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2.1 Physics goals for the mid-term

Note:  This is still in outline form, as given in the Interim Report.  It needs to be fleshed out in the context of the overall science case, to be given above.
The mid-term strategy outlined here calls for a balance of beam-on running time with investment in accelerator and detector upgrades necessary for crucial measurements of the new form of QCD matter now being investigated at RHIC, and a full realization of the RHIC spin capability.

Heavy Ion measurements:

Detector and facility upgrades to address these measurements are shown in italics.  The upgrades are discussed below.

· Electron-pair mass spectrum   (DOE performance milestone for 2010)

PHENIX Hadron Blind Detector for Dalitz pair rejection

· Open charm measurements in AA

High resolution vertex detection

· Charmonium spectroscopy (DOE performance milestone for 2010)

High luminosity; precision vertex; improved particle ID

· Jet Tomography

High luminosity; High-rate DAQ; improved particle ID

· Monojets in d-Au:  Gluon densities at low x in cold nuclei (DOE performance milestone for 2012)

Particle detection at forward rapidity

Spin measurements:

· Complete initial (G/G measurement (DOE performance milestone for 2008)

No upgrades needed

· Transversity measurement

Forward particle measurement

· W measurements at 500 GeV (DOE performance milestone for 2013)

Forward tracking in PHENIX and STAR
3 The Mid-Term Run Plan : 2006 – 2011

In Table 3-1 we summarize the data samples collected in all of the RHIC runs to date.  These first runs were characterized by a wide range of operating modes, varying both the collision species and energies; a rapid development of machine capability, leading to performance at the design luminosity after the first three runs; and a rich harvest of  physics discoveries, opening up the fundamentally new realms of research described above for high energy heavy ion and spin physics.
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Table 3-1:  Summary of RHIC runs 1-5.  The column labeled “Sample” shows delivered luminosity, summed over all experiments.

Following the successful series of RHIC runs from 2000 through 2005, the two small experiments, BRAHMS and PHOBOS, have achieved their goals for data collection.  The PHOBOS detector is now being decommissioned.  The BRAHMS detector is still in place, and the collaboration has requested a short (2-3 week) p-p run at 62 GeV to provide reference spectra for the heavy ion program, and to make a measurement of the asymmetry parameter AN for charged pions in polarized p-p collisions at this energy.

The primary goals for the run plan during the mid-term period are focused on the programs of the two large experiments, PHENIX and STAR, to address the scientific questions described above.  The critical goals to be achieved during this period are:

a. To follow up on the watershed results of the first RHIC runs by making definitive measurements of the nature and essential properties of the quark gluon plasma, utilizing upgraded detector capabilities as they become available, along with continuously improving machine luminosity, and setting the stage for the RHIC II luminosity upgrade.

b. To obtain spin-polarized p-p data samples of sufficient sensitivity to address the core physics questions of the RHIC spin program, including direct determination of the spin-dependent gluon structure functions, with data samples at 200 GeV and 500 GeV as outlined in the 2005 “Research Plan for Spin Physics at RHIC”.

Both PHENIX and STAR have provided Multi-Year Beam Use proposals to BNL, updated annually for review by the Laboratory’s HENP Program Advisory Committee. Although the detailed requests for beam use differ between the two experiments, each proposes annual runs with significant data samples for both heavy ion and spin-polarized p-p collisions, calling for an annual operations cycle of approximately 30 weeks of cryogenic operation (“cryo-weeks”).  Such a plan is consistent with the findings of the 2003 Twenty Year Planning Study for RHIC, addressing new physics issues with increased sensitivity to rare processes via much larger data samples than were possible in the early runs.

The goal of approximately 30 cryo-weeks per year is equivalent to the running time that was supported with the FY 2005 operations budget for RHIC.   This represents an appropriate baseline for operations support of RHIC over the mid-term period.  However, the cost of electric power to carry out this level of operations will increase markedly due to a change in the Laboratory’s contractual agreement with the New York State Power Authority.  For the FY 2005 run, the cost of power was $55/MWhr, with a total power cost for the run of $10M.  The power cost rate is now variable, and driven by market prices.  The present rate is ~$100/MWhr.  Allowing for some savings in the base energy use, the power cost of a 30 week run at this rate would be $17M.  The difference is $7M.  At the present power cost, the FY 2005 operations budget (adjusted for inflation) would allow only ~12 cryo-weeks.

