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LHC Collimator Project Meeting
Summary of the 3rd meeting held on

21 February 2003

Present:
Oliver Aberle (secretary) – AB/ATB
Ralph Assmann (chairman) – AB/ABP
Enrico Chiaveri – AB/ATB 
Luca Bruno – AB/ATB
Philip Bryant - AC/TSC 
Alfredo Ferrari – AB/ATB
Bernard Jeanneret - AB/ABP 
Manfred Mayer - EST/ME
Steve Myers AB
Hansuli Preis - AB/ATB
Christian Rathjen – AT/VAC
Francesco Ruggiero – AB/ABP
Peter Sievers - AT/MTM
Vasilis Vlachoudis – AB/ATB
Frank Zimmerman – AB/ABP
Excused:
Markus Brugger - TIS/RP
Bernd Dehning - AB/BDI
Brennan Goddard - AB/BT
Miguel Jimenez – AT/VAC
Willi Kalbreier - AT/MEL
Stefan Roesler - TIS/RP
Ruediger Schmidt – AB/CO
Wim Weterings - AB/BT
Minutes of last meeting and follow-up on action items

Ralph Assmann asked for any comments on the minutes of last meeting. There was no remark. Ralph then summarized the work done on collimators up to the present day. The different steps from Al/Cu to a C based system have been shown with milestones and dates. The different advantages for parameters like cleaning efficiency, robustness or impedance have been shown. In Jan. 2002 impedance has been considered as not critical (Cu system). In Oct. 2002 the collimation project has been set up. In Jan. of this year then the first complete simulation chain from the beam over Fluka and Ansys calculations of a collimator in graphite has been performed.
S. Myers asked for the number of collimators in the LHC. The overall number of collimators is 66 with additional devices for machine protection. Another question was why Cu coating of graphite was impossible. A. Ferrari answered, that the Cu coating becomes much too hot. Then Ralph invited F. Ruggiero to present the latest results of impedance studies.

· 
· 




Impedance
First Francesco addressed an open question concerning the thickness of the Ti coating for the TDI:

For impedance a 3 μm Ti coating on Boron-Nitride is fine. The TDI can be built as specified.
Then F. Ruggiero showed the latest results on the impedance values of a carbon based collimation system compared to a system based on copper.
There are impedance problems at 7 TeV with the collimators closed to 6 and 7 sigma. Already for the original Cu system the impedance from the collimators is as high as the rest of the ring. This might, however, be acceptable. Besides impedance there is the problem of limited robustness for Cu or Al.
Robustness is better for a C based system. The required robustness seems at reach (factor ~ 3 missing) but the impedance is increased by a factor of ten! 
Several measures and propositions have been discussed:

· Use reserve of transverse feedback: factor 3-4.5 seems possible. Check stabilizing effects of noise, e.g. coming from long-range beam-beam.
· This additional feedback is only needed at high energy before collision. It can be switched off in collision!
· Thick coating or metallic plate (Be?) on C (thin coating is not good enough).
· Reduce the total collimator length to it’s minimum.

· Open the secondary collimators. Going from 6 to 8 sigma would bring a factor 2.4 reduction in impedance.
· 
· Opening of the secondary collimators might be possible if tertiary collimators are placed at the triplets. The primary collimators would remain at 6 sigma (small impedance due to short length), the secondary collimators opened from 7 to 10 sigma (reduction in impedance contribution of factor 3), and the tertiary collimators at triplets could clean the secondary halo between 10 and 13 sigma.
· 
· 
· 
· Constrain the beta* as last resort or open triplet aperture (not possible as they have been built).
· 
LHC impedance is in any case a strong function of the collimator settings! Work is not finished and further work was proposed by Francesco and in the discussion:
· Limits of transverse feedback performance (upgrade?)

· Growth rate of instabilities with new impedance?

· Geometric impedance?

· Emittance growth from dipolar and quadrupolar wakefield kicks?

· Scaling for aperture correct with the cube?

· Impedance for Be?

· Check stabilizing effects of noise, e.g. coming from long-range beam-beam.
F. Ruggiero explained that his presentation shows preliminary results of work in progress. To have a more complete picture he asked for more time. For the further collimator work one should not wait for the final impedance results. He recommended continuing with the work on the C system, but also considering alternatives.

Conclusions from the discussion:

1. Pursue impedance/feedback questions listed above and review at next meeting (21.3.03). Discuss the impedance problem and the further strategy in the LTC (March 03).
2. Consider Be more seriously, if C doesn't work:
- What are the real issues with Be?
- Prepare the scene.
3. Consider additional composites of C, e.g. Carbon-Carbon and Cu-doped C.

4. Prepare alternative solutions for discussion:
- Tertiary collimators at triplet?
- Open secondary collimators somewhat?
- Shorter lengths?
- Larger beta functions possible? (gain with sqrt[beta])
5. Think about experimental tests:
- Can we measure impedance for sample materials? Without beam at CERN or
   with beam at SLAC collimator test facility?
- Samples of C for vacuum tests done by the vacuum group (results by 4/03).
6. Review of constraints from local e-cloud (TiN coating?)
7. Revisit all questions listed above in a CPM (21.3.03).
8. 
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Items for future meetings
· Update on FLUKA calculations. (AF, VV).
· 
· 
· Update on ANSYS calculations (OA, LB)

· Cases under discussion for FLUKA/ANSYS:
- Cu doped C (better impedance?)
- Be jaws (partly done, better impedance)
- Slow case for C, Be, Cu (Cu-based “repairable” system possible?)
- Ions
· Details on doped graphite (how to include in FLUKA/ANSYS calculations?) (LB, PS)
· 
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