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Day 1, 11 March 2002

SESSION 1:  LHC Upgrade Scenarios (S. Peggs)

Ruggiero – LHC Luminosity and Energy Upgrades: A Feasibility Study

A CERN Task Force was set up in July 2001 to study the feasibility of upgrading the LHC.  The discussions and investigations were rich in ideas and allowed to sketch various scenarios for both luminosity and energy upgrades.  The work revealed fields where further study was required, and pointed the way to a corresponding R&D programme.  A draft report exists and is close to being published. The Upgrade Feasibility Study provided the basis for the present meeting. 

The proposed strategy is to make a staged upgrade of the LHC and its injectors, compatible with established accelerator design criteria and fundamental limitations of the hardware, aiming first at a final target luminosity of 1035 cm-2s-1 in each of the two high luminosity experiments, and later adding an increase in proton beam energy from 7 TeV to approaching 14 TeV.  All upgrades beyond the nominal LHC performance, including the so-called ultimate luminosity of 2.3 x 1034 cm-2s-1, were considered to be upgrades and were addressed in the study. Three main phases were therefore considered:

· Baseline (Phase 0): maximum performance without hardware changes

· Phase 1: maximum performance without hardware changes in the arcs

· Phase 2: maximum performance with major hardware changes

LHC performance is limited be several fundamental effects:

· Dynamic aperture - determined by quality of magnetic field and lattice corrector schemes, which limit the emittance at injection (main dipole) and the crossing angle (low beta quadrupoles). (The aperture of the latter also limit the crossing angle)

· The single beam intensity limit - determined by collective effects, cryogenic heat load, electron cloud effect, etc.

· Peak luminosity limit - determined by non-linear beam-beam interactions

· Luminosity lifetime limit - determined by transverse blow-up (beam-gas, beam-beam, etc.) 

· Integrated luminosity limit - determined by machine turn-around time, reliability 
Scaling laws were presented leading to the following palette of possibilities for a luminosity upgrade:
1)
reduce (* to 0.25 m

2)
increase crossing angle by a factor of (2

3)
increase p/bunch up to ultimate intensity ( L=2.3 x 1034 cm-2s-1 (not b-b limited)
4)
halve bunch length ( higher order harmonic RF system ( 4.7 x 1034 cm-2s-1

5)
double number of bunches ( 9.4 x 1034 cm-2s-1

6)
shorten bunches, by some means other than 4)

7) reduce longitudinal emittance (looks possible from 2.5 to 1.77 eVs)

These have the following implications:
1) and 2)    require a new low-( insertion

4)    requires a higher order harmonic system 43 MV at 1.2 GHz, 11 MW (cost ~ 56 MCHF)

5) 
is excluded according to present understanding of e-cloud 

It was stated that thanks to a better theoretical understanding of the beam-beam interactions, it is now expected that we could make good use of 2 to 3 times the nominal beam current of 0.5 A. 

An interesting outcome of the study was the realization that very long, high intensity proton bunches or "superbunches" could lead to a different optimization of the collider with possibly better performance. Superbunches are made by accelerating bunched beams with the existing RF system, then, at full energy, by allowing bunch trains to coalesce between “barriers”.  Due to parasitic collisions, at ultimate current we reach the tune footprint “limit” of .01 at 6 with the current low-beta insertion layout.With superbunches carrying 1 A of current a luminosity of 9 x 1034cm-2s-1 could be achieved in theory.  Moreover, as it is only at the beginning and end of bunch that electrons are accelerated and hit the wall (within bunches they are trapped in a potential of proton line charge), superbunches suppress electron cloud heating.  For bunches greater than 2 m long the reduction factor is at least 10, whereas electron cloud calculations show an increase in power by more than a factor 3 for halving the nominal bunch spacing of 25 ns.

If one is beam-beam limited, then with beam brilliance ~ N/ and for bunch length smaller than (* the luminosity increases with the Piwinski factor (=> longer bunches and/or larger crossing angle), and increases with normalised emittance . This implies that raising injection energy (Einj) will increase luminosity. It was stated that to introduce a SC ring on top of SPS may be possible but with difficulty due to interference with the 200 MHz RF system.  It was mentioned that besides improving luminosity, upgrading the energy of the SPS would also be useful for any subsequent energy upgrade.

