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22. Detail Attachments

a. Purpose

The purpose of this activity is to provide workforce, materials, and equipment to support the operation of the experimental research program of the RHIC Collider-Accelerator complex.  Experimental support funding is provided for maintenance, operation, and continuous upgrade of the detectors as well as ongoing maintenance and upgrade of the detector facility infrastructure.  This includes the operation and maintenance of the experimental areas, the safe and efficient operation of the STAR detector at RHIC, as well as the computing resources provided by the Scientific Data and Computing Center (SDCC) for the archiving and processing of data from the PHENIX, sPHENIX, and STAR experiments. This proposal also incorporates effort in support of polarimetry at RHIC and software and simulation for the future EIC.  

b. Approach

Infrastructure support for the experimental areas (STAR, sPHENIX and Polarized Jet) is provided by the Experimental Support and Facilities (ES&F) Division of C-AD, while detector-specific operations groups are maintained in the Physics Department. The detector operations group works in close conjunction with the research staff of the experiments, providing scientific management and administration as well as the specialized technical support and maintenance required for the detector subsystems. (The research activity is described under KB0201021). Experimental support funding is provided for maintenance, operation and continuous upgrade of the detectors as well as ongoing maintenance and upgrade of the detector facility infrastructure.  

A central users office provides a point of contact and administrative services for more than 1000 visiting scientists participating in experiments at RHIC, NASA Space Radiation Lab (NSRL), and the AGS. This user’s office is administered from the BNL Director’s Office and is partially supported with RHIC experiment operations funds.

The Scientific Data & Computing Center (SDCC) (formerly the RHIC and ATLAS Computing Facility or RACF) is administered in the Physics Department. The SDCC is a computing facility located at BNL with an architecture based on farms and arrays of commodity components configured specifically to originally serve the needs of the RHIC experiments and the ATLAS experiment at CERN. The SDCC is accessible to scientists at remote collaborating institutions via high-bandwidth network connections. ESnet provides Wide Area Network connectivity. The SDCC provides the computing resources needed to record the data produced by the RHIC detectors, archive the data, perform event reconstruction and analysis functions, and provide the required general computing services for the RHIC experimental community resident at BNL and elsewhere.

The research science staff associated with experimental operations funding as of June 1, 2024, is as follows:

· ES&F Division (Collider-Accelerator Department):  D. Chan, A. Poblaguev, M. Sivertz
· STAR Group Scientific personnel (Physics Department):   J.H. Lee,  A. Tang, G. Van Buren
· sPHENIX Group Research Science personnel (Physics Department):  B. Azmoun, M. Chiu, J. Haggerty, J. Huang, E. Mannel, D. Morrison, R. Nouicer, E. O’Brien, C. Pinkenburg, R. Pisani, M. Purschke, T. Sakaguchi, S. Stoll, C. Woody, K. Yip
· EIC Group Scientific personnel (Physics Department):  A. Kiselev, B. Page, Z. Tu, J. Vanek
· RHIC Computing Facility Scientific personnel (Physics Department): D. Benjamin, V. Garonne, Q. Huang, A. Klimentov, E. Lancon, J. Lauret, O. Rind, A. Wong
· Nuclear and Particle Physics Software Group Scientific personnel (Physics Department): K. Kauder, J.  Osborn, T. Wenaus 



c. Technical progress

1.  C-AD Experimental Support and Facilities Division

The ES&F Division provides support for the RHIC experiments, the RHIC jet target and the infrastructure of the AGS and RHIC polarimeters. In addition, support is provided for facilities, which include C-AD AC power distribution, water systems, survey, mechanical and electrical services, physics and engineering liaisons, communications and limited electronics equipment support. During accelerator operations, ES&F operational crews are maintained on an on-site 24-hour, 7-days-a-week basis to operate, service, and provide safety and security surveillance of the experimental areas and equipment as well as general support for accelerator operations.  

C-AD Support activities for the RHIC experiments Progress FY2024 and FY2025

After several years of design installation and testing, the sPHENIX detector upgrade installation was completed in May 2023. The ES&F Division provided significant support throughout the project.  Various teams within the ES&F division supported the installation of the sPHENIX detector, including but not limited to infrastructure, power supply, cabling, gas, cooling water, HVAC, fire protection, access controls, SCADA monitoring/controls and interlocking systems.

RHIC FY2024 work included the continuation of support repair work and ongoing projects.  During maintenance shutdown, the ES&F division supported the reinstallation of the Blue Snake on the 9 o’clock side of the RHIC ring.  Additional support was provided for the DX Magnet repair.  In preparation for the upcoming RHIC 2024 run, a significant amount of inventory was purchased for Air Conditioning systems that serve the RHIC experimental areas.  This included spare parts for systems, portable air conditioners and large rental Air Conditioning systems including portable Generators.

C-AD Support activities for the RHIC polarimetry in FY2024 and FY2025 

The AGS and RHIC polarimeters utilize the asymmetry in small angle p-Carbon elastic scattering in the Coulomb Nuclear Interference (CNI) region to determine the extent of the proton beam polarization. A polarized Hydrogen Jet Target that utilizes the CNI asymmetry in pp elastic scattering to provide an in-situ calibration of the polarimeters. A collaboration consisting of BNL (C-AD and Physics) continues to support this effort. The division of responsibilities for polarimetry in effect has C-AD (ES&F and Accelerator Divisions) with primary responsibility for hardware, silicon detectors and carbon target installation. The BNL Cold QCD Group oversees the DAQ readout. Data analysis is a shared responsibility between C-AD and Physics for the RHIC polarimeters and Jet target. The AGS CNI polarimeter analysis is carried out by C-AD ES&F.

We continue to work on concepts for polarimetry for polarized 3He beams at the AGS, and the EIC. Possible candidate processes include 3He-Carbon scattering using the current CNI polarimeters, 3He-p elastic scattering with the hydrogen Jet target, and 3He-3He elastic scattering with a polarized 3He jet target developed for this purpose.

Other ESFD Support Activities
· Assist EIC conceptual design, infrastructure planning, cost estimates and value engineering. 
· Infrastructure of the BNL’s Radioisotope Research & Production Program.  The program purchases engineering, technical and administrative support from RHIC staff on an as needed basis. 
· Work at the NASA Space Radiation Laboratory (NSRL). NSRL is a dedicated facility for conducting NASA radiobiology experiments, directed toward understanding and mitigating risks of prolonged space flights. The C-AD ES&F Division is responsible for maintenance and operation of the beam line as well as beam characterization and dosimetry in support of experiments. NSRL also delivers beams to experiments funded by other agencies. Full costs are recovered for all these activities.
· There is an ongoing effort to compile and cost a facility to perform radiation hardness testing for government and commercial customers/users. Members of the ESFD have been involved in this effort.

C-AD Experiment Support and Facilities Division – Expected Progress in FY2025

Much emphasis will be put on the existing Air Conditioning systems to ensure that there is a plan moving forward to get ahead of the heat while running through the summer months.  ES&F is also preparing for a coordinated plan for Removals and Repurposing of the RHIC Ring, STAR and sPHENIX that is expected to start at the end of FY2025.

C-AD Support activities for the RHIC experiments

The remainder of FY2024 will be in RHIC operations. The work by the ES&F Division will be to support operations and provide for maintenance and repairs for the newly installed systems.  This year will be challenging as we are expected to run through the summer months at higher energies.

The Division supported the STAR efforts in the run up to the start of Run 24. It continued to support the operation of the experiment through the end of FY2024 and will prepare for supporting the maintenance effort during the shutdown period prior to the start of the FY 2025 run.

