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The lesser-known HEPAP panel...

Live as of today!!

Exploring Pathways to Innovation

the and Discovery The Path to Global U.S.Leadership and
Sgﬁ/gtrl;fg in Particle Physics Discovery Partnership in

Particle Physics

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

International
Benchmarking

Particle Physics Project
Prioritization Panel


https://science.osti.gov/-/media/hep/hepap/pdf/Reports/2024/International_Benchmarking_HEPAP_2023.pdf

(many summaries borrowed from Patty

The |€SS€T-kn0Wﬂ H EPAP pane| . McBride's much more comprehensive slides!)

 Tasked with “international benchmarking”, or more specifically asked about these three areas:

U.S. as a leader, at home Innovative and
Workforce

and abroad transformative capabilities

How do we attract and retain talented

2 What are the key areas where we have or
How can we cooperate and compete® y people?

could have leadership roles?

? . .
How do we attract the best partners’ What barriers are there for this?

How can our leadership be strategically

How can we be a partner of choice? maintained? How do we recruit, train, and mentor the
. . . , best talent from all over the world, and
What barriers are preventing effective Are there other technical areas we could tom traditionallv underrenresented
partnerships? be leveraging better? y P

groups in the US?


https://science.osti.gov/-/media/hep/hepap/pdf/202311/HEPAPBenchmarking_Nov_2023.pdf

The lesser-known HEPAP panel...

 Tasked with “international benchmarking”, or more specifically asked about these three areas:

U.S. as a leader, at home Innovative and

Workforce

and abroad transformative capabilities

3lented
Co-Chairs: Patricia McBride (FNAL), Bonnie Fleming (FNAL/UChicago)

Members: Mei Bai (SLAC), Marcela Carena (FNAL), Scott Dodelson (CMU), Dan Dwyer (LBL), Tova Holmes (UTK), Tsuyoshi his?
Nakaya (Kyoto), Andy Lankford (UCI), Wim Leemans (DESY), Reina Maruyama (Yale), Sekazi Mtingwa (NRC), Brian Nord

(FNAL), lan Shipsey (Oxford), Stefan Soldner-Rembold (Manchester), Lindley Winslow (MIT) ntor the
ld, and
Ex -Officio: JoAnne Hewett (SLAC) — Sally Seidel (UNM) anted



The lesser-known HEPAP panel...

e How did we organize our work?

Subcommittees How to benchmark? Data collection

Big Experiments (LHC, DUNE, Cosmic), Collaboration is key to progress.
Chair: A. Lankford International collaboration complicates

Community interviews
benchmarking the U.S. role.

Small Experiments & Instrumentation, Townhall at Snowmass

S&C, QIS, Al/ML, Chair: I. Shipsey Metrics are not easy to evaluate (e.g.,
| | scientific papers, citations). Other possible ~ Demographics collected from diverse
Accelerator Program, Chair M. Bai metrics: Nobel prizes, investment per sources
Workforce, Chair: S. Mtingwa capita, leadership roles. More productive |
to focus on the benefits of collaboration Feedback through our website and

Theory distributed throughout and the advantages of the partnerships surveys from subcommittees

subcommittees. that advance our science globally.



The lesser-known HEPAP panel...

e How did we organize our work?

Subcommittees How to benchmark? Data collection

Big Experiments (LHC, DUNE, Cosmic), Collaboration is key to progress.
Chair: A. Lankford International collaboration complicates
benchmarking the U.S. role.

Community interviews

Small Expas
S&C,

My perspective: liverse
Acce

Worked on the “big experiment” and workforce subcommittees

We e and

TTVEV 0 UUCUITI ittees

Theory distributed throughout and the advantages of the partnerships
subcommittees. that advance our science globally.



My personal lens

Explorin Pathways to Innovation .
thep 9 and Dis}éovery The Path to Global U.S.Leadership and
Sgagtrlég in Particle Physics Discovery Partnership in

IV DRAFT Report of the 2023 Particle Physics Project Prioritization Panel

Particle Physics

Can the US host a global,
mega-scale collider?

Although we do not know if a muon collider is ultimately feasible, the road toward it leads from
current Fermilab strengths and capabilities to a series of proton beam improvements and neutrino
beam facilities, each producing world-class science while performing critical R&D towards a muon
collider. At the end of the path is an unparalleled global facility on US soil. This is our Muon Shot.