To summarize, as a result of the study the appraisal and recommendations for R&D as perceived by the  SL-AP group are as follows:

· Nominal LHC performance is already very challenging (!)

· Upgrade scenarios have not considered instrumentation or flat beams

· Upgrades in intensity and brilliance are viable options, but require larger crossing angles  

· larger higher gradient quads or alternative arrangements

· We need data on conditions with large Piwinski factor

· b-b compensation schemes with pulsed wires (or electron lens) need experimental validation

· Increased Einj yields increase in luminosity and could be first step to an E upgrade

· Dipoles with Bnom = 15T and 2 T margin may (optimistically) be a viable option for 2010, and for implementaton from 2015.  (But it was commented that the cost may be prohibitive)

At one point the SL-AP group was asked to include in the study the savings associated with a downgrade of the energy. The outcome was that for the same luminosity larger bore IR quadrupoles are also needed.

Peggs – BNL AP topics

Accelerator physics work for the LHC at BNL addresses a panoply of issues, including IR correction, beam-beam, electron cloud, AC dipole, beam commissioning, remote operations and phase locked loops

· IR correction -- takes advantage of RHIC scheme being similar to that in LHC

· b-b -- strong-strong regime at LHC is “new”, as is large number of parasitic collisions

· RHIC is in s-s mode

· Tevaton is in new regime for parasitic collisions

It was recalled that RHIC achieved nominal luminosity with half the design (* and half the bunches due to unexpected difficulty with storing 120 bunches (must bake out remaining vacuum chambers)

· AC dipole -- used in RHIC as spin flipper, for linear diagnostics or nonlinear analysis

· Phase-locked loops

· Need more mathematical modeling to develop confidence in robustness of these.

· Instrumentation – there will be a mini-workshop on instrumentation at BNL in May

BNL would like to participate in beam commissioning, especially the sector test (hopefully with beam!)

The group is also active in promoting Remote Operations, and would like to see this topic included.

Furman – LBL AP topics

Accelerator physics work for the LHC at LBL is mainly concentrated on beam-beam and electron cloud.

The b-b calculations are mostly in support of the luminosity monitor work, and include

· PIC simulations with non-zero b-length (IP collisions only)

· Finite crossing angle (gaussian and PIC), arbitrary orbit displacement, no parasitic collisions

· Self-consistent closed orbit and parasitic collisions including all train gaps 

   Studies continue on the e-cloud:

· Need to continue to validate the simulation code, especially against SPS measurements:          uncertainties are at the 3-5 x level in terms of cloud intensity, comparing SPS and PSR data

· Need to “parallelize” the code

· Continue to improve input data on SEY and secondary energy spectrum in the 50-100 eV range.  Details at the level of a few eV do really matter.

· Train patterns, single bunch effects, arbitrary B-fields, etc.

   There is a need to coordinate better what is being done at different laboratories (this issue has been addressed at the ECLOUD’02 workshop, see http://slap.cern.ch/collective/ecloud02/). And what about other places than the 3 usual US labs + CERN?  What about INFN, DESY, KEK, universities, etc.?

Pilat – Beam experiments

The potential value of beam experiments at RHIC, with relevance to the LHC, was extolled. It was emphasized that MD should be clearly distinguished from beam experiments (short vs long term benefit).

The following studies were given as examples:

· Use of a phase locked loop to measure tune (to 10 ppm) as a function of horizontal and vertical bumps and to measure the multipole content of a triplet

· IR correction – dedicated b6​​ study at store with different values of (*

· Beam-beam experiments: 


· parametric dependence on number of bunches and crossing angles, 

· coherent modes 

· bb compensation schemes

· e-cloud: e-detectors, clearing electrodes, solenoids

By observation of lifetime loss in the Yellow Ring with (* = 1 m, a b3 error was traced to one of the IPs.

Presently RHIC integrated luminosity is limited by 40% availability. The reliability and turn-around issues must also be addressed in any upgrade that is intended to increase integrated luminosity 

Tavian – Cryogenics for LHC upgrades

For upgrades which maintain the present arc dipoles there are two basic constraints:

· The cryogenic distribution line (QRL) already has maximum cross-section in the arc tunnel – changes are only possible in the straight sections; 

· As beamscreens cannot be changed in the arcs, the maximum power that can be extracted is determined (by the cooling tubes), even if the installed cryogenic cooling power is increased.

