ANNEX 3: THE ROLE OF THE UK TEAMS

Overview of UK Responsibilities in ATLAS

1. The UK groups in ATLAS are working on three areas of the detector: the SemiConductor Tracker (SCT), the Level‑1 Calorimeter Trigger, and the Level‑2 Trigger. All three projects are highly demanding both intellectually and technically. In all three, UK physicists retain prominent positions and are well‑placed to take leading roles in the construction, commissioning and eventual operation of the experiment.

2. For the SCT design and construction, the UK groups have emerged as one of the most effective groupings in ATLAS. As a result, a significant fraction of the SCT detector will be produced and assembled in the UK. One silicon barrel and four forward disks will be built completely by the UK, accounting for a significant part of the complete central tracker. Additional silicon modules will also come to the UK for assembly into a second barrel and two additional disks.

3. The centre of activity on the level‑1 calorimeter trigger will be in the UK, with significant contributions from German and Swedish collaborators. The trigger processor itself has been conceived in the UK and will be largely designed, built and tested here. The UK groups involved are the accepted ATLAS experts in this field.

4. The level‑2‑triggering is both critical and diffcult. Without powerful rejection at level‑2, the effciency of ATLAS for selecting and recording potentially interesting events would be strongly reduced. Processing power is important, and will improve in capacity as new processor technologies emerge. The most difficult problems are those of fast networking and buffering, and designing an architecture which is capable of doing the job required. UK physicists are playing an important role here. The level‑2 triggering work complements the level‑1 work. The combined trigger activities represent a coherent picture, as the dialogue between the levels is crucial for the success of the overall triggering philosophy of ATLAS.

SCT (Semiconductor tracker)

S. UK institutes participating in the SCT work are the universities of Birmingham, Cambridge, Glasgow, Lancaster, Liverpool, London QMW, London UC, Manchester, Oxford, Sheffield, and RAL. UK groups have been responsible for a large part of the research and development required to define the chosen technologies for the SCT:

•
Development of radiation tolerant silicon detectors.

•
Development of front‑end binary readout architecture with immunity to single‑point failures.

•
Development of radiation tolerant opto‑electronic data links.

•
Development of a new precise alignment technique based on Frequency Scanned Interferometry.
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6. The UK contribution to the realisation of the SCT project is critical, being the largest in terms of funding, effort, and facilities. It builds on the high level of expertise and infrastructure which exists within the UK in the universities and at RAL. The UK has principal responsibilities within the SCT in all the areas of technical development, construction, assembly, commissioning, engineering and project leadership. (Both the SCT and Inner Detector Project Leaders as well as the Project Engineer are from the UK).

7. Collaboration between all the groups contributing towards the design and construction of the SCT is at a very high level. Because of their responsibilities in many areas of the SCT project, the UK groups play a central role, and are able to match the UK commitments to the resources available.

8. The UK construction responsibilities which have emerged from this process _ are described in detail in the Technical Design Report (TDR) and in the MOU (in preparation). The construction is distributed, with regional clusters taking responsibility for a share of the total number of silicon modules. 25% of these modules will be constructed by UK groups. Within the UK, this work is further subdivided into the construction of barrel and forward modules.

9. The regional cluster involved in the barrel part of the SCT consists of Birmingham, Cambridge, Oxford, QMW and RAL. Module making and bonding will take place at RAL, with the universities supplying tested components: Birmingham (populated hybrids), Cambridge (silicon wafers); London QMW (front‑end electronics and precision assembly jigs). The completed modules will be thermally cycled and fully tested in all institutes. The final assembly into a barrel, and alignment will be done by Oxford.

10. The regional cluster involved in the forward part of the SCT consists of Glasgow, Lancaster, Liverpool, Manchester, RAL, Sheffield and London UC. Module making and bonding is shared between Glasgow, Liverpool and Manchester. The five different types of wafers will be supplied from Lancaster and Sheffield, hybrids equipped with front‑end electronics from RAL, with precision jigs from Manchester and UCL. The assembly of modules into disk sub‑assemblies is the responsibility of Manchester and Liverpool.

