7. Project management and responsibilities 

The organization and management of the proposed effort is embedded in the management structure of the PHENIX experiment, which is part of the BNL RHIC project. The new organization must satisfy a number of requirements including a clear interface to the existing RHIC and PHENIX management structure, clear roles and responsibilities within the existing  PHENIX subsystem structure. Particular attention has to be paid to the fact that a significant portion of the project is supported by foreign contributions. Clear deliverables, responsibilities for deliverables and the accountabilities of the participating funding Agencies have to be  defined.  These responsibilities will be formalized in memoranda of under standing  (MOU's) between PHENIX and the participating institutions. In this section, we outline our proposed management organization and delineate responsibilities within the project. 

7.1 Project background

The proposed project is part of a detailed upgrades program to enhance the physics capabilities of  PHENIX over the next 8 years. Realizing this plan will enable PHENIX to remain competitive well beyond the turn on of LHC expected for 2008, as well as advance our understanding of QCD by fully exploiting the unique spin physics capabilities of RHIC. The plan covers a broad range of measurements in AA, pA, and pp and its goal is to provide key measurements which currently can either not be addressed at RHIC or only with limited accuracy. 

The development of the PHENIX upgrade program started in response to the recent NSAC long-range plan which was developed in 2000. The strategy was consolidated at a workshop in Montauk, NY  March 2001 and at BNL August 2002. Since then individual upgrades have been followed up in detail within four PHENIX study groups. 

The PHENIX upgrades plan was first presented to BNL management in a proposal seeking funds to initiate a broad-based R&D effort to develop the detector technology necessary to realize our goals. BNL charged a Detector Advisory Committee (DAC) to review the R&D plan. After the review December 19-20, 2002, at BNL the committee named the PHENIX silicon vertex tracker a high priority in the future development of PHENIX: 

"Physics Motivation:  … Charm has emerged as valuable probe of QCD dynamics … The measurement of hadrons with open charm requires excellent vertex identification, which can only be achieved with state of the art silicon vertex detectors …"

"PHENIX Microvertex Tracking Detector: The extension of the capabilities of the PHENIX detector to provide a direct measurement of charm and open beauty will have major impact on a number of physics questions both in AA and pp collisions. This upgrade is therefore a very high priority in the future development of PHENIX. 

It is likely that a detector system with adequate performance can be constructed using existing technology and it is therefore possible and desirable that a detailed proposal for this upgrade be in place in time for inclusion in the planning process for FY05 construction funds." 

Responding to the DAC review the silicon study group developed a PHENIX internal letter of intend proposing a two component silicon vertex tracker system, one component - a barrel detector - extending the capabilities of the PHENX central arm detectors and the other - a endcap detectors - extending the physics reach of the muon detector system.  This LOI was reviewed in March 2003 at a joint meeting of the PHENIX detector council (DC) and executive council (DC). Following their recommendations PHENIX management (PM) endorsed both projects and charged the silicon study group to develop a proposal for a silicon barrel detector for immediate presentation to DOE through BNL. 

7.2 The management plan for the VTX

PHENIX management structure

The VXT project is part of the PHENIX project and as such integrated into the PHENIX management structure as described by the PHENIX bylaws. The PHENIX Detector Council (DC) will advise PHENIX management on the design, construction, and integration of the VXT. The DC is co-chaired by the operations manager (E.O'Brien) and the upgrades manager (A.Drees). The VTX subsystem manager will serve  as member of the DC.   

PHENIX subsystem leadership

We expect that the proposed VTX project will be funded through two agencies, the DOE Office of Nuclear Physics (DOE-NP) and the RIKEN Institute. A successful completion of the VTX  will require close collaboration and well defined responsibilities and scope of  the contributions of both agencies in terms of deliverables. The deliverables and  foreign contributions are outlined below. Within PHENIX, the responsibility for the VTX subsystem will be shared by  the subsystem leader,  Yasuyuki Akiba (RIKEN) and his deputy  Craig  Ogilvie (ISU). The subsystem leader reports to PHENIX PM and will represent the VXT in the PHENIX DC.

