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Abstract
In this paper the main points emerged from the six presentations given at the Session 2 of the 5th Evian Workshop are reported, together with the main topics discussed.
Transverse Emittance through the Cycle – Update
M. Kuhn [1] reviewed the current understanding of the emittance evolution during the LHC cycle, including also its variation during the physics fill. 
The puzzling situation of transverse emittance shrinking during the ramp has been clarified, thanks to a review of the measured optical parameters. 
A better understanding of emittance evolution is heavily relying on a well-functioning instrumentation and on the possibility of performing cross-checks between the data obtained by the various instruments. 
It was very difficult to obtain useful BSRT data during Run I. On the other hand the improved optics in IR4 and the installation of the demonstrator BGV are really welcome for Run II. 
The emittance obtained from the luminosity measurements is affected by strong assumptions in the derivation (same values for both beams and planes) and on systematics observed during Run I. On the other hand it has been pointed out that very precise beam size measurement from LHCb could be made available during the VdM scans for the sake of cross-calibration studies.
The main source of emittance growth at injection and along the ramp is IBS, while at top energy instabilities and beam-beam, during the physics fill, are the main culprits. Obviously, high brightness beams will suffer severely. While in several cases the numerical simulations of IBS effects are in good agreement with measurements, for the case of the vertical plane no growth is predicted. The observed value cannot be explained by coupling or vertical dispersion and additional studies are needed to clarify this point. Also, during the discussion it turned out that the effect of intensity reduction during the fill is not included in the numerical simulations.
Longitudinal parameters and beam induced heating
J. F. Esteban Müller [2] reviewed the situation of the longitudinal parameters looking at potential instabilities and at the impact of the chosen values of the longitudinal parameters on the machine performance. 
A key aspect discussed is the situation in terms of beam induced heating. Thanks to the analysis of the situation during Run I and to the mitigation measures taken during LS1, together with the expected margin in terms of beam stability and IBS, it is possible to re-consider the option of shortening the bunch length from 1.25 ns used during 2012, down to its nominal value of 1 ns. This provides enough lever arm to propose luminosity levelling, bunch length control (radiation damping at 6.5 TeV might lead to bunch length shortening). Furthermore, a boost in peak luminosity of about 15 % could be considered. The proposed strategy is to start with the 2012 values and reduce the bunch length in steps, carefully looking at all the new heating monitoring and diagnostics deployed during LS1.
From the following discussion it emerged that the Experiments might not be too keen on using this additional degree of freedom to improve the machine performance. Basically, more important than the peak luminosity, the luminous region should be kept as much constant as possible. Nevertheless, it has been agreed that this proposal will be seriously considered and feedback will be given in the future months. 
Another option that was discussed is the possibility of bunch flattening. Flat bunches could help reducing the beam induced heating in the critical devices and would produce a more uniform pile-up density.
[bookmark: _GoBack]Another point discussed in relation with the control of the bunch length is the possibility of introducing an interlock to avoid any possible damage to equipment in case of too strong heating effects. No conclusion has been achieved, but this item will be probably followed up by MPP.
Impedance and instabilities
N. Mounet [3] reviewed the situation in terms of impedance and single beam instabilities. 
New ingredients have been added to the LHC impedance model and its comparison with measurements is at the level of a factor of two. 
The new optics in IR4, mainly, is not expected to introduce any sensible change in the LHC impedance, in spite of the increased beta-functions for optimising the performance of the beam instrumentation. 
The proposed reduction of bunch length is likely to have a small effect for the range of chromaticity values (positive and large) that are anticipated for the operation in 2015. 
The data collected in the year 2012 provided valuable information for estimating beam stability in 2015. Error bars are large and mainly due to the fact that in some cases a perfect control of the beam parameters was not possible, e.g., in the case of repeated measurements with the same beam. 
The analysis confirms what had been already mentioned earlier, namely that negative polarity of the octupoles (LOF < 0) provides the best stability situation, even including the pushed beam parameters discussed in Session 1. 
Imperfections in the functioning of the ADT have been considered and the impact is non-negligible on beam stability. 
It is stressed that, given the still imprecise knowledge of thresholds, a detailed programme of beam measurements, such as growth rates vs. chromaticity and damper gain, should be part of the 2015 activities. 
Two Beam Effects
A review of the observations made during Run I and in particular 2012 have been given by T. Pieloni [4]. 
The first point addressed is the criterion to be used to specify the required crossing angle. It has been proposed to request 11  of beam-beam separation for a maximum intensity of 1.3 1011 ppb and nominal emittance of 3.75 m, which should ensure enough dynamic aperture (about 7 ) to have a good lifetime, comparable with what was achieved during the first part of 2014, i.e., before the change of octupole polarity. 
It is worth stressing that by determining the crossing angle assuming the beam properties   of the beam commissioning, i.e., nominal beam parameters, the crossing angle in microrad will be also an upper bound to the value required for more pushed beams. This choice will imply that whenever the machine performance will be pushed in terms of emittances, the crossing angle might be only reduced, which is deemed to be a rather straightforward and quick procedure. On the other hand, higher intensities might require up to 12 sigma separation.
It has been stressed that, based on considerations of beam-beam effects, the preference for the octupole polarity would be LOF > 0 in 2015. 