11. The completed modules will be assembled to form one complete barrel and four complete forward wheels, and full alignment and system tests will be carried out in the UK. The latter will require complete readout, cooling and safety controls, together with low​temperature enclosures. The expertise within the UK in silicon detectors and engineering, coupled with extensive infrastructure and the necessary alignment techniques, has led to the UK being selected as the natural centre for the pre‑assembly and testing of a large part of the SCT before the complete detector finally comes together at CERN. The current plan envisages at least two of the four barrels being assembled and tested in the UK, and six of the forward wheels assembled on their space frames.

12. In addition to the work in making and assembling the SCT modules, the UK is responsible for the design, construction and commissioning of much of the cooling system of the SCT (RAL), of the alignment systems for the detector (Oxford), of the datalinks and associated electronics (Birmingham, Oxford, RAL), and of the off‑detector readout electronics and data acquisition (Cambridge, Oxford, UCL, RAL).
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Deliverables for the capital phase:

Item 1) Two fully‑assembled and tested barrels (out of a total of four).

Item 2) Six fully assembled and tested forward wheels (out of a total of eighteen).

Item 3) 25% of the silicon modules, data‑links and readout.

Item 4) Major parts of the alignment system, support structure, and cooling.

Level‑1 Calorimeter Trigger

13. UK institutes participating in the level‑1 work are the universities of Birmingham, London QMW, and RAL.

14. The UK groups were responsible for the initiation of the level‑1 calorimeter trigger project within ATLAS. The UK is responsible for the most challenging and central part of the trigger, the electromagnetic cluster‑finding. This represents the heart of the level‑1 calorimeter trigger processor, in that it also provides the signals required by all the subsequent level‑1 trigger stages, including jet‑finding, missing‑ET, sum‑ET and single‑hadron triggers. (The level‑1 calorimeter trigger coordinator is from the UK.)

15. Of the sub‑triggers, the missing‑ET, sum‑ET and the single‑hadron triggers are also the responsibility of the UK groups. These sub‑triggers are closely related to the cluster‑finding logic.

16. The design of the very fast, very high bandwidth electronics required will be undertaken by engineers from RAL and Birmingham. Manufacture of the various electronic modules will be done in UK industry. Custom software to evaluate, and subsequently monitor the performance of the modules and the complete processor, will be written by physicists from RAL, Birmingham and London QMW.

17. The interface between the trigger processor and the ATLAS detectors will be designed and built in Heidelberg, and the jet‑finding modules designed and built in Stockholm.

Deliverables for the capital phase:

Item 1) Electromagnetic and single‑hadron cluster‑finding processor.

Item 2) The multiplicity trigger for electromagnetic clusters.

Item 3) The multiplicity trigger for single hadrons.

Item 4) The missing‑ET trigger.

Item 5) The sum‑ET trigger.
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Level‑2 Trigger

18. UK institutes participating in the level‑2 work are the universities of Edinburgh, Liverpool, London RHBNC, London UC, Manchester, and RAL.

19. The level‑2 trigger and DAQ system will rely heavily on commercial items. These commercial items come from the rapidly developing field of networks and fast data processing, where prices are falling and performance increasing with time. The detailed system design, and the purchase of these items, will be delayed as long as possible, consistent with the time needed fully to commission and integrate systems of this complexity. These factors are built

into the project planning and cost estimates.

20. The current design and costing model for the level‑2 trigger is based on a two stage processing strategy. The first stage, referred to as local or feature extraction processing, is centred on individual sub‑detectors. There are separate local systems for the SCT (including pixels), the TRT, the calorimeters and the muon chambers. The second stage, global processing, combines the elements of feature extraction produced by the local processors to form an overall picture of the interaction. This is compared with the expectations for an interesting physics collision, and on this basis the interaction is accepted or rejected at level‑2.

