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Project Requirements

Project Design Goals
« High Luminosity: L= 1033 - 103%*cmsec?, 10 — 100 fb-1/year
» Highly Polarized Beams: 70%

LONG RANGE PLAN
for NUCILEAR SCIENCE

« Large Center of Mass Energy Range: E_, = 20 — 140 GeV
» Large lon Species Range: protons — Uranium

» Large Detector Acceptance and ‘
Good Background Conditions :

The Next QCD Frontier:

« Accommodate a Second Interaction Region (IR)

Conceptual design scope and expected performance
meets or exceed NSAC Long Range Plan (2015) and the
EIC White Paper requirements endorsed by NAS (2018)




EIC Machine Parameters
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Double Ring Design Based on Existing RHIC Facilities
Hadron Storage Ring: 40 - 275 GeV Electron Storage Ring: 2.5-18 GeV
* RHIC Yellow Ring and Injector Complex « Many Bunches, Large Beam Current - 2.5 A
« Many Bunches, 1160 @ 1A Beam Current * 9 MW Synchrotron Radiation
* Bright Beam Emittance g,,=9 nm « Superconducting RF Cavities , 10MW Power

« Flat Beam, Requires Strong Cooling

High Luminosity Interaction Region(s) Electron Rapid Cycling Synchrotron

\‘ « 25 mrad Crossing Angle with Crab Cavities « Spin Transparent Due to High Periodicity
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Relativistic Heavy lon Collider (RHIC)
Transformed into an Electron-lon

Collider
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Hadron Storage Ring
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I Electron Storage Ring

=== Electron Injector Synchrotron

« Hadron Storage

Ring

» Electron Injector

Complex with
Rapid Cycling
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» Electron Storage

Ring

« Strong hadron

cooling completes
the facility



Worldwide Interest In EIC Scilence

The EIC User Group: ['l#e Map of institution’s locations
EICUG.ORG, Formed 2016 Pl Ny

May 9, 2021: 1278 collaborators,
34 countries, 257 institutions

EICUG membership @
time of EICUG Meetings

1400
1200
1000
800
600
400
200

EICUG membership

 The EICUG membership has continuously
grown since its formation

 Strong international representation

= North America = Europe = Asia

South America = Africa = Oceania
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EIC Recent History
Eent | Date

DOE Mission Need Statement Approved January 22, 2019
DOE Independent Cost Review July 2019
DOE Electron lon Collider Site Assessment October 2019
Critical Decision — 0 (CD-0) Approved December 19, 2019
DOE Site Selection Announced January 9, 2020
BNL TINAF Partnership Agreement May 7, 2020
DOE Office of Science Status Review September 9-11, 2020
Independent EIC Conceptual Design Review November 16-18, 2020
BNL Director’s Review December 8-10, 2020
DOE OPA CD-1 Review January 26-29, 2021

CD-1 Approval Target Date June 28, 2021
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CD-1 Approval

« Successful Office of Project Assessment Review
(January 26-29, 2021)

» Successful DOE Independent Cost Review
(January 4 — February 4, 2021)

« Robert Caradonna, EIC Federal Project Director,
to present for CD-1 Approval
* DOE Project Management Risk Committee — June 1

« ESAAB (Energy Systems Acquisition Advisory Board) —
June 28, 2021

» Start Preliminary Design on June 29!




Project Organization

 BNL/TINAF Partnership
 BNL and TINAF partnering agreement signed in May 2020.
« Executive Management Team established that integrates BNL and
TJINAF into project leadership roles.

« EIC Council, chaired by BNL Director, established in June 2020.
TJINAF Director is a founding member. Major international partners

will also join the Council.

