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SUMMARY OF PROPOSAL
Description of Project:  
In the ongoing Electron-Ion Collider Project only one detector and interaction region is in the scope of the project while the wider EIC community is strongly in favor of a second detector. Therefore, a strong case forming the foundation for a national and international funding request needs to be developed. The key goal of this effort is to (i) strengthen the case for a second EIC detector building on the arguments already brought forward by the community (see [1]), (ii) provide a realistic detector concept that is complementary to the current project detector in terms of physics reach, precision, and systematics and (iii) broaden the physics program of the EIC facility. Since a potential 2nd detector is expected to be realized with a 3–5 year delay to the first detector, new technologies that are not mature enough for the 1st detector need to be considered to provide full complementarity to the 1st EIC detector. This needs a well-thought-out R&D program that will be guided and inspired by work performed within this project, making full use of a soon-to-be-realized generic EIC detector program. The start of the proposed project is timely. A later start would miss the opportunities provided by the generic R&D program and would not allow for valuable input in the upcoming LRP process. 
This LDRD is to provide scientific support (post-docs, staff, short and long-term visitor funding) to help bringing a 2nd general purpose detector on mass-shell. A 2nd detector will provide further opportunities for engagement of BNL scientists and funding beyond the 1st EIC detector, similar to LHC, RHIC, Tevatron and HERA. 
Expected Results:   
The expected result is a document detailing the physics potential and the requirements of a second EIC detector. The document also will provide a comprehensive conceptual detector design that meets the requirements and describes the technologies to be used. The report will be accompanied by a detailed R&D plan to ensure the required technologies will be at hand. This plan will serve as key input to the upcoming generic R&D program to be launched by the Office of Science/NP.
PROPOSAL
The EIC was established as the highest priority for new construction in the 2015 US Nuclear Physics Long Range Plan [2] and was favorably endorsed by a committee established by the National Academy of Sciences in 2018 to assess the science case [3]. In December 2019, the EIC was granted Critical Decision Zero, CD-0 (Approve Mission Need) by the US Department of Energy, which launched the EIC as an official project of the US government. Project management started in April 2020, organized in a new directorate at BNL. In July 2021 CD-1 (Approve Alternative Selection and Cost Range) was received. Start of construction (with CD-3) is scheduled for Spring 2025 and operation is foreseen to start in 2032/2034. The hosting labs in collaboration with the project are currently working to finalize the detector concept and form the collaboration for the first detector. However, currently only one detector and interaction region to be located at IP6 is in the scope of the project, therefore a strong case forming the foundation for a national and international funding request needs to be developed.
The wider EIC community is strongly in favor of a second detector for reasons that are outlined in detail in section 12 of  [1]. The key arguments are: 

· Cross-checking of results to avoid erroneous claims caused by honest analysis mistakes, instrumental malfunctions or inevitable statistical fluctuations that appear when searching for new effects beyond our current understanding. 

· Technology redundancy: no detector design can be 100% guaranteed to succeed and environmental conditions cannot be perfectly known before operation begins. There is thus always at least a small risk of reduced performance or failure of any detector sub-component. One means of mitigating this risk when viewing the EIC facility as a whole is to employ different technologies to fulfill similar roles in two complementary detectors.

· Cross-calibration: Embedding complementarity in the designs of pairs of detectors offers the opportunity of minimizing systematic uncertainties through cross-calibration. A good example is offered by the H1 and ZEUS detectors at HERA, where the final combination of inclusive DIS datasets between the two experiments had an enormous positive impact on the combined systematic uncertainties, far beyond the usual statistical advantages. 
· Expand the physics program of the facility: To motivate the funding for a 2nd detector and interaction region at the EIC, both need in addition to the three points discussed before to have their own unique scientific motivation. These individual scientific capabilities should embrace possible facility upgrades and a design of the interaction region providing new scientific capabilities. The following facility upgrades, and their resulting new scientific opportunities must be integrated in the design of the 2nd detector:

· Physics with double polarized electron – deuterium collisions – measuring transversity in transverse polarized eD collisions, can provide evidence that (and how) gluons are responsible for nuclear binding. 

· Physics with positron beams – having both e-p and e+p electro-weak data allows several fundamental studies like quark axial and vector couplings and extends the capabilities of the physics with exclusive measurements.

· Physics with real photon beams – generating real photon beams through Compton scattering enables the generation of a polarized real photon beam, this can provide unique spectroscopy capabilities in understanding the formation of for example new charmed mesons. This provides a full complementary approach to LHC-b and Belle-II
· Physics enabled through a 2nd focus integrated in the IR – a 2nd focus allows to detect particles down to pT ~0, which especially for nuclei can provide new understanding in the structure of nuclei.