General facility work (water and electrical systems, heating, ventilation, and air conditioning upgrades, additional paving, etc.) will continue. A combination of operations, capital and laboratory special maintenance funds are used to support this work. Capital funds for general accelerator facility work are requested as a part of the C-AD Accelerator Operations FWP (KB0202011). Other C-AD projects will require support including possible modifications and maintenance support for systems replacement.

Other Support Activities

NSRL operations continue in FY2024. NASA continues to support NSRL operations for about 1000 hours per year. The Department of Defense, Missile Defense Agency, and others are likely to continue with their studies using the NSRL facility. With the past energy upgrade the facility has been able to better simulate the galactic cosmic ray background conditions in deep space. Full costs are recovered for this work. 

The TANDEM facility will continue to support RHIC, NSRL as well as commercial and other outside user programs through FY2024 (with costs recovered).

2.  STAR Operations

Technical Progress in FY2024 and Progress in FY2025

The STAR Operations Group supports and maintains safe, efficient, and effective operation of the STAR detector so that it can be fully utilized by the STAR Collaboration to carry out a forefront program of basic research in nuclear science. The STAR Software and Computing (S&C) activities provide development support of the data production and core-analysis software and their evolution and new detectors are phased in, support and maintenance for computing hardware, networking, ensures the integrity of its cyber-infrastructure and security in support of the data and meta-data taking.  It also develops and sustains a scalable architecture suitable for absorbing the data processing demands for the experimental program. Computing restructuring in the Physics department had migrated most of the core personnel dedicated to software development to the NPPS group with broader scope, still depending on availability of STAR operational funding. The S&C personnel assigned to operational tasks (infrastructure & online computing tasks, cyber security and distributed computing / HPC workflows) partially remain in the STAR group and those have become a shared responsibility with the SDCC.
The two primary thrusts of the STAR research program at present are determining the properties of the strongly interacting quark-gluon plasma discovered at RHIC and full delineation of the roles of orbital motion and quark / anti-quark / gluon polarization in generating the spin of the proton. Additional aspects of the STAR research program include studying the low-x structure of hadrons in pA, dA collisions, and the search for exotic particles predicted to exist by QCD in ultra-peripheral nucleus-nucleus collisions.
The two groups support the operation and maintenance of detectors and systems constructed or developed during the STAR construction project and those added to the system as upgrades and have as primary responsibility the handling and preservation of the data taken at STAR.  Specific responsibilities resulting from systems the BNL STAR Group has constructed or developed include its data acquisition, conventional systems, the STAR magnet, online networking infrastructure and security plan, the integration of new Software components in support of new detectors, the production workflow from data and meta-data collection to providing and distributing the physics ready results to the collaboration at large.
It has been necessary for the BNL STAR Group to assume additional scope in their operational responsibilities including:
· The maintenance of STAR Barrel Electromagnetic Calorimeter (BEMC).
· The maintenance of the Time of Flight Detector (TOF) and Endcap Time of Flight Detector (eTOF) gas and Muon Telescope Detector (MTD) system.
· An increasing level of responsibility for aspects of the STAR Trigger system.
· An increasing level of effort supporting and sustaining the collection of Meta-Data in relation to Slow-Control activities as well as efforts to modernize its workflows including Real-Time monitoring of Meta-Data collection.
· An increased support for the Time Projection Chamber (TPC) sub-system.
· Support for the forward upgrade detector small-Strip Thin Gap Chamber (sTGC), and Forward Calorimetry System (FCS).
· Increased operation support for the Forward Silicon Tracker (FST)

The STAR Group was centrally involved in the operation and maintenance of the MTD, and centrally involved in the design, construction, and maintenance for FCS of the infrastructure and electronics for the sTGC and cooling and maintenance of the FST . The STAR Group is also responsible for the handling of all experimental data production and deployment of the related software infrastructure to produce physics quality exploitable data streams.  S&C personnel also support the redistribution of the related necessary meta-data (environmental conditions, pressures, temperatures, voltage), the validation of the STAR software stack deployed on remote sites (leveraging Grid technologies), the coordination and support of simulation data for the collaboration’s needs and developing strategies to safeguard and serve the data to STAR scientists. 
The STAR Operations Group continues its responsibility to support and maintain the operation of the STAR detector for data taking and for the integration and installation of new detectors. The STAR detector completed data taking for the p+p 510 GeV in year 2022 and for the initial Au+Au minimum bias program in 2023 and is currently supporting the run 2024  p+p at 200 GeV. Significant upgrades and new detectors were added during the yearly RHIC shut down.  
· Host-group activities and operations responsibilities will continue. Management and coordination of STAR activities at BNL will be accomplished by the STAR Chief Mechanical Engineer, Software and Computing Sub-System Manager, TPC Laser Subsystem Manager, Production and Calibration Manager, Librarian, Reconstruction Manager, TPC Sub-System Manager, Data Acquisition Sub-System Manager, Magnet Sub-System Manager, Sub-System Manager for Installation and Conventional facilities, Run-Time Systems Subsystem Manager, ES&H Coordinator, Q/A Manager, Operations Leader, and Technical Support Group Leader who are all members of the STAR Group at BNL. From NPPS, the team is complemented by a Software Infrastructure Team coordinator, a Simulations & Embedding co-Leader. Other members include the members of the SDCC  Services & Tools  and Fabrics groups including the Computing Infrastructure Leader and Online Computing co-leader, the Cyber security Information System Security Officer, the Database leader and dedicated members for online computing and tool developments. 
· For increased DAQ speed requirements in 2023, HPSS drives were added to the SDCC infrastructure in support of STAR’s data taking. The ability to exceed the requirement of 4.0 GB/sec maximum was demonstrated and will help STAR achieve the statistics goals of its physics programs for runs 2024 and 2025. Firmware was upgraded to allow for a more optimal support of the next generation of drives and media (LTO8).
· Production has focused on the numerous BES-II data sets. Continual refinements in calibrations of the TPC and ETOF subsystems in particular have prompted multiple production passes, and this is expected to continue in an ongoing effort to minimize systematics and maximize usable statistics Large data samples from the p+p 500 GeV from 2022 were also produced to aid in the calibration as well as FST and sTGC code development work, and to provide for initial investigations of the physics.
· The online hardware was refreshed to ensure sustainable operation until the end of RHIC data taking time in 2025. Especially, the virtualized environment online hardware, supporting Web services and some of the distributed storage services, was all refreshed and moved to Redhat 8 based deployment. The SSH gateways were replaced and new dedicated ones were set up for admins (this is a recent security requirement, demanding that admin functions and user logins be separated). The upgrades are completed at this point in time (one service remains to be upgraded). RH7 formally will no longer be supported after June 30th of this year. 
· The HLT infrastructure maintenance transitioned to the SDCC Experimental Computing team, resulting in standardized procedures and improvements using best practices. Initial deployment issues were addressed, enhancing redundancy and security. Aging hardware was replaced seamlessly, and monitoring capabilities were added. Adjucastments to the Condor pool configuration mitigated overload risks and has been operating smoothly since. Despite successful operations and diligent monitoring, concerns persist about aging hardware, as replacements will unlikely occur within the next year. A second concern is that the SDCC restructuring has dissolved the EC team and continuous support for and commitment to the STAR experiment remains to be demonstrated. 
· The generation of picoDST (the vetted and approved format from the Physics Working Groups) from Micro-DST has continued, though at tapering levels. The efforts to provide for older datasets produced before the modern picoDST was established, as well as for addressing datasets which were produced with outdated versions of the picoDST in recent years, have generally been wrapped up. The need moving forward stems from the capability to re-apply some calibrations at the conversion to picoDST stage. In this period, BES-I datasets from 2010-2011, and Au+Au from 2014 were completed.e.
· The computing infrastructure team continued the move of its previously maintained database servers to the SDCC in a virtualized environment. The offline MetaData services (File Catalog) were also migrated to a virtualized environment and all services. The STAR offline Web Server was also moved to the SDCC network - while still maintained by STAR personnel, the move is part of a data preservation strategy that aims at ensuring operational viability of the base services and information post-RHIC lifetime. Considerations for the main Web server running in a container are actively discussed and an initial plan in motion.
· The STAR DataCarousel was consolidated and improved. Self recovery from HPSS cache flush (where all files on cache are flushed, causing a snowballing effect destroying file restore performance) was added. Initial monitoring indicates that a self-recovery is done within 2 hours. Another improvement is the detection (dynamic) of the number of drives available to the service. This allows scheduling to be further tuned and faireshare (sharing the bandwidth between users) optimized based on available resources to complete the requests.   
· Evaluations of future Operating Systems have progressed in FY23 and FY24 - Scientific Linux 7, still widely used (despite the core service upgrades to version 8), will reach end of life and support on June 30, 2024. Alma 8 was tested in a virtual environment, but the SDCC will deploy Alma 9 on the computing farm after run-24. STAR software support preparations for this transition will need to happen in FY24. 
· For STAR-maintained systems, Ansible configuration management system has been evaluated (supported by RedHat), and most policies for the online setup are ready.  
· The upgraded iTPC and electronics have been in operational mode since run-19.  There was also a significant development in a joint effort of bringing the CBM TOF to STAR as the ETOF for BES II. This was fully operational for run-19 through 23 and had maintenance for run-24.
· Design and procurement for rebuilding the trigger DSM-2 boards with University of California Berkeley, Space Science Laboratory underwent several iterations. A few boards were commissioned during run-22., and the full complement of boards were installed for run-23.  A next iteration of the QT-boards was also designed, and 4 boards were used for run-23 to increase the throughput of the trigger and adc/time readout Additional QT boards and DSM-2 boards were installed, programmed, and commissioned for run-24 and has increased the possible readout rate with small trigger dead times up to 8kHz. The full complement of eTOF sectors was mounted on the East pole tip,and was used for run-23.
· The forward upgrade consisting of the complete Forward Calorimeter System FCS (EMCAL and HCAL) and the forward tracking system that consists of the Forward Silicon tracker (FST) and the sTGC.was operated for run-23. Regular maintenance of the system was performed during the shut down and the system is running smoothly in the just started run-24.
· The firmware for the TPC and iTPC readout system has been rewritten, and was able to reach a data taking rate of up to about 5.2kHz for minimum bias Au Au collisions in run-23  and over 7kHz in low luminosity pp collisions in run-24. 
· A couple of sTGC modules misbehaved during the run, and were sent back to Shandong University for maintenance and repair. The chambers were returned and installed for run-23. 
· The FCS was maintained during the shutdown period. The cooling setup for the FEE cards was upgraded to improve performance.