To increase the cooling power the possibilities are:

· To add cryoplants for inner triplets at IP1 and IP5

· To double cryoplants for the cooling of each half octant.  

The second option is difficult due to the need for additional surface installations, which would require acquiring space outside the present CERN domain.

Nine upgrade scenarios for both L and E upgrades were considered in the Task Force study.

It was noted that the 4.6-20K load (1.7 W/m in nominal conditions) is up to 15W/m for a luminosity upgrade to 1035 cm-2s-1. This would require raising the pressure from 3 to 6 bar in header C to deal with a higher beam screen heat load.  It is important to keep T < 30 K (to keep RCu down, to keep heat load down). The cryoline could handle this, but the reduction in the efficiency of the cryoplant would lead to having to modify/upgrade. In addition this increase in pressure in header C causes an increase in the gas fraction in the 1.9K loop, which leads to an increase in the operating temperature by ~ 20-30 mK. With 16 cryoplants it should nevertheless be possible to obtain Tmax < 1.83 K.

To conclude:

· It will obviously be necessary to add cryoplants for the inner triplets at points 1 and 5 to extract power of up to 80 W/m from the coils.

· Superbunches are attractive from the cryogenics viewpoint due to low heat load from e-cloud. Other luminosity upgrades with bunched beams aiming at L > 5 x 1034 cm-2s-1 need additional cryoplants at the existing points. 

Turner – luminosity and longitudinal profile instrumentation

A reliable high performance luminosity monitor will be required for the baseline, and will be even more necessary for an upgraded machine. The proposal is to install monitors in the TAN and TAS absorbers. Any luminosity upgrade will have to address the upgrade of the TAS and it would be desirable to include in this study how to incorporate the forward luminosity monitor.               

The introduction into the baseline of a longitudinal beam profile monitor utilizing synchrotron radiation from an undulator next to D3 was noted with satisfaction.

SESSION 2:  IR Layout and Magnet Parameters (J. Strait)

Ostojic – Existing insertion design and constraints on upgrades

Following a description of the present low beta insertion design, perceived constraints on a Phase 1 upgrade were enumerated as follows:

· The geometry of the LHC fixes the length of the long straight section (LSS)

· The aperture of the dispersion suppressor (DS) is set by that of the main dipole (MB)

· There is a strong incentive to avoid civil construction 

 On the other hand, it would be possible to modify the cryo- and powering system for LSS between Q7’s (230 m from IP), so that upgrades of the matching section (MS), separation dipoles and inner triplet (IT) can be envisaged. Separation dipoles could have tapered apertures.  Possible routes are:

· Retain present architecture – upgrade IT + D1

· Invert D1 and IT. But realize that this would propagate significant changes to the MS.

Would it be possible to reduce the distance (l*, presently 23 m) from the IP to the first quadrupole (or dipole)? The classical way of reducing (* is to reduce l*.  Can we imagine schemes, with dipoles and/or quadrupoles embedded inside the experiments?  This would affect the interface with ATLAS and CMS, and the radiation issues, both for the experiments and the machine, would need careful analysis.  

Points to bear in mind:

· Field quality of IT quads and strength of correction coils are highly constrained

· The matching section may need upgrade: dynamic range of matching quads, 
 crossing bumps and dipole correctors, aperture of separation dipoles 

· Radiation levels at very high luminosity have implications on 

· The cooling of the IT

· The protection of downstream tunnel areas and equipment. 

During the ensuing discussion it was generally felt that 23 m ( 19 m could be discussed, but the 19 m boundary between machine (TAS) and accelerator would be hard to change. The radiation issues for the experiments, e.g. backscattering from TAS into experiments, was highlighted as being a major concern. The experiments apparently have said that they can take 1035cm-2s-1.  They will publish their own report on luminosity upgrades, and this should also provide important input.