· Physics through fixed targets integrated into EIC following the STAR, LHC-B and ALICE approach – this will provide access to very high x physics in ep and pp 
In March 2022, the Detector Program Advisory Panel (DPAP) recommended to proceed with a detector that is based on the old existing BaBar magnet and to reuse the outer HCal from the sPHENIX experiment for cost and risk reasons. A more modern approach, using a larger 3T magnet providing better tracking precision was considered a strong design, but carrying more risk. However, the DPAP panel strongly suggested to pursue a second detector, as expressed by the chair Rolf Heuer, former CERN director, in addressing the representatives of DOE, the host Labs and the community. Before and after this discussion DOE had already expressed that they see the need for a second detector in a facility that will conduct physics for at least two decades. The current assumption is that a second detector will be realized on a time scale 3-5 years after the first detector. From an experimental point of view this is not a too big disadvantage as reaching the ultimate design performance in luminosity and polarization  will need time for a collider as complex as the EIC. 
The expected delay, however, opens a vast range of opportunities: new technologies can be considered that are currently seen as too risky for the project detector, risks associated with a strong magnetic field can be addressed and mitigated (e.g. impact on performance of photosensors), and last but not least many physics studies documented in the Yellow Report that ask for a wider range in particle identification and precision can be studied further and the respective requirements can be refined and better motivated. Examples are the extension of particle ID in the barrel region to 10 GeV/c or higher, increased electron purity, and improved tracking performance in the backward region beyond what can be achieved right now and such matching the Yellow Report requirements. A larger magnet also opens the door to increase the overall detector acceptance. But most importantly this detector can be the first one, which can utilize the concept of co-design and integrate AI/ML capabilities from the start into the design of the detector. 
The design of the second IR is rather constrained, which does not allow for a fully complementary design with substantially different features compared to the first IR with the exception of integrating a secondary focus. That implies that the overall the desired complementarity to the 1st detector has to come basically from the detector design alone. 

This project requires physics studies and detector simulations as well as a deep understanding of technologies and R&D needs. It will require a strong physics background and a knowledge of state-of-the-art technologies. The PIs meet all these requirements and are well positioned to conduct this effort. They have been involved in EIC IR and detector design as well as R&D over more than 10 years.  They have been instrumental in producing the EIC White Paper [4], the Yellow Report [1], the EIC CDR [5], the design of the ATHENA detector [6], and are part of the leadership of the detector program within the project. They also contribute to the operation of the joint SBU/BNL Center of Frontiers in Nuclear Physics (CFNS) and were central players in forming the EIC User Group. Both published key papers on the physics of the EIC, either with BNL colleagues or with renowned international collaborators. 

However, the tasks proposed will need a stronger workforce than what the PIs can provide on their own. Fortunately, personnel to pursue this effort are available within the Cold QCD group. Existing staff members with can invest around 20% of their time to this effort while working in parallel on efforts to accomplish CD-2 for the 1st detector. Two new postdocs will need to be hired to work on the effort.
· Zhoudunming Tu: Has a scientific staff position and is expert on e+A simulations and diffractive physics and tagging.
· Brian Page: Has a scientific staff position and was convener of the jet physics working group in the Yellow Report, ATHENA and the EIC Project Detector-1
· Alexander Kiselev: Scientific staff working on proximity focusing RICH detectors, pixelized LAPPDs, and many other R&D efforts. Was instrumental in various design efforts
· Alexander Jentsch: Postdoc with substantial expertise on far forward detector concepts and physics and was convener for the farforward working group in the Yellow Report, ATHENA and the EIC Project Detector-1

· Alexander Bazilevsky: Scientific staff, expert on EM calorimetry
· Postdocs: To be hired to conduct many of the simulations that will be need. To not affect their scientific career, they will need to work with a moderate part of their time on the RHIC program. 

