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I.  Introduction 

In this document, we proposes to continue R&D for a calorimeter addition to the ALICE experiment at CERN through a 2.5 year time period beginning Q3 of FY05 through to the end of FY07.   The early LHC running schedule is now firmly established with all detectors expected to close up for pp running at the end of 2007 and the first PbPb run expected late in 2008, effectively contiguous with the pp running.  The first 1.5 years of the proposed R&D effort specifically targets areas of the project that create significant risk for installation and operation of at least one ALICE-USA calorimeter super-module in the first PbPb run.  To accomplish this, the ALICE-USA collaboration must (1) carefully address technical risk associated with support of the large EMCal in ALICE; and (2) cost and schedule risks associated with module and super module production that might interfere with meeting the late calendar 2007 ALICE close-up; and (3) complete construction and installation in ALICE of the first full super-module, thus permitting a full test of the proposed calorimeter design with the LHC Pb beams in 2008.

Faced with delays in full project approval and the looming startup of the LHC physics program, the present R&D program aims to mitigate the otherwise very significant risks to the overall project physics scope, cost and schedule that will result from the delayed project start.  In particular, the present R&D program is designed to ensure that the eventual MIE project for full detector acceptance can be undertaken at a well-understood cost and on a schedule, relative to the LHC running schedule, that insures that the physics goals of the ALICE-USA collaboration can be met.  To accomplish this, the present R&D program must: (i) move the proposed detector from its present concept to proof of principle in a prototype test beam measurement; (ii) control the EMCal integration volumes through the development and documentation of an EMCal super-module integration and installation plan; (iii) conduct R&D necessary to control cost, schedule and technical risks associated with critical detector components;  (iv) establish the suitability of the EMCal support and installation scheme through the fabrication, installation and test of a structural support and (v) fabricate and install a preproduction prototype super module prior to the 2007 close-up date

The following executive summary gives an item-by-item overview of the R&D requests and their relation to overall project goals.  The order of the items is, as listed above, approximately chronological through the R&D program and not a priority ranking.  For example, the principal technical risk to the project is item (iv), the suitability of the support structure concept.

(i) Detector Prototype for Test Beam Studies

1.  A Shashlik detector technology was adopted in the first round of this R&D program as providing an overall detector configuration that could be implemented at the lowest possible cost consistent with the very challenging ALICE integration environment.  While most aspects of this technology are safely regarded as well understood, there are a number of fundamental conceptual changes that must be adopted in the ALICE application.  These required changes are central to the success of the ALICE-EMCal project and thus must be carefully studied and optimized in this R&D program to minimize cost and schedule risk and ensure the detector functionality consistent with physics requirements.  

2. Given the significant discovery potential of heavy ion physics
 at the LHC, it is an essential component of the success of the project that the ALICE-USA collaboration participates in the first LHC PbPb run.  However, any realistic ALICE-EMCal fabrication and installation schedule is very tight with respect to the turn-on of the LHC physics program.  Important prerequisites to the eventual installation of US-EMCal modules that stand to potentially delay the installation of modules must be addressed as early as possible to minimize serious risk to the project schedule.  The approval of the ALICE-USA TDR by the ALICE Technical Board and the LHCC is such a prerequisite.   A prototype detector test beam demonstration of a match between our detector performance and physics requirements will be a key element of our TDR.  Given the uncertainties in the availability of accelerator resources for test beams, it is prudent to proceed with this test beam activity as early as possible consistent with accelerator availability to avoid potentially serious risk to the schedule.   Test beam time is preliminarily scheduled at Fermi Lab for the fall of 2005.

3. The assembly of the calorimeter modules is very labor intensive.  Ab initio cost estimates of such labor-intensive activities are notoriously imprecise.  To minimize the potential risk to the project cost estimate that this uncertainty entails, a substantial prototype is assembled to permit the exploration of assembly scenarios under realistic manpower and space conditions.  

The detector test beam prototype is discussed further in section II.i.

(ii) Integration/Installation

There are a number of matters of integration that are essential to verify and insure the continued compatibility of our detector with installation and use in ALICE - for example, detector volume or routing pathway conflicts or conflicting installation or service access conflicts.  Until our detector is fully integrated and in the ALICE database, we continue to be exposed to delaying and potentially costly changes.  Some integration concerns, particularly related to the support structure and super modules, i.e. the largest and heaviest pieces to be handled in the ALICE underground area, also arise in connection with the TDR.  This document must be approved at CERN prior to construction start.  Thus as a matter of both cost and schedule control it is essential to proceed with an integration exercise at this time.   