While the Laboratory continues its efforts to mitigate this increase in power costs, our planning basis for the Mid-Term Strategy assumes an operations budget for RHIC at a constant level of effort based on FY 2005, with incremental support to cover the additional power costs to allow a 30 week annual run. 

4  Collider upgrades and development: 2006-2011

In the quest for higher luminosity and polarization, more flexibility, and increased uptime, a number of upgrades are planned for the next few years:

1. The evolution towards the Enhanced Luminosity and polarization goals

2. The construction of the new ion injector EBIS
3. The development and implementation of electron cooling for RHIC II

4. Improvements to the aging infrastructure 

1. The evolution towards the Enhanced Luminosity and polarization goals 
In both Au-Au and p-p operation RHIC now exceeds the Design Luminosity. The RHIC Enhanced Luminosity goals consist of 
Lstore ave =    8(1026 cm-2s-1 for Au-Au at 100 GeV/n 
(4( design)

Lstore ave =    6(1031 cm-2s-1  for p-p at 100 GeV,  


Lstore ave = 1.5(1032 cm-2s-1  for p-p at 250 GeV 

(16( design)
                 both with 70% polarization 

To reach the luminosity goals requires the completion of the vacuum upgrades in RHIC, currently undertaken and expected to be finished by the end of 2006. For both the proton luminosity and polarization goals, the AGS cold snake needs to be fully commissioned. We expect to reach the Enhanced Luminosity goals by the end of 2008, provided that the machine runs a sufficiently long time in every year from FY2006 to FY2008.  Should one of the modes not be run in any particular year, the performance development will be delayed. 

2. The construction of the new ion injector EBIS

The new Electron-Beam Ion Source EBIS replaces the 35-year old Tandem electrostatic accelerators. Without EBIS the Tandems would require multi-million dollar reliability upgrade. With EBIS the ion injector operation is expected to be simpler and more reliable, at reduced operating costs. With EBIS new species can be offered such as uranium and polarized He-3. EBIS has received CD-1. Technically driven, it can proceed to CD-2 at the end of FY2006, and construction can begin at the beginning of FY2007 (CD-3). Commissioning can then begin in FY2009.  The total DOE cost of the project is $17.1M, with an additional $5M from NASA.

3. The development and implementation of electron cooling for RHIC II 

The enabling technology for RHIC II is electron cooling. For the first time electron cooling will be attempted at a high-energy collider, aiming at a ten-fold increase of the average heavy ion luminosity. This will make RHIC the first collider in which the dominant total beam loss comes from the physical interactions that the experiments study. For polarized protons a luminosity increase of a factor 2-3 is expected, from cooling the beams at injection down to an emittance that can be sustained under the limiting effects of the beam-beam interaction. Only small improvements to the polarization are anticipated.

Electron cooling at RHIC is based on a high-intensity, low emittance superconducting electron gun, and an Energy-Recovery Linac (ERL), also superconducting. Both critical components are under development and will be tested in scaled down ERL in building 912. The test ERL will accelerate electron beam of the required intensity and emittance to about half the required energy. The test ERL is expected to be completed buy the end of 2007.  It is partially supported by funds from the U.S. Navy.

During 2006 we expect to establish feasibility of the RHIC II electron cooling upgrade, based on benchmarked simulations, and an assessment of the ability to reach the parameters needed in the critical components. With this milestone, CD-0 could be established in the same year, and technically constrained, CD-1, CD-2, and CD-3 decisions could follow, spaced approximately one year apart. With construction starting in FY2009, electron cooling could be commissioned in RHIC in FY2012.