Sen – Optics and layout for simple upgrade

       The optics were presented of the basic upgrade of tuning the machine to halve (* to 0.25 m. The layout does not have to change. Although nominal corrector strength doesn’t depend on beta*, the tune footprint grows substantially when going from 50 to 25 cm (* (based on one seed), but is still considerably smaller than tune spread from beam-beam. The comment was made that Q7 not only goes to relatively high gradient at low beta, but also to very low gradient at injection, and that this was already worrisome for the baseline machine…

Mokhov – Energy deposit in upgraded IRs

It was recalled that for the baseline case the contact dose rate on the triplet vacuum vessel outer wall would reach 0.1 mSv/h, and 100 mSv/hr in Q1-2 interconnect.  Radiation will definitely be an issue for any upgrade.  In the simplest upgrade case, using 200 T/m, 90 mm aperture quadrupoles in the triplet:

· Peak power density = 0.6 mW/g for a luminosity of 2.5 x 1034 cm-2s-1
· The absorption of power in TAS1 is up by a factor of 2 from the baseline (the additional 0.5 escapes through the larger hole)

· Peak power deposit due to cascading in the coils up full factor 2.5 for 2.5 x 1034 cm-2s-1
· Average power deposited in the coil region:  30/22/39/42 W in Q1/Q2a/Q2b/Q3

The studies show that it should be considered to close slightly the collimator jaws to allow smaller TAS aperture, or to aim having for a smaller closed orbit error in the triplet.

Zlobin – Magnet parameters for simple upgrade design

The so-called simple upgrade design is based on 90 mm aperture quadrupoles. At 200 T/m these require conductor with “only” 2200 A/mm2 (12 T, 4.2K).  With the worries about radiation and the possible desire to go to larger crossing angles, an obvious question is what aperture could one achieve with conductor having the stated goal of 2800 A/mm2 ?

An important quality of even the presently available grade of Nb3Sn is nevertheless the threefold increase in temperature margin with respect to the baseline NbTi magnets, allowing for a straight factor of 3 in luminosity assuming the same cooling conditions. In answer to a question on whether the different cooling regime of necessarily impregnated coils had been taken into account, it was claimed that a model with impregnated coils had been tested and gave this factor.

Conclusion:

· NbTi is not promising, even for the simplest upgrade, due to its small temperature margin

· Nb3Sn is promising.

Peggs – options with HTS magnets

There are basically 3 ways to achieve an increase in luminosity

· Push b-b limits

· Increase angular beam size at the IP

· Increase number of bunches (…but what about superbunches?)

The angular beam size at the IP  ~ a/d, where a ~ 6 ( beam envelope and d = (((* (max). In order to increase this parameter: 

· Increase a (requires larger aperture quadrupoles), and/or 

· Decrease d (move quadrupoles closer to the IP)

The features of HTS conductor are such as to make its use attractive for the necessary magnets.

We could also consider using an HTS dipole as D1 in the configuration with D1 closest to the IP.

Gupta – impact of HTS magnets on IR design

The first point to note is that these are special magnets that do not need to be optimized for cost in the same way as arc magnets. This could therefore be a chance to demonstrate the viability of HTS magnets in time to make technology choice for making magnets on a large scale. It may be a unique opportunity, but would require intensifying R&D on the subject and quickly demonstrating the feasibility on models and prototypes. Magnets using HTS have the potential of achieving very high fields, and may be enabling technology for some designs. Besides high field capability, temperature margin is much better than in LTS. 

The favoured conductor for this application is BSCCO-2212. This material can be produced in multifilamentary round strands which can be properly transposed in a flat Rutherford cable. The best material to date can achieve 2 kA/mm2 in the SC, “flat” (almost) up to 20 T/4.2 K, in 100 m lengths. The engineering current density is conservatively based on the ratio Ag:HTS = 3:1 in the designs which are sketched. This means that for currently available material (2200/2000 A/mm2 for Nb3Sn/HTS):

· At 12T a Nb3Sn dipole   (  5 T if replaced by HTS ,   but

· At 18 T       ,,                  ( 19T       
,,            
       –  it has great potential!

Since outer layers are less effective in quadrupoles, higher gradient requires higher Jc.  The success of a 200 to 250 T/m quadrupole in 90 mm bore in 6 years cannot be guaranteed, but given the improvement record of the material to date there is a chance it could be done, so we should do the R&D if at all possible.

  Related to placing a dipole in front of the first quadrupole, the question of electrical insulation was also brought up. in the baseline TAS design at 1 x 1034 cm-2s-1 a coil replacing the TAS would have to withstand 15 mW/g and 100 MGy – which is only weeks of lifetime for Kapton. The question is can one find insulation that would survive the radiation environment without the TAS?

To summarize, the benefits of HTS for IR magnets would be

· High field capability

· Temperature margin ( can deal with large energy deposit

· Ability to operate at raised and non-uniform temperature.

