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Brookhaven National Laboratory
A Multipurpose DOE Office of Science Lab
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• Managed for the U.S Department of Energy (DOE) by Brookhaven Science Associates. 
BSA is a partnership among Stony Brook University and Battelle Memorial Institute.

• BSA Board: Representatives from Columbia, Cornell, Harvard, MIT, Princeton, and Yale
• Operating principle: simultaneous excellence in science and technology, operations, and 

community engagement
• People (numbers from FY21)

• Budget: $672 million (based on FY21 costs)
• Regional economic impact: 

• Supports over 4,700 jobs in New York State
• Strong relationship with New York State: $400M invested by NYS since 2013
• Long Island Rail Road station near Discovery Park

• Seven Nobel Prize-winning discoveries, 21 laureates

• 2,600 staff
• 140 joint faculty
• 500 students

• 4,400 facility users and guests
• Pre-COVID: 30,000+ students 

and educators (K-12) annually
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Connections with South Africa
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• Visit by BNL group in September 2017 – included universities,
iThemba LABS, NRF

• Several faculty came to BNL following the visit for stays of a few 
months in 2019

• Presentation at African Research Universities Alliance in April 2019
• Agreement by iThemba LABS management to visit BNL – 2019
• All activities put on hold due to COVID
• Recent visit by iThemba LABS – setting up exchange program
• BNL wants to foster broader contacts with African Universities

and Labs for technical and scientific training



Enduring Priorities and 
Science Initiatives
Brookhaven’s enduring priorities:
• Discovery science and technology
• Transformational user facilities, including accelerator 

science and technology
• Applications of the Lab’s capabilities to new opportunities, 

e.g., clean energy, climate, and national security solutions; 
isotopes

Enabled by:
• Safe, efficient, and secure operations
• Diversity, equity, and inclusivity
Enhanced by DOE, national lab, NYS, university, industrial, 
and international partners
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Science Initiatives



• sPHENIX will use energetic probes (jets, heavy quarks) to study 
quark-gluon plasma on different length scales with 
unprecedented precision
• How the structureless "perfect" fluid emerges from the 

underlying interactions of quarks and gluons at high 
temperature

• State-of-the-art collider detector using technology developed for 
LHC by ONP and OHEP

• sPHENIX magnet and its hadron calorimeter will be part of the 
EIC project detector 

RHIC data taking scheduled for 2023–2025
sPHENIX upgrade and STAR with forward upgrade will fully utilize the enhanced (~50 

times Au+Au design) luminosity of RHIC

• STAR with forward upgraded detectors 
ran successfully in Run 2022 
• 3-D tomography (like Magnetic 

Resonance Imaging) of the nucleon 
uncovers new information

• STAR exploits such 3-D parton
dynamics in ways complementary to 
the EIC, where precision tomography 
of the nucleon and nuclei will be 
carried out

Completing the RHIC Mission with sPHENIX and STAR
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Forward Upgrade

Magnet & Calorimeter 
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Vision: BNL will continue to be the leading laboratory in the world for nuclear physics research  

The EIC, a discovery machine, will enable the definitive study of the role of gluons and quarks in nucleons and nuclei. It will provide
precise images of the gluon/quark structure of the polarized proton, unravel the mysteries of the origin of nucleon mass and spin, and
explore the physics of gluons at high density.
The innovations required to design, construct, and operate the EIC will have impacts beyond nuclear physics in accelerator
science, particle physics, medicine, isotopes, materials, energy, and computing. The EIC will provide an opportunity to enhance BNL’s
leading role in promoting and contributing to the development of a diverse workforce in STEM fields for decades to come.
The EIC project is working closely with domestic and international partners to deliver the EIC. 

Uncovering the Structure of Visible Matter at the Electron-Ion Collider

World-wide interest in EIC science
The EIC Users Group formed 2016

1307 collaborators, 36 countries, 265 institutions 
(Experimentalists 810, Theory 325, Acc. Sci. 159)



The Electron-Ion Collider 

Project Design Goals 
• High Luminosity: L= 1033–1034cm-2sec-1, 10–100 fb-1/year 
• Highly Polarized Beams: ~70% 
• Large Center of Mass Energy Range: Ecm = 20–140 GeV 
• Large Ion Species Range: protons – Uranium 
• Large Detector Acceptance and  Good Background 

Conditions 
• Accommodate a Second Interaction Region (IR) 

Conceptual design scope and expected performance meet or 
exceed NSAC Long Range Plan (2015) and the EIC White 
Paper requirements endorsed by NAS (2018) 
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Double Ring Design Based on Existing RHIC Facility 

Three EIC Proto-collaboration Proposals Submitted
A scientific-technical committee of renowned and independent 
experts, jointly appointed by BNL and JLab, evaluated the 
proposals (ATHENA, CORE, ECCE) 

• “…unanimously 
recommends ECCE as 
Detector 1…urged to 
accept additional 
collaborators and 
quickly consolidate its 
design so that the 
Project Detector can 
advance to CD-2/3a in 
a timely way.”

• “…supports the case 
for a second EIC 
detector…a decision 
on Detector 2 should 
be delayed until the 
resources and 
schedule for Detector 1 
are more fully 
realized.”

