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Brookhaven National Laboratory

e Assets
e 5,000 acres, 300 buildings

* People
» 2,800 staff, 4,400 guests/users

« Annual budget $700 million

« High energy physics is 3" largest
program
e $100 million annual budget

* Nuclear Physics DOE office and
Basic Energy Sciences DOE office
run largest BNL facilities

 RHIC/EIC and Light Source

(&) Brookhaven Developing strong capable and inclusive workforce

National Lahoratory




Strong Ongoing BNL Program Enables HEP Science

* ATLAS experiment at CERN Assembly of ATLAS muon system at CERN
 Lead Lab for U.S. ATLAS collaboration of ~800 US scientists Sa\dur s NN

* Leading US ATLAS Operations program and hosting Tier 1
computing center

 Neutrino Program at Fermilab

* Proto-DUNE detector with BNL-developed cold electronics

« Studying properties of neutrinos with short-baseline
experiments

 Belle ll experiment at KEK

 Lead Lab for U.S. Belle Il experiment in Japan
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 Rubin Observatory
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e Commissioning the experiment in Chile
* Developing computing and software for data analysis

 Theory, Detectors and Accelerators R&D
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Events Observed / Predicted (no eLEE)
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Implementing 2013 P5 Program at BNL

 Energy Frontier
» Hosting project for $275M HL-LHC ATLAS upgrade HL-LHC magnet testing at BNL
» Building magnets for the HL-LHC ;
* Developing HL-LHC computing and software
* Intensity Frontier
« Strongly contributing to DUNE experiment
» Leading DUNE far detector Module 2 activities
 Cosmic Frontier
e Soon to analyze unique Rubin Observatory data
* Building LUSEE-Night mission to the far side of the moon
 Leading Technologies Developments for Particle Physics
o Computing and software
» Detectors and electronics
* Accelerators R&D including superconducting magnets

DUNE Module 2 design

« Actively participating in the field long term future planning

* BNL scientists submitted over 130 white papers to
Snowmass
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Synergies with BNL Programs

« Joint experimental and theoretical

~

efforts BNL Hadron Acceerators Complex
* Nuclear physics =
« Accelerator applications é L& 158
e |sotope production (BLIP) B e e
« Space radiation studies (NSRL) e ;
 Industrial applications (Tandems) T

e Superconducting magnets
developments

e Joint with nuclear physics and fusion

e |[nstrumentation Division
 Detectors technologies

 Computing facilities

e Joint center with nuclear physics and basic
energy sciences

o Accelerator Test Facility

e QIS center
 Quantum computing applications

L? Brookhaven
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Synergies — Electron lon Collider

 BNL is hosting Electron lon Collider
 The next collider to be built in US

e Synergies with particle physics from
accelerators and detectors to physics

e First EIC physics in early 2030s

EIC Design Goals
High Luminosity: L= 1033 — 1034cm2sec’!, 10 — 100 fb-1/year
Highly Polarized Beams: 70%
Large Center of Mass Energy Range: E_, =20 — 140 GeV

EIC ePIC Detector

Large lon Species Range: protons — Uranium

il

Large Detector Acceptance
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LHC and HL-LHC programs

 Energy frontier collider with 14 TeV center of mass
energy

« The only place to study the Higgs boson and
many other elementary particles for 15+ years

« x10 data set is yet to come

« HL-LHC brings unprecedented challenges

e Pushing accelerators, detectors and computing Forward Physics Facility
technologies

 Excellent training for early career scientists
 Analysis, detectors, operations

>» | E:

BNL fully committed to HL-LHC program success

« Exciting options beyond general purpose detectors we ™"

e Forward Physics Facility — unique studies of
TeV scale neutrinos and BSM physics

« LHCDb experiment upgrade — studies of heavy
flavor with unprecedented data set

L? Brookhaven
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Beyond HL-LHC at the Energy Frontier

« Consensus is to proceed to e*e” Higgs factory
. Various options are under development - FCCee, ILC, C3, — erachion REgions

CEPC and others roGresERE I ngﬁffﬁﬁ%
. BNL is working with CERN’s on FCCee option N \\ Y — N\
. . : FCC-ee 2 GV electron ring 2 GeV positron ring
 Reduction of cost and power consumption of such .
machines is critical y

CERC ~100 km

« Targeted R&D for both accelerators and detectors in SE AT }:{f
US should be restored i /
. BNL is ready to lead and partner ____EE?_?_/./?F
«  Options beyond e*e Hi%%s factory to reach center of -can
mass energies beyond LHC should be pursued CLICNCRF72Mv/m | ILC SRF 31.5 MV/m

13.4 km 14 km

. Muon collider
. 100 TeV pp collider
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Neutrino Frontier