STAR Operations – Expected Progress in FY2025

The STAR Operations Group will continue its responsibility to support and maintain the operation of the STAR detector for data taking and for the integration and installation of new detectors. It is expected that the STAR detector will operate for 24 weeks for scientific data taking (~ 28 weeks of RHIC cryo-operation, APEX and CEC running). 
· Host-group activities and operations responsibilities continued. Management and coordination of STAR activities at BNL will be accomplished by the Productions & Calibrations Leader, Software Sub-System coordinators, Q/A coordinator, the Operation coordinator, the Chief Mechanical Engineer, TPC Laser Subsystem Manager, TPC Sub-System Manager, Data Acquisition Sub-System Manager, Magnet Sub-System Manager, Sub-System Manager for Installation and Conventional facilities, Run-Time Systems Sub-system Manager, ES&H Coordinator, Operations Leader, and Technical Support Group Leader who are all members of the STAR Group at BNL.  From NPPS, the team is complemented by a Production and Librarian co-coordinator, a Software Infrastructure Team coordinator co-Leader, a Database Leader, and a Simulations & Embedding co-Leader who are members of the NPPS group at BNL. Other members include the members of the SDCC Tools and Services and the Experimental Computing Team including the Computing Infrastructure Leader and Online Computing co-leader, the Cyber security Information System Security Officer, the Database leader and two dedicated members for online computing and tool developments. 
· Support for the ESL (electronic Shift Log) has been secured as personnel moved to CAD. Paid by STAR operational funding, the agreement is a continuous support at 80 hours level per year for releasing and maintaining the ESL until the end of RHIC data taking (new feature additions were not included in this estimate). The 2024 ESL was provided and works well as before. Additionally, issues were detected in the java class (thread leak), and due to time and personnel constraints, a quick fix was applied, monitoring the service and restarting if needed. Furthermore, past years were converted to static versions to avoid future maintenance of the code.
· All the detector systems will operate during run-24 that is scheduled to continue into early FY25
· The yearly maintenance of the STAR detector system took place including TPC electronics, Lasers, MTD, central calorimeter system, bTOF, eTOF, and DAQ system.
· Provision of production data via central and distributed storage services also involves coordinated efforts with the SDCC. A new technology for centralized storage has been introduced (Lustre) as part of the production workflow since FY22 - Lustre has shown to provide a solid and cost effective central storage solution for steady and well organized workflows (but may be inadequate for user’s access pattern). The central storage required by STAR as per its resource request has been fulfilled for the central storage but short of 7 PBytes for its Xrootd space request. New hardware to support the deficit should be procured in the coming months.
· Computing services are expected to continue migrating to the SDCC, reducing the STAR-specific workforce needed to co-maintain those services. Web hosting (Drupal) is still a work in progress and it seems that a complete upgrade is not possible due to the availability of the expert (assigned to other tasks).While the online infrastructure is well under control and upgraded, there are still many servers (database, web servers) to be upgraded to RH8 offline, but a virtual machine is set up for a possible replacement for the offline Web server, and we will soon test migrating Drupal (as-is) to RH8. 
· The CyberSecurity responsibilities moved to the SDCC, under the Experimental Computing support portfolio. The Cyber posture has been complemented by more scanners (provided by a private company expert in threat detection) allowing to also detect problems in user code (CGI) as well as deployment of agents assessing the cyber security inventory and posture of all systems.
· Conducting testing of Crowdstrike FW as a replacement for Trend FW. Utilizing STAR nodes as test environments to evaluate functionality, compatibility, and performance.
· Engagement in further discussions within STAR has begun for knowledge preservation (and addressing the obsolescence of some homemade interfaces). One activity would be to explore how InvenioRDM could replace existing homemade modules, considering its features, customization options, and integration capabilities. Initiated the drafting of a use-case document to facilitate a comprehensive assessment of alternatives for replacing AFS (Andrew File System). Given that AFS will not be supported on Alma 9, this document aims to outline specific requirements, considerations, and potential solutions for addressing the diverse usage scenarios currently reliant on AFS.
· Initiated discussions regarding the decommissioning of STAR infrastructure after 2025. Following recommendations from STAR management, the process of proposing a comprehensive plan for decommissioning is underway, considering factors such as resource utilization, data migration, and transition strategies.
3.  PHENIX/sPHENIX Operations

During FY23 and FY24 the PHENIX/sPHENIX Operations group worked on the following major activities: Completion, commissioning and physics data-taking of the sPHENIX detector (sPHENIX MIE); the upgrade of experimental support infrastructure in the RHIC Building 1008 complex (1008 Infrastructure and Facility Upgrade); the completion, commissioning and physics data-taking  of  a sub-$5M capital project, the Monolithic Active Pixel Sensor Vertex  Detector (MVTX); the completion, commissioning and  physics data-taking of a sub-$5M capital project, the sPHENIX Inner Hadron Calorimeter (IHCal); the completion, commissioning and physics data-taking of a joint BNL-Saclay (France) subsystem, the Time Projection Outer Tracker (TPOT); associated activities in support of the analysis of PHENIX data taken prior to 2017.  