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

International
Benchmarking

Particle Physics Project
Prioritization Panel



|V|y pergona| lens Also live as of today!

Exploring Pathways to Innovation
the and Discovery
Quantum in Particle Physics
Universe LA gt 2523 P Py Pt Pzt o

The Path to Glok
Discovery .

Although we do not know if a muon collider is ultimately feasible, the road toward it leads from
current Fermilab strengths and capabilities to a series of proton beam improvements and neutrino
beam facilities, each producing world-class science while performing critical R&D towards a muon
collider. At the end of the path is an unparalleled global facility on US soil. This is our Muon Shot.

Can the US Aradical new
particle accelerator

concept emerges. Call it physicists’
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https://www.science.org/toc/science/383/6690

My personal lens

® Thisis very much not
representative of the full report!

o (butin 20 minutes...)

Diversity across scales and stages

KEY FINDING

The field of particle physics is a vibrant research ecosystem, built by an
international network of partnering nations, facilities, experiments, and
people. To be a leader, the U.S. must continuously produce scientific results,
build facilities and experiments for the future, and advance new ideas and
technologies that enable the discoveries of tomorrow.

KEY RECOMMENDATION

Maintain a comprehensive program at home and abroad, with a range of
experiment scales and strategic balance among construction projects,
operations of experiments and facilities, and core research activities, including
the development of future facilities.



How are experiments organized?

Experiment-Facility
Interface Group (EFIG)

Joint Project
Office (JPO)

Taken from experiment websites, TDRs. ..

LBNF/DUNE

Host Lab
FNAL Director

LBNF
Project Director/
Project Manager

Integration
Project Integration Director/South
Dakota Services Division (SDSD) Head

DUNE
Spokespersons/Technical and
Resource Coordinators

T ical
LBNF . : ech.mcz';
g ; — Integration Office — Coordination
Project Office 2 3
Project Office
Conventional i} Facility Support & Far Detector
Facilities Services (SDSD) Production
Cryogenics
Beamline n Far Site | | Near Detector
Installation Production
Cryostat
Near Site
Installation

Vera Rub

Ops Director’s Office

Director of Operations
Robert Blum

Deputy Director
In recruitment

Deputy Director
(SLAC)
Phil Marshall

Project Administration

Senior Manager
Daniel Calabrese

Compliance &
Quality Administrator
Veronica Kinnison

Project Controls
Kevin Long

Communications

Manager
Ranpal Gill

System Verification & Validation

Systems Engineering  Science Validation
Manager Keith Bechtol
Austin Roberts

Data Management

Project Manager
William O'Mullane

Subsystem Scientist
Leanne Guy

CMS Experiment

CMS Management Board- March 2024

Atvitess Spokesperson Office Collaboration Board
Prev-SP: L. Malgeri el
Prev-TC: W. Zeuner P. McBride . CB Chair
Advisors: A. Ball, LBauerdick, I. Amos- ™ L. Silvestris, W. Adam L E. Gallo
Cali, R. Carlin, G. Hamel De Resources Manager H. Hoorani{Deputy)
J. Incandela, 1. Melzer- A. Charkiewicz ‘ S. Dasu(secretary)
Pellmann, S. Sharma, A. Telesca
Technical Coordination !
Upgrade Coordination ‘ Physics Coordination 1 1
F. Hartmann ‘:'4 Tropea R, Sal USA
mm Dabrowsk/ Gaddy LI »
f 2 LEXGLIMOS R. Pernazza L Publications EiBURcher  BE—ron
— G. Landsberg
- . ) 1 2. Haller V. Matveev
BRIL L1 Trigger Tracker Trigger Communication
G. Pasztor A. Zabi K. Hahn == M. Missiroll D. Bamney
D. Stickland M. Bachtis K Klein $. Goy Lopez Nk
C. Botta M.Dragicevic C. Shepherd- France
o D. Contardo
r PPD Conf Themistocleous
- | | [ H.Brandao A. Meyer
Muons Malbouisson
lm;n d a?.?a.. G. Pugliese 3. Martins Switzerland CERN
s L | S— B. Kilminster L. Malgeri
M. Pleri T.J. Kim Offline &
C. Schwick Computing MB Secretary
r [ E. Sexton-Kennedy Q. Ingram Other Member States
| | 3. Latts G. Pasztor
Endcap ECAL HCAL :
Calorimeter i
K. Gill ;- womm A omm. Run Other States-A
M. Mannelf . G. Masetti B. Choudhary
J. Mans p—— A. Massironi
G. Negro Other States-B
. A. Florez
MTD
T. Tabarell Regional Representatives
‘de Fatis Detector Systems Coordinations Morch 2024
D. Stuart S o
B Project Office B Advisory M Project Support M Sub-systems W Operations