 Established standing advisory committees with international
membership
« Machine Advisory Committee: 08/26/20, 09/21-23/21
* Project Advisory Committee: 08/27/20, 12/01/20, 04/29-30/21

» Detector Advisory Committee: 09/28-29/20, 12/18/20, 03/24-26/21




Project Organization

EROOKHAVEN NAﬂF}NAL LAEORATORY Electron lon Collider Council
D. Gibbs D. Gibbs, Chair
Laboratory Director
R. Tribble J. Anderson Project Advisory Committee
Deputy Director for Science & Technology  Deputy Director for Operations T. Glasmacher, Chair

ELECTRON-ION COLLIDER PROJECT

EIC User Group Steering ). Yeck [BNL), Project Director
Committee F. Willeke (BNL), Deputy Project Director and Technical Director Detector Advisory Committee
B. Surrow, Chair | | E. Kinney, Chair
R. Milner, Vice Chair R. Ent (TJ), Co-Associate Director for ~ A. Lung [TJ), Deputy Project Director
i the Experimental Program for TINAF Partnership - - -
i E. Aschenauer [BNL), Co-Associate  A. Seryi (TJ), Associate Director for Machine Advisory Committee
A S Director for the Experimental Accelerator Systems & T. Raubenheimer, Chair
EIC Science Director |- Program International Partnership

D. Hatton (BNL), Project Manager
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EIC Partnership Goals

» Prospects for significant international and domestic partners considered in
planning the project

* Promoting a culture of interdisciplinary and multi-institutional collaboration for
both the accelerator and experimental program

« DOE Office of Nuclear Physics organizing regular meetings with international
funding agencies

 Bi-lateral meetings with potential partners underway to discuss opportunities in
the accelerator and experimental areas

» Accelerator Partnership Activities (~5-10%)
» Workshop held October 2020 and another planned for this Fall

« Possible contributions to the EIC accelerator could include the full range of
accelerator design and hardware

» Detector Partnership Activities (~30%)

» Detector Proposals due December 2021 with final decision on project detector
planned for March 2022




EIC Scope

6.0 Electron-lon Collider

(X] 6.02 6.03 6.04 6.05 6.06 6.07 6.08
Project Accelerator Electron Electron Hadron Ring Interaction Accelerator Infrastructure
Management Development Injector Storage Ring Regions & Support
&R&D Detector Systems
Interface

6.10

Pre-Ops Detectors
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*New WBS element (not yet in P6)
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TOtaI prOjeCt COSt (without contingency)
R e 7Y ) T

Electron-lon Collider J. Yeck $ 1,848 S 1,606
6.01 Project Management D. Hatton S 103 S 103
6.02 Accelerator Dev & R&D M. Blaskiewicz S 70 S 70
6.03 Electron Injector V. Ranjbar S 195 S 171
6.04 Electron Storage Ring C. Montag S 310 S 285
6.05 Hadron Ring V. Ptitsyn S 199 S 199
6.06 Interaction Regions & Detector Interface A. Drees S 195 S 195
6.07 Accelerator Support Systems J. Tuozzolo S 230 S 230
6.08 Infrastructure C. Folz § 210 S 110
6.09 Pre-Operations W. Fischer S 80 S 80
6.10 EIC Detector R. Ent S 255 S 162

S100M contribution from New York State
S ~93M anticipated detector in-kind
S ~49M anticipated accelerator in-kind
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Reference Profile CD-1 Approval

* TPC $2,249M
* Proposed DOE project

management baseline at .
$1,606M Do I I | | I |
» Contingency $643M (40%) IR e e

 Milestones
 CD-2 January 2023
« CD-3 March 2024

» CD-4a EF Jul 2030 3 Ny '
e CD-4a Jul 2031 _J
« CD-4 EF Jul 2031

* CD-4 Jul 2033 (24 mos. sch e
contingency)
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CD2,3,4a,4 slips - $2.2498
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Funding, Obligation, and Cost Profile




FY2022 Funding Status

« FY2022 plan at $100M

 President’s Budget Request at $30M ($10M OPC
and $20M TEC), plus possibility of Infrastructure
bill with support for DOE projects. Final EIC
budget likely in $50-100M range.
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DOE Project Approval Process