Simultaneously, Ogilvie will serve as the  DOE contract project manager (CPM), and will have the fiscal and construction responsibility for the DOE funded deliverables as outlined in this proposal. This involves appropriate planning, budgeting, and reporting. Akiba will serve as RIKEN counterpart and  have similar responsibilities for the RIKEN funded deliverables.   

Role of BNL

Because we expect that all DOE funding for this effort will be directed through the BNL Physics Department, BNL line management will have ultimate fiscal and management responsibility for the construction of the VTX and for its subsequent operation. 
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Figure 1 Management chart of the VTX project. The fiscal responsibilities for the individual tasks are  specified in bold letters. The intitutions participating in each task are given in italic. In PHENIX the DAQ is a separate subsytem and therefore not connected to the VTX management. 

Specification of deliverables

Figure 1 shows the construction and organization chart for the VTX project. The VTX is divided into subprojects, which themselves are divided into tasks. The tasks closely relate to deliverables, which need to be completed before the VTX construction project can be considered complete. The proposed fiscal responsibility for each deliverable, either RIKEN or DOE, is indicated in brackets. Expected Institutional involvement is listed together with the fiscal responsibilities in Figure 1. The present and future involvement of individual institutions is discussed in more detail in the next section. 

Outer layer silicon strip detectors:

· Silicon strip sensors designed and tested to specifications (RIKEN)

· SVX4 readout cards (ROC's) developed and manufactured (DOE)

· Strip sensors integrated with ROC's (RIKEN)

· Readout bus designed and produced (DOE)

· Pilot modules ready  to readout ROC's from detector assembly  (DOE)

· Front-end modules (FEM's) ready to collect data from pilot modules (DOE) 

· Detector ladder, sensors-ROC's assemblies with pilot module mounted on readout bus (DOE)

· Commissioning of strip detector ladders (DOE)

Inner layer silicon pixel detector:

· Tested sensor ladders which include one sensor and 4 readout chips (RIKEN)

· Readout bus to read data from sensor ladders manufactured and tested (RIKEN)

· Two sensor ladders mounted  on readout bus  and tested (RIKEN)

· Pilot card to readout pixel hybrids from one readout bus produced (RIKEN)

· Half ladders, combining readout bus, two sensor ladders and pilot module assembled and tested (RIKEN)

· Assembly and commissioning of half ladders to full ladders (RIKEN) 

· Front-end modules (FEM's) ready to collect data from pilot modules (DOE)

DAQ system

· Data collection modules for pixel and strip detector manufactured and tested (DOE)

Auxiliary  Systems and Integration 

· System support requirements specified, including heat loads, power distribution, mechanical tolerances and ground scheme (DOE)

· Mechanical support structure designed and manufactured (DOE) 

· Ancillary systems operational,  including power distribution and cooling system (DOE) 

· Strip and pixel detectors ladders mounted in mechanical support (DOE)

· Full system tested in assembly laboratory (DOE)

· Commissioning of full detector system (DOE)

· VTX installed at final location in PHENIX experimental (DOE)

· Full system test in PHENIX (DOE)

· Integration into PHENIX DAQ system (DOE)

7.3 Institutional involvement

Currently 14 institutions with a total of 55 collaborators are involved in the VTX project. The different institutions bring in diverse research background, physics interests and expertise, which form a broad base to carry out the proposed project. All groups have taken on specific responsibilities and will actively participate in the VTX project. Matching their expertise these group will be involved in construction, installation, commissioning, operation, and data analysis. Formal commitments of the involved institutions will be specified in MoU's.  At this early stage of the project naturally some groups have been actively involved and launched R&D through institutional contributions while others have joined the project only recently. In the following we will briefly discuss the different groups, their expertise and their potential involvement. Florida State University and the RIKEN BNL Research Center have made major contributions to this proposal and will specify their specific responsibilities in the future. The BNL Instrumentation Division, KEK, and Niigata join the VTX project because of their interest in the technological development, but are not members of the PHENIX collaboration.  