5   PHENIX and STAR Upgrades

Each of the experiments has a planned suite of upgrades to address the physics topics described in Section 2.   We give here an overview of each experiment’s plans, followed by a brief listing of specific upgrade projects, noting the status of each.  We have divided them into “short term” and “mid-term” upgrades.  The short term upgrades are projects that either already underway, or expected to proceed in FY 2006.  The mid-term upgrades are projects that are far enough along in the planning/development/proposal stage that they could be implemented as DOE construction projects and completed during the time window of this strategic plan.

It is important to note that a large fraction of each of the PHENIX and STAR collaborations is actively collaborating on the detector upgrades: ~ 30 universities and research labs in PHENIX, and ~28 institutions in STAR.  A number of new institutions have joined both collaborations with strong expressions of interest in the physics associated with the upgrade detectors.

5.1 Overview of PHENIX Upgrade Plans

The PHENIX experiment has developed a plan to incrementally upgrade its detector subsystems over the next five to seven years. The upgrades are designed to allow PHENIX to pursue the spectrum of compelling physics topics as RHIC evolves from the relativistic heavy ion discovery phase to the realm of exploration and characterization of strongly-coupled dense partonic matter. In addition, the upgrade program will enable PHENIX to significantly expand the systematic exploration of the sources of nucleon spin and to begin a comprehensive program of p(d)+A physics at RHIC.  All detector upgrades are optimized for the increase in RHIC luminosity from electron cooling. The upgrade physics program will reach its full potential once the RHIC luminosity upgrade becomes available.

Key physics measurements of the PHENIX Upgrade Program include: 

· Precision study of heavy quark production (charm and beauty) in A+A, p(d)+A and polarized p+p 

· Detailed measurement of the electron pair continuum in the low mass ( to ) and intermediate mass range (to J/) in all collision systems.

· Jet tomography for +jet, direct photon and o measurements over a pseudo-rapidity and azimuthal range increased by an order of magnitude.

· G/G with charm, beauty and +jet correlations in p+p

· q/q for sea quarks determined through W-polarization in p+p

· Transversity and transverse spin components of proton spin

· Gluon shadowing and gluon saturation (Color Glass Condensate) in p(d)+A over a large x range (10-1 to 10-3)

· Measurement of ( at mid-rapidity. Improved S/B for J/' and (in A+A, p(d)+A and p+p.

Details of the PHENIX upgrade subsystems are shown in Table 2. The upgrade detectors include a Hadron Blind Detector composed of CsI-doped triple Gas Electron  Multipliers (GEMs) in a proximity-focused Cerenkov counter (HBD), a four-layer silicon vertex barrel at mid-rapidity (VTX), a forward, four-layer, silicon vertex tracker (FVTX), Resistive Plate Chamber (RPC) tracking stations located in the Muon Spectrometer arms (MuTrig), and a compact tungsten-silicon calorimeters in the forward rapidity region (NCC). All the new subsystems complement the PHENIX baseline detector, and in all cases enhance or extend physics capabilities of the existing detector. All upgrade subsystems rely on technologies that were unavailable at the time of the construction of the PHENIX baseline detector.

	Upgrade Subsystem
	Detector type
	Physics program
	Collaborating Institutions 12/2005

	Hadron Blind Detector
	GEM-based Cerenkov
	Low mass di-electrons
	BNL, Columbia U, U Mass, RBRC, Stony Brook U, U Tokyo, WIS

	Muon Trigger
	Res Plate Chambers
	Quark spin structure

W-polarization
	ACU, Columbia U, ISU, Kyoto U, Peking U, RBRC, UCR, U Colorado, UIUC

	Silicon Vertex Barrel
	Silicon pixel + strips
	+jet, heavy quark spec.

jet tomography
	BNL, Ecole Polytech., FSU, ISU, KEK, Kyoto U, LANL, Niigata U, ORNL, RIKEN, Rikkyo U, Stony Brook U, UNM

	Forward Silicon Vertex
	Silicon mini-strips
	+jet, heavy quark spec.

jet tomography, CGC
	BNL, Charles U, Columbia U, Czech Tech U,  Inst Phys Czech Acad Sci, ISU, LANL, NMSU, UNM