Independent
Request Review to EIR for Major
PED Funds Validate PB System Projects
Operating PED Construction i Operating H
Funds Funds = Funds ’l AR Funds =%
| A | H
lnitiati(> Deﬁ@ Execution >> Clo%
TPC }
CD-0 CDh-1 CD-2 CD-3 CD-4
Critical Approve Approve Approve Approve Start Approve
Decision Mission Alternative Performance of Construction Start of
Need Selection and Baseline (PB) orE i Oy ions or
Cost Range H Project
i Completion
i _ Projects Report Earned Value > SS0M E
PARS II Reporting for Projects > SS0M
NOTES:

1. PED funds can be used after CD-3 for design.

2. Operating Funds may be used prior to CD-4 for transition, startup, and training costs.
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 Formal decision
process supported
by comprehensive
reviews.

 EIC schedule
aligned with
“Critical Decisions’

J

Reportable
Milestone
Date

CD-0 Approve Mission Need QIFY20(A)
CD-1 Approve Alternative Selection and Cost Range Q3FY21
CD-2 Approve Performance Baseline Q2FY23
CD-3 Approve Start of Construction Q3FY24
Early CD-4a Completion Q4FY30
CD-4a Approve Start of Operations or Project Completion Q4FY31
Early CD-4 Completion Q4FY31
CD-4 Approve Start of Operations or Project Completion Q4FY33




Schedule

FY19  FY20  FY2I

Critical * CD-4a CD-4

Approve start Approve proj.

FY22 FY23 FY24 FY25 FY26  FY27 FY28 | FY29  FY30 & FY3I FY32  FY33

Decisions CD-O(A) -1 CD-3 of operations completion
Dec 2019 Junf] 2021 Mar 2024 Jul 2031 Jul 2033

& Dem Early CD-4a Early CD-4

Research & P | Completion Completion

Development ‘ Jul2030  Jul 2031

& Development

Infrastructure

Accelerator |
Systems

‘ [ [ ‘

Detector
| |
| | |
Infrastructure Conventional Construction
f | s,

] [ I ] !
Construction !

L | .
. Accelerator Procurement, Fabrication, Installation & Test Full RF Power Buildout
& Installation Systems KLLLLJV777777777]

‘ ! I ! 1 \
Detector Procurement, Fabrication, Installlation & Test | [ v7777)
— immm——
Acceleratol . i //// /1 Full RF Power Buildout
Commissioning Systemy||_Commiss. & Pre-Ops 77777

& Pre-Ops : 7
. Commiss.
Drtector & Pre-Ops %
I

! I

Data Level 0 Critical 7/ Schedule
Planned — A

Date Milestones Path Contingency




Path To CD-2 — Technical Reviews
Dste |pescrpon

May 10, 2021
May 11, 2021
May 21, 2021
June 4, 2021
June 17, 2021
June 2021

July 2021
October 2021
November 2021
December 2021
January 2022
February 2022
March 2022

Beam-Beam Effect Technical Review

Dynamic Aperture Technical Review

Beam Polarization Technical Review

Collective Effects Technical Review

Superconducting RF Design Technical Review
Superconducting IR Magnets Technical Review

Interaction Region Design and Detector Machine Interface TR
ESR/HSR Vacuum Systems and Impedance Technical Review
Pulsed Devices Technical Review

Strong Hadron Cooling Technical Review

Controls Systems Technical Review

Installation Workshop

Radiation Shielding Review




Path To CD-2
Dste peseripton

Oct 5, 2021 Post Documentation for OPA Status Review
Oct 12, 2021 Post Presentations for OPA Status Review
Week of Oct 18, 2021 OPA Status Review

Dec 1, 2021 Detector Proposals Submitted

March 2022 Decision on Project Detector

March 2022 Start EVMS

~April 2022 OPA Status Review — Confirm schedule for CD-2
Reviews

April = June 2022 Preliminary Design Reviews

~July 2022 CD-2 Director’s Review

~September 2022 CD-2 OPA/ICR Reviews

January 2023 CD-2 Approval




Experimental Program Preparation

Yellow Report and EIC Conceptual Design Report are
both available and include the reference detector concept.