R&D activity centered on installation and integration issues is discussed further in section II.ii.

(iii) Process Engineering R&D

As part of the test beam detector prototyping program described above, one would like to simultaneously explore in detail the cost exposure associated with all commercially fabricated components of the calorimeter modules.  Unfortunately, this is not so easily accomplished as a byproduct of the assembly of the first test beam prototype because components for the prototype detector are built, part-by-part by technicians, not using the extensive mass production methods that are utilized in the final detector.  For this reason, a separate R&D activity is devoted to the detector process engineering associated with the mass production of certain critical detector components.  Furthermore, since it is estimated that up to one year of effort is needed to qualify and test all the procedures associated with the mass production of critical components, the work described here must also be completed as soon as possible to minimize schedule risk and ensure participation in the first PbPb run.  

It is important not to underestimate this step in the R&D process.  The LHC-B electromagnetic calorimeter suffered considerable delay and cost increase as a result of unexpected loss of precision at the last minute when the Pb radiator fabrication process was turned over to a well-known industrial source.   The present R&D program aims to avoid this sort of risk in the ALICE-USA calorimeter project.

R&D activities in support of the commercialization of detector construction is discussed further in section II.iii.

(iv) EMCal Support Structure

The EMCal support structure is an element of significant technical risk.  As explained in section II, the EMCal support structure concept must be explored and tested separately within the R&D program as a critical element to the viability of the ALICE-USA EMCal as a component of the ALICE detector.   As a matter of technical risk control, it is deemed essential to perform a full weight, in situ, test of the support structure.  An installation opportunity exists in the ALICE construction schedule late in FY06 which will allow these tests to be completed before commencing a full construction project. 

If FY06 support structure installation opportunity is missed, the next potential opportunity does not arise, given the present LHC running schedule, until the end of FY08.   However, this late installation scenario requires LHCC approval since it involves an extended LHC shutdown including substantial disassembly of LHC shielding in the vicinity of the L3 magnet.   Since this approval is not obvious, this must be regarded as creating very significant risk for the project as a whole.   Furthermore, this late installation scenario clearly precludes US participation in the first run.  Participation in the first PbPb run is one of the primary goals of the ALICE-USA project because the LHC is a machine with great discovery potential at a new energy frontier.

The support structure R&D program is thus designed to protect the project from substantial technical risk while at the same taking advantage of a possibly unique installation opportunity vital to the ultimate success of the project.  These matters are discussed further in section II.iv.
    (v)      Super Module Fabrication, Installation and Test

The final milestone of the ALICE-USA R&D program calls for the fabrication, installation in ALICE and test of a full super-module with the LHC PbPb beams.  This work, effectively a sector test, constitutes the final cost, schedule and technical risk management step of the R&D program.  All fabrication, integration and installation scenarios are tested and the detector modules are operated in the PbPb collision environment with the final readout electronics.   The PbPb collision environment is the most challenging background environment ever encountered in a nuclear physics experiment and this full test of the proposed detector in this environment is an essential risk control step for the entire physics scope of the proposed calorimeter addition to ALICE.

As a side benefit, the super module will have sufficient acceptance to test all of the physics observables that can be addressed in “single – arm” measurements not requiring the full calorimeter acceptance.  These include transverse energy production, inclusive po and direct  photon spectra to moderate PT (including jet quenching), and inclusive electron spectra as a probe of heavy quark production and elliptic flow,etc.  As a consequence, therefore, the ALICE-USA collaboration will potentially participate in many of the first significant results and/or discoveries to come from measurements at the new energy frontier at the LHC.   The super module R&D activity is discussed further in section II.v.

II.  Proposed R&D Activities

In this section we present a narrative of the proposed R&D scope in some detail.  The associated WBS and detailed WBS Dictionary are then presented in section III.

(II.i)  Test Beam Detector Prototype (WBS 1.1)
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Much of the preliminary work for the detector prototype was completed in FY04 and early FY05.  A number of conceptual designs were explored and detailed simulations of cost/performance comparisons were made.  Simulations were conducted to examine jet, po and g performance versus detector design parameters.  In the end, a shashlik geometry has been adopted over tile/fiber configurations as the most cost effective approach compatible with the unique demands of the ALICE integration environment.  A conceptual drawing of the full detector is shown on the cover page of this document.  