Brookhaven National Laboratory, Chemistry Department (BNL CHEM)

Mark Baker and his group bring in broad experience with silicon detector technology. In addition to management and physics experience, each group member brings specific technical skills that will be important for the successful construction, installation, commissioning and operation of a silicon detector in the RHIC environment.
Rachid Nouicer is one of the two primary silicon experts active on PHOBOS, having participated in the construction, installation, and commissioning of the detector. He is currently responsible for the multiplicity barrel, rings, and vertex silicon detectors within PHOBOS and he led the successful effort to replace damaged ring modules by building new ones from scratch. Robert Pak is responsible for the silicon cooling and dry air systems, for the radiation-monitoring chipmunks, and also the beryllium beam pipe. Andrei Sukhanov is an expert in data acquisition (real-time programming, firmware programming, triggering, electronics etc.). Finally, Peter Steinberg played a major role in the design, development, and implementation in the silicon detector signal processing algorithms and software chain.

At present the focus of the group is on operations and analysis of the PHOBOS experiment, but over the next three years, their hardware effort will increasingly focus on the VTX project. The group will actively participate in assembly, integration and testing of the strip detector assemblies and of pixel and strip detector ladders mounted in the mechanical support. In the longer run the group foresees playing a leading role in the commissioning and operation of the VTX system in PHENIX.

Brookhaven National Laboratory, Instrumentation Division (BNL ID)

BNL's Instrumentation Division's Silicon Detector Development and Processing Laboratory  (SDDPL) will be involved in the development of silicon strip detectors for PHENIX Upgrades. The activity will include detector simulation, design, and processing of prototype detectors. SDDPL will also be involved in laser scan tests of those prototypes, these tests will be carried out in close collaboration with the RIKEN Institute and RIKEN-BNL Research Center. Concerning the mass production of detectors, SDDPL will develop the detector processing receipt, produce the final mask set, and help transfer the processing technology and mask set to a industrial manufacturer. Zheng Li, the group leader of SDDL, Don Elliott, the Processing Engineer, and Rolf Beuttenmuller, the Senior Processing Technician will be involved in these activities. 

Brookhaven National Laboratory, Physics Department (BNL PHY)

The PHENIX Group from the Brookhaven Physics Department provides infrastructure and technical support as part of Systems Engineering and Integration (SE&I) for the entire PHENIX experiment. It has a staff of mechanical and electrical engineers and a group of experienced technicians who are intimately familiar with the detector, and work closely with the BNL Collider-Accelerator Department for operations and any modifications to its present design. They designed much of the infrastructure for the baseline detector, including racks, cable trays, electrical power, cooling, access, safety systems and numerous other services, and carried out the installation of all of the present subsystem detectors. This group will now be closely involved with the design of the infrastructure and support for the silicon vertex detector, and with its installation into PHENIX. 

The BNL PHENIX group also has primary responsibility for a number of major subsystems. These include Electronics Facilities and Infrastructure (EF&I), Online Computing Systems (ONCS) and Offline Computing. These groups will participate in the electronic integration and readout of the silicon detector into the PHENIX data acquisition system, and will be involved with track reconstruction and offline data analysis. 

Iowa State University (ISU)

As DOE project manager, Craig Ogilvie plays a leading role in the management of the VTX project. Over the past two years Ogilvie's leadership role in the PHENIX Silicon Vertex Tracker working group was essential to bring the project to the proposal stage.  

In addition, the Iowa State group has been designing a parallel readout for the pixel detectors that will work within PHENIX’s readout time and replaces the custom designed sequential readout ASIC's on the ALICE pixel detector pilot module. The new parallel readout is  implemented in radiation hard FPGA's The first design of the pixel pilot with parallel readout and zero-suppression is completed and testing is underway. A MOU is being negotiated with CERN to be able to include the control code into the new Pilot. The FPGA design effort is led by Prof Garry Tuttle of the Electrical Engineering Department and Professors John Lajoie and John Hill. Gary has extensive experience with the design of digital and analog systems and Prof. John Lajoie has considerable expertise in fast digital logic from his prior work on the LVL1 detector in PHENIX. This work will form the master’s theses of two students, Jonathon Crandall in Electrical Engineering and Steve Skutnik of the Physics Department. Senior technician Gary Sleege and Harold Skank will help in the final stages of the design and testing of the pixel pilots. The ISU group will also work with ORNL on the design of the pilot for the strip layers. In addition ISU graduate students will be available to help in various assembly tasks for the VTX project as construction progresses.