	Topic
	Personnel needed

	e+p Physics Program and its Performance Evaluation
	E. Aschenauer, B. Page,  postdoc 1

	e+A Physics Program and its Performance Evaluation
	T. Ullrich, Z. Tu, postdoc 2

	Conceptional Detector Design
	E. Aschenauer, T. Ullrich, A. Kiselev, A. Jentsch, A. Bazilevsky


An effort like this cannot be conducted in isolation. It will require various workshops on dedicated topics that can be either organized by BNL or through CFNS, short term visits of experts to work jointly on aspects of the project. Therefore, a moderate amount of funding for visitors and travel is included.
The outcome of this effort will be a blueprint of a detector proposal for a 2nd EIC detector integrated in the 2nd IR. Over the length of this LDRD, we expect that those in the wider EIC community that are vitally interested in a second detector will form an interest group working towards a 2nd detector. The work of this proposal will ensure that BNL maintains a leading role in this effort. The timing of this proposal is well tuned and in sync with the plans of the EIC project and aligned with the potential timeline of a second detector as suggested by DOE. 
Timing
The start of this effort in FY23 is timely. It matches the potential schedule of the upcoming generic R&D program that was recently introduced by the DOE. A uniformed community without a concrete R&D plan would be harmful to this new DOE initiative. This is a clear danger since most of the community is now focusing their attention on the first detector. It is also timely in view of the upcoming NSAC Long Range Plan process that will be launched in July 2022. It is important to show the wider NP community, that the EIC users are actively developing plans to fully exploit the opportunities provided by an EIC even if a second detector will come several years after the first one. Another advantage to start these efforts now is to adapt to the continuous progress at the LHC. An upgraded LHCb and ALICE will likely be able to conduct various key measurements that were thought to be only in the domain of the EIC (e.g. constraining nuclear PDFs). The first LHC run after the long shutdown is imminent. This will require a continuous adaptation of the EIC physics program and changes in the priority and consequently in the detector design. Even more impact can be expected from the high luminosity LHC phase.

In addition, one has to realize that motivating a community around a second detector will take time and effort. This project provides a much-needed clear signal from the lab to the community in full accordance with the vision articulated by the DOE NP Office of Science.
Involving the Community
The EIC User Group (EICUG) is actively promoting a second detector. It just recently released a flyer detailing the need and advantages of a second IR with a general-purpose detector that is able to complement and extend the EICs physics program. It is obvious that the EICUG will play a central role in its evolution, and it will be mandatory to keep a close connection to the EICUG Steering Committee (SC) which is eased by the fact that one of the PIs is member in the SC. While this effort cannot focus on the building of a community for a second detector, it certainly will contribute substantially by organizing workshops and meetings that (i) presents the progress made by us and (ii) allow the community to provide valuable input into our work. It will also hopefully attract interested colleagues join our efforts. We will also be proactive in motivating detector consortia to think about new venues in technology and solicit participation in the generic R&D process.
Milestones

First year: 

· define realistic physics program for a 2nd doctor including measurements that enrich those listed in WP/NAS and have the potential to broaden the overall EIC program,

· formulate preliminary detector requirements that emerge through simulations of key physics processes,  

· identify technologies that could meet these physics requirements (existing or future ones that still need R&D),

· define preliminary R&D program, 

· and establish communication with wider community interested in a 2nd detector through seminars, workshops, and personal contacts. 

Second year: 

· finalize detector requirements through simulations,

· preliminary conceptual detector design that meets the requirements, aided by Geant detector simulations and studies,

· finalized R&D plan and communicate with generic R&D program

Third year:

· realize a Yellow Report on 2nd detector including physics scope, detector requirements, and final 
detector design, and

· work with community towards a LoI/proposal for 2nd detector
Potential funding source for this project (Laboratory, Program & Activity)
If successful, a 2nd detector can become an additional major DOE construction project based at BNL in the order of $500M in FY21 dollars, this estimates includes both the 2nd detector and IR. Interest in a 2nd detector is strong world-wide including potential non-US funding sources.
Relationship to the laboratory’s strategic initiatives

The realization of an Electron-Ion Collider at BNL is one of the Laboratory’s strategic initiatives. It is currently the only project with the potential to provide a funding source equivalent to RHIC. A second detector is seen as vital to maintain a vibrant and successful program and can go hand in hand with facility upgrades , making the EIC an attractive facility for the decades to come.
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Recent Talks

· Requirements and R&D for a Detector at the Future Electron-Ion-Collider (EIC) , Vienna Conference on Instrumentation 2022 (VCI2022), February 2022, remote
· Towards the Electron Ion Collider, Seminar at Rutherford Appleton Laboratory (RAL), July 1, 2021, remote

· Calorimetry for the EIC - R&D Needs, Calorimeter Workshop at CFNS, March 15-16, 2021, Stony Brook, remote
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	1. ALIGNMENT WITH THE LABORATORY MISSION AND VISION 
This proposal is well aligned with BNL’s priority program addressing directly “Research and Development towards the Second Detector at the Electron-Ion Collider”. The project is in the area of Nuclear Physics. 
The realization of an Electron-Ion Collider at BNL is one of the Laboratory’s strategic initiatives. It is currently the only project with the potential to provide a funding source equivalent to RHIC. A second detector is seen as vital to maintain a vibrant and successful program and can go hand in hand with facility upgrades, making the EIC an attractive facility for the decades to come. 
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	6. HUMAN SUBJECTS (Reference: DOE Order 443.1C)

Are human subjects involved from BNL or a collaborating institution?