The luminosity upgrade would provide an opportunity to invest a reasonable effort on HTS magnet R&D with an immediate goal, which, if it paid off, could pave the way to making the magnets with substantially higher performance that could be used for an energy upgrade. This should be considered high risk /high reward R&D. The accelerator physics community is invited to explore potential benefits.

Brüning – insertion optics with D1/Q inverted

In this scheme the beams are separated before entering the low-beta quadrupoles, which then become twin aperture or separate magnets for the 2 beams. The main reason for studying this scheme is to reduce number of parasitic collisions, but there would be other advantages associated with keeping the beams on the axis of separated quadrupoles. The field errors are corrected per triplet per beam. Baseline optics correction coils work only for fundamental errors, not for multipoles originating from feeddown.  Feedown multipoles follow different weights and have opposite signs across the IP from the main (next higher) multipole. For the higher (max associated with reduced (* we need a combination of:

· better field quality

· more corrector layers

· correctors at each quadrupole

This is made easier if there are separate apertures for each beam.

In the scheme proposed (which is not based on a detailed study, being more a collection of thoughts), D1 consists of two 15 m long 10 T magnets with a 1 m gap between them. This provides a separation of 270 mm at the entry to Q1. The quadrupoles would need to be as follows:

· Q1 

4.5 m long
220 T/m 
(at 55 m)

· Q2,Q2'  
4.85m long 
205 T/m

· Q3 

6.3m long
182 T/m

For (* = 0.25m, (max = 25 km. The aperture estimate, assuming a 10 sigma envelope and standard tolerances, is a minimum of 85 mm for (* = 0.25 m. There are other problems too:

· The D1 kicks with ~ 3 mrad half-angle between beams, so quadrupole axes are not parallel

A vertical crossing angle requires additional correctors, which, with no amplification from the triplets due to there being no offset in the quadrupoles ( very strong correctors!                              (5 T-m correctors per 200 (rad kick. But may generate vertical crossing by rolling D1 and D2…)

· Heating due to radiation from the interaction. Estimates on Edep for a luminosity 1035 cm-2s-1:

· Peak power density at end of D1 is 60-100 mW/g

· Total power in D1 ~ 1 kW

· First separate aperture unit takes ~ 2 kW; peak power density ~2 W/g 

JP. Koutchouk – long range beam-beam compensator

The idea is to use wire in one place to excite beam-beam-like effects, and to compensate the effects somewhere else.
· Simulations show that the wire scheme works well and is robust

· An experiment is being prepared and will be performed this year at the SPS

· Fermilab colleagues (Shiltsev and others) have expressed interest in collaborating.

Day 2, 12 March 2002

SESSION 3:  Magnet Technology and Conductor Developments (L. Rossi)

A. Zlobin – Cos2( quadrupole design
The idea is to build 90 mm aperture quadrupoles having the same length and performance as the present 70 mm aperture magnets in the baseline machine. The design uses Nb3Sn cable of the best quality that can at present be purchased in long lengths (2200 A/mm2 @ 12 T and 4.2 K). Additional constraints chosen to simplify integration: operate at < 16 kA and maintain cold mass diameter < 500m. Two designs have been studied: 1) based on 12 mm spacer collars, with mechanical support provided by iron yoke and skin, and 2) using 30 mm stand-alone collars to support all the magnetic forces. Both of these 2-layer cos2( designs can be made to give excellent harmonics. The magnetization effects associated with large filament diameters can be compensated by introducing an iron strip on the wedge in the inner layer. To avoid degradation of the brittle Nb3Sn the magnet has to be designed with peak stress < 150 MPa (feasible). Cooling and quench protection look OK. A warm iron design is also being investigated. This conceptual design study ( magnet should be feasible, the main parameters meeting known AP requirements. It has potential for further optimization, but many aspects need to be tested experimentally to gain confidence. 
S. Gourlay – IR quadrupole R&D programme

The cables for the Fermilab and BNL studies are being developed in the conductor section of the LBL high field magnet group. There is a major effort being put into the development of strands of Nb3Sn and BSCCO-2212, and into the cabling of these strands. The present target for Nb3Sn of 2800 A/mm2 @ 12 T and 4.2 K has been achieved on samples. Work is being done to simplify and shorten the complicated heat treatment and hence improve the efficiency of the heat treatment of the wind and react (W&R) process that is required for making the cos2( coils. Though at a less advanced stage of development, BSCCO-2212 is also a very promising material for use in magnets operating at up to 20 K, as it can be produced in round wires that can be fully transposed in flat Rutherford cable. LBL is at the forefront of this development. 
S. Russenschuck – Flat coil quadrupoles