Our detector concept differs in a number of essential respects from all former shashlik implementations.  Most notably, our detector is projective in the h direction over the full range 
[image: image10..pict]and is entirely supported from its back surface. Thus our detector modules are trapezoidal in shape and are each structurally independent permitting them to be mounted in any orientation (Figure 1).  A substantial amount of mechanical prototyping of individual detector modules
 has led to a stable structure design – exhibiting very small deflections under its own weight (~ 50 mm) - with very little dead material in the active detector volume
.  This latter condition is very important for the precision shower shape measurements that are a required part of our physics program.  

The present R&D proposal will conclude this mechanical prototyping effort (WBS 1.1.1).  The mechanical prototyping work will be expanded to include portions of super modules
 of sufficient size to demonstrate the stability of these units under realistic lift conditions and at all orientations encountered in ALICE.  Because of their size, the super modules will require rather complex handling during transport down the long vertical shaft to the ALICE underground area
.  In all former shashlik implementations, modules have been stacked like building blocks and mechanical stability issues such as those addressed here were trivial.  In the present application, stability and lifting tests are an essential component of the detector conceptual design process and will be required at the time of the TDR as a central feature of the safety analysis of the structure.  As such, the proposed studies are an essential part of both project technical and schedule risk control. 

In parallel with these mechanical studies, detailed optical studies of tower prototypes in the first R&D cycle have led to fiber and scintillator composition selections.  Cosmic ray tests have established an interim estimate of ~2500 photo electrons per GeV for our tower design when used in conjunction with the selected PHOS APD.   As part of the prototype R&D, our optical studies will be concluded (WBS 1.1.2) with the aim of optimizing the photo electron yield at acceptable global and local non-uniformity
 through scintillator surface and edge treatment, interlayer diffuse reflector choice
 and fiber density studies.  Tracked cosmic rays will be used to probe the tower response down to distance scales of ~1mm necessary to adequately resolve the local non-uniformity before committing to the final tower design.  The optimized optical design will be integrated in the proposed R&D program into a 64 tower prototype detector configured with PHOS style APD’s and preamps.  Indeed, a full PHOS electronics chain will be assembled and the system will be tested using mixed beams at FNAL in the late fall.   

The construction of the 64 tower prototype (WBS 1.1.3) will be carried out with levels of manpower, manpower training and space appropriate to that intended for the final mass production detector.  The construction activity is designed to be of sufficient scope to provide accurate labor cost estimate for the full project which is in turn essential to the development of a credible project schedule.   The 64 tower prototype construction activity is thus a key component of the project risk management program.

The test beam activity (WBS 1.1.4) using a close to final version
 of our readout electronics will be designed to demonstrate a match between detector performance and physics requirements and is thus an important step in the project risk control program.  In particular, the physics reach of the proposed ALICE-USA program relies heavily on the proposed detector performance and it is essential to verify that the present conceptual design meets the requisite levels of performance.  Features of the detector performance that are central to the ALICE-USA physics program but are not easily simulated - such as shower shape distortions at module boundaries - will be an important part of our measurements. Electrons, hadrons and muons will be studied over a wide momentum range with electrons studied with fine spatial resolution sufficient to probe the magnitude of shower shape distortions at module boundaries.  Depending on beam quality and intensity, some po reconstruction may be attempted to further verify our understanding of transverse electromagnetic shower shapes in the detector.

The hadronic response of the detector will also be studied in detail.  These measurements are essential to benchmark our simulations of jet reconstruction and to help quantify our understanding of the response of our detector to the complex soft hadronic background in PbPb events at the LHC.  This is an important first step in demonstrating the suitability of the chosen technology to the complexities of the LHC environment.

As noted above, this will be the first large-scale implementation of a projective shashlik detector.  We have made extensive simulations on the influence of essential structural materials and the detector-stacking scenario on detector performance.  The present conceptual design has been carefully tuned to minimize the effects of dead material necessarily associated with the projective geometry.  As a feature of our risk control program, therefore, the test beam measurements will verify these simulations.   To accomplish this, the prototype will be constructed such that it can be quickly stacked and restacked to allow configurations appropriate to both h=0.0 and h=0.7 to be tested in-beam. 

