LHC Interaction Region Upgrade Collaboration Meeting 

CERN, 11-12 March 2002

As a direct follow-up to a study made last summer of possible energy and luminosity upgrade scenarios for the LHC, it was decided to hold a meeting on the most likely first step in upgrading the machine. This meeting, which assembled interested parties from CERN, BNL, FNAL, LBNL, KEK, CEA Saclay, INFN Milano and UT University of Twente, began the planning for a collaboration on the eventual upgrade of the LHC interaction regions.  It is of common understanding that after a few years of running at the maximum luminosity achievable with the LHC, upgrades of the machine will be required to increase the luminosity and thereby extend its physics reach. The replacement of the interaction region magnets presently being built - which represent the current state-of-the-art in superconducting technology - with magnets designed for a higher performance, will be an important part of the upgrade. While the initial completion of the baseline LHC and its interaction regions is some years away, and is obviously the top priority, the development of magnets and others systems that will be required for an interaction region allowing enhanced performance will take many years, and work must be started to ensure that the upgrade can be implemented when it is required.

The meeting was organized by a small committee consisting of Ranko Ostojic, 

Lucio Rossi, Francesco Ruggiero (Chairman), Jim Strait and Tom Taylor, and was attended by the following participants (some of which part-time):

Luca Bottura, Oliver Brüning, Glyn Kirby, Werner Herr, Jean-Pierre Koutchouk, Philippe Lebrun, Julio Lucas, Ranko Ostojic, Lucio Rossi, Francesco Ruggiero, Stephan Russenschuck, Norbert Siegel, Andrzej Siemko, Laurent Tavian, Tom Taylor, Davide Tommasini, Emmanuel Tsesmelis, Frank Zimmerman (CERN); 

Ramesh Gupta, Steve Peggs, Fulvia Pilat (BNL);  Jim Kerby, Mike Lamm, Peter Limon, Nikolai Mokhov, Tanaji Sen, Jim Strait, Sasha Zlobin (FNAL);   Bill Barletta, Miguel Furman, Steve Gourlay, Bill Turner (LBNL);  Arnaud Devred (CEA);  Francesco Broggi (INFN);  Kiyosumi Tsuchiya (KEK); Andries den Ouden (UT);  Herman ten Kate (CERN and UT).
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1.
Introduction
The achievement of luminosities beyond that foreseen in the LHC baseline will almost certainly require some upgrading of the machine, in particular that of the insertions around the high luminosity experiments.

The baseline LHC machine is already a very high performance accelerator, which pushes the demands on superconducting technology to the utmost limit that can be obtained from the industry standard niobium titanium alloy (NbTi).  It has taken many years of R&D to get where we are today with this material, and even a relatively modest upgrade of the machine will almost certainly call for magnets with coils that have to carry heavy currents in the presence of significantly higher magnetic fields.  This will require the use of different superconducting materials. All candidate materials are brittle and very much more difficult to incorporate into engineered magnet designs than NbTi, and there will have to be a significant and sustained R&D effort to obtain reliable magnets having the necessary performance.  It will be necessary to start this work in earnest soon if we wish to credibly consider such an upgrade on a timescale found appropriate in other colliders, namely five to seven years after commissioning the baseline machine.

The purpose of this meeting was to bring together accelerator physicists and superconducting magnet specialists, in an effort to identify the most likely upgrade parameters. The meeting was structured around talks on ongoing work, both in accelerator physics and high field magnet technology, with the aim of selecting the most likely routes for future study. Interaction between the experts of the different disciplines was encouraged, in order to foster brainstorming.

Of the 36 participants in the meeting, half were from collaborating laboratories outside CERN, with the 3 US laboratories strongly represented. Due to pressing work for the baseline machine some of the participants, particularly from CERN, could only attend on a part-time basis.

The contents of the presentations can be accessed on the web via the URL http://cern.ch/lhc-proj-IR-upgrade.
2.
Summary 