Project Director's Office

_ Director
Zeljko Ivezic

Deputy Director
(AURA/NSF)
Sandrine Thomas

Project Management Office

Project Manager
Victor Krabbendam

Deputy PM - Software & IT
William O'Mullane

Systems Integration

Observatory Scientist
Kevin Reil

Camera

Project Manager

Martin Nordby Steve Ritz

Deputy Director
(SLAC/DOE)
Aaron Roodman

Project Manager
Anastasia Alexov

Subsystem Scientist

Project Science

Project Scientist
Steve Ritz

Deputy Project
Scientist
Federica Bianco

Project Science
Team

System Scientist
Chuck Claver

System Commissioning

Commissioning Scientist Project Manager
Robert Lupton Anastasia Alexov

Telescope & Site

Project Manager
Jeff Barr

Sandrine Thomas

Subsystem Scientist

Project Advisors

Chief Scientist
Tony Tyson

Science Advisory
Committee
Michael Strauss

Project Science Team

Performance & Safety

Chile Head of Safety
Giovanni Corvetto

Information
Security Officer
lain Goodenow (Interim)

D-15043 11/23
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An attempt at a glossary:

e Experiment

o An apparatus used to take data. Typically there is a one-to-one relationship between an experiment and a

collaboration.
o Facility
o The physical infrastructure (and personnel) requirec

to operate an experiment, including accelerators. Depending

on experiment, this can also components closer to t
e Collaboration

ne experiment, like cryogenics and supports for detectors.

o The group that determines governance over an experiment, its members, and the analysis and publication of its

data.
e Project

o The scope covered by a specific funding agency's contribution to the construction, upgrade, or operation of an

experiment or facility.

11



How are experiments organized?

Experiment-Facility
Interface Group (EFIG)

Joint Project
Office (JPO)

LBNF/DUNE

Host Lab
FNAL Director

LBNF

Project Director/
Project Manager

Integration

Project Integration Director/South
Dakota Services Division (SDSD) Head

DUNE

Spokespersons/Technical and

Resource Coordinators

Technical
LBNF ; . G
1 g ' Integration Office — Coordination
Project Office 2 3
Project Office
Conventional 2 Facility Support & a Far Detector
Facilities Services (SDSD) Production
— Cryogenics
Beamline | Far Site | | Near Detector
Installation Production
—  Cryostat
Near Site
Installation

HL-LHC Upgrade

HIGH LUMINOSITY LHC PROJECT

MEMBER STATES COLLABORAT|ONS'

Spain - CIEMAT

SC Orbit Corrector MCBXF: J-M. Perez, F. Toral

Italy - INFN
SC HO Correctors & SC D2 Magnet: S. Malvezzi?, M. Statera®,

S. Farinon*
Sweden - Uppsala U

niversity
Magnets & CC Test, Cold Powering DFHM/X: T. Ekelf, M. Olvegard

United
Collimation: R. Appleby®

(Spokesperson)
SRF RFD & DQW CC Cryomodules: G. Burt®, N. Templeton’
Beam Instrumentation: S. Gibson®?, C. Welsch?, P. Burrows™®
Cold Powering DFM/X:

HL-LHC PROJECT MANAGEMENT
WP1 - CERN
Project Leader: Oliver Briining

Deputy Project Leader & Configuration Office: Markus Zerlauth
Monitoring & Control Office: Giovanna Vandoni

Collaborations Office: Lars Jensen L

Procurement, Documentation, Quality & Risk Office: Hector Garcia Gavela
Integration & Installation Office: Paolo Fessia & Michele Modena
New Infrastructures (WP17): Laurent Tavian & Henry de Maynard
: Y. Yang™' Schedule Officer: Paolo Fessia
Safety Office: Thomas Otto & Christelle Gaignant
Communications & Outreach Office: Cécile Noels
Project Support & Secretariat: Cécile Noels

