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Introduction

The proposal for early proton running suggested in late 2004 [1] is to aim for a pilot physics run with a few tens of bunches per beam (Stage I), and the commissioning strategy has been developed with this in mind. Following this, attention will shift to many-bunch operation, first with 75ns spacing (Stage II) and later with 25ns spacing (Stage III), thereby allowing both the complexity of the machine operation and the destructive power of the high intensity beams to be introduced in a controlled, incremental manner. Bunch currents will be gradually increased throughout this.

One of the motivations for the period of 75ns operation was to avoid difficulties arising from the electron cloud effect. This phenomenon is not expected to arise with bunch spacing of 50ns or more, but the understanding at the end of 2004 [2] was that it would play a significant role with 25ns bunch spacing above a certain bunch intensity threshold. During 2005, improved understanding of the effects indicated that earlier estimations had been somewhat pessimistic in terms of the heat load on the cryogenic systems, and new estimates were issued for the bunch currents that could be injected [3]. This called into question whether a period of 75ns operation continued to make sense [4].
Consequently this issue was recently presented and discussed at the LHC Commissioning Working Group [5]. This note summarizes the results of these discussions.
Machine considerations
There are a number of clear advantages for the machine of operating with 75ns bunch spacing;
1. Due mostly to the reduced splitting of the PS booster beam (4 times compared to 12 times in the 25ns case), the transverse emittance of the 75ns beam delivered by the SPS is a factor 2 smaller than the 25ns beam, for similar bunch intensities. This gives much more tolerance for the emittance budget in the LHC. 

2. The effects of long-range beam-beam collisions in the LHC will be reduced with one third the number of bunches per beam. 
3. There are no parasitic crossings at the beam position monitors at the Q1.

4. With no electron cloud expected, adverse affects on vacuum pressure, beam lifetime and transverse emittance can be discounted. This may not be the case with 25ns bunch spacing, even if the heat load on the cryogenic system can be ignored.
5. Running with 2808 25ns bunches at 7TeV, for Stage III, the stored beam energy is soon in the 100MJ range. This is a big step from the 2MJ level of Stage I with 43 bunches per beam. The intermediate Stage II would see stored beam energies of tens of MJ and would seem to be a very sensible step to take.
The first two of these advantages would allow running at a reduced crossing angle with consequent advantages for aperture through the insertion magnets. An estimate after the LHCCWG meeting indicates a minimum crossing angle of about 90 radians for 75ns spacing, to be contrasted with 180 radians minimum crossing angle for 25ns spacing at a similar luminosity.

Luminosity considerations

Should it turn out that the LHC is limited in total current, for example if one quickly gets to the levels compatible with the partial installation of the beam dump dilution kickers, one obtains higher luminosities by putting this total current into the smallest number of bunches. While this has the obvious advantage for physics production, and would also allow to relax the beta* without losing too much luminosity, it comes at a price. Higher bunch currents mean more event pileup, increased possibility of single bunch instabilities, emittance growth from Intra Beam Scattering, and a shorter luminosity lifetime.
It seems that only a comparison of the running conditions for either bunch spacing will allow a decision by the experiments as to which one they prefer. An earlier request by one of the CMS collaborators for a period with 75ns spacing has not been agreed upon by the rest of the experiments. The injectors can switch from one mode to the other in a matter of hours, so with any changes that we might have to make in the LHC we estimate that we will be able to change over in less than one shift.
Conclusion

From the experiments and luminosity production points of view, there is no compelling argument to plan for a period of 75ns operation before attempting 25ns. We will probably be required to do both, but in which order is not clear. 

From the machine side, however, there are clearly a number of advantages of passing through this phase. It would allow decoupling several related effects and, importantly, provide more margins for commissioning machine operation with many bunches.
We therefore propose to keep this stage in the commissioning planning. The length of time that we would spend in this mode is expected to be measured in weeks rather than months.
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