« Timely construction of the DUNE
experiment is the priority

 Provides unprecedented potential for a
wide range of scientific topics

e BNL is committed to deliver Module 2

« Development of DUNE upgrade program is
critical to pursue early implementation
« BNL is actively engaged in physics and
far detectors Modules 3 and 4
developments

« Short baseline neutrino program provides
important information about neutrinos and
Its interactions

« Participation in accelerator and non-
accelerator-based neutrino experiments
around the globe is vital for strong and
balanced program

L? Brookhaven
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Precision Frontier
Proton EDM ring in AGS tunnel

» Exciting scientific insights from “small scale” Vet EEE TS :‘;:--.,_ e o
facilities and experiments oy == FioncoM vamed)
 High-sensitivity search of the proton electric “ 5 .
dipole moment |- "m;” EDM 1 g ~
« Electrostatic ring in AGS tunnel at BNL . 107%e-cm 1)\
« Test of lepton flavor universality \
« Via stopped pion’s decay at PSI — NAITEL L N N N \m.m//.
PIONEER
«  Studies of Heavy quarks PIONEER experiment Belle Il experiment
 Upgrade of Belle Il experiment for _ . . — ®
polarized beams P WDC % g 5
 Excellent option to develop (and test!) new ' 4 0
technologies and train early career scientists 2 0 £
£ z
§  Active Target g 1%
; and tracking x 2t
77 Beam 5 g /—/—‘ 110
layers a
< Brookhaven . 3 0 [t | -y
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Cosmic Frontier

Rubin Commissioning in Chile

Katrin Heitmann 1.06 PM
Most amazing ending of the session! (%) | was able to capture

LUSEE-Night on the moon

e Construct and operate 2013 P5
recommended experiments

« Commissioning and operations of Vera
Rubin telescope in Chile

« Execute exciting opportunities for small
scale experiments

« BNL leads joint DOE/NASA LUSEE-
Night program for “Dark Ages” signal

BEGIN

studies on the other side of the moon e W g
Clouds of First . First
neutral stars . " galaxies Zresent
Y hydrogen , form *, + for %y
« Develop plans for the next large scale & omkaces .o “REONZATON

spectroscopic experiments
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Accelerators and Detectors R&D

BNL HTS/Hybrid common coil dipole design
study

Conductor Usage in Various Designs

0000 Cosine Stressed B HTS cond

9000 Theta Managed R W LTS cond
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e Accelerators R&D is critical to develop next generation of
machines

« Target R&D to design new HEP accelerators and colliders
« Balanced generic R&D to investigate new ideas

sufficient structure 5000
4000
3000
2000
1000

0

 Cost and energy consumption reduction are important
. Limits our ability to build and operate particle accelerators
. Use of new technologies, such as high temperature

Canted Cosine Theta

SUpGI’COﬂdUCtIVIty, are Cl’ltlca| CTICTII SMCTISMCTII CCT BLIBLII IEIC&[II
. BNL has unique capabilities and synergies with EIC and
beyond Students visiting BNL LAr R&D facility

 Particle detectors R&D is critical
« To enable scientific goals of the field

. Healthy balance between specific experiments and more
generic technologies developments

Cost efficient technologies/detectors are of high value

. BNL leads in multiple areas in cooperation with universities
and national labs partners

AC-LGAD manufactured at BNL

L:'.‘ Brookhaven
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COm pUt| ng Frontler Computing challenges of LHC and DUNE

« Particle physics leads in the complexity and g T e, _ASDSbabse
g N ATLASPrg,hmmary ] % 1o FPeamsic 1 PRIy |
amount of the data collected and analyzed g [ 2022ConpuingMocel-CPU 1 3 1;%.@
: : $ 40, onservative _: g |
« Computing requirements of HL-LHC and DUNE  § .G g
are substantial B o Ve 108" LHC HLT
e Solving them will advance computing frontier ¢ ,f K .
. . . . E C 07 pouT DUNE
* Synergies with other fields and industry must be ¢ | -
explored 3 ST e 000
« Joint computing facilities 03020 2002 2024 2026 2028 2030 2032 2034 2036 ) I 16[‘:90“?5?0?::”“ rsied |
Year Latency requirement [s]

 Excellent potential for AI/ML developments
 BNL Human-Al-Facility Integration (HAI-FI) New BNL computing facility for ATLAS, RHIC and Belle I

e Support for healthy R&D efforts is critical

* Including to address requirements of the next
generation of experiments and theory

« BNL is a leader and strong partner in providing
computing support for current experiments and
developing future ideas

L:'.‘ Brookhaven
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National Initiatives

« HEP is strongly contributing and benefiting from the national initiatives

 Al/ML initiative
« AIl/ML tools are used in HEP for decades, including for discoveries
. Particle physics is in excellent position to contribute and benefit from industrial scale Al/ML developments
. Excellent potential in all frontiers: energy, neutrinos, rare processes, cosmic, theory and others
e QIS initiative
Quickly developing area with substantial potential
 Active engagement in various fields, industry, defense
«  HEP has unique expertise, including in detection of quantum states
 Need to develop coherent program beyond initial QuantiISED HEP initiative

e Microelectronics
e Area where HEP and BNL led, including ASIC operations at cryo temperatures, for decades
Developing coherent strategy for the field active engagement in this initiative is critical