‘ l

. .
WP2 Accelerator Physics WP6A Cold Powering
Rogelio Tomas Garcia Amalia Ballarino meww mCen nﬂmmeamia& RzEAlia
Nicolas Mounet Yann Leclercq
L
1 ] !
WP3 IR Magnets WP6B Warm Powering WP11 11 T Dipole
Ezio Todesco Michele Martino Diego Perini
Delio Duarte Ramos Valérie Montabonnet

L

3
WP4 Crab Cavities & RF
Rama Calaga
Ofelia Capatina
L

)
WP5 Collimation
Stefano Redaelli
Antonio Perillo Marcone

"In kind contributions

?INFN Milano Biccoca

*INFN Milano LASA

“INFN Genova

*University of Manchester

SLancaster University/Cockcroft Institute
STFC

.

WP7 Machine Protection & Availability WP12 Vacuum & Beam Screen
Daniel Wollman Vincent Baglin
Reiner Denz Giuseppe Bregliozzi
) l
WP8 Collider-Experiment Interface WP13 Beam Instrumentation
F. Sanchez Galan Thibaut Lefevre
Oliver Boettcher Raymond Veness
WP9 Cryogenics WP14 Beam Transfer & Kickers
Serge Claudet Chiara Bracco
Antonio Perin Anton Lechner
* Royal Holloway/John Adams Institute 2 US HL-LHC Accelerator Upgrade Project (BNL, FNAL, LBNL, SLAC)
’ University of Liverpool/Cockcroft Institute " FNAL
19 University of Oxford/John Adams Institute '“ PNPI (Collaboration up to end 2021)

™ University of Southampton

NON MEMBER STATES COLLABORAT|IONS

USA
DOE HEP Link: S. Rolli, J. Kao

US HL-LHC AUP'2% G. Apollinari*® , R. Carcagno™

Q1/Q3 Magnet System: G. Ambrosio™
Q1/Q3 CM & Cryostats: S. Feher'®
Dressed RFD CC System: L. Ristori"

Japan - KEK
SC D1 Magnet & QHPS: T. Ogitsu, T. Nakamoto

China - [HEP
SC Orbit Corrector MCBRD: Q. Xu

Russia
Crystals: O. Fedin*

Canada - TRIUMF
RFD CC Cryomodaules: O. Kester, B. Laxdal

.
WP15 Integration & (De-)Installation
Paolo Fessia
Michele Modena
L 4

L]
WP16 IT String & Commissioning
Marta Bajko - Mirko Pojer
.

.
WP17 Infrastructure & Logistics
Laurent Tavian

Henry de Maynard
L 4

.
WP18 Controls Technologies
Javier Serrano
Grzegorz. Daniluk

.
WP19 Alignment & Internal Metrology
Helene Mainaud Durand
Mateusz Sosin

12



An attempt at a glossary:

 International [experiment, facility, collaboration]

o Primarily executed by a single nation, but with significant contributions and participation from
others. Another name: "host-led”

e Global [experiment, facility, collaboration]

o Fundamentally a partnership; no single nation dominates. Agreements are multilateral rather
than bilateral. Another name: "CERN model”

Both strategies can work, but the larger

the experiment/facility the more need for
international buy-in.

13



Recommendations:

An attempt at a glossary:

The U.S. particle physics program should: 1) strive to
« International [experiment, facil engag? as partners ir\ the con.struction and ope.rfat.ion of
> Primarily executed by  single nat major future particle physics accelerator facilities
host-led” constructed outside the U.S. and 2) actively seek
coll international partners to engage in the construction and
operation of major future particle accelerator facilities
constructed in the U.S.

Finding: International
partnership on construction of \FEX
major particle physics
accelerator facilities is Establish a collaborative U.S. national accelerator R&D
growing. International program on future colliders to coordinate the participation
partnerships yield more of U.S. accelerator scientists and engineers in global

powerful capabilities for energy frontier collider design studies as well as
scientific discovery. maturation of technology.




An attempt at a glossary:

 International [experiment, facility, collaboration]

o Primarily executed by a single nation, but with significant contributions and participation from
others. Another name: "host-led”

e Global [experiment, facility, collaboration]

o Fundamentally a partnership; no single nation dominates. Agreements are multilateral rather
than bilateral.

Finding: Shared governance and shared
responsibility are principles observed in

Recommendation: Formally agree among
partners on an international governance

structure early during the formation of the
international project.

successful partnerships and large
collaborations.
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What makes for a strong collaboration?