	Nose Cone Calorimeter
	Tungsten-silicon calorimeter
	+jet, W-polarization

heavy quark spectroscopy,

jet tomography
	BNL, Charles Univ, Columbia U, Czech Tech U, EWU-Korea, Inst Phys Czech Acad Sci, ISU, JINR-Dubna, Korea U, Moscow State, RIKEN, Stony Brook U, Tsukuba U, UCR, UIUC, Yonsei U

	Data Acquisition
	Electronics, computing
	High luminosity, high rate
	BNL, Columbia U, ISU


Table 5-1: Summary of the PHENIX mid-term Upgrade program

Future PHENIX Beam Use Proposals will be optimized to take advantage of the new physics available as the subdetectors in the Upgrade Program are commissioned and operated in PHENIX. Physics runs with substantial integrated luminosities for collisions of Au+Au, d+Au and p+p (both s ½ = 200 GeV and s ½  = 500 GeV) will be requested during the next five to seven years of RHIC operations. Collisions of U+U will be requested once EBIS is completed and the beams become available to RHIC. The goal is to have all PHENIX upgrade subsystems installed and commissioned with initial physics measurements completed by the time RHIC II luminosities become available circa 2012.

The PHENIX upgrade subsystems will join the PHENIX baseline detector, and previously completed High pT ( Aerogel + Time of Flight) and TRD upgrades, to enable the experiment to carry out a comprehensive physics program for the next decade and beyond.  An active R&D program is underway for each of these upgrade subsystems and in certain cases, such as the HBD, construction of the final detector has begun.  A team of PHENIX engineers, scientists and upgrade subsystem personnel has been working since Fall 2004 on infrastructure and installation planning for the upgrades. Progress on integration and facilities issues is advancing on a timeline consistent with the anticipated construction schedules of the upgrade subsystems. 

5.2  Overview of STAR Upgrade Plans

The STAR Collaboration has planned and is constructing a series of upgrades to the STAR detector which will provide the capability to make key measurements in the mid-term period and beyond.  Implementation of these upgrades will add significant new capability for the detector, increasing the sensitivity and acceptance, and enabling STAR to make effective use of the RHIC II luminosity for addressing the core scientific questions outlined in Section 2.
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Figure 5-1.  Location of planned upgrades (highlighted text) in the STAR detector.

The location of the various upgrades in the STAR detector is shown in Figure 5-1  The new systems are highlighted and include: 

· An upgrade of TPC electronics and data acquisition (DAQ1000) to increase the event recording rate from the present level of 50-100Hz to 1000Hz.  

BNL; U.T. Austin; LBNL

· A full barrel Time of Flight detector (TOF)

BNL; HuaZhong Normal U., Wuhan; IHEP, Beijing; IMP, Lanzhou; LBNL; MEPHI, Moscow; NASA-Goddard Space Flight Center; Rice Univ.; SINR, Shanghai; Tsinghua Univ., Beijing; UCLA; USTC, Hefei; U.T. Austin; U. Washington; Yale Univ.

· A Forward Meson Spectrometer (FMS), consisting of Pb glass array covering the pseudo-rapidity interval 2.5-4.0.

Penn State Univ.; BNL; UC Berkeley Space Sciences Inst.; IHEP, Protvino; Texas A&M Univ.

· A high-resolution silicon pixel Heavy Flavor Tracker (HFT).

BNL; U. Ca. Irvine; UCLA; Czech Republic Nuclear Physics Inst.; Strasbourg; MIT; LBNL; Ohio State Univ.

· An Intermediate Silicon Tracker (IST) consisting of three layers of silicon strips surrounding the HFT, and a Forward Tracking Upgrade consisting of three disks of silicon strip detectors and a GEM based detector designed to resolve the charge sign of leptonic W decays into the End Cap Electromagnetic Calorimeter.

Argonne Nat. Lab; BNL; IUCF; LBNL; MIT; Valparaiso Univ.; Yale Univ.; Univ. of Zagreb.
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Figure 1-2. Coverage in azimuth and pseudorapidity of major STAR detectors and upgrades.  The ZDC (Zero Degree Calorimeter covering full azimuth for >6.5) is not shown.