Kyoto …

Naohito Saito together with Manabu Togawa are involved in the R&D effort focussed on the silicon strip sensors. In addition the group actively participates in the development of analysis techniques and corresponding software. 

Los Alamos National Laboratory (LANL)

The Los Alamos group has established two major initiatives for the silicon tracker upgrade in conjunction with our interest in pursuing new physics with the muon arms. A) We have worked with the mechanical design group of the ATLAS silicon tracker, HYTEC,Inc,  to develop a concept for the mechanical structures for the integrated (barrel and endcap) design of the fully completed vertex tracker.  We expect Dave Lee, Walt Sondheim, and other LANL team members to continue to lead the effort to bring the concept to a fully engineered mechanical design and to work closely with other members of the silicon tracker upgrade group and BNL to ensure effective integration of the vertex detector into PHENIX.  B) We have also established a collaboration with the Fermilab electronics group headed by Ray Yarema to modify an existing chip design to read out ministrips.  We expect Gerd Kunde to continue that coordination responsibility since it is vital to the endcap effort. C) An ongoing simulation effort will be very important to these efforts and Pat McGaughey, Hubert van Hecke, and other members of the LANL team will pursue these activities.  

The Los Alamos group has extensive experience with silicon detectors including,  1) a measurement of the of the B production cross section and charm production A dependence with a silicon vertex detector, E789, at Fermilab using electronics developed by Ray Yarema, 2) implementing the SVXH readout chip for the L3 microvertex detector at CERN, 3) extensive prototyping and testing in conjunction with the mechanical and electronic designs for the GEM/SSC silicon microvertex detector, and management responsibility for GEM; and 4)  similar responsibilities for the MVD.  Over the next 3 years we will gradually reach a level of effort equivalent to 3 FTE’s per year to be devoted to the tracker upgrade.  

University of New Mexico, Albuquerque (UNM)

The University of New Mexico medium energy physics group can contribute in several areas of development for the silicon tracker including simulations, sensor testing, hardware design, and fabrication.  The Nuclear and Particle physics groups at UNM have a long history of silicon development, including a testing facility currently being used for the ATLAS sensors and managed by technical staff member Martin Hoeferkamp, and an extensive simulation and hardware development program for the CDFII silicon vertex detector by the group of Prof. Michael Gold.  Profs. Douglas Fields and Bernd Bassalleck have experience with smaller scale silicon projects at BNL and elsewhere, and have been deeply involved in the design of the PHENIX Muon Tracking System in collaboration with LANL and HYTEC, Inc.  Our desire is to build upon this local expertise and to help with the development of a quality assurance program for the strip sensors, local testing of sensors, R&D for hardware (experience in regulated power supplies, kapton cable design, etc.), and simulation efforts.   We have already become involved in the simulation geometry development through the efforts of one of our graduate students Michael Malik.  In addition, we plan to hire two additional postdocs, one of which would be resident at BNL.

Oak Ridge National Laboratory (ORNL)

The Oak Ridge group consists of physicists and electrical engineers. Some of us (Vince Cianciolo, Ken Read, Paul Stankus, Terry Awes, Glenn Young, Chuck Britton, Bill Bryan, Alan Wintenberg and Miljko Bobrek) recently secured internal funding dedicated to developing the system-level architecture for the electronic readout of the outer barrel (strip layers) using the SVX4 chip, and to test the compatibility of the SVX4 chip with the PHENIX architecture and with the proposed strip-pixel sensors.

This group has extensive experience with design, construction and commissioning of PHENIX front-end electronics systems and associated ASICs. We anticipate leading the design, prototyping and fabrication efforts for the various pieces of the readout electronics for the outer barrels and collaborating with RIKEN and BNL groups in testing the production components and integrating the full detector into PHENIX.