Accelerator type magnets based on coils of cosn( geometry are necessarily wind-and-react, due to the tight bending radius of the conductor at the coil end. For dipoles the common coil geometry allows one to consider using simple racetrack coils where the conductor could be reacted before winding. For a single aperture quadrupole magnet, it is also possible to use combinations of simple racetrack coils. It can be shown that these can be disposed to produce good field quality. These so-called block coils are however intrinsically far less efficient than the cosn( coils, and it is questionable that they could be used for the very high performance quadrupoles required for a luminosity upgrade of the LHC. (but see next presentation) 

R. Gupta – HTS magnets and Nb3Sn quadrupoles

The HTS magnet work at Brookhaven is principally done on common coil dipoles, featuring react-and-wind (R&W) material. Sixteen test coils have been wound using pre-reacted Nb3Sn or HTS conductor to explore winding techniques and the use of different types of insulation. A facility based on racetrack Nb3Sn coils to produce a suitably high background field is planned to test future sample and coils of HTS material. This work is allowing them to build up expertise in handling the materials. Measurements made suggest that degradation can be avoided, in particular with BSCCO-2212. The conceptual design was presented of a small aperture HTS-based low-beta quadrupole for use closer to the IP than the present Q1. It would need an improvement in the conductor over what is possible today by about a factor of 3 in Jc. Another design based on racetrack coils, similar to that shown by Russenschuck, was also presented. It was pointed out that the peak field is much less of an issue in an HTS magnet, and this racetrack design might be viable for a few magnets where the cost of the conductor should not be a fundamental constraint.

Another line being followed up is that of using thin strands of Nb3Sn to make a flexible (round) cable that can be made into coils after reaction. A dipole coil wound from such a cable with 7 strands of 0.33 mm diameter has been successfully tested. Such cables (but of NbTi) have been used at BNL for the slotted (helical wiggler) magnets for RHIC. Could this technique be usefully extended to high field magnets?    
Panel discussion on technology and R&D of high field magnets

In this part of the session a spokesman from each of the institutes represented at the meeting was invited to describe briefly what was being done at their laboratory concerning the technology and R&D of high field magnets, and the specific facilities and expertise that were available.
CERN (L. Rossi)   Everyone is busy working on the baseline machine! Nevertheless we are very interested. Note that in addition to its pool of expertise, CERN also has a first class conductor qualification laboratory. 

FNAL (A. Zlobin)   If we are realistic about an upgrade in 2012 we have to start work now! This was   illustrated with a plan of work including models and prototype magnets, together with assembly and testing of the real thing leading up to installation. Fermilab has both expertise and active workshops capable of building full scale magnets. There is also an active conductor (NB3Sn) development programme 


LBNL (S. Gourlay)   The laboratory has a long experience with high field accelerator magnet R&D, and with the conductors required. There is a cabling machine and unequalled conductor and cabling expertise. The present magnet programme features sub-size model work for rapid turn around tests of new concepts. 


BNL (R. Gupta)   Seize the opportunity to push for HTS! A factor of only 2 to 3 in the performance of the material would render it competitive with Nb3Sn for magnets for a luminosity upgrade. This may be a unique opportunity - it may not work, but if it did the payoff would be great! BNL is extending its expertise in conductors to include specific setups for testing HTS material and coils.         


UT (A. den Ouden)   The university has the experience of building and testing in collaboration with CERN a successful Nb3Sn dipole model, and is presently in the final stage of building a large aperture version as a possible separation magnet for the LHC. These magnets feature PIT Nb3Sn, which is being developed in collaboration with a local company (Shape Metal). This material is particularly suitable for IR upgrades because of its very high Jc and the possibility of going to small filament sizes.   


CEA (A. Devred)  Ongoing studies target the LHC IR upgrade and TESLA requirements, incorporating Alstom Nb3Sn conductor. The design has been made of a Nb3Sn model quadrupole having the same cross-section as the LHC quadruoles. A particular effort is going into the choice of insulation for W&R coils.