Performance of the STAR TPC at high luminosity

The Time Projection Chamber is clearly central to the utility of the STAR detector, providing accurate momentum and dE/dx measurements for charged particles over full azimuth in the rapidity range –1 to +1.  Clearly, a crucial consideration for upgrading STAR, in readiness for RHIC II luminosity, is the question of whether the TPC will continue to function effectively in this high-rate environment.  The STAR collaboration has developed considerable experience and a large array of tools to correct track distortions in the TPC.  The distortion of most concern for future operation at higher luminosity is due to space charge build up in the TPC gas volume.  The charge build up in the TPC gas volume, which distorts the nominally purely longitudinal electric field, arises from the slow drift time of positive ions created by the flux of ionizing radiation through the TPC.  It takes almost one second for a positive ion to traverse the full 2m drift distance.  The charge buildup is proportional to the flux of charged particles through the TPC which will vary with luminosity and background and can vary on a short time scale.  The tools used to correct these distortions include accurate modeling of the shape of the charge distribution, adequate scaler information to monitor the flux through the TPC and the ability to adjust the correction locally in time by using individual events.  Details of the corrections can be found at: http://xxx.lanl.gov/abs/physics/0512157 .  A powerful monitor of the quality of the corrections that is used in the short time scale corrections is the “signed distance of closest approach” (sDCA).  This is simply the distance of closest approach of a track to the primary vertex (defined from a fit using all tracks) with a sign given by whether the primary vertex lies inside or outside the track’s curvature.  The width of the sDCA distribution is a global monitor of tracking resolution.  Figure 5-3 shows the mean (markers) and width (black bars) of the sDCA distribution as a function of luminosity after all corrections are applied for 200 GeV Au-Au collisions.
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Figure 2 Signed DCA (sDCA) as a function of Luminosity for 200 GeV Au-Au collisions.  The markers show the mean sDCA, the red bars the statistical error on the mean and the black bars the RMS of the event by event fitted sDCA mean.  The latter is a monitor of the quality of the distortion corrections.
There is some increase in the sDCA width  from the lowest luminosity to ~5 x 1026 /cm2sec however the width remains constant above this to the highest luminosity sampled (~8.5 x 1026 /cm2sec).  This indicates the corrections are understood and there should be no difficulty running at even higher luminosity.  We note that the peak luminosity for RHIC (30 x 1026 /cm2sec) after the near term RHIC improvements is expected to be reached  in FY09 and is within a factor of 2-3 of the RHIC II luminosity.  This will be achieved five years before the full RHIC II luminosity is expected which should allow adequate time for refining the corrections, improving monitoring of the flux in the TPC and developments of  improvements to the TPC (different operating gas and or increased drift field) if these are required.  A research effort using a spare TPC sector is being initiated now to characterize various operating gases.

5.3  Summary and Status of Detector Upgrades

Short Term Upgrades:
PHENIX Hadron Blind Detector: The HBD will enable PHENIX to measure the low and intermediate mass electron pair continuum for all collision systems. The HBD is a windowless Cerenkov detector operated with pure CF4 in a proximity-focus configuration. The cylindrical detector, located in the central spectrometer magnet, consists of a 50 cm long radiator directly coupled to a triple-GEM which has CsI evaporated onto the top face surface of the GEM foil and a pad readout at the bottom of the GEM stack. The HBD’s ability to detect the electrons of Dalitz decays from o ‘s and  conversions will increase the S/B of the electron-pair continuum in the low mass region by two orders of magnitude.  The project is being led by the Weitzmann Institute.  The DOE cost is $1.5M, funded from RHIC operations capital ($1.0M of this was provided in FY 04-05).  A full size prototype is installed for an engineering run in Run 6.  The detector should be operational for Run 7.