The activities performed by the sPHENIX Operations group in FY23-24 included overall management of the sPHENIX MIE; support of a wide variety of sPHENIX MIE upgrade activities including work on the TPC, EMCal, HCal, Calorimeter Electronic, DAQ/Trigger and Min Bias Detector; management, design and construction of the Infrastructure and Facility upgrade at the Building 1008 complex; management and infrastructure support for the MVTX, IHCal and TPOT capital upgrade projects; oversight and construction of the RIKEN-funded Intermediate Tracker(INTT);  participating in a number of detector R&D activities that covered generic NP detector applications, and effort on technologies with future applications at the EIC. The sPHENIX upgrade was given Project Decision-4 (PD-4) approval by BNL with DOE-NP concurrence in December 2022.  sPHENIX received permission to operate by BHSO/BNL in May 2023. sPHENIX commissioned the experiment throughout the 2023 RHIC run and began physics data-taking during the 2024 RHIC run.  
       
PHENIX/sPHENIX Management
 
BNL sPHENIX Group members hold major management responsibilities for the sPHENIX Upgrade, the 1008 Infrastructure and Facility Upgrade, the MVTX, the IHCal Instrumentation project, the TPOT and INTT, and the ongoing PHENX data analysis. They occupy the following leadership positions in the sPHENIX group:
  
sPHENIX Co-Spokesperson – D. Morrison  
sPHENIX Project Director – E. O’Brien
sPHENIX Project Scientist – J. Haggerty
sPHENIX Commissioning Coordinator – J. Haggerty
sPHENIX Run Coordinator – K. Yip (moved from CAD to PO in FY23)
sPHENIX Principal Project Engineer – J. Mills (CAD)
sPHENIX Chief Electrical Engineer – J. Vasquez
sPHENIX EMCal L2 Manager – C. Woody
sPHENIX Calorimeter Electronics L2 Manager – E. Mannel
sPHENIX DAQ/Trigger L2 Manager – M. Purschke
sPHENIX Min Bias Trigger Det L2 Manager – M. Chiu
sPHENIX Intermediate Tracker L2 Manager – R. Nouicer
sPHENIX Level 3 Managers–S. Stoll, T. Sakaguchi, J. Huang, R. Pisani, S. Boose, C. Pontieri
sPHENIX Executive Council Members – D. Morrison, E. O’Brien
1008 Infrastructure and Facility Upgrade Magnet – K. Yip 
1008 Infrastructure and Facility Upgrade Carriage/Cradle - C. Pontieri (moved to CAD in FY24)
1008 Infrastructure and Facility Upgrade Infrastructure - J. Vasquez
1008 Infrastructure and Facility Upgrade Integration/Installation - R. Feder (moved to CAD in FY23)
PHENIX Institutional Board member – T. Sakaguchi
PHENIX Physics Working Group Convener – T. Sakaguchi
 
There are 24 FTEs in the sPHENIX Operations group. The sPHENIX Ops group staff levels are expected to be maintained at this level through the end of FY25 as sPHENIX is operated at RHIC. Beginning in FY26, sPHENIX Ops group personnel will be transitioned to the EIC Group, and/or sPHENIX R&R activities. 

The group’s mix of scientific, professional and technical staff will be adjusted as the operations tasks required for the sPHENIX experiment evolve.  
sPHENIX Progress in FY2024 and FY2025

· Project Management of the sPHENIX MIE including budget, schedule and resource planning, personnel and technical management, Earned Value tracking and reporting, review preparation, documentation preparation and reporting to various administrative organizations at both BNL and DOE including regular meetings with DOE-NP, BHSO, Project Management Group for BNL-NPP and Project Oversight Board for the BNL Directorate.
· Completed construction of the sPHENIX MIE subsystems including the TPC, EMCal, HCal, and MBD detectors with associated electronics. Completed fabrication of the DAQ/Trigger Global Level-1, Trigger and Timing system.
· Completed all the MIE deliverables and met the KPP deliverables on time and on budget. Received BNL approval of PD-4 with DOE-NP concurrence 12/22.
· Completed the sPHENIX MIE Close-Out report, submitted it to BNL/DOE, and received final approval from BNL/DOE.
· Operated and completed use of BNL-based factories for the EMCal and HCal construction. Operated and completed use of testing facilities for the TPC, EMCal, HCal, MBD and DAQ/Trigger electronics.
· Completed construction of non-MIE sPHENIX subsystems including the IHCal scintillating tiles and electronics, the TPOT subsystem, the INTT and the MVTX.
· Completed installation of sPHENIX detector subsystems, HCal, EMCal, TPOT, TPC, INTT, MVTX, MBD.
· Installed the NSF-funded sPHENIX Event Plane Detector
· Completed construction and installation of structural support elements of sPHENIX including the Carriage/Cradle, Large support rings, Inner detector rings, rack platforms, access elements, beampipe and other mechanical support elements.
· Completed fabrication and installation of the 1008 Infrastructure and Facility Upgrade (1008 I&F Upgrade) including upgrades to the gas, water, cooling, safety, HVAC, mechanical support, and other environmental controls systems.  
· Commissioned and operated the sPHENIX SC-Magnet including the cryogenic system, the power systems, cryo and power control system, quench protection system and the steel elements of the magnet barrel and endcap flux return.  Mapped the magnetic field of the sPHENIX superconducting solenoid.
· Preparation for and successful completion of the sPHENIX Internal Readiness Review (Safety and Operations), the CAD Experimental Safety Committee inspection of sPHENIX, the BNL ES&H Operational Readiness Evaluation. Received approval to operate sPHENIX from BNL/BHSO.
· Successfully carried out the commissioning campaign of sPHENIX during the RHIC Run-2023. 
· Successfully operated and took RHIC AuAu collision data with sPHENIX in RHIC Run-2023.
· Successfully obtained early completion of two sPHENIX-related PEMP notables in FY23 (obtain PD-4 approval, commence sPHENIX commissioning and demonstrate system integration).  
· Performed simulations, Offline and Online computing in support of the sPHENIX upgrade including simulations and support of sPHENIX detector commissioning. 
· Participation in R&D for future use at the EIC and generic R&D for NP detector technologies.
· Administrative support was provided for sPHENIX & PHENIX visiting scientists and students who visit BNL to participate in various sPHENIX design and R&D activities, sPHENIX Workfests and reviews.  
· PHENIX Data Production and software support functions for data analysis.

PHENIX/sPHENIX Operations – Expected Progress in FY 2025 

The PHENIX/sPHENIX Operations group main activities for the remainder of FY24 will be to complete the commissioning of the sPHENIX detector and to begin physics data-taking with sPHENIX in RHIC Run-2024. Both pp and AuAu physics data will be taken by sPHENIX in FY24. 