RIKEN Institute (RIKEN)

The RIKEN group, lead by Hideto Enyo, has a key role in the VTX project. Yasujuki Akiba leads the VTX project and represents it in the PHENIX detector counsil.  Akiba brings in ample experience from the PHENIX RICH construction. As leader of the RICH project he has gained experience in all aspects of large scale construction projects and in particular also in coordinating a close collaboration of US and Japanese institutions. 

Two years ago RIKEN has taken the lead in a broad R&D effort to establish silicon vertex detector technologies suitable for PHENIX. RIKEN has started a collaboration with the ALICE pixel group. At present three members of the RIKEN group are at CERN working with ALICE to help finalize the detector development and test the first generation of detectors in the NA60 experiment, which is currently taken physics data with a multi-layer silicon pixel hybrid telescope. Johann Heuser, who has worked for many years developing pixel detectors at CERN and commissioning a pixel detector system for the DELPHI experiment before he joined the RIKEN Institute, and Hiroaki Onishi, a software expert working with RIKEN, are members of the NA60 pixel team since two years and also working with ALICE.  Hiroyuki Kano, who is now also at CERN, is working with ALICE to addapte the ALICE pixel pilot to the PHENIX requirements. 

RIKEN has also initiated R&D with the BNL Instrumentation Division the develop novel silicon strip detectors.The effort includes R&D together with ORNL to develop suitable readout electronics based on the SVX4 readout chip developed at FANL. Yuji Goto,  Junji Tojo, and Atsushi Taketani are participating in this endeavor. 

In addition, the RIKEN group has engaged in Monte Carlo simulations to establish basic performance of the VTX detector and in the development of analysis startegies and software. 

Stony Brook University, Physics Department (SBU)

Axel Drees together with a group of students has launched an effort to adapt an FEM , originally built for the PHENIX drift chamber, to readout the ALICE silicon pixel hybrids. In collaboration with  NA60 the group is gaining the necessary experience with the silicon pixel detectors. The setup will serve as test sight for the PHENIX silicon pixel detectors. Eventually, the effort will lead towards a new FEM design customized to collect data from both the he pixel and strip assemblies. The design, construction and commissioning of the  FEM's will be carried out with the help of the electronics workshop of the Stony Brook Physics Department, lead by  C.Pancake, the engineer who spearheaded the development of the PHENIX drift chamber FEM's.

Stony Brook group expects to strengthen its effort in the future and to take on major responsibilities for testing of individual components, assembly, commissioning of the VTX detector. The group is presently recruiting a new Assistant Professor. Though the position is not filled yet, it seems likely that the new faculty member, together with a new post-doc and students,  will participate in this effort. The clean room facilities at Stony Brook used for the PHENIX drift chamber assembly can be upgraded with moderate effort to serve as basis for the VTX assembly. 

7.4 Foreign contributions

The VTX project is funded in part by the RIKEN Institute. The tasks for which the RIKEN Institute has taken fiscal responsibilities are identified in the project chart (Fig.1) and are given in more detail below: 

Outer layer silicon strip detectors:

· Silicon strip sensors designed and tested to specifications (RIKEN)

· Strip sensors integrated with ROC's (RIKEN)

Inner layer silicon pixel detector:

· Tested sensor ladders which include one sensor and 4 readout chips (RIKEN)

· Readout bus to read data from sensor ladders manufactured and tested (RIKEN)

· Two sensor ladders mounted  on readout bus  and tested (RIKEN)

· Pilot card to readout pixel hybrids from one readout bus produced (RIKEN)

· Half ladders, combining readout bus, two sensor ladders and pilot module assembled and tested (RIKEN)

· Assembly and commissioning of half ladders to full ladders (RIKEN) 

To enhance the expertise to carry out the work RIKEN has initiated several cooperations with the BNL Instrumentation Division on silicon strip sensors and with the ALICE/CERN pixel group on the silicon pixel detectors. For the pixel hybrid detectors a memorandum of understanding between RIKEN and CERN is in place.  Objective of the memorandum is the delivery of silicon pixel hybrids developed for the ALICE experiment at CERN to RIKEN.
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