PHENIX Muon Trigger:  The fast muon trigger system (MuTrig) will be used to select events containing W bosons produced in polarized p+p collisions. The measurement of single longitudinal spin asymmetry AL in W production makes it possible to determine the spin contributions of sea and valence quarks to the proton spin. The fast muon trigger system consists of three resistive plate chamber (RPC) stations installed in each of the PHENIX forward muon spectrometer arms. The MuTrig will have the same azimuthal and rapidity coverage as the existing PHENIX forward muon arms, and will use two-gap RPC technology developed for the CMS muon trigger at LHC. It is designed for a background reject of > 104 which is sufficient for efficient operation at the anticipated 9 MHz collision rates at RHIC for polarized p+p running at s ½  = 500 GeV.  This project is funded by the NSF, at a cost of ~$2M, and is led by the UIUC group.  Construction is scheduled to begin in FY 2007, with completion in 2009.

STAR Time of Flight (TOF):  A fast, fine-grain barrel array of multi-gap resistive plate chambers (MRPC) that will surround the STAR TPC.  In addition to doubling the momentum range over which ,k, and p can be identified,  when the TOF measurement is combined with the TPC dE/dx measurement, electrons can be cleanly identified from the lowest momentum measured (~200MeV/c) up to a few GeV/c.  This capability complements the STAR electromagnetic calorimeter which works well for momenta above ~2GeV/c and provides the capability in STAR to measure the soft lepton and di-lepton spectra.  The presence of a high granularity fast detector covering the TPC barrel will also allow pile-up events in the TPC to be filtered out in the analysis.  This is especially important for the collision rates that are expected in p-p collisions at the highest luminosity.  The TOF detector is a joint US-China project with a collaboration of Chinese institutions providing the MRPC modules and the US providing the readout electronics and mechanical infrastructure.   This is a line-item (MIE) project with a DOE cost of $4.7M.  It is funded in FY 2006, with completion in 2009.  

STAR Forward Meson Spectrometer (FMS):  A Pb glass array of ~1400 existing blocks, covering the ( range from 1-4, over the full azimuth.  Addition of this detector to STAR will allow observation and characterization of the parton model gluon density distributions in gold nuclei for 0.001<x<0.1.  The greatly expanded coverage in the forward direction compared to the existing Forward Pi-zero Detector (FPD) will also allow measurements to resolve longstanding questions about the origin of very large transverse spin asymmetries for forward o production in   p↑ + p → o + X reactions initiated by transversely polarized proton beams.  The FMS is being funded from RHIC operations capital, at a cost of $600K.  It is expected to be fully operational in FY 2007.

STAR DAQ1000:  Replaces the front-end electronics of the STAR TPC with a fully pipelined system using the readout chip designed for the ALICE TPC.  This will increase the readout rate from its present 100Hz to 1000 HZ, allowing very large data sets for untriggered rare processes, and virtually eliminating front-end dead time, thereby approximately doubling the luminosity seen by rare triggers.  The project is funded from RHIC operations capital at a cost of $1.8M, it should be implemented by FY 2008.

The implementation of the DAQ1000 upgrade will result in a sharp increase in the raw data volume to be processed by STAR in subsequent heavy ion runs.  This, in turn, will require an incremental investment in computing equipment for the RHIC Computing Facility.  This increment is presently estimated to be $4.5M, spread over the period FY08 – FY10.  The details are discussed in Sec. 7.  This item is listed as “STAR Computing Upgrade” in the cost summary of Table 6-1.

Mid-Term Upgrades

PHENIX Si Barrel Vertex Detector:  The VTX will allow precision measurements of heavy quark production (charm and beauty) in A+A, p(d)+A and polarized p+p collisions. It will enable + jet measurements over 2.4 units in pseudorapidity and almost 2 in azimuth. It will significantly increase the x-range for gluon shadowing and saturation measurements. The VTX is a four-layer silicon detector configured as concentric cylinders located in the PHENIX central spectrometer magnet and positioned immediately around a new 3 cm diameter beam pipe. The silicon sensors in the inner two layers are pixels (r = 2.5, 5.0 cm) and the outer two layers are strips (r = 10, 14 cm). The VTX barrel will cover || < 1.2.  This is a joint U.S. and Japanese effort.  The U.S. component is proposed as an MIE project with a DOE cost of $4.7M.  It has been reviewed, and a management plan accepted by DOE.  It is expected to be funded for a construction start in FY 2007, with completion in 2009.