The EIC project detector collaboration is being formed, including all 
proto-collaborations



User Facilities

National Synchrotron Light Source II

Center for Functional Nanomaterials

Atmospheric Radiation Measurement

User Facility

4D Atmospheric Sensing and Simulation (FASSt)
Probing the frontiers of climate science for improved 

predictive capabilities from local to global scales

Renewable Energy Integration
Creating the nation’s next-generation 

clean energy solutions 

Biofuels and Carbon Management
Unraveling the complexities of biological 

and geochemical systems for 
energy and environmental 

sustainability

Weather and
climate prediction for 

efficient grid operations

Long-range
projection for resilient 
climate management

Bio-inspired 
catalysis for clean 
energy solutions

Clean Energy and Climate Initiative

Vision: To help usher in the Nation’s next generation clean, sustainable, just, and resilient energy systems
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• Targeting new and existing facilities and 
experiments, including ATF, CFN, DUNE, 
EIC, FASSt, HL-LHC, NSLS-II, and sPHENIX

• Leveraging and extending existing prototypes 
of autonomous experiments, starting at 
NSLS-II

• Optimizing/embedding across accelerators 
and experiments

• Developing the foundational tools required for 
Human-AI-Facility integration and interaction
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Discovery Science Driven by the Human-AI-Facility Integration – HAI-FI

Vision: Human-AI-Facility partnerships will enable science-guided and hypothesis-driven optimized 
experiments and facilities operation, transforming facility-supported scientific discovery

Kevin Yager and Masafumi Fukuto are implementing a method 
for autonomous experimentation at NSLS-IIThe Human-AI Collaboration is key



Next-Generation 2D Quantum Materials for QIS Applications
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Goal: Discover and advance fundamental understanding of strongly correlated and topological materials for QIS and 
energy applications using BNL’s leading capabilities at OASIS, NSLS-II, CFN, and C2QA

Synthesis of Novel 2D Materials

Challenge: How to fabricate new two-dimensional 
materials with high quality and useful functionalities

Outcome and Impact: Using molecular 
beam epitaxy, synthesized a new 
borophene polymorph that could be useful 
in flexible electronics, energy storage, and 
catalysis. Nature Chemistry 2022

Growth of Mg2Cu

Unique QPress Creates High-Quality 2D 
Heterostructures

Challenge: How to fabricate high-performance quantum 
heterostructures with clean interfaces

Blister free

Growth of borophene
(2D crystalline boron)

High-res STM image of 
borophene islands

Outcome and Impact: The precision of 
the robotic QPress provides routes to 
assembly of stacked 2D material 
heterostructures with high-quality 
interfaces. Small 2022 

QPress Stacker Robot Assembled high quality 2D material
heterostructure

I. Bozovic K. YagerS. Park
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• BNL and Stony Brook University (SBU) continue to 
expand the quantum network testbed 
• One of the longest (98 miles) and most 

advanced quantum networks in the U.S. since 
2020
• Includes atomic quantum memory and 

remote-control capability
• Recent infrastructure expansion to 5 nodes 

over 161 miles 
• Constructed first demonstration of hybrid

quantum/classical network that combines 
classical data flows, quantum and post-quantum 
cryptography

• Expanding the Quantum Network Partnership to 
implement the concept of full-stack co-design
• Key partnerships with GE, IBM, and U.S. start-

ups

Quantum Internet: A New Paradigm

First Quantum Network Facility for Users
https://www.bnl.gov/instrumentation/quantum/index.php

Classical Control Subnetwork

Quantum-enabling Subnetwork

Quantum Network

First Quantum Network Facility Now Open to Outside Users

BNL-SBU Free Space Link



High Energy Physics: Understanding the Origin of Space and Time

Vision: BNL will continue to lead global particle physics experiments to explore the fundamental constituents of nature with 
ultimate precision and discover the phenomena that signal physics beyond the Standard Model
ATLAS experiment
• Lead Lab for U.S. ATLAS collaboration of 800 U.S. 

scientists
• Leading US ATLAS Operations program and hosting ATLAS 

computing center
Neutrino Program
• Studying properties of neutrinos with MicroBooNE

experiment 
• Operating Proto-DUNE detector with BNL-developed cold 

electronics
Belle II experiment
• Lead Lab for U.S. Belle II experiment in Japan
Rubin Observatory 
• Commissioning the experiment in Chile 
• Developing computing and software for data analysis
Theory
• Developing new ideas and models in neutrino, collider, and 

precision particle physics 

ATLAS published over 1000 papers

Exclusion of sterile neutrinos

2010 2022

Assembly of muon system at CERN

New ATLAS/Belle II computing center
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Accelerator S&T: Delivering Advances for the Nation’s Future

• High brightness electron beams for x-ray 
users

• Polarized and unpolarized hadron beams 
driving nuclear science discovery

• Advanced laser and particle acceleration 
techniques for next-generation capabilities

• Accelerator technology, instrumentation, and 
particle sources to address scientific, 
industrial, medical, and security needs

• A talented AS&T workforce with the 
skillset to address National initiatives
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Vision: Be the premier resource for the Nation’s accelerator 
science and technology needs

Our AS&T efforts build on BNL’s unique combination of 
accelerator-based facilities and expertise

Accelerator 
S&T 

Capabilities
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Workforce 
Development

15

Internships: www.bnl.gov/education

Stay in Touch
Follow @BrookhavenLab

• Pre-COVID: 30,000+ K–12 participants annually 
(students and educators)

• ~300 undergrads per year
• FY17–21: 45% female,

39% underrepresented groups
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