(II.ii)  Integration/Installation studies (WBS 1.2)

The ALICE construction project is rapidly approaching its final stages and major installation activities will commence soon.  At that time all significant detector subsystems will be part of an overarching integration plan.  The continued viability of the proposed ALICE-USA EMCal as an ALICE subsystem requires that we participate in the final phases of the ALICE integration exercise.  There are a number of matters of integration that are essential to verify and insure the compatibility of our detector with installation and use in ALICE.  Of particular importance are the resolution of integration boundaries with TOF and TRD and the associated competing routing pathways.  Access and stay clear volumes required for installation and  service, repair and replacement must  be finalized. Until our detector is fully integrated in the ALICE database, we continue to be exposed to delaying and potentially costly changes triggered by other subsystems.   Thus as an important matter of cost and schedule control it is essential to proceed with an integration exercise (WBS 1.2.1) that will establish all of the relevant detector volumes, routing paths, power and cooling, etc.

A number of integration concerns also arise in connection with the TDR which must be approved at CERN prior to construction start.   Of these, the most significant is the status of our installation plan for both the support structure and the super modules themselves.  The size of the support structure requires that it be transported down to the L3 underground area in pieces and then assembled at the entrance to the L3 magnet at the underground level.  Furthermore, it is expected that the support structure cannot be installed with any significant fraction of the LHC beam shielding at the L3 area in place which sets a very high premium on installing the support structure prior to close-up of the LHC for the first run.  The super modules, on the other hand, must be installed over time during relatively short LHC shutdowns in the coming years and the TDR must present a well engineered plan to accomplish this with minimal disruption to the accelerator.   The installation tooling concept and its interface with the support structure for the calorimeter as well as with both ALICE and LHC must be documented and schematic installation schedules formulated (WBS 1.2.2).  In an effort to mitigate serious risk to the overall project schedule, work on this important element of the TDR must be performed under the current R&D effort.

(II.iii)  Process Engineering R&D (WBS 1.3)

[image: image3..pict]The cost estimate for the calorimeter depends heavily on the commercialization of a number of detector components.  As part of the detector prototyping program described above, one would like to simultaneously explore cost exposure associated with commercially fabricated components of the calorimeter modules.  Unfortunately, this is not so easily accomplished as a byproduct of the first test beam prototype because components the prototype detector are built part by part by technicians and instrument makers - not using the extensive mass production methods which are utilized in the final detector.  For this reason, a separate R&D activity is devoted to the process engineering associated with the mass production of certain critical detector components.  In the present conceptual design of detector modules, approximately 9 separate components are produced by plastic injection molding and 3 others are produced by demanding, high precision laser-cut / metal stamping techniques.  The former includes all the scintillator tiles and the latter includes all the Pb radiators.  Similarly, the optical fiber bundles (WBS 1.1.2) used in the prototype will be produced by hand whereas automated techniques must be employed in the final detector.  In total, over 750k parts in all in the final detector are thus produced with materials and by techniques that cannot be explored in detail in the normal course of producing the test beam detector prototype.   This large number of parts creates a very substantial cost and schedule exposure that is not addressed as part of the 64 tower detector prototype.   It is estimated that up to one year of effort within the present group is needed to qualify and test all the parts and procedures associated with the mass production of critical components.  The work described here must be completed as soon as possible as a measure to control schedule risk and ensure participation in the first PbPb run.

(II.iv)  EMCal support structure (WBS 1.4)

The addition of a large electromagnetic calorimeter to the ALICE experiment presents a number of very significant engineering challenges.   The original L3 magnet design assumed an experiment integration based on a massive central hub from which all the subsystems that made up the full hermetic L3 detector were supported.  This approach is not compatible with the needs of a heavy ion experiment so an alternate approach was developed in the design of the ALICE experiment that uses a system of rails that span the full length of the L3 magnet and permit the support of a cylindrical space frame, coaxial with the colliding beams from which the TPC and all other ALICE detectors could be mounted.  The rails are supported only at the two ends of the magnet thus transferring the full weight of the experimental apparatus to the “door frames” of the magnet and thus to a very limited area on the magnet’s understructure.  The addition of an electromagnetic calorimeter in this integration environment, which increases the weight that must be supported by ~200T, requires a separate set of rails to permit the addition of an overarching support structure from which the calorimeter can be mounted.  These rails, an early critical path element of the ALICE construction project, have already been installed within the L3 magnet (Figure 2). 