Finding: Strong collaborations exhibit common
characteristics. Shared scientific objectives and a shared
sense of responsibility are overarching common
characteristics.

Recommendation: Collaborations should strive to
establish an organizational structure and governance
model that enables and cultivates the shared
characteristics of current and past successful strong
collaborations.

shared scientific objective(s)
shared decision making
shared governance

shared sense of ownership
shared sense of responsibility
shared problem solving
shared credit

shared authorship

shared sense of success
shared values

shared culture

shared respect

16
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i Lessons from the past

BABAR:
Host-led, international experiment

- " . Engaged partners from the onset, including
‘| = developing the conceptual design and
governance structure

“#Z—== "International Finance Committee” brought §
3 together partnering funding agencies

Partners paid into a common fund that in
some cases handled infrastructure
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Lessons from the past/present
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Approximately 75% US, 25%
international

Technical organization directly
incorporates funding agencies and
international projects
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‘ Lessons from the past/present A '  Formed when a US experiment (LBNE) %
~—— AT N - wasdirected to reformulate itself asan -~ ‘:;.

LSS e -

N LBNF/DUNE NS international collaboration, and and set -

- w . on a tight timescale - governance ;2
Dramatic increase in scale, and faced E

& structure not yet in place as it ramped up . &

several specific challenges. =

, - Prevented international input in early f;'
With some growing pains, is nonejcheless . stages, and decreased ability for scientific {%

WS

- onatrack for succes, and has builtan ~ collaboration to influence key decisions ==

' international governance structure similar - ;:;

US, but the two are under the same US ‘=
project umbrella =

_ Overall, international contributions are
0($1B), and were viewed as "risk”
" BT, T, 0 TS
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« LBNF/DUNE:

N

- Dramatic increase in scale, and faced

.. Recommendation:
several specific challenges.

~ DOE and NSF should convene a task force to

With some growing pains, is nonetheless - , A%
. ' study and recommend project management =~
on a track for succes, and has builtan -, , - —
. . . . - and oversight procedures that facilitate and ‘=
international governance structure similar - D , : v
i . - cultivate international and inter-agency  ——
to the LHC experiments. ‘ , , - .-
Ly 5 e R 4 partnerships on large scientific research - —
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Can we achieve a “global” collaboration?

* How has CERN been so successful?
o by default international; organizational structures are natively set up to support this
© manages its own relatively stable budget (and can borrow against future budget)
o able to streamline the process of visas and residency for international visitors

e Inthe US:

o international participation is often seen as a type of “risk” — must be prepared to compensate if
they don't deliver

o budget is set year-to-year (at best!)
O visa processes, lab access, lab housing can all be unreliable

22



|s the US a reliable partner?

e Being areliable partner is essential to international collaboration.
o The U.S. has not always been viewed as a reliable partner.
o Such perceptions can be an obstacle to consideration of the U.S. as a partner of choice.

o We find that this issue arises largely because of inadequate communication between U.S. decision
makers and international partners.

o Some historical incidents giving rise to the view that the U.S. not a reliable partner:
© 1993 - termination of the SSC
© 2003 - termination of the CDF & DO silicon tracker upgrade projects
o 2005 - termination of BTeV

5 2008 - termination of the SLAC B-factory program Nonetheless, respect for technical abilities
o 2011 - decision not to extend Tevatron running and scope that US can carry out means that
we're still sought-after partners.

23



|s the US a reliable partner?

e Finding: Being a reliable partner is essential to international collaboration, and especially to hosting
international partnerships.

o Recommendation: Discuss and communicate with international partners before making decisions
that affect partners. Seek ways to mitigate the impact of necessary U.S. decisions on internationa
partners.

e Finding: The uncertainty of the annual U.S. appropriations process is an impediment to good
international partnership, whether the partnership’s project is hosted in the U.S. or abroad. Continuity of
funding is especially important for U.S.-hosted experiments in both the construction and operations
phases because of its importance to international partners.

o Recommendation: Stakeholders in the U.S. executive branch and in Congress should understana
the negative consequences — both immediate and long term — of abrupt reductions in funding,
including the negative impact on international partners.
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Awelcoming environment is critical

* The host laboratory has a special responsibility to provide an environment that encourages
and supports international collaboration.

o Facilities for international collaborators, e.q., offices and onsite accommodation
o Support for visas
o