The first day was devoted mainly to accelerator physics (AP) issues and the engineering constraints associated with upgrading the LHC. It started with an account of the work that had been done last summer by a Task Force set up at CERN to study the feasibility of luminosity and energy upgrades. This study had revealed a number of key issues associated with such upgrades, and highlighted some likely characteristics of the upgraded machine, such as an increase in the crossing angle of the beams to reduce the long-range beam-beam (b-b) effect. New ideas identified as meriting deeper study were those of (1) separating the beams before the triplet, which would reduce the long range  b-b problem and allow independent tuning and correction of the two beams, and (2) the use of very long so-called “superbunches”, which would solve the problem of the electron cloud and reduce the cryogenic load. The Task Force had also addressed the feasibility of an energy upgrade, but it was to be for a more distant phase of upgrading and was not discussed in the present meeting. This was followed by talks on work being done at BNL, FNAL and LBNL. Experience with RHIC and the Tevatron provides important input, and experiments are being programmed to test accelerator physics issues that are relevant to commissioning, operating and upgrading the LHC. It was pointed out that the nominal luminosity had been achieved at RHIC thanks to reducing (* by a factor of 2, as it had not yet been possible to work with the full complement of bunches. AP work for LHC at LBNL was concentrated on the electron cloud effect and support for the luminosity monitor study.  With regard to instrumentation, which had not been addressed by the Task Force, we learned that a novel device proposed to cancel the beam-beam effect is being assembled for test at the SPS: this could be of prime importance for both baseline operation and a luminosity upgrade.  Details of AP work at CERN following the Task Force study were presented: this concerned mainly the separated triplet concept.

The geometry of the LHC (ex-LEP) tunnel is the source of major engineering constraints for any upgrade, and these were clearly explained at the meeting.  The space for the long straight sections is uncomfortably tight even for the baseline machine, and this will preclude major changes to the sections matching to the inner triplets.  The cross-section of the cryoline around the arcs cannot be increased, but its features are such as to allow the increase in the transfer of cooling power needed for an upgrade.  To go beyond the ultimate baseline luminosity however will require the installation of new plants at the surface, for which land will have to be acquired.  Even for modest upgrades cooling plants will have to be added for the inner triplets.  In the matching sections it is highly desirable to avoid important civil engineering work. For all of these reasons it was felt that the most likely route to the first stage of a luminosity upgrade will be to replace the inner triplets with larger aperture magnets arranged in a similar layout to that of the baseline. The possibility of decreasing the distance from the interaction point (IP) to the first quadrupole (l*) – the classical route to a reduction in (* – was identified as a subject for study regarding interfaces with ATLAS and CMS and the associated radiation issues.

It was clear from the presentations that any luminosity upgrade will call for higher performance magnets, that this will require the use of higher performance conductors and that all of the presently available materials have the serious drawback of being very sensitive to strain.  It has been demonstrated on a few laboratory scale dipoles that it is possible to make an accelerator-type magnet using such conductor, but there remains a lot of work to be done, both on the conductors (the best of which have as yet only marginally sufficient current density), and on the engineering of the magnets.  No such magnet of more than 1 m in length has ever been built.  These generic issues are being addressed in a number of laboratories, some of which are using likely LHC upgrade parameters as a target, and we heard in depth descriptions of the work being done.  The conductors are cables of multifilamentary strands of Nb3Sn, Nb3Al or BSCCO-2212 (HTS).  By far the greatest experience is with Nb3Sn, with the other conductors being recognized as “having potential” (Nb3Al is less sensitive to strain, and BSCCO-2212 has a higher temperature margin).  Even for Nb3Sn, which is used for inserts in high field solenoids and for Tokamak coils, further optimisation is essential because of the different characteristics that are required for accelerator magnets (notably much higher current density). Based on the experience of work with NbTi for accelerator magnets and the associated engineering, it will be quite a challenge to have a set of reliable magnets based on the use of a fundamentally different conductor ready to install in the 2012-14 time frame.

3.
Conclusion

The final outcome of the discussions can be summarized as follows: 

· The work leading up to the meeting revealed a number of accelerator physics related topics, that with regard to a luminosity upgrade of the LHC, deserve further study.  These include beam-beam, the electron cloud, radiation, superbunches and field quality requirements.  The discussions at the meeting reinforced the need for these studies. 

· It is important to converge fairly rapidly on target requirements for the new layout and performance of the insertions, so that the relevant engineering issues can be properly addressed in a timely fashion. 

· Work should be intensified on developing suitable conductors for high performance accelerator magnets, particularly quadrupoles.  While the newly revealed AP issues are being resolved there is a little time to explore new magnet designs, but plans must be made to start work in earnest on the engineering of the real magnets, and on its validation in model and prototype tests.

· It is necessary to identify sufficient financial resources to carry through such a programme.  The problem of how to distribute these resources to make the best use of the available expertise in the different laboratories must also be addressed.

· There should be a follow-up meeting towards the end of this year, to discuss the outcome of intervening, mainly AP, studies, and select the scenarios on which to concentrate future efforts regarding detailed layout and engineering.
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