Beam-beam discussion 02.04.2007, present: Alain Blondel, Ulrich, Jean-Pierre, Guido, Frank

News

A recent message by Wolfram reports on first parasitic experiments at 100 GeV.  The background is increased by the wire compensator. Another measurement at injection showed clear signs of hysteresis effects in the loss rate. 

For US-LARP beam-beam workshop Jean-Pierre was invited to give a talk on wire technology. He is tempted to decline and will propose Ulrich as an alternative speaker.  The presentation could include a summary of steps taken and difficulties encountered. Steve Hays could be contacted prior to the workshop for coordination. 

Ulrich also received some information on RHIC operating conditions: there is no orbit feedback, but at least a tune feedback "with noise issues". 

=> ACTION: We need to find out whether the tune feedback is actually used in RHIC operation.

Draft RHIC MD Proposal (Ulrich)

Ulrich commented that the vertical beam size at the RHIC wire is 2.1 mm at injection.  The beam is much wider horizontally as the beta functions are highly unequal.  Jean-Pierre asked whether the beta function ratio is the same at the crossing point to be compensated. The answer was not known. Ulrich will follow up this question with Wolfram. 

=> ACTION: Follow up beta function ratio at collision point.

The integrated maximum wire current x wire length corresponding to LHC conditions is 267 A x 1.2 m. In RHIC the maximum current is 50 A and with a length of 2.5 m the maximum value for the product is 125 A m, almost a factor 3 below the LHC equivalent for the same normalized emittance. To make the RHIC experiment fully equivalent the normalized emittance should be scaled by the same ratio as the effective wire current. Frank pointed out that since the normalized emittance is 1.5 micron, compared with 3.5 micron, in the LHC, most of the required scaling seems to occur naturally. Jean-Pierre recalled that the energy dependence cancels if normalized emittances and beam sizes are used.

Ulrich suggested that a wire current calibration might not be necessary. Jean-Pierre advised, however, to check that e.g. end effects of the wire are not important.

Different power laws were found for beam lifetime vs. the inverse distance, at the SPS (5th), 

Tevatron (3rd), and RHIC (2nd and 4th). The different powers might be related to different working points, a hypothesis which could be tested in the RHIC MDs. 

The individual parts of the MD programme were reviewed in detail. The first priority is modeling the conditions of the LHC, the second the demonstration of wire compensation, the third studying the scaling of the threshold with wire current and importance of a few parasitic encounters. The tunes for the experiment should be determined. Frank suggested that an excitation of about 10 Am might model the effect of a single long-range encounter as expected for the D0 scheme. 

Luminosity Leveling for LHC using the Early Separation Scheme (Guido)

First the need of luminosity leveling was illustrated, namely the short luminosity lifetime and large variation of the pile up events for upgrade solutions with low beta*. Luminosity can be leveled by varying beta* or by changing the bunch length. Another option available for the early separation scheme is a dynamic change in the crossing angle. This can be done easily and transparent to the rest of the machine on the case of the early dipole separation scheme.

Guido's luminosity model included burnt protons, IBS and gas scattering.

Jean-Pierre asked for the significance of a large crossing angle, in view of synchro-betatron coupling. For the nominal LHC the effect of spurious dispersion is comparable to that of the crossing angle.

Guido compared the performance with and without luminosity leveling. There was a small difference in the total integrated luminosity, while the number of pile up events was much reduced for leveling.

Alain recommended optimizing the time integral of sqrt(L) rather than the integrated L. The sqrt(L) quantity relates to the signal to background ratio. Guido will prepare new plots for this quantity. Alain also pointed out that we must assume the new detectors will be built for 1e35/cm^2/s 

Alternatively to changing the crossing angle with D0, also crab cavities or the standard LHC crossing-angle bumps could be used. 

Impact on peak luminosity of the leveling is substantial. The number of pile up events can be reduced e.g. from 160 to 100, with little reduction of the integrated luminosity.  Alain stressed however that the initial luminous region is reduced due to a larger crossing angle, which enhances the "effective' pile up, i.e. the local pile up in the inner tracker. The total effect must be carefully evaluated.

The luminosity leveling presented by Guido is fully compatible with the early-separation scheme.

Frank recommended to also plot the tune shift from LR collisions as a function of time for the various scenarios.

Various methods for increasing luminosity (or leveling) were compiled, essentially variations of beta*, bunch length, and crossing angle. Luminosity leveling, albeit successful at LEP, was never demonstrated at hadron machines. RHIC could serve as a test bed.

beta* variation with colliding beams could be difficult, due to a number of spurious effects that might cause tail development. However, if tune, chromaticity and orbit feedbacks are operational, it might be possible.

beta* leveling has the added advantage that the length of the luminous region is modified in the good direction,

i.e., this region is larger for higher luminosity.

Alain pointed out that D0 and the orbit corrector must also be ramped precisely together.

He asked about alternatives to D0.  Guido mentioned two: crab cavity and standard crossing bump. The D0 presently considered, for 15 cm beta*, has a field of 5 T, is 1 m long, and has inner and outer diameters of 15 and 36 cm, respectively.

A 23 m l* is assumed in this study. The tunnel stops at 19 m from the IP. Any object closer than this must be suspended and is bound to be more unstable. Dipole magnets are more tolerance than quadrupoles.

Alain asked whether the bunch length could not be changed. Frank suggested using a 2nd or 3rd harmonic system for bunch length control (widening and shortening). If D0 is a killer, other solutions may be found. 

Alain proposed to reconsider cooling possibilities. We should remind ourselves of the requirements for stochastic cooling and optical stochastic cooling, and the scheme proposed for the RHIC upgrade. 

Frank remarked that we may anyhow need a precise IP feedback in LHC. 

Alain intuition that the luminous region enters linearly in the pile up effect needs to be confirmed with the experiments.  

=> ACTION: Confirm importance of local density with representatives of the two experiments