            Human Subjects is defined as “A living individual from whom an investigator obtains either (1) data about that individual through intervention or interaction with the individual, or (2) identifiable, private information about that individual”.

If yes, attach copy of the current Institutional Review Board Approval and Informed Consent Form from BNL and/or collaborating institution.

	Y/N
	Y/N__Y_____

N

	7. VERTEBRATE ANIMALS
Are live, vertebrate animals involved?

	Y/N

	N

	If yes, attach copy of approval from BNL’s Institutional Animal Care and Use Committee.


		

	

	8. NEPA REVIEW
Are the activities proposed similar to those now carried out in the 

Department/Division which have been previously reviewed for potential environmental impacts and compliance with federal, state, local rules and regulations, and BNL’s Environment, Safety, and Health Standards?  (Therefore, if funded, proposed activities would require no additional environmental evaluation.)

Y/N

Y

If no, has a NEPA review been completed in accordance with 

the National Environmental Policy Act (NEPA) and Cultural Resources Evaluations Subject Area and the results documented?
Y/N

_______

(Note: If a NEPA review has not been completed, submit a copy of the work proposal to the BNL NEPA Coordinator for review. No work may commence until the review is completed and documented.)

9. ES&H CONSIDERATIONS
Does the proposal provide sufficient funding for appropriate decommissioning of the research space when the experiment is complete?

Y/N

N/A

Is there an available waste disposal path for project wastes throughout the course of the experiment?

Y/N

N/A

Is funding available to properly dispose of project wastes throughout the course of the experiment?

Y/N

N/A

Are biohazards involved in the proposed work?  If yes, attach a current copy of approval from the Institutional Biosafety Committee.

Y/N

N

Can the proposed work be carried out within the existing safety envelope of the facility (Facility Use Agreement, Nuclear Facility Authorization Agreement, Accelerator Safety Envelope, etc.) in which it will be performed?

Y/N

Y

If no, attach a statement indicating what has to be done and how modifications will be funded to prepare the facility to accept the work.
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SCI2 A. Bazilevsky 0 0 0
SCI1 A. Jentsch 0 0 0
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INSTRUCTIONS

Under Description of Project, provide a summary of the scientific/technological concept of the proposed project including the motivation for the research and the approach that will be used to conduct the investigation. Briefly explain in a paragraph or less the competitive advantage of your approach. Also indicate how the project meets the general characteristics of the LDRD Program and how it is tied to the DOE Mission.

Under Expected Results, clearly state the expected results and how they will impact our understanding of the science/technology.

These items should not exceed one page. The content should be understandable by a non-expert. This will greatly improve your chances for success. Please define all acronyms initially. Follow the Summary of Proposal with a proposal not to exceed five pages that includes a concise state-of-the-art review, well supported by references, which do not count toward the five-page limit. Please include high-level deliverables and milestones for the duration of the project in the proposal and success metrics. The milestones are of great importance for setting realistic expectations for the project and for keeping the research on track. (Note that a mid-year review is required, and milestones will be reviewed then.)  
Complete the Questionnaire, paying close attention to Items 1 “Alignment with the Mission and Vision” and 2 “Potential Future Funding.” Since the primary purposes of Type A LDRD funding are to support Laboratory priority programs and those that might lead to new directions for future support, both of these will be important considerations during the selection process. Explicit estimates of the financial return on investment are expected in the Potential Future Funding section (Item 2). Proposals will be returned if these sections aren’t completed. In addition, please fill out Items 3 and 4, which are a “Budget Justification” and the “Name of Suggested BNL Reviewers.” Attach a budget in the suggested template, indicating the intent to use collaborators, postdoctoral research associates, and/or students, and obtain the required approvals. Also new this year in the Approvals section is a determination (highlighted in yellow) delegated to the Principal Investigator’s Chair/Division Manager if the project is a sensitive technology under the S&T Risk Matrix. No other attachments are needed. Go to the LDRD website for further information. The Instructions should be removed before proceeding.
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