PHENIX Si Forward Vertex Trackers:  The FVTX  extends the solid angle coverage of the VTX barrel. The FVTX will allow precision measurements of heavy-quark (charm and beauty) production in the forward and backward rapidity regions in A+A, p(d)+A, and polarized p+p collisions. It provides new coverage in the small Bjorken-x region where gluon saturation is thought to be important and significantly extends the range over which PHENIX can examine the gluon structure functions and their polarization. The FVTX will be composed of four silicon mini-strip planes in each of two endcaps matched to the muon arms. It will provide vertex tracking with a resolution of <200 m over a large coverage in rapidity (1.2 < || < 2.2) with full azimuthal coverage. This would be a joint U.S. and Japanese effort.  The proposed DOE cost will be ~$4.5M.  There is not yet a formal proposal for this project.

PHENIX Nose Cone Calorimeter (NCC):  The NCC is a compact tungsten-silicon sampling calorimeter (NCC) built to identify and make precision measurements of forward electromagnetic showers, provide jet identification, jet energy, (/(0 and /hadron discrimination. The NCC has a circular geometrical coverage of a 50 cm radius at a distance of 40 cm from the nominal PHENIX collision point corresponding to a forward rapidity range from 0.9 to 3.5. Two calorimeter modules, one located on each of the pole faces of the PHENIX central spectrometer magnet, are built with an electromagnetic compartment, shallow hadronic compartment, a preshower section and a (/(0  identifier.

  The NCC is being developed by Russian and Japanese members of the PHENIX collaboration.  A full technical design is in preparation.  The estimated DOE cost is $4M

STAR Heavy Flavor Tracker (HFT):  A silicon pixel inner tracking device with vertex point-back accuracy <50 (m, consisting of two layers of CMOS active pixel sensors, 108 pixels, thin, 2 cm radius beampipe, with detector thickness ~ 50(m per layer.  The HFT uses new technology.  A significant R&D program is underway with collaboration from UC Irvine, Lawrence Berkeley National Laboratory and IRES, Strasbourg. It is expected that this effort could produce a prototype device to be installed in STAR by FY09.  This device would allow in situ demonstration of the technology, demonstrate that a tracking device can operate only 2 cm from the RHIC beams, demonstrate the mechanical concepts for alignment are sound and allow vetting of the required tracking software with real data.  The final devices would be installed in the following 2-3 years.  This is an on-going development effort, with expectation that a project to construct a functioning detector for STAR could be undertaken in 2-3 years.  The cost would be in the range $5-10M.

STAR Inner/Forward Tracking (integrated tracker):  A silicon barrel consisting of 3 layers of  Si strip detectors, replacing the present SVT, surrounding the HFT, and utilizing the existing SSD Si strip layer, provides a track pointing device for the HFT, connecting TPC tracks to the high precision inner layers, compatible with DAQ 1000.  Forward tracking consists of 4 Si strip discs just forward of the Si barrel, and a GEM layer on the front face of the Forward EM Calorimeter.  The forward tracking components provide precision tracking in the range 1 < ( < 2, giving charge sign discrimination for leptonic decays of W bosons.  The charge sign determination of forward scattered e(, tagged in the STAR end cap calorimeter in polarized p-p collisions is the main motivation for the forward tracking upgrade.  Detailed simulations for the Integrated Tracker are in progress, and are expected to lead to a technical proposal during FY 2006.  The estimated cost is ~$10M.

6 Upgrade costs and schedules

In Table 6-1 we summarize the estimated costs and schedules for these upgrades.  Only the DOE costs are shown.  Here, the estimates for the short-term upgrades are well-established.  For the mid-term upgrades we have provided the current best estimates.  The schedules shown for the mid-term upgrades include the time required for review of technical designs and management plans by BNL and DOE in advance of the budget preparation cycle for the proposed construction start.  (Thus, for example, proposed project starts in FY 2008 must be reviewed by mid-FY 2006).

