Beam-beam discussion 09.10.2006, present: Ulrich, Jean-Pierre, Guido, Yannis, Frank

BBTRACK
Ulrich reported on a bug fix in BBTRACK. By mistake octupoles had been used instead of sextupoles in some of the RHIC simulations. This means that the chromaticity was zero in all the previous studies. The natural chromaticity of RHIC is now found to be -73 at top energy and -42 at injection. SUSSIX was implemented in BBTRACK using the source code provided by Frank Schmidt. Also crab cavities were added, as well as new line distributions for the lattice definition. 

The tune diffusion obtained from BBTRACK/SUSSIX reveal that the LHC D0 option  looks very good, while the wire case with full compensation does not appear much better than the case without compensation. Indeed it exhibits a large connected unstable region. 

Possibly this is an artifact of the choice of tune. The different cases do not have the same amplitude range and color code. A few points are missing. They correspond to particles for which SUSSIX could not identify the tune. 

It was commented that NAFF may not have this problem, and also that some parameters in SUSSIX might be set to improve these cases. 

Jean-Pierre recalled that there are two types of representation of the tune results. He recommended plotting the tune footprint in addition to the tune diffusion maps. Yannis remembered that a tune change of 1e-4 roughly corresponds to the limit of stability, according to previous studies. He proposed that Ulrich tries to correlate tune change and Lyapunov exponent for  some example scans.
Ulrich next presented the Lyapunov stability as a function of amplitude and wire current, when scanning along the 45-degree line in the x-y plane. The optimum wire current is a little smaller than the expected value (80 A?). The optimum current for an extreme pacman bunch is between 20 and 40 A. In any case a dc excitation of 30-40 A would improve stability for all bunches. 

Jean-Pierre commented that this nicely shows that not only the footprint matters.

Ulrich recalled the scaling of emittance growth with wire-current noise amplitude.

Frank mentioned that operation with transverse damper may relax the tolerance.

RHIC

Ulrich showed new simulation results for EHIC. With LR only, the tune diffusion is very small, or order 1e-13. However, with sextupoles added the region with large diffusion becomes unstable. A movie of the footprint illustrates the transition from a region dominated by LR collision to one dominated by sextupoles, as the separation is increased. In the process the footprint unfolds. The cross over point is reflected in a qualitative change in the variation of the Lyapunov stability with separation. Yannis indeed pointed out that the unstable point is correlated with the folding. The movie most likely was for a case in which the rf was off.

With rf on, a peculiar clustering is observed, which could not yet be explained. Similar simulations were run for the blue beam and for the yellow beam. Typically particles were tracked over 300000 turns. Simulations were performed for all 2005 experiments with collisions at s=0 and for 10.6 m, and for the 2006 experiments in the squeezed condition. 

For a special working point, on the crossing of the linear coupling resonance with the 3rd integer resonance, stability for off-momentum particles, LR collisions, with sextupoles on is better than for LR only. Ulrich showed another movie for this case.

Jean-Pierre asked whether the detuning with amplitude should not also be considered and compared. Yannis suggested that tune diffusion, Lyapunov, and amplitude diffusion are all correlated in a statistical sense. This could be studied in long-term simulations for single particles. 

Ulrich expressed concern about numerical noise for long-term simulations. Jean-Pierre recalled that backward tracking is one, way to assess the noise effect, and, added by Frank, to detect the onset of chaos. Time scale and dependence of numerical noise and chaotic noise are completely different and should be easily separated. 

Yannis recommended monitoring the evolution of invariants. One could even suppress the numerical noise by enforcing the constancy of invariant, if necessary going to an extended phase space. Frank was unsure about the practical implementation. Possibly one could adjust the noise level digit by digit and find at which number of turns or level it becomes an issue. 

Ulrich clarified that no chromaticity means that the linear transformation is non-chromatic and that the simulations include no sextupoles at all. 

Recommendations for Ulrich:

- plot footprints in addition to tune diffusion

- compare tune diffusion, Lyapunov and amplitude diffusion for example cases 

- think about behavior in extended phase space

- repeat the RHIC study with sextupoles for on-momentum particles

Ulrich will complete the draft document on RHIC and distribute it for further comments.

D0
Jean-Pierre summarized ongoing studies on the D0 option, which include long-range beam-beam effects (which in BBTRACK simulations look significantly improved), technical feasibility (1-m space for a “slim magnet” is available at 3.5 m the IP and 1.8-m space for a “shielding magnet” at 6.7 m from the IP, with fields up to 4 T – this solution is chosen for ATLAS conditions, but CMS is ready to accept the same magnet configuration), and the energy deposition. 
For the last item, contradicting results are obtained by Christine Hoa at CERN and a Francesco Broggi in Milano, namely less than 100 W or 300 W heat load, respectively. 

The difference in the simulation is the particle source used by FLUKA, in one case (Milano) DTUJET, in the other the new DPMJET. Conservation of energy is the same for both cases. The FLUKA code is also different, Milano using a version from the 1990s. 

In the present version, the source is hidden inside FLUKA. 

Other news

Frank reported from a conversation with Valeri Lebdev that increasing the separation at 4 closest encounters (2 per IP) at the Tevatron has reduced the integrated-luminosity loss from 20% in 2005 to zero in 2006.