21. The UK groups will take shared responsibility for the provision of the SCT buffers, SCT local system, and the global system. The large UK contribution to the SCT, our trigger activity and responsibilities to this area makes the incorporation of the SCT information into the level‑2 trigger easy to coordinate, and maximises efficiency.

22. The development programme in buffers, networks and processors is well matched to the experience and expertise of the UK groups.

Deliverables for the capital phase:

Item 1) 50% SCT buffers.

Item 2) 50% SCT local system.

Item 3) 50% SCT global system.

Overview of UK Responsibilities in CMS

23. The UK involvement in CMS is concentrated in two areas: the electromagnetic calorimeter (ECAL) and the readout of the inner tracking detector. British physicists have contributed to these subsystems from the early days of CMS; they have been responsible for defining the basic design criteria and have developed much of the technology that underpins the projects. As a result, members of the UK community now occupy senior positions within the CMS organisation and will play a prominent part in directing the projects through the construction phase.
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24. The importance of incorporating a high‑performance electromagnetic calorimeter within CMS was first recognised by UK physicists, and they have played a central role in demonstrating the feasibility of a design based on lead tungstate crystals instrumented with avalanche photodiodes (APDs). The UK groups have extensive experience in the design, construction and operation of large ECAL systems, gained through work on the OPAL experiment at LEP and elsewhere. Its therefore natural that they have taken lead responsibility for the design and construction of an important part (the Endcap sections) of the CMS ECAL. Furthermore, they have recently demonstrated that vacuum phototriodes (VPTs), first developed by one of the UK groups for OPAL, have significant advantages over APDs in this region of the detector. UK involvement in the ECAL extends into the crucial area of triggering, where the Bristol group has responsibility for designing and providing the Glo;al Calorimeter Trigger modules, building on the experience gained working on ZEUS at HERA.

25. The principal role of the UK groups in the CMS tracker is in the provision of the readout system of the microstrip tracker, which will contain approximately 12 million channels of analogue electronics, distributed approximately 2:1 between MSGC and silicon detectors. This is an extremely challenging project; the large number of channels, high data rates, intense levels of radiation and the need for very good timing resolution have demanded novel technological solutions. The CMS design was proposed and defined by UK physicists based on their work on front‑end analogue chips within the framework of an extensive R&D project (CERN code: RD20). The UK responsibilities also embrace the front‑end of the data acquisition system, where one of the groups has extensive expertise, gained from work on H1 at HERA.

Electromagnetic Calorimeter (ECAL)

26. The UK contribution is focused on the endcap detectors, which represent 35% of the total crystal ECAL project, and the Global Calorimeter Trigger (GCT). The institutes involved are Bristol University, Brunel University, Imperial College (ICSTM) and Rutherford Appleton Laboratory (RAL), working in close collaboration with several non‑UK groups. UK physicists and engineers hold key leadership roles in the endcap project including those of Project Coordinator and Project Engineer. Bristol University, working with engineers at RAL, has sole responsibility for the GCT.

27. The crystal ECAL endcap tasks can be broken down to three main areas of activity:

•
The assemblies (supercrystals) which house lead tungstate crystal scintillators and photodetectors.

•
The endcap support plates which hold the supercrystals in position.

•
The modular readout electronics which are mounted on the rear surface of the support plate.

•
The UK is leading and coordinating the design in all three areas.
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28. The Global Calorimeter Trigger (G‑CT) is a vital element in the CMS triggering system. It consists of two crates of electronics: one crate will sort the information coming from the calorimeters (via Regional Trigger Crates) to find the electrons and `jets' of hadrons with the highest transverse energy, the second crate will determine energy sums and perform other calculations.

Deliverables for the capital phase:

Item 1)
The assembly and test of all endcap supercrystal assemblies;


The purchase of the connectors and housings for half of the assemblies;


Test‑beam appraisal of supercrystals at CERN.

Item 2)
The design of the endcap support plates, in collaboration with non‑LJK groups and the purchase of two (out of four) of these.