Specific tasks to be performed by the members of the sPHENIX Ops group during the remainder of FY24 include:
· Manage any outstanding commissioning tasks for the sPHENIX experiment. 
· Continue support of sPHENIX detector operation in RHIC Run-2024 including calibration, monitoring and data-taking. 
· Record sPHENIX physics data sets during both RHIC Run-2024 pp and AuAu running periods. 
· Participation in sPHENIX Run Coordination and Data Operations.
· Maintain and repair sPHENIX prior to RHIC Run-2025.
· Perform simulations, Offline and Online computing in support of the sPHENIX experiment including computing activities associated with Data Production and software support functions for data analysis.
· Management of Safety for all sPHENIX activities.
· Provide administrative support for sPHENIX visiting scientists and students who come to BNL to participate in various sPHENIX production and testing activities, sPHENIX Workfests and reviews.  
· Continue a modest effort in support of PHENIX data analysis 

4.  RHIC Computing Facility at the SDCC

Technical Progress in FY2024 and Expected Progress in FY2025

· The SDCC operated successfully in support of the 2023 RHIC BES II Run.
· Deployment of a new state-of-the-art data center at BNL which is in full operations today.
· The SDCC organized weekly meetings with sPHENIX and STAR, to plan and work together on addressing the forthcoming challenges with the high data rate generated by the experiment under a very constrained budget. Numerous data transfer, I/O and CPU performance tests have been performed to optimize the storage architecture and find the most cost-effective processors for experimental payloads. 
· The CPU capacity of resources for RHIC experiments have been expanded in 2023 with computing capacity of 203 kHS06 (total available to RHIC is1177 kHS23), Hardware older than 10 years are still operated at the facility. Most of the equipment older than 5 years is not covered by a maintenance contract and will be operated by SDCC personnel on a best-effort basis, or retired.
· The bulk purchase of sPHENIX CPUs and storage is planned for early June 2024, to be installed before December 2024 and ready for sPHENIX by January 2025. This timeline is critical to the success of the sPHENIX program, currently the highest priority within the NPP directorate.
· The HW choice is based on performance tests conducted by SDCC IT professionals and sPHENIX physicists. These performance tests have provided guidance for the SDCC to deploy adequate amount of resources to meet sPHENIX’s needs within our budgetary envelope.
· As of early FY2024, sPHENIX disk capacity, in the form of Lustre, was expanded to 80PB of usable storage. This capacity will be augmented in late FY2024 by about 10PB to meet sPHENIX requirements for the start of Run 25. A refresh of hardware in one of the GPFS file system for RHIC was made in FY023, and the refresh of another RHIC GPFS file system is scheduled for early FY2025.
· High density LTO8 linear magnetic tape cartridges continue to be added to the Archival Storage System (HPSS). The RHIC data volume in the HPSS libraries is about 150PB. A new tape library complex consisting of two IBM TS4500 libraries, with LTO9 type cartridges was commissioned for sPHENIX.  This complex will be expanded in early FY2025 with the addition of another pair of TS4500 libraries to accommodate sPHENIX data to be collected in Run25. 
· A significant modernization of the infrastructure of the facility is ongoing with the implementation of Federated Identification and CoManage whenever possible which simplifies the access of services hosted at the SDCC for users. This modernization will continue over the next years. 
· The facility will perform all necessary functions and developments in support of the challenging RHIC run in 2024 with STAR and sPHENIX taking data.
· The SDCC plays a leading role in EIC computing, via co-convenorship of the Computing Working Group of the EIC Users Group. Storage for EIC computing is being deployed thanks to BNL Program Development support.
· BNL and Thomas Jefferson National Accelerator Facility (JLab), as Electron-Ion Collider host labs, have created a joint structure, the EIC Computing and Software Joint Institute (ECSJI), incorporating parts of BNL and JLab facilities to support the EIC computing and software needs and activities. 
· The Institute will provide for EIC computing and software matters single entity to interface with the EIC project, the ePICcollaboration, theoreticians, and future collaborators.
· ECSJI Computing Advisory Committee (ECSAC) was formed in 2023 with strong participation from US National Laboratories and Universities, as well as International NP/HEP centers, such as GSI and CERN.  The first review by ECSAC was held in October 2023, the second one will be organized by fall of 2024 to review ePIC computing model
· In addition to the storage installed at BNL for the EIC project and ePIC collaboration, data management and workload management instances will be installed in 2024 for the BNL NP community and ePIC collaboration.
· SDCC IT professionals are working with the BNL Physics Department EIC group on collaboration and document development tools for sPHENIX and ePIC experiments.
· The user database (aka Experiment Phonebook) has been successfully developed for sPHENIX and its adoption for EIC is in progress.

5. Polarimetry:
Technical Progress in FY2024 and Anticipated Progress in FY2025

RHIC Polarimetry:
The polarimetry system was operated successfully through the 2022 RHIC run. In addition to providing the crucial input for the beam studies, thousands of standard measurements during physics running were taken. The HJET analysis is carried out by Oleg Eyser, and the pC data are analyzed by Xiaoxuan Chun. The analysis of the data has been finalized and the results will be provided to the STAR collaboration for spin physics analyses. The final determination of systematic uncertainties for the experiments was previously done by William Schmidke, deceased in October 2023. While a search for his replacement is ongoing, this creates additional workload for other members of the group in the leadup to RHIC Run 24. The pC-polarimeters and the H-jet are again reliably operated since April this year, in collaboration with Frank Rathmann (joint CAD/EIC).

6.  Future Software and Simulations:
Progress in FY2024 and Anticipated Progress in FY2025
 
Alexander Kiselev came up with a conceptual design of a proximity-focusing Ring Imaging CHerenkov detector (pfRICH) in the electron-going endcap of the ePIC detector. He was informally leading the effort of a small international group of physicists from a dozen of institutions worldwide, between October 2022 and March 2023, with a goal of demonstrating that such a detector can provide 𝜋/K separation meeting the EIC Yellow Report requirements, with an almost uniform performance in the whole required angular acceptance and would be superior to the previously adopted modular RICH (mRICH) concept. As a result of this effort, in a Collaboration review held in March 2023, pfRICH was selected as a baseline ePIC detector. In July 2023, pfRICH was successfully presented in an EIC Project PID Review, and shortly afterwards officially became the baseline Ring Imaging Cherenkov Detector in the ePIC electron-going endcap. Kiselev presently serves as a pfRICH Detector Subsystem Collaboration (DSC) leader.
 
Kiselev is also leading the BNL and EIC community effort aimed at facilitation of the INCOMs HRPPD (High-Rate Picosecond Photo Detectors) ultra-fast timing development for the EIC ePIC detector. Focus of the FY23 / FY24 activities were sensor modifications and adaptation for use in ePIC Cherenkov detectors. Kiselev designed a simplified pogo-pin based HRPPD interface which was used by INCOM during their HRPPD magnetic test resilience measurements at Argonne in February 2023, as well as for the HRPPD single photon timing resolution measurements at BNL in April-May 2023. The latter results (~35ps resolution, even prior to the instrumental effect unfolding) were presented at the FAST 2023 conference in Italy in May 2023.  Kiselev completely re-designed anode base plates for the new EIC HRPPDs. He also proposed high density compression interposers as a flexible interface between the new EIC HRPPD sensors and the readout interface boards. First PCB prototypes were built in April-May 2023 and later successfully tested at INCOM. Kiselev also designed passive interface boards used in this interface.
 
Kiselev also invested a substantial amount of time in further developing his 3D Inverse Ray Tracing software library (IRT) for pfRICH reconstruction, which was also successfully applied to the ePIC forward endcap dual radiator RICH (dRICH) modeling, The new version of the codes provides event-level Cherenkov ring finding and reconstruction, based on a statistically sound chi^2 algorithm, with built-in ambiguity resolution and background hit accounting. Kiselev is also an author of a standalone GEANT4 pfRICH simulation suite.
 