As with the rest of the experiment, the 200T weight of the proposed calorimeter is transferred through the door frames to the concrete pad which comprises the floor of the L3 hall.  Engineering studies undertaken prior to the installation of the rails judged that there is sufficient holding capacity available to support the weight of the ALICE-USA calorimeter.  This engineering judgment is critical to the eventual success of the EMCal project and the ALICE-USA physics program.   As a matter of technical risk control, therefore, it is deemed advisable to perform a dedicated test of the support structure under full load before committing to the construction of the full calorimeter.  To accomplish this test, we must fabricate the proposed support structure spanning the full length of the L3 magnet and test the impact of the proposed loading on the L3 magnet yoke.
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Furthermore, as noted in the introduction, in addition to the technical risk described above, there is a critical schedule risk to the project that arises if the support structure is not installed at the end of FY06 prior to ALICE close-up for the first pp run.   The alternative, which has been discussed in the past, is to seek authorization from the LHCC for the necessary installation time required to disassemble sufficient LHC shielding to permit an installation of the support structure in late FY08.  This approach would result in considerable cost increases and, more importantly,  clearly entails substantial project risk since the decision to permit the late installation cannot be guaranteed at this time.   Furthermore, such an approach precludes US participation in the first run which is an important goal of the ALICE-USA collaboration.  Many potential discoveries wait to be uncovered in even the first few events from the hotter denser QGP at the LHC and US electromagnetic calorimetry may provide important insights. 

Consequently we reject this FY08 installation option as a viable scheduling scenario.  Thus both to mitigate the technical risk associated with the support structure concept and control the critical risk associated with the project schedule, we must fabricate the proposed support structure to allow a full weight test in time for a late FY06 installation.  
In summary, the support structure R&D is undertaken to:

· Minimize technical risk by verifying the suitability of the L3 door frames and magnet foundations under the support structure attachment points

· Minimize technical risk by verifying support structure deflections over the TPC under load 

· Minimize technical risk by verifying module installation procedures before closure of area

· Minimize schedule and programmatic risk due to loss of installation window 

· Enable participation of US EMCal in first year of Pb+Pb running
(v)   Test Super Module (WBS 1.5 through WBS 1.9)

A full super module will be fabricated using methods and materials explored in the R&D program described in the preceding sections and thus constitutes an important component of the final cost and schedule demonstration for the full calorimeter project.  Furthermore, as a full sector test, this effort is the final cost, schedule and technical risk management exercise for the full calorimeter project.   Substantial technical risk is minimized through a full evaluation of detector performance in the real LHC, PbPb environment which is essential to demonstrating a match between the proposed detector technology and the ALICE-USA physics requirements in the previously unexplored environment of PbPb collisions at LHC energies.  As a major side benefit, a number of “single-arm” physics observables can be explored with this first super module allowing significant participation of the ALICE-USA collaboration in the first PbPb discovery run.

III Costs and Schedule

The cost roll up to WBS level 1 and funding profile for the proposed R&D is given below.    Still interim – not updated yet
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The full WBS is given in appendix A.  The average contingency for the full project shown in the above table is 22%.  The risked based contingency analysis that leads to this number are described in the management plan and the analysis itself is shown in appendix B of this document.  

ALICE USA EMCal R&D Schedule to WBS Level ?
STILL IN PROGRESS

Appendix A

ALICE USA EMCal R&D WBS Still interim not updated yet
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Fig. 1 An early mechanical prototype of a 4-tower module under going structural  testing





Fig. 2. The L3 magnet with a total of 6 full-length rails shown installed.  Two near the bottom of the magnet will support the PHOS, two near the midplane will support the TPC and all the other central detectors, and one in the midplane and one near the top of the magnet have been designed and installed to support the ALICE-USA EMCal.





Fig. 3 An overview of the present support structure concept to span 120 degrees in azimuth supported by the lower and upper rails.














� :   � HYPERLINK "http://www.sc.doe.gov/production/henp/np/nsac/nsac.html" ��http://www.sc.doe.gov/production/henp/np/nsac/nsac.html� 





� A module is a detector structure comprising 4 towers in a 2x2 arrangement.


� Each module has a 30mm stainless steel skin.  There is no dead material between towers in a single module.


� The super modules span ~20( in f and 0.7 in h.  They are the structural units lifted and handled at installation.  In our case a super module contains 12x24 modules.


� The actual super module lifting and installation plan is developed under WBS 1.2.2.2


� This refers to the transverse optical non-uniformity within a single tower which appears with characteristic widths equal to the full tower width and interfiber spacing respectively.


� It is well known that Dupont Tyvek provides the best diffuse surface reflectivity of most readily available materials.  In the present application, however, Tyvek is not a suitable choice since its coefficient of friction with the scintillator surface is so low that it results in modules that are mechanically unstable under reasonable compression forces.


� We will use a copy of the PHOS readout chain.  This readout package may receive some fine tuning for the final ALICE-USA readout system.
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