KEK (K. Tsuchiya)   Together with the NIMS (ex-NRIM) magnet laboratory also in Tsukuba, and in collaboration with CERN, we are investigating the practical application of Nb3Al for use in coils. Produced by the technique of rapid quenching, this material has good Jc and significantly better strain resistance than Nb3Sn making it a strong competitor for use in very field magnets such as those needed for the IR upgrade.    

INFN (F. Broggi)   The design of a Nb3Sn quadrupole with a higher gradient than the present IR magnets was optimized in parallel with the development of a suitably high Jc conductor in collaboration with LMI. In the meantime the company has ceased operation in this field. From the study it has been possible to formulate simple scaling laws from which forecasts of the performance of Nb3Sn magnets. The laboratory is presently pursuing a study on MgB2 to evaluate its potential for use in magnets.  
SESSION 4:  Summary Talks (F. Ruggiero)
Peggs – Summary of session 1

A substantial effort was obviously put into the study done by the Task Force last summer and lots of interesting ideas were presented - but there is also evidently a lot which remains to be done.  Important information was presented on the limitations imposed by the cryogenic system. Ideally we (AP folk - at least Steve) would like to see the LHC work before we have to decide what an upgrade scenario should be!

Strait – Summary of session 2

The second session was focused specifically on different layout options for new interaction regions and the associated magnet designs.  Three main ideas were presented: 

1) Retaining the same fundamental layout and optics as the existing IRs, but utilizing larger



aperture or stronger quadrupoles; 

2) Reversing the order of the beam separation dipoles and the inner triplet quadrupoles; and 

3) R&D on HTS magnets for use in the insertions.  

The first idea is the most straightforward technologically, as it is a direct extension of the existing designs, utilizes standard magnet technology, is minimally disruptive to the matching section, results in only about factor 2 increase in max for 50% reduction in *.  The principal attractions of the “dipoles first” scheme are that the number of long-range beam-beam collisions is reduced by about 50%, the beams pass through the centers of the quadrupoles allowing better correction of field errors, and the field errors can be corrected more locally and independently for each beam.  The disadvantages are an increase in max for the same * relative to the baseline configuration, a greater number of magnetic elements that must be changed, difficulty in dealing with the power deposited by collision debris in the first dipole, and more challenging magnet designs.  In both cases the issue of field quality of the magnets was emphasized to be important, and while solutions were proposed, R&D to understand what is achievable in practice with Nb3Sn coils is required.  No specific layouts were presented utilizing HTS magnets were presented, but the major advantages of HTS were advertised: higher fields and larger temperature margin.  It was generally felt that if a programme for 2nd generation LHC interaction regions is to start now, HTS technology is not yet sufficiently mature to be considered for use in the magnets. Nevertheless, the potential of HTS in the form of cabled BSSCO-2212 material for use in subsequent upgrades is such as to make it important to maintain a viable development programme, both for the material and for magnet designs based on its use.   

Rossi – Summary of session 3

The session consisted of a series of presentations on different magnet designs proposed for upgraded LHC IRs and on the R&D programs at the various laboratories represented at the meeting.  Many of the talks were not directly related to the upgrades of the LHC IRs, but the information was useful to record the activities in process, and sufficient to draw a number of relevant conclusions.  

1) Nb3Sn W&R is the only choice if we are to start today 

2) HTS has promise, but only promise, as of today

3) FNAL has a strong programme proposed to last 10-13 years …(Rossi: is this too long?)

4) LBL is doing a lot of R&D, presently focused on high field dipoles, but could be applied to 


quadrupoles.  This work is very relevant to the phase 2 upgrade, the super LHC

5) BNL is mainly focusing on HTS design work and fast turnaround coil tests – this will also be 


relevant on a longer time scale, more likely for the phase 2 upgrade

6) KEK Nb3Al development: if Jc can be raised could open a route to R&W high field magnets

7) Utwente is pursuing the development of the very interesting conductor PIT Nb3Sn

8) CEA is concentrating on technology development, especially insulation for Nb3Sn

9) INFN is engaged in a MgB2 programme  

There is certainly scope for more collaboration. Where is there overlap? Where is there need for special facilities? (e.g. 20 kA @ 15 T). How can we make the best use of the facilities and expertise which have been identified? Are there significant gaps in the coverage? (e.g. nobody is really covering 4-5 T rapid cycling magnets for an eventual super SPS). Could the pipetron principle be applied to a S-SPS or a higher energy LHC injector in the LHC tunnel?