Kiselev is one of the co-organizers of the LAPPD / HRPPD Workshop series, which is aimed at facilitation of the knowledge exchange between various groups worldwide working on adopting this promising modern photosensor technology in the High Energy and Nuclear Physics experiments. The third and fourth workshops took place in April 2023 and May 2024 and were very well attended. Together with the management of the eRD109 Consortium (EIC electronics), in March 2023 Kiselev organized a topical one-day meeting with the ePIC PID detector groups, world renowned MCP-PMT experts, and ASIC developers, to pre-select an ASIC type for the HRPPD-based pfRICH sensor plane.  In addition, Kiselev is a co-PI of the eRD110 project (“Photosensors for EIC”) within the EIC Detector R&D program. The project received substantial funding in FY23 and FY24, and several activities were either conducted already (see above) or being planned for the remaining part of the FY24 fiscal year. 
 
In early 2024, Kiselev designed a small scale fully automated mirror test stand for reflectivity measurements of Stony Brook mirror samples, as a function of light wavelength and incident angle. This test stand was built and commissioned at BNL, with the participation of several other PO physicists (Zhoudunming Tu, Sean Stoll, Craig Woody).  In Spring 2024, Kiselev designed a HRPPD QA station, including a dark box, large travel range translation stages, new HRPPD interface board and a modified 3D printed enclosure. This QA station is now under construction and will be commissioned in May-June 2024.
 
 
Brian Page’s efforts in FY 2023 were focused primarily on advancing the ePIC detector design and physics program. Brian continued in his role as co-convener of the ePIC Jets and Heavy Flavor and in this context oversaw the development of software tools needed to integrate jet analyses into the overall ePIC software framework. He also worked to develop a set of benchmark analyses that will help track the performance of the simulated detector as the design and software evolve.
 
During FY 23, Page became involved in the BNL-led effort to propose a proximity focusing ring-imaging Cherenkov (pfRICH) detector as the backward endcap PID solution for ePIC. His contributions focused on determining expected particle fluxes in the detector and evaluating the pfRICH’s capabilities in ToF PID and in providing a collision timing reference. Page also took a leading role in the preparation and editing of a Conceptual Design Report (CDR) for the pfRICH system. After a review process, the ePIC Collaboration decided to move forward with the proposed pfRICH system in the baseline design. Page continued working on physics studies related to the pfRICH throughout the fiscal year.
 
Brian’s duties as convener of the Jets and Heavy Flavor working group and involvement with the pfRICH continued into FY 2024. His focus within the working group has recently been on preparing for the upcoming EIC/ePIC preliminary technical design report (pre-TDR) by coordinating the studies and observables needed to demonstrate the ability of the ePIC detector to deliver the jet and heavy flavor physics program. He is also personally developing the plots displaying fundamental jet performance in the form of energy scale and resolution. With regard to the pfRICH effort, Brian has also begun jet studies to help define the requirements for a potential lepton-going endcap hadron calorimeter. Brian continues to perform various studies relevant to quantifying the detector performance utilizing a stand-alone GEANT4 model of the detector and has recently taken the lead in generating look-up tables which will be used in the ePIC reconstruction software to quantify PID detector performance. Brian has also become active (with A. Kiselev) in the effort to develop and utilize a test stand at BNL for characterizing the performance of HRPPD sensors which will be the photodetector solution for the pfRICH.
 
While Brian’s leadership role as co-convener of the Jets and Heavy Flavor working group will end due to term limits in July 2024, he has taken on several new leadership roles within the ePIC Collaboration. Beginning in the summer of 2023, Brian has served as the Vice-Chair of the ePIC Conferences and Talks Committee, which is responsible for coordinating external presentations for the Collaboration and for developing an official policy outlining the requirements and expectations concerning talks given on behalf of the ePIC Collaboration. In the last month, he was also voted in as one of the three BNL representatives on the ePIC Collaboration Council. Finally, starting in May 2024, Brian will serve as deputy detector subsystem collaboration leader (DSCL) for the pfRICH where his primary responsibility will be coordinating the production of the pfRICH contributions to the EIC (pre) technical design report (TDR)
 
Zhoudunming Tu is a staff scientist within the EIC group working on the ePIC detector at the EIC, especially in the exclusive working group for physics simulations and the pfRICH detector in the backward direction. In addition, Tu has been working on phenomenology studies on quantum entanglement, gluon saturation, and Monte Carlo generator development. 
 
For FY 2023, Tu has contributed significantly to the ePIC exclusive working group and produced the first physics benchmark for the ePIC collaboration. The physics channel is the diffractive vector meson production in e+A collisions as a probe of the gluon spatial distribution in heavy nuclei. This is one of the golden channels of the EIC white paper. The benchmark result has been used as an example for other collaborators to follow to work towards the Technical Design Report. In addition, Tu has contributed significantly to the proposal of the pfRICH detector, which was selected as the baseline detector. On the phenomenology side, Tu has led i) a study of quantum entanglement in electron-proton collisions with diffraction, where the work has found that the maximally entangled proton is also found in diffraction, but with a hint of delay compared to inclusive measurements. ii) Tu has proposed a double ratio measurement in ultra-peripheral collisions to better discover the gluon saturation. This work has been inspired by a similar double ratio at the EIC. iii) Tu has proposed a new observable for the EIC to study the question “how does Lambda hyperon obtain its spin” via the deep exclusive meson production in ep collisions. Generator and detector simulations studies have been conducted, which showed the possibility of narrowing down the underlying mechanism of the Lambda polarization puzzle at the EIC. All topics had resulted in journal publications, which were submitted during FY23, and published in FY24.
 
Jan Vanek is a postdoc fellow within the EIC group working on the development of a framework for the analysis of Lambda hyperon spin-spin correlations in p+p collisions measured by the STAR experiment in 2012. The key parts of the framework were successfully implemented which led to approval of preliminary results from this analysis in September 2023. These preliminary results were then presented at various international conferences, starting with the SPIN conference in September 2023. The physics behind this analysis is deeply connected to the EIC physics, which investigates the puzzle of Lambda hyperon spin polarization and how the hadronization impacts the polarization. In addition, Jan has contributed significantly to the pfRICH detector proposal during FY23, making full ePIC simulation with PID from pfRICH to demonstrate the physics case of the detector. The result of this simulation directly impacted the outcome of our proposal.

7.  Nuclear and Particle Physics Software group

The Nuclear and Particle Physics Software (NPPS) group within the Physics Department develops scientific software for experiments across BNL's nuclear and high energy physics programs, developing and promoting common software solutions and sharing of expertise, as well as tailoring solutions to particular experimental needs.

