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I. Introduction

The ALICE-USA Collaboration has proposed to build a large electromagnetic calorimeter for the ALICE Experiment at the LHC
.  This management plan addresses an R&D project in support of the proposed electromagnetic calorimeter for the ALICE experiment at the LHC.  The proposed electromagnetic calorimeter will consist of a barrel section providing, when completed, coverage for -0.7  <  < 0.7 and  0 <  < 2(Figure I.1)  In the present conceptual design, this coverage is built up from 12 separate super modules (Figure I.2) spanning this acceptance.
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Each of the 12 super modules is composed of 288 distinct modules each in turn comprising 4 separate energy measuring units or towers for a total of 13824 separate channels in the full detector.  Each of these towers  will deliver their data through two independent digitizing and data acquisition channels; one dedicated to the energy measurement and the other dedicated to the trigger. 

In addition to the detector elements and digitizing and trigger electronics, the final ALICE-USA project will provide the control, monitoring and analysis environment for the detector within the ALICE experiment to allow routine data processing through to physics observables (electrons, photons, o’s,…).  
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The proposed ALICE-USA calorimeter is designed to work in the very complex environment of nucleus-nucleus collisions at the new energy frontier provided by the LHC.  Measurements at this new frontier present a wide array of very challenging technical issues and schedule challenges which must be confronted before construction of the full calorimeter can be contemplated.  We have thus proposed a significant R&D project which is designed to mitigate the major cost, schedule, technical and programmatic risks associated with the full calorimeter project.  The present management plan discusses the practices and procedures that will guide this R&D effort along with details of cost, schedule and deliverables.  The justifications for the individual elements of scope are given in the R&D proposal and will not be repeated here.

II. ALICE-USA EMCal R&D Project Scope 

There are 5 principal items of scope in the R&D project.  These will be discussed separately in the order in which they appear in the WBS along with their associated deliverables.

1             WBS 1.1  Detector Prototype for Test Beam Studies

(i)  Module and super module mechanical prototypes will be studied to determine their mechanical stability under conditions to be encountered in the final ALICE calorimeter.  This work will include analysis of the structures including analytic and finite element calculations.

Deliverables:
   


· Experimental deflection and long term stability measurements of prototypes as a function of temperature and under realistic seismic stress for both module assemblies and super module sub assemblies.

· Module and super module structural finite element analysis

(ii)  Tower optical studies will be undertaken to determine the optimum scintillator edge and surface treatment and the optimum wavelength shifting fiber density.  Optimum techniques for in situ aluminizing wavelength shifting fibers will be determined

Deliverables:

· Final scintillator tile design

· Final fiber density design

· Final aluminized fiber bundle protocols

(iii)  A detector prototype will be built consisting of a collection of 16 trapezoidal modules arranged in a 4x4 pattern for a total of 64 towers.  A mounting structure for the modules will permit at least two stacking arrangements – one corresponding to the h=o and one to the h=0.7 configurations encountered in the final detector.  The towers will be instrumented with APDs and charge sensitive pre-amplifiers procured from the PHOS collaboration at CERN.  The individual towers will follow the shashlik design with a total of 22 radiation lengths arranged in alternating layers of 1.6mm thick Pb and 1.6 mm thick injection molded polystyrene scintillator.   A PHOS-style digitizer and readout chain will be procured from the PHOS collaboration at CERN.

Deliverables:

· 16 modules arrayed 4x4 on a mounting structure that allows both the h=0 and h=0.7 configurations that will be encountered in ALICE.

· Photo detectors, pre amps and readout electronics for all 64 towers

· A cosmic ray pre-calibration for all 64 towers and their associated LED test pulser.

(iv)  A program of test beam measurements will be undertaken at Fermi Lab with hadron, electrons and muons using the 64 tower prototype discussed above

Deliverables:

· Electromagnetic energy resolution measurements as a function of electron energy for the h=0 and h=0.7 configurations ;

· Electromagnetic shower position resolution measurements for the h=0 and h=0.7 configurations;

· Electromagnetic shower shape measurements with emphasis on the tails and distortions near module boundaries for the h=0 and h=0.7 configurations;

· Muon and high energy hadron measurements for the h=0 and h=0.7 configurations needed for MIP calibrations and calibration tracking in ALICE

· Hadron energy spectra and shower shapes

2             WBS 1.2  EMCal Integration

(i)  Detector integration studies and design work in close collaboration with ALICE engineering in CERN will establish all of the relevant detector volumes, routing paths, power and cooling, etc.  for a fully installed and instrumented ALICE-USA Calorimeter.  Prototypes will be used as needed to establish integration volumes in congested areas such as cable and/or cooling routing pathways through the access slots in the L3 magnet door.