Executive Session:  Conclusions and Recommendations (T. Taylor)

A subset of the participants met at the end of the second day in a so-called “executive session,” to try to draw conclusions and make plans for the future.  The participants were Francesco Ruggiero, Tom Taylor, Ranko Ostojic and Oliver Brüning (CERN), Peter Limon, Tanaji Sen and Jim Strait (FNAL), Steve Peggs and Ramesh Gupta (BNL), and Bill Turner and Steve Gourlay (LBNL). Lucio Rossi was excused.

It has been accepted from the outset that the LHC high luminosity insertions will be changed a few years after commissioning the baseline machine. Based on the experience with other colliders, it is confidently predicted that by then there will be demands to increase luminosity and thereby increase the physics reach of the experiments. One consequence of this assumption is that a design parameter of the present magnets is radiation hardness associated with 5-7 years of normal operation at nominal luminosity. Alternatively, it may be hard to achieve the design luminosity, and the case for an upgrade enabling the reduction of (* may be made even earlier.

CERN staff and facilities are taken for the baseline LHC. Staff can only work on IR upgrades at the margin. Top management nevertheless agrees in principle that upgrades should be studied, as evidenced by the appointment of the Task Force last summer. Many ideas came out of the study and these were presented in this meeting. The CERN AP group wishes to do further analysis before killing any of these ideas.

At present this gradualist approach suits the major magnet R&D teams. It's too early for CERN. The magnet programme at Fermilab covers many bases (for reasons largely unrelated to the LHC), and it won't be necessary to sign up to specific designs for the next couple of years. At both LBL and BNL it is believed there still needs to be a period of generic R&D, both on the conductors and their application.

It is possible to make accelerator physics studies of key parameters in many scenarios, and there was a long but inconclusive discussion on larger crossing angles, in particular in the superbunch case, and on variants with no D1, and with D1 in front of Q1.  It was therefore proposed to enumerate topics for further study, and to evaluate the outcome in about 6 months time with the aim of whittling down the number of ideas to have to follow up.

Topic 1 – New IR schemes

This is good topic for AP collaboration, but magnet designers need to provide some input regarding

 non-parallel apertures and achievable gradient vs aperture.  This second point calls for a systematic and documented study.  In "dipoles first" schemes, could quadrupoles be staggered to avoid non-parallel apertures? Are schemes based on superbunches excluded from some beam dynamics considerations? The energy deposition and radiation issues associated with each of these schemes also need to be quantified and documented.

Topic 2 – Field quality 

Take a critical look at field quality requirements.  These may be more or less stringent than the present guesses and are important for magnet design. How much do we need to worry about persistent current effects?  Iron compensation schemes don’t deal with time dependent effect, but is this important?

Topic 3 – Dipoles in "upgrade baseline" configuration (same optics as now, larger aperture quads)

The aperture of the current (warm) D1 is already a bottleneck. What are the required characteristics of the new D1? What about energy deposition and radiation?

With regard to magnet R&D, these discussions have not indicated any changes in direction of ongoing work, which is presently mostly at the US laboratories.  LBL and FNAL could perhaps start to combine their efforts on Nb3Sn quadrupole design, in particular with regard to the respective qualities of flat and cos2( coils. It was also suggested that one should look more closely at react-and-wind flat coil quadrupoles.  As concerns magnet construction and testing facilities, it was agreed that to minimize costs full advantage should be taken of the existing infrastructure – another reason to strengthen collaboration. It was noted that CERN has some good facilities that could be used, but is squeezed for funds (and personnel) to operate them.  A new requirement mentioned was that of a high field magnet for cable testing.

 The final consensus was that

· None of the scenarios for LHC IR upgrades could be ruled out without further study.  

· Further accelerator physics studies of different IR options is warranted to improve understanding of their advantages and disadvantages with different beam conditions (e.g. standard or superbunches). And are superbunches really a viable alternative?  

· Energy deposition issues need to be quantified, especially for the “dipole first” schemes.

· Corresponding magnet issues need to be addressed, including field quality, the possibility of making a twin-aperture quadrupole in which the two apertures are not parallel, and designs of beam separation dipoles in either the standard or dipoles-first layouts.  

· The right time scale for the next meeting, probably of a smaller group than the main sessions of this meeting, is towards the end of the year.
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