Technical Progress in FY2024 and Expected Progress in FY2025

Supporting the integration and validation of the geant4star full simulation for STAR designed to accurately model the forward calorimetry in the STAR upgrade. Geant4star is currently in physics validation and is expected to enter production late in FY24. 
· Ongoing leadership in supporting and developing the STAR software infrastructure including the GitHub based code repository, continuous integration and testing, containerization of the STAR software, and use of the Spack software packaging tool.
· Leadership in the ongoing development of PHENIX's data & analysis preservation (DAP) plan and infrastructure, strongly leveraging community tools including document repository (Zenodo), data repository (HepData), a modern website (Jekyll) gathering information important to DAP, and a container based approach to preserving usable software and analysis workflows. Fully migrating the high priority d+Au direct photon analysis to the DAP infrastructure including full containerization and REANA integration was completed during FY23.
· Leadership in developing sPHENIX tracking software based on the ACTS community tracking software project This has progressed well and is deployed and operational for sPHENIX commissioning and datataking in FY23 and beyond.
· Commissioned with sPHENIX their conditions database CDB developed by NPPS, using NPPS experience and software from the Belle II conditions database, an NPPS responsibility. The new experiment-agnostic version of the database together with client tools developed for it are now in production for sPHENIX datataking. The CDB has been further refined to become the HEP Software Foundation Reference Implementation CDB, with other experiments evaluating it including ePIC and DUNE.
· Developed and commissioned with sPHENIX the BNL-local production system that will meet their production needs for the BNL-local processing that is expected to constitute all their managed processing at least through FY24. Should they later require distributed processing, a start was made on integrating PanDA for sPHENIX, PanDA for EIC and others at BNL is in the process of being established, and will be available for sPHENIX use if needed.
· Leadership in developing and supporting EIC simulation tools in support of the ongoing (primarily ePIC) detector design and development effort. Full simulation work is focusing particularly on the pfRICH detector, the principal BNL responsibility among ePIC’s detector systems. While the simulation emphasis has shifted to full simulation, support for fast simulation tools, still in use in the community, continues, as does support for the suite of event generators in use. NPPS provides simulation and software leadership for the ePIC Collaboration and the pfRICH Detector Subsystem Collaboration.
· Leadership in supporting and further developing collaborative tools and infrastructure for the EIC community, including a common GitHub repository, several GitHub/Jekyll based websites, mailing lists and document repositories. This effort supports the rapidly evolving landscape of the EIC/ePIC experimental community. 
· Leadership in ePIC software and computing via the ePIC Software and Computing Deputy Coordinator role. Through this role BNL/NPPS participates in the S&C planning and management of the ePIC Collaboration. Particular S&C Deputy responsibilities include the Streaming Computing Model and (when ‘activated’ by ePIC as an activity, expected in FY25) Distributed Computing. NPPS leadership and leading technical roles in ePIC have included overall S&C co-coordination, simulation (full, fast and event generation), user support & training, tracking, distributed computing, and the streaming data model.

d. Future accomplishments

1.  C-AD Experimental Support and Facilities Division

Funds are requested to support 19 weeks of cryogenic operations for the physics running of RHIC in FY 2024. During this running period RHIC will be running top energy 200 GeV transversely polarized protons for the RHIC experimental program. This will be the first full year run for the new sPHENIX detector collecting physics data set. The STAR detector is expected to run with the full suite of detectors that were used in the FY 2022 run. It is anticipated that the STAR detector will quickly be timed, tuned, and start accumulating its physics data set early in the run. 
Detailed discussions for each of the experiment support groups are given in the following sections.
C-AD ES&F Division
The ES&F Division provides support for the RHIC experiments, the RHIC jet target and the infrastructure of the AGS and RHIC polarimeters. In addition, support is provided for facilities, which include C-AD AC power distribution, water systems, survey, mechanical and electrical services, physics and engineering liaison, communications, and limited electronics equipment support. During accelerator operations, ES&F operational crews are maintained on an on-site 24-hour, 7-days-a-week basis to operate, service, and provide safety and security surveillance of the experimental areas and equipment as well as general support for accelerator operations.
C-AD ES&F Division – Expected Progress in FY 2026

Upon completion of the RHIC run at the end of fiscal year 2025, the ES&F Division will continue to support operations for NASA Space Radiation Laboratory (NSRL) and the Brookhaven Linear Isotope Producer (BLIP).  During operations, ES&F operational crews are maintained on-site to support, operate, service, and provide safety and security surveillance of the experimental areas and equipment as well as general support.
In addition, ES&F will support and manage the Removal & Repurposing (R&R) projects in preparation for the installation of the Electron Ion Collider (EIC).  These projects include, but are not limited to RHIC, STAR, sPHENIX and Muon Steel removal at 1008 as these are identified as project dependencies for EIC.  Work will require careful coordination with Physics and the EIC project team to ensure that the project schedule for EIC is maintained.
C-AD Support activities for the RHIC experiments
General facility work (water and electrical systems, heating, ventilation, and air conditioning upgrades, additional paving, etc.) will continue. A combination of operations, capital and special maintenance funds are used to support this work. Capital funds for general accelerator facility work are requested as a part of the C-AD Accelerator Operations FWP (KB0202011). Other C-AD projects will require support including possible modifications and maintenance support for systems replacement.
Other support activities
NSRL operations continue in FY2025, and 2026. NASA continues to support NSRL operations for about 1000 hours per year. The Department of Defense and others are likely to continue with their studies using the NSRL facility. Full costs are recovered for this work. 

The TANDEM facility will continue to support commercial and other outside user programs through FY2025 and 2026 (with full costs recovered).
2.  STAR Operations – Anticipated Progress in FY2026-27

The STAR Operations Group will continue its responsibility to support and maintain the operation of the STAR detector for data taking and for the integration and installation of new detectors. It is expected that the STAR detector will operate for 28 cryo weeks of scientific data taking in FY25 for the 200 GeV Au+Au run. Host-group activities and operations responsibilities continued. Management and coordination of STAR activities is not expected to change.
· The yearly maintenance of the STAR detector system will take place including TPC electronics, Lasers, MTD, central calorimeter system, bTOF, eTof, and DAQ system.
· The completed Forward tracking and Calorimeter system will be operated and maintained for run-25 
· The operations of the STAR detector will be led by the STAR operations group, and the local group will be responsible in particular for maintaining the TPC subsystem, the TOF,eTOF and MTD gas systems, the DAQ system, and forward tracking system.
· The iTPC and TPC will be operated throughout runs 25. 
· STAR Online computing information preservation activities for the online MetaData is well on its way and the offline preservation started in FY23.  Those efforts are expected to span over the next few years. The main objective is to ensure that once STAR’s operation ends, all currently available information pertaining to past runs remain available “statically”. 
· Settling the transition to a replacement Operating System is imperative before the end of SL7 support in June 2024. The migration of STAR online resources to alternative platforms is essentially completed and future runs secured in this dimension. Coordination with SDCC for offline infrastructure is essential, with the initial testbed for Alma 9 provided by SDCC. This facilitates solidifying the transition process while run-24 is ongoing.

3. sPHENIX Operations – Expected Progress in FY 2026

In FY 2025 major activities for the sPHENIX Ops group will be the maintenance, and as necessary repair of the sPHENIX detector during the RHIC FY25 shutdown, in preparation for the RHIC Run-2025. Activities also include support for data-taking and operation during RHIC Run-2025.
 
Tasks performed by the members of the sPHENIX group in FY2025 include:
· Production of spare electronics, data acquisition and detector subsystem components needed for sPHENIX Maintenance and Operations prior to and during RHIC Run-2025. 
· Trigger design, implementation, and commissioning in preparation for Au+Au data-taking during Run-2025.
· Operation of the sPHENIX detector in RHIC Run-2025 including calibration, monitoring and data-taking. 
· Participation in sPHENIX Run Coordination and Data Operations.
· Management of Safety for all sPHENIX activities.
· Simulations, Offline and Online computing in support of sPHENIX including simulations and software supporting sPHENIX data analysis. 
· Administrative support provided for sPHENIX visiting scientists and students who come to BNL to participate in various sPHENIX data-taking and operation activities, sPHENIX Workfests and reviews. 
· Planning and preparation for possible RHIC running in FY26.
· Planning and preparation for sPHENIX Removal and Repurposing (R&R). 
 
sPHENIX Operations – Expected Progress in FY 2027:

In FY 2026 major activities for the sPHENIX Ops group will be the maintenance, and as necessary repair of the sPHENIX detector during any RHIC operation that may take place in FY26. Activities include any data-taking that may take place in FY26, final operations, calibration and normalization runs of sPHENIX at the end of the experiment’s operating period, and preparation for and beginning of the Removal and Repurposing (R&R) of sPHENIX. 
 