Deliverables:

· Integration plan fully documented in the ALICE database.

(ii)  Design studies will be undertaken to advance the support structure conceptual design and establish a full integration plan including detailed installation protocols consistent with the available resources and space in the L3 underground area and vertical access tunnel.

Conceptual design and integration studies will be undertaken for super modules to establish a support structure interface plan and a detailed installation plan employing protocols consistent with the available resources and space in the L3 underground area and vertical access tunnel.

Deliverables:

· Support structure conceptual design and integration/installation plan.

· Super module to support structure interface design and super module installation plan documented in the ALICE database suitable for presentation to the LHCC.

3             WBS 1.3  EMCal Process Engineering

(i) Engineering designs, tool and die work and prototype studies including detailed QA/QC analysis (optical and/or mechanical as appropriate) will be performed for all injection molded module parts on small production run batches.  

Deliverables:  (See Figure II.1 and II.2)

· Engineering design, professional tool and die produced mold, and prototype samples of injection molded parts will be produced be produced for the following calorimeter components:  

       Part 



Test Protocols

(a)
Scintillator tiles 

Precision, optical attenuation length






Surface finish

(b)
Optical mixer/diffuser            Precision, optical attenuation length






Surface finish

(c) 
Optical fiber guide
            Precision

(d)
Fiber grommet                    
Precision

(e)
Fiber cover                          
Precision

(f)
Rear matrix plate                  
Precision, elasticity

(g)
Front matrix plate 

Precision, elasticity

(h)
Front cover 


Precision

(i)
Module mounting plate  
Precision, fracture point

(ii) Engineering designs, tool and die work and prototype studies including detailed QA/QC analysis will be performed for all metal stamped and laser cut parts.  

Deliverables:  (See Figure II.1 and II.2)

· Engineering design, professional tool and die fabrication, and prototype samples of Pb radiator plates.   A small production run of plates for three different Pb alloys will be subjected to mechanical tests to verify that the Pb quality and the precision of the final fabricated part is not degraded by mass production techniques. 

· Engineering design, professional tool and die fabrication, and prototype samples of both the rear and front compression plate.   A small production run of plates will be subjected to mechanical tests to verify that precision is not degraded by mass production techniques. 
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4             WBS 1.4  EMCal Support Structure

A support structure suitable of supporting total weight of 200T uniformly distributed in an arc of Df=2p/3 outside the ALICE inner detectors will be constructed to permit mechanical tests that will:

(a)
Minimize project technical risk by verifying the suitability of the L3 door frames and magnet foundations under the support structure attachment points to support an additional 200T load

(b) Minimize technical risk by verifying support structure deflections over the TPC under load do not interfere with the TPC integration volumes

(c) Minimize technical risk by verifying module installation procedures before closure of underground area

(d) Minimize schedule and programmatic risk due to loss of installation window 

Deliverables:  (See Figure II.3 )

· Final engineering design including finite element analysis

· Procurement of the support structure, delivery to CERN LHC Point-2 and installation in the L3 magnet 

· Mechanical tests verifying a 200T capacity with deflections controlled at a level that guarantees no intrusion into other sub-system integration volumes.



4             WBS 1.4  EMCal Super module - 0

The final step in this R&D exercise is the construction, installation, integration and test of a single super module.  This brings together all of the technologies and methods developed in this R&D program and allows a full test of the detector principal in the environment of PbPb collisions at the LHC.  

Deliverables:  (See Figure I.2)

· One ALICE-USA EMCal supermodule delivered to CERN LHC point-2 and installed in the L3 magnet of the ALICE experiment on the EMCal support structure described above.  The super module will consist of a 12(f) x 24(h) collection of modules spanning 0f2p/3 and  0<h<0.7With each module constructed of 2x2=4 towers, this super module provides 1152 towers.
· Readout electronics from the APD through to the interface to DAQ is provided for each tower.  

· Trigger electronics for each 2x2 tower patch is provided.

· Each tower will have a cosmic ray pre calibration .
3  EMC Project Management

3.1
Basic Management and Reporting Structure

To be continued …..

































This is a 12x26.  It will be replaced by a 12x24 figure soon





Figure II.2 Identification of some of the module parts


 





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





Figure I.2  ALICE-USA super module concept











Figure I.1 Electromagnetic Calorimeter proposed for the ALICE experiment
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