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LHC Collimator Project Meeting
Summary of the 2nd meeting held on

07 February 2003

Present:
Oliver Aberle (secretary) – AB/ATB
Ralph Assmann (chairman) – AB/ABP
Markus Brugger - TIS/RP
Luca Bruno – AB/ATB
Philip Bryant - AC/TSC
Bernd Dehning - AB/BDI
Alfredo Ferrari – AB/ATB
Bernard Jeanneret - AB/ABP
Miguel Jimenez – AT/VAC
Hansuli Preis - AB/ATB
Ruediger Schmidt – AB/CO
Peter Sievers - AT/MTM
Vasilis Vlachoudis – AB/ATB


Excused:
Enrico Chiaveri – AB/ATB
Brennan Goddard - AB/BT
Willi Kalbreier - AT/MEL
Manfred Mayer - EST/ME
Stefan Roesler - TIS/RP
Francesco Ruggiero – AB/ABP
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 pointed out the high priority of the TCL collimators, which are both used for injection protection and capturing debris from the high luminosity interactions. While the latter TCL’s could be delayed, one of the injection TCL collimators might be required for the sector test. Once the expected maximum beam impact is specified by H. Burkhardt, the material choice should be revisited and a mechanical design must be started. It should be noted that the available space for the collimator tank is limited by a cryoline (contact A. Perin AT/ACR, who is aware of the presence of the TCL).

Action items: 

· TCL beam input data for Fluka/ANSYS calculations (H. Burkhardt).

· TCL flange ( and length to be fixed with vacuum group (O. Aberle, L. Bruno, H. Preis).


Luca Bruno asked to clarify the nomenclature of the collimators. RA mentioned the library on the collimation working group web page, which contains a page on “collimator lists”:

http://www.cern.ch/lhc-collimation/library-all.htm
All collimators listed on the collimation web are part of the LHC Collimation Project. In particular, the LHC collimation project team is responsible for the TCP/TCS type collimators in IR3 and IR7 and the TCL type collimators in IR1, IR5, IR2, and IR8.

RA pointed out that all information is for LHC optics V6.4 and should not to be taken as the final layout. Significant changes should be expected in IR3 and IR7 cleaning insertions, once the collimator design has been fixed. 

Fluka calculations

Vasilis Vlachoudis presented results of Fluka calculations, performed by Alfredo Ferrari and Vasilis Vlachoudis for the worst case shock beam impact (description at http://www.cern.ch/lhc-collimation-project/results.htm). The slides are electronically available as pdf files at:

http://www.cern.ch/lhc-collimation-project/meeting.htm
The energy depositions both for thin coating (0.1 mm Cu on graphite) and a copper structure behind a 10 mm graphite plate have been calculated for the worst case shock beam impact. The thin layer of copper will reach very high temperatures, showing that Cu coating on the 0.1 mm scale is not feasible. On the other side, the Cu structure behind a 10 mm graphite plate sees only modest energy deposition and therefore seems feasible. The results must be repeated also for the beam loss at injection (one full batch lost at a collimator). 

R. Schmidt asked, if cp has been kept constant for these calculations and A. Ferrari answered, that it is changed to values provided in a database by L. Bruno. An other question was, if in very thin structures energy is transformed in temperature. AF explained that calculations are generally done with meshes 1/10 of the thickness in question. Anyway, for fractions of (m he considers an incertitude of factor 3. A safety margin for all the analysis (also Ansys) must be taken into account. 
A discussion between M Jimenez and JB Jeanneret showed, that a comparison to the LEP synchrotron radiation couldn’t be done.

The main points from the Fluka results are:

· Low Z materials are better from the point of view of robustness, radiation production (most energy leaves the jaw) and EM showers.

· Materials higher in Z than graphite would be damaged during irregular dumps, what means that even for start up Cu will be no acceptable solution.

· A 0.1 mm Cu coating would not survive an irregular dump.

· A Cu structure behind 1 cm Graphite would survive at 7 TeV. The injection case remains to be investigated.

· The collimator but also the entire beamline has to be investigated. Energy deposition downstream of the collimator must be evaluated. 

· Heat load is an “easier” problem for practical engineering than radiation.

After an interaction with a primary collimator the shower goes to the downstream region with significant losses on the secondary collimator. Energy deposition in the vacuum tube remains to be quantified for the new materials. Fluka can calculate down to some keV, the number of the electrons at eV level remains to be evaluated.

Action items:


· Calculation of energy deposition due to loss of one batch at injection (AF, VV)

· Study of particles showering out of the collimator as it has been done for graphite (JBJ + IHEP, MB).

· RA asked to put all the data and results for our reference cases on the web, including short explanations of assumptions and boundary conditions. (MB, AF, JBJ, VV). Please send your files to Ralph Assmann and Oliver Aberle.
Ansys calculations

Luca Bruno presented first results of Ansys calculations, using Fluka data from the shock beam impact as input). The slides are electronically available as pdf files at:
http://www.cern.ch/lhc-collimation-project/meeting.htm

The boundary conditions are the following:

Material is Graphite. Fluka data set for case 1 has been used. For the first run a rather non-conservative setting has been used (underestimating stresses).

It was seen that the maxima of energy deposition and temperature are located 0.4 mm inside the jaw. The preliminary conclusion is, that graphite objects of 1.4 m are too long, mechanical stresses are too high. It was noted, that there is a shallow peak of the energy deposition, so that much shorter lengths would be required. Further studies should quantify this. The maximum values in temperature and tensions lie above the acceptable limits by a factor of 2 to 3. LB stated that other forms of carbon might have better resistance, e.g. carbon-carbon composite.

Action items:


· Calculation with different meshing (LB, OA)

· Acceptable lengths of graphite jaws (LB, OA)

· Results for other forms of graphite, e.g. Carbon-Carbon (LB, OA)

· 
Layered collimator jaws

JB Jeanneret presented a layered structure for the collimator jaws. The slides are electronically available as pdf files at:
http://www.cern.ch/lhc-collimation-project/meeting.htm
The layered jaw would consist of a thin diamond tiled layer close to the beam. Two layers of shifted Be tiles would assure electrical continuity and a layer of thick graphite would act as main absorber. The whole structure has to be held in a stiff metal frame.

A discussion started with M Jimenez, who worried about Be for maintenance reasons. JBJ doesn’t see to much difference between toxic Be dust and radioactive carbon dust. In both cases precautions for handling have to be taken.

RA reminded to have the priority on a solution as simple as possible. Materials as Be and more sophisticated structures should be kept in mind but have to be seen as possible routes for further studies, once our more simple ideas are shown to be not feasible. In view of making fastest progress we should for the moment concentrate on a simple jaw made out of graphite.


Items for future meeting

· Update on FLUKA calculations. (AF, VV)

· Update on ANSYS calculations (OA, LB))

· Details on doped graphite (how to include in FLUKA/ANSYS calculations?) (LB, PS))

· Test of piezo-motors (OA, PS)

A list of open action items can be found at:

http://www.cern.ch/lhc-collimation-project/meeting.htm
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