In case of LOF < 0, collide and squeeze is mandatory, unless it is shown that the long-range effects can be mitigated.  From recent numerical simulations if the crossing angle is larger than 15  then even in case of LOF<0, the complicated collide and squeeze procedure may not be needed. 
The * value at which the collide and squeeze procedure should start should be clearly defined and the potential issue of non-colliding bunches should be checked in detail already with simulations, if not with beam studies. 
It has been made clear that ATLAS and CMS will request for non-colliding bunches to study beam-gas interactions. Such bunches will have a smaller number of long range encounters and hence, no particular issues are expected prior to putting the beams in collision. However, during the physics fill their stability might be at risk due to missing stabilising effects of the head-on interaction and hence should be checked. Furthermore, the fact that during stable beam periods the mitigation techniques, such as higher chromaticity and high octupoles strength, have to be partially removed to guarantee good beam lifetimes, calls for a carefully check of the dynamics of these special bunches. 
It is stressed that, given the complexity of the models in the presence of beam-beam long range interactions, testing the limits of instability and thresholds as a function of chromaticity and damper gain with beam-beam should be an essential part of 2015 activities during beam commissioning. A detailed control and knowledge of the relevant parameters, such as bunch by bunch properties and machine chromaticity, is also a fundamental ingredient to clarify the different contributions to the beam stability. 
It has been suggested to check in 2015 also the possibility of levelling luminosity by separation in IR1/5 for the case LOF > 0 with the aim of having a direct and conclusive evidence of the feasibility of this technique, which had been probed already with tests of separation scans, but with single bunches, only.
Electron cloud and scrubbing
G. Iadarola [5] presented the situation of the electron cloud and scrubbing run in LHC for the 2015 starting from a review of the observations made during Run I. 
Both 50 ns and 25 ns beams, injected in the LHC during scrubbing runs, machine study sessions, and physics production, have been considered. The first observation is that while the scrubbing has been certainly effective in mitigating the electron cloud in the dipoles, at least at 450 GeV, the effect remains quite strong in the quadrupoles. 
Another important point is that during LS1 a number of improvements  have been implemented: i) the cooling capacity of standalone magnets has been increased by a factor of two; ii) the cooling capacity of sector 3-4 has been restored to its nominal level after the incident; iii) extra thermometers have been added in three half-cells of sector 4-5; iv) high-sensitivity vacuum gauges and pilot vacuum sectors have been installed; v) upgrade of several hardware components (e.g., MKI, TDI) and preparation of software tools for on-line data taking and analysis. 
It is worth stressing that, using the presently available SEY models, the achieved SEY in the LHC arc dipoles can be estimated to be around 1.4. Lower values have been obtained in controlled scrubbing experiments in the laboratory, but were never observed in direct measurements on particle accelerator vacuum chambers. Therefore, the possibility to achieve these values, and thereby full scrubbing of the arc dipoles, will have to be proved during the LHC Run II.
The work horse beam for 2015 scrubbing in the LHC is the so-called doublet beam generated at SPS injection by transferring long PS bunches on the longitudinal unstable fixed point, such that the bunches are split in two adjacent 5 ns buckets. Such a novel beam has been already tested at injection in the SPS in 2012-2013, but its injection in the LHC will require non-negligible efforts on the LHC side (e.g., false readings from the interlocked BPMs in IR6 should be addressed), but also preparation in the SPS.
Simulations show clearly the benefit of the doublet beam with respect to the nominal 25 beam and their predictions were widely benchmarked with SPS measurements in the electron cloud monitors. As opposed to other possible electron cloud enhancing schemes (e.g. 12.5 ns spacing with nominal intensity per bunch), another key advantage of the doublet beam is its compatibility with the RF constraints of the LHC injection chain and its relatively easy production scheme.

Scenarios for the scrubbing run and after it have been presented: the final choice among them will be based on the outcome of the scrubbing run and cannot be anticipated now. 
Beams in the injectors
The complete menu of beams that should be delivered by the LHC injectors’ chain has been discussed by H. Bartosik [6]. 
The list is quite impressive, ranging from single- to multi-bunch beams for commissioning and physics (including both 50 ns and 25 ns variants), as well as special beams for, e.g., scrubbing. 
Some of these beams have been already produced and studied, even if not injected into the LHC. Some have been proposed during LS1; hence, a suitable testing time is required. This is the case of the so-called 8 bunches +4 empty beam, which has been proposed at the RLIUP workshop to mitigate electron cloud effects, but also for the acceleration of the doublet scrubbing beam to the SPS flat top, which has not been demonstrated yet.
While the 2014 run can be seen as the ideal moment to prepare the beams in the injectors, prior to the LHC beam commissioning in 2015, it is reminded that the chain of accelerators will have to focus on the re-start after LS1, during which non-negligible changes to several ancillary systems of the injectors have been implemented. 
A large number of operational beams will have to be prepared, including also ions for special runs.
In addition, the preparation of the large variety of LHC beams will require huge efforts, not to mention MD time. In this respect it has been mentioned that the time requested for dedicated MDs in the SPS is exceeding by a factor of two the available MD time, thus requiring a delicate prioritisation and a good efficiency in the overall schedule. 
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