Al/ML tools are used in Higgs studies Quantum astrometry BNL Microelectronics Laboratory
ATLAS | ' T L Total - Stat, only
Run 1: f§ = 7-8 TeV, 25 b, Run 2: /5 = 13 TeV, 36.1 o' Tow (swteny [ Saiican

Run 1 H—4/ —_— 124.51% 0.52 ( £ 0.52) GeV
Runi1H—yy | ——s———  126.02 £ 0.51 ( £ 0.43) GeV
Run 2 H—4/ —— 124.79 £ 0.37 ( + 0.36) GeV

L Run2bory — 124502040 (£020)GV |
Run 1+2 H—4/ —— 124.71£ 0.30 ( £ 0.30) GeV >< X R
Run 142 Hoyy —— 125.32 £ 0.35 ( £ 0.19) GeV

 RuniCombined — 125382041 (£037) GeV I | g
Run 2 Combined — 124.86 + 0.27 ( + 0.18) GeV

" Run 142 Combined | memy T 124972024 (£0.16)GoV "X R
ATLAS + CMS Run 1 'iT'_' 125.09 £ 0.24 ( £ 0.21) GeV / \\ / \ \ \
vl b e b b e by L L J veow ' '.

123 124 125 126 127 128
my, [GeV]




Diversity, Equity, Inclusion and Accessibility

* Inclusive environment and diverse workforce are crucial for the field and for BNL to
successfully pursue our mission

 Deeply committed to DEI improvements
. Members of DEI committees throughout the laboratory
 Active involvement in mentoring and workforce development
«  Commitment to STEM outreach and pipeline development, supporting MSls for RENEW and FAIR
. Developed hiring practices guidelines
. Periodically performing surveys to learn and adjust
. Leading African School of Physics

« Established mentoring programs for post-docs, early career scientists and engineers, and
STEM training

 Brookhaven makes the Top 20 Government Employer List for 2023 in the 32nd Annual
Equal Opportunity Magazine

Top 20 Government Employers

|3. TheAir Force Research Lab
(AFRL)

|. Mational Aeronautics and Space
Administration (MASA)

(B READERS' CHOICE

2 Federal Aviation Administration (FAA) W TD F) 14.  US. Department of Commerce
3. Matonal Security Agency [N5A) g rr.__) ' ' (Dog)
4. US.Environmental Protection Agency (EPA) | GOVERNMENT 15. %‘ﬂ:ﬂdﬁﬂ Mational Laboratory
5. US Nuclear Regulatory Commission (MRC) EMPLOYERS " :_“ }Sealrh M
JORKFORCE I ift Com
6 Air Force Civilian Service (AFCS) STE bl s ary mand (M3C)
— I7.  Los Alamos Mational Laboratory
7. US.Naval Research Lab {NRL} Readers were asked ro lise the rop {LANL}
B. U.S DEPEFI'.I’TIEI"II’. le S'E:'I.'I:E {DOS:I STEM I.'ﬂ)ﬂ.'thL'\j!."l.J‘-l.'l'J]ﬂ'li:ﬂ[ 18 US Am’lf COFPS of EI'IgiﬂEEI"‘S
Y gencies for which they'd most -
9. Central Intelligence Agency (CLA) e or S (USACE)
like vo work or which they believe
~ . 10. Transpormn'on S'EU-'""['." Administration {TSA} would }'lll'r'\.'i.dl_' a pl:l'.j[i\.c “L:u'king 9. Mational GQCEPEUEl-ln[E"IgEﬂCE
Lr BrDth aven I1. US.Secret Service (LUSSS) environment for members of Agency (NGA)
National Laboratory @ n Natioral Laborate minarity groupsand diverse 0. Sandia Mational Laboratories

culoures. Here are the resulrs.
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BNL Involvement Tlﬁ)

e Successfully complete 2014 P5 program, including

International HL-LHC program to provide exciting results on the wide range of
the field science drivers

Execute international DUNE program to study neutrinos, universe and the
proton lifetime

Uncover the mysteries of the universe with Rubin observatory
Execute healthy array of small and medium scale experiments

 Develop strong program for the future

Develop strong foundations for an international Higgs factory

 And develop accelerators to reach next energy frontier beyond the LHC
Re-fill the pipeline of small and medium scale experiments
Accelerator, Detector and Computing R&D efforts and theory initiatives

Balanced program of research, operations and construction with strong
participation of universities, national labs and international partners

I (&) Drookhaven Develop, train and support a diverse workforce "
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