Minutes of the 9th PAF working group meeting

24 October 2005

******* DRAFT VERSION *******

Participants:

----------------

M. Benedikt, F. Bordry, R. Garoby, G. Rolandi, F. Ruggiero, W. Scandale, J. Wenninger. 
1)  Approval of the last minutes:

The minutes of the last meeting were approved with two changes:

· The presentation on accelerator needs of beta-beams will take place on 21st November.

· For the meeting on the 31st October, a summary of the NuPAC conference and the considered accelerator complex upgrades will be presented.

2)   PS and SPS interleaved cycles (W. Scandale)
- W. Scandale presented an analysis of supercycles for LHC filling, assuming new superconducting PS and SPS machines. He recalled the present LHC filling scheme and the PS/SPS supercycle lengths. With the new SC machines the aim is to not increase the filling cycle; this defines the cycling requirements (ramp rates, etc.). 
- In the first case it is assumed that the SC PS (circumference of present PS) can ramp with 3.2 T/s up to a maximum field of 3 T. With a factor 20 in field-range and an injection energy of 1.4 GeV (present PSB) the top energy would be around 40 GeV. The PS cycle length in this scenario is 3.6 s (as at present) where the flat-top and flat-bottom lengths are required for cooling (thermal energy release during ramps).  The main technical concerns for the SC PS in this scenario are:

· Can the thermal energy release be handled?
· Can the factor 20 in dynamic range be achieved? 

For the SPS it is assumed that the magnets can ramp with 1.2 T/s up to a maximum field of 4 T. These magnet parameters are less critical for thermal energy release and, assuming again a factor 20 in dynamic range, a top energy (LHC injection energy) of ~800 GeV could be reached.
- In the second case it is assumed that the SC PS could ramp with 3 T/s up to a maximum field of 4 T so that the top energy would reach 60 GeV. The PS cycle length in this scenario is increased to 4.5 s, resulting in an overall filling time increase of around 15% that is considered acceptable.  The technical concerns are similar to the first scenario. In combination with a SC SPS, ramping with 1.5 T/s up to 4.5 T, the top energy would go to ~1 TeV. 
W. Scandale finished his presentation showing a first tentative design of a dipole for a SC PS in the above parameter space. The magnet inductance is 6 mH/m so that inductance of the complete machine will be several Henry. Therefore ramping voltages of the order of several 10 kV will be needed to achieve the required current ramps (~6 H, ~40 kV, ~7 kA/s).  

The following discussion focused first on the power converter requirements. Because of the high voltage, the requirements are not comparable to those of the present PS (<10 kV). Due to the bigger inductance, the stored energy will also be much larger. A “Lego” system approach (e.g. 4 converters) seems better suited than a single converter like the present rotating machine. F. Bordry pointed out that for the existing PS alternative solutions to the rotating machine are presently being analysed and that the results might also be of interest in the context of a new SC PS.
The second aspect discussed was the choice of the parameter space for a new SC PS and several points were brought up and need further reflection:

· Reasons for limiting the machine length to the PS tunnel.

· Keep PSB and LEIR as injectors or consider a PSB replacement at the same time. 

· Lower ramp rate (to reduce complexity of magnet and converter design) at the expense of longer cycles and filling time.
· Effect of longer cycles on non-LHC physics programmes (e.g. could the machine cycle faster with a lower ejection energy?).
The final part of the discussion focused on the performance expectations. It is clear that the new complex has to bring a significant performance improvement. The presently known bottlenecks for LHC beams are in the PSB (injection) and in the SPS and an upgrade should address these issues. A higher injection energy into the SPS will generally improve operation (reduced space charge) but it is less evident if it helps for specific limitations (instabilities, etc.). 
However, building a new SC SPS would allow for major improvements e.g. a significantly reduced impedance (impedance is a major problem in the existing machine) and getter coated vacuum chambers to fight electron cloud effects. 
In conclusion there was agreement that a SC PS replacement is a promising (but difficult) option that should be pursued further. A top energy of 40 GeV seems reasonable for SPS injection and translates also into realistic magnet/converter requirements (assuming a sufficiently long R&D phase). The input of POFPA will be very important since the top energy might be driven by Kaon physics requirements. Aiming at 3.6 s cycling of the new machine seems reasonable. There is also a clear interest to make the design compatible with the existing injector chain (PSB, LEIR) and fitting into the PS tunnel. This would allow a modular approach for an upgrade, exchanging one machine at a time. However it is also clear that the parameter space has to be chosen such that the proposal brings a significant performance increase to assure it will be supported further.
PAF will also consider normal conducting alternatives for PS replacement. A rapid cycling synchrotron (RCS) based option will be analysed in some detail with the help of H. Schonauer and FFAG options will be studied with the help of F. Meot. 
3) Miscellaneous

The next meetings are scheduled for 31 October, 21 and 28 November, 5 and 12 December. 
Monday 31, October at 14h00: 
- NuPAC outcome: proposed upgrades for radio-active ion beams (0.9s / Linac4 / proton driver) – R. Garoby
Monday 21, November at 16h00: 
- Needs of Beta-beams – M. Benedikt

- RCS solutions for low energy injectors – H. Schonauer

Monday 28 November at 16h00: 
- Possible FFAG solution as a low energy injector in the PS – F. Meot (CEA/IN2P3).
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