Item 3)
The design of the physical layout and packaging of ECAL readout electronics and optimisation of the preamplifier, for application on the endcaps.

Item 4) Final assembly and commissioning of the endcaps at CERN.

Item 5)
The design, construction and commissioning of the Global Calorimeter Trigger, together with the associated ancilliary equipment.

29. The construction and testing of endcap supercrystals in the UK will require the preparation of dedicated areas at ICSTM and RAL, equipped with the necessary tooling and diagnostic instrumentation. Further diagnostic equipment will be procured for use at Bristol and Brunel universities.

30. The endcaps will be assembled at CERN. The mounting of the supercrystals to the endcap support plates, and the connections to the modular electronics, will be carried out by UK physicists, engineers, technicians and students in collaboration with non‑IJK ECAL groups. The work to be undertaken at CERN will require relatively little effort compared to the task of building the supercrystals in the LTK.

The Tracker Readout System

31. The components of the readout and control system are shown in figure B2.9. The major responsibilities are shared between the UK groups (Brunel, ICSTM, and RAL) and CERN, with significant additional contributions from France, Germany and Italy. Other groups will also contribute to its implementation, e.g. in the development and production of hybrids and detector modules. The UK has leading roles in these areas: a physicist from ICSTM is Electronics Coordinator, with responsibility for all aspects of CMS electronics, and a RAL physicist is Coordinator for both the software and the readout facets of the DAQ system.
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Front‑end electronics

32. The UK has had the major responsibility for the design and development of the front‑end chips and will undertake the purchase of about 20% of the total number required. Production phases for the chips are assumed to extend over three years. The timescale is determined by the profile of available funding, and the need for acceptance testing to keep pace with production. The foundries would be capable of much faster production rates.

33. Wafer testing of each chip will begin in 1998. The UK groups have three automatic probe stations which can be used. The majority of the day‑to‑day work will be carried out at RAL; the principal task will be to load wafers, set the system in operation and scrutinise aid catalogue the results. The ICSTM station will be identical and carry out production work but will be switched to specialised tests or trouble shooting as required.

34. Once known good dice have been identified, batches of wafers will be assembled and sent for cutting. Chips will then be distributed to other CMS centres for assembly onto hybrids and then retested, automatically. The UK will take responsibility for hybrids for the barrel section of the silicon detector. This corresponds to one third of the total number of channels in the tracker, and about half of the total silicon channels.

Front‑end driver

35. The front‑end driver (FED) is being designed in the UK, building on experience gained from a similar project for the H1 experiment at HERA. The UK plans to purchase 200 of these units (about 30% of the total number). The design phase will last for about two more years. Then work switches from design to evaluation, with a mixture of software and hardware skills required. Because of conformance to a commercial standard, units can be evaluated without major effort to construct special test equipment.

36. FED evaluation tasks to be undertaken in UK institutes will mainly be implementation of the modules, requiring software and microcode development, and studies of the performance. In the final phase of construction, the FED effort will be almost entirely evaluation and integration.

37. Purchase of the bulk of the FEDs will be delayed as long as possible in order to match expenditure to the funding profile. Pre‑prototypes will be obtained ahead of the main purchase for evaluation purposes. Test effort therefore rises again during the commissioning period, for which RAL Technology Department support is essential. This will be supplemented by a gradually increasing effort in the universities over the next few years.

38. In addition to the tasks already described, the UK will contribute during the later stages of the period to the readout, control and data acquisition areas. Many of the tasks, such as calibration and synchronisation of the system, require an intimate knowledge of the front end chip operation, so it is essential that the UK groups should take responsibility.
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Deliverables for the capital phase:

Item 1) Procurement and testing of 20% of front‑end chips.

Item 2)
Assembly and testing of 50% of the front‑end hybrids for the barrel silicon detector.

Item 3) Design of the Front‑End Driver modules.

Item 4) Procurement and testing of 30% of all Front‑End Driver modules.
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