In discussing these projects in the context of the strategic plan, we have considered the resources required to implement them, including manpower; the costs and expected funding sources; the R&D requirements, including R&D costs; the incremental operations costs and computing resources once the upgrade becomes operational; and the timing of these upgrades with respect to possible physics operations scenarios for the facility.  Thus, for example, the planning for the next high-statistics Au-Au run is coupled to the availability of detector upgrades to allow direct observation of open charm.  These considerations are the subject of the “integrated plan” for upgrades that we discuss below.
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Table 6-1.  Upgrade cost profiles (DOE costs): R&D and Construction

As R&D for the Mid-Term detector projects is completed, it is anticipated that development effort on detector technologies will continue, with an eye to future detector improvements as well as the design and development of detector systems for the eRHIC program.  Hence, Table 6-1 includes a line for “generic detector R&D”, beginning in FY2008.

The total annual R&D and equipment fabrication costs for detectors in FY 2005 and 2006 is about $6M per year.  In Table 6-1 one sees that this annual investment would rise to levels of $7-10M per year for the period 2007 – 2010 in order to implement these upgrades.

The effect of upgrades on facility operating costs

The annual cost of operating the RHIC detectors will increase incrementally as major new subsystems come on-line.  This results mainly from the need for additional trained personnel on site at BNL to commission, maintain, de-bug, and repair these systems.  Estimates from PHENIX and STAR of the added costs of material, travel, personnel, and computing due to these upgrades indicate that the total incremental operating costs for the two experiments, once these upgrades are in place, will be about $1M.  This is roughly equivalent to the cost of operating an additional small experiment, on the scale of BRAHMS or PHOBOS.

When EBIS becomes operational, toward the end of the mid-term period, it will replace the 35-year-old Tandem Van de Graaf machines, which are relatively expensive to operate, with a modern, linac-based pre-injector.  It is estimated that the implementation of EBIS will reduce the operating costs by about $2M per year, beginning in 2010.

7 An Integrated Strategic Plan

Based on the details discussed in Sections 4 and 5, we believe that the mid-term accelerator and detector upgrades could proceed over the coming 5-6 years while carrying out a physics operations program of 20-30 weeks each year.  In Figure 1 we show a time-line in which we have assumed a straw-man beam-use program that is consistent with the recent Beam Use Proposals from PHENIX and STAR, and is also consistent with the present C-A Dept. projections for beam performance over this period.
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Figure 8-1:  A Mid-Term timeline for physics operation and upgrades

A key element of this timeline is the readiness for high-statistics Au-Au runs from 2009 onward.  This corresponds to the time when we expect the first results to emerge from the LHC heavy ion program.  An important part of the strategy, reflected in the funding plan of Table 6-1, is to complete a complement of detector upgrades to enable measurements of open charm (and beauty), charmonium spectroscopy, and jet tomography in a high-statistics Au-Au run starting no later than 2009.  Also in the mid-term time period, the forward tracking and calorimetry upgrades should enable the measurement of W( production in 500 GeV p-p collisions.

We have noted that the development of e-cooling is proceeding at a pace that should allow the initiation of a construction project to implement full-energy cooling of the RHIC beams, producing the RHIC II luminosity gains, with a construction start (CD-3) in 2010.  With the completion of the proposed detector upgrades, both STAR and PHENIX will be capable of exploiting the RHIC II luminosity to carry on with the physics program described in Section 2 of this report.  

Therefore, an important consequence of the mid-term strategy described here is the possibility to re-visit the planned scope of the RHIC II Project, which had previously been envisioned to include significant funding for detector upgrades.  We suggest that with the implementation of this mid-term plan, a RHIC II Project can be more narrowly defined, strictly as a luminosity upgrade for the machine.  At correspondingly lower cost, this major upgrade in machine performance could become operational at the end of the mid-term period, with two large detectors well equipped for RHIC II physics.  The graphic in Figure 8-2 illustrates this plan in detail, showing the timeline for machine and detector upgrades along with the evolution of machine capability over the mid-term period, and the corresponding readiness to begin the key physics measurements.
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Figure 8-2:  Graphic illustration of the Mid-Term Plan
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