Tasks performed by the members of the sPHENIX group in FY2026 include:
· Operation of the sPHENIX detector during any RHIC Run that may take place in FY26 including calibration, monitoring and data-taking.  
· Participation in sPHENIX Run Coordination and Data Operations.
· Trigger design, implementation and commissioning in preparation for a possible p+Au data-taking run at RHIC in FY26.
· Preparation for final detector calibration, normalization and survey prior to the end of sPHENIX operations. 
· Planning and preparation for sPHENIX R&R including the production of lifting and disassembly equipment, writing of R&R procedures, management of property disposition and retirement, reviews and approvals of R&R plans, and associated documentation.
· Beginning of sPHENIX R&R at the end of RHIC operations.
· Preparation for and beginning of the removal of the B1008 steel muon walls. 
· Management of Safety for all sPHENIX activities.
· Simulations, Offline and Online computing in support of sPHENIX including simulations and software supporting sPHENIX data analysis.
· Administrative support provided for sPHENIX visiting scientists and students who come to BNL to participate in various sPHENIX production and testing activities, sPHENIX Workfests and reviews.

4.  RHIC Computing Facility at the SDCC

Expected Progress in FY 2025+

The facility will perform all necessary functions and developments in support of the challenging RHIC runs in 2025-2026 with STAR and sPHENIX taking data. 
· Unprecedented annual data volume, comparable to that of the LHC experiments, will be recorded by the sPHENIX experiment in 2024/25.
· An additional tape library, storage and CPU are planned to be deployed in 2024/25.
· Simplification of access to services hosted at the SDCC through the deployment of Federated Identification and coManage will be pursued. 
· Leadership in EIC computing will be strengthened within available effort at the facility, including role of ECSJI 
· ePIC Computing reviews will be organized in FY25 and FY26
· Host Labs (BNL + JLab) computing will be reported to EIC RRB
· Support for analysis and data preservation will be expanded.
· We will work on data preservation for RHIC experiments as a use case for data preservation for future EIC data.
· Continue development of collaborative tools, including documents development platform for RHIC and EIC experiments, deploy the first version of experiment user database (aka phonebook) for ePIC experiment

5.  Polarimetry

Expected Progress in FY 2026+

The FY2024 RHIC polarized pp Run and the possible polarized pA Run in FY2024 or FY2025 are the final runs with polarized protons for RHIC.  The polarimeters will be operated for use by both STAR and sPHENIX and highest precision data provided for the analysis is crucial. We will analyze all the data and make the available to the experiments. The out years will be dedicated on developing an absolute polarization measurement in the AGS.

6. Future Software and Simulation

Expected Progress in FY2026+

     Alexander Kiselev will be leading the ePIC pfRICH Detector Subsystem Collaboration towards a completion of the Technical Design Report in 2025 / 2026. A functional pfRICH prototype which is under construction at Stony Brook, will be evaluated in a test beam at Fermilab in March 2025, with a goal of establishing a simultaneous Cherenkov ring imaging and high-resolution timing performance required by ePIC. Kiselev will continue providing pfRICH detector reconstruction software support and contribute to EIC Detector modeling studies. He will work with his French and Hungarian collaborators to finalize the HRPPD HGCROC3 readout backplane, and make its adaptations necessary for a switch to an EICROC ASIC once it becomes available in 2026. Kiselev will be also leading a remaining HRPPD development effort with INCOM, and will participate in QA evaluation of the produced HRPPD photosensors on a newly built setup at BNL.
 
B. Page will continue his efforts within the ePIC Collaboration with an emphasis on realizing the pre and full TDRs. While stepping down from his co-convener role, Page expects to remain heavily involved in the Jets and Heavy Flavor working group completing studies for the TDR, and eventually, helping to develop an energy flow algorithm and integrate it into the full ePIC reconstruction framework. In his role as deputy DSCL for the pfRICH, Page will continue to organize and administer the pfRICH TDR effort and subsequent follow-up publications. He also expects to be heavily involved in beam tests of a pfRICH prototype that are planned for the spring of 2025 at Fermilab. Page will also continue work on refining the testing protocols, characterizing the performance, and doing QA on the HRPPD photosensors utilizing the laser test stand being assembled at BNL.
 
Zhoudunming Tu plans to continue playing an important role in ePIC exclusive physics working group as well as the pfRICH detector building. The expected progress is that the pfRICH will perform the first beam test with full-size mirrors made by Tu and SBU collaborators. Tu also proposes to initiate an effort on carbon fiber wire chambers based on the existing mirror coating techniques. This will be a R&D effort for the future EIC 2nd detector, with a strong synergy with the HEP community. In terms of phenomenology, Tu plans to study and publish the work on the entanglement entropy in jet, to see the universal “maximally entangled system” inside of a jet to approach the nonperturbative QCD problem - hadronization, with a new perspective. This study combines fragmentation functions from global fits and the experimental data from the LHC, which could open a new set of measurements for the EIC and the LHC. Furthermore, Tu plans to further develop BeAGLE and Sartre in terms of inclusive eA diffraction. A new postdoc is expected to be working with the EIC group from SBU (Center of Frontier Nuclear Science), where Tu will be the primary contact on this project. 
 
Jan Vanek. In FY25 he will focus on development of software for the pfRICH detector for ePIC experiment at the EIC. This will also include performing physics simulations utilizing the pfRICH detector in terms of implementing the geometry, the PID simulation in ePIC, etc. Currently the PID aspect from all PID detectors are based on Look-Up-Table (LUT) and Jan is planning to dedicate his time on realistic PID simulation, which will not only benefit pfRICH but also all PID subsystems.

7. Nuclear and Particle Physics Software group

Anticipated progress in FY2026+

· Completion in early FY2025 of the production integration and operation of the geant4star simulation for STAR.
· Continuing technical and user support for STAR’s software infrastructure to further streamline software development and physics analysis, and to facilitate data and analysis preservation (DAP).
· Continue data and analysis preservation work for NP experiments, well advanced for PHENIX and with potential for further work in FY2025 with STAR and ePIC, leveraging the PHENIX work for other experiments. 
· Continue to support, develop and exploit the ACTS based sPHENIX tracking software in support of sPHENIX data taking and analysis, the effort also leveraged towards ePIC ACTS tracking.
· Continue to support and develop the sPHENIX conditions database responding to the needs of its production application in sPHENIX data taking and analysis.
· Continue to support, develop and scale up the production system tools for sPHENIX, responding to the needs encountered in production and analysis. Support as needed the extension of sPHENIX processing to distributed and opportunistic resources.
· Continue in leadership and leading technical roles in ePIC software and computing, in overall co-coordination, full and fast simulation, pfRICH software, user support/training, tracking, distributed computing, and the streaming data model.
· As available effort permits, grow ePIC contributions drawing on sPHENIX and other work, such as distributed computing, tracking and conditions database.

e. Relationships to other projects

The RHIC experiments, PHENIX, sPHENIX and STAR, and the ePIC experiment at the EIC, are international collaborations. Participating institutions can be found at:
http://www.star.bnl.gov/central/collaboration/institutions.php
http://www.phenix.bnl.gov/PHENIX_Inst.html
https://www.sphenix.bnl.gov/pnb/client/

The ePIC experiment contains a subset of the EIC User Group, members of which can be found at:
https://phonebook.sdcc.bnl.gov/eic/client/

g.  Capital Equipment Request Summary

RHIC Experimental Capital Equipment

Capital funds or operating funds for low value capital will be used based upon the classification of new experimental equipment below $500,000 or upgrades and improvements to existing capital equipment as appropriate.
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i. Data Management Plan

The NP group complies with the BNL Physics Department "General Data Management Plan," a description of which can be found at http://www.phy.bnl.gov/computing/index.php/General_Data_Management_Plan. 
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