BNL and TINAF Jointly Leading Process to Select Project Detector

Call for Expressions of Interest (EOI) May 2020
§ EOI Responses Submitted November 2020
-~ Assessment of EOI Responses On-going
- Call for Collaboration Proposals for Detectors March 2021
§ Proposal Evaluation Committee Established Spring 2021

Collaboration Proposals for Detectors Submitted December 2021

« Decision on Project Detector March 2022



https://arxiv.org/abs/2103.05419
https://www.bnl.gov/ec/files/EIC_CDR_Final.pdf
https://www.bnl.gov/eic/CFC.php

EICUG Collaboration Activities

ECCE Consortium: https://www.ecce-eic.orq

» Detector based on 1.5T solenoid investigating both EIC interaction
regions as location

ATHENA: https://sites.temple.edu/eicatip6/

* New EIC experiment at IP6 based on a 3T magnet and Yellow Report
Reference Detector

CORE: https://luserweb.jlab.org/~hyde/EIC-CORE/

» Open collaboration for a new EIC detector based on a new 2-4T compact
magnet at IP8

2"d IR Workshop Series on Detector and IR complementary:
https://indico.bnl.gov/event/10677/timetable/)

« Initial workshops included several hundred attendees
» Workshop organized by Korean collaborators planned for July 19-24
» Plan to submit a draft white paper to the Proposal Advisory Panel



https://www.ecce-eic.org/
https://sites.temple.edu/eicatip6/
https://userweb.jlab.org/~hyde/EIC-CORE/
https://indico.bnl.gov/event/10677/timetable/

Strategy for Detector 1 and 2"d IR/Detector 2

DOE-NP supported EIC Project includes one detector and
one IR

EIC with two interaction regions and detector ensures a
robust physics program and enhances the science reach.

IR2 and detector concepts needed now
* Informs strategies for achieving IR2 and detector
* Influences project decisions on IR1 and detector

« Construction schedule and initial operations plans are important
planning constraints

Major effort needed to secure resources for IR2 (~$500M)
» Possibly a DOE Major Item of Equipment (MIE) project
 Significant international engagement is expected

» ~70% scope funded by the US-DOE EIC Project and ~30%
funded by international or in-kind scope.

« Many bi-lateral meetings with potential partners underway to
discuss opportunities in accelerator and experimental areas




Complementarity for 15-IR & 2"9-|R

Since CD-1 we made significant progress in the preliminary design for the
2nd IR with a focus on complementarity

1st IR (IP-6) 2nd IR (IP-8)

Geomeftry:

Crossing Angle:

Luminosity:

ghiment:.” oy

|
|
ring inside to outside 7= 2\ ring outside to inside

tunnel and assembly hall
are larger

Tunnel: § 7m +/- 140m

/)= tunnel and assembly
e hall are smaller
Tunnel: § 6.3m to
60m then 5.3m

35 mrad

| secondary focus
different blind spots

different forward detectors and acceptances
different acceptance of central detector

25 mrad

more Iuminosi'{y at lower E.y
optimize Doublet facusing FDD vs. FDF
- impact of far for*lward pr acceptance

1.5 Tesla'or' 3 Tesla




Summary

» Excellent Progress

« Solid foundation in place: organization, scope definition,
conceptual design, preliminary performance parameters, cost &
schedule range, and planning documentation

« CD-1 reviews and preparations complete

« BNL/TINAF partnership and responsibilities defined, actively
pursuing broader collaboration and partnership in the EIC

« Awaiting CD-1 approval and preparing for CD-2!

« Strong case for substantial increase In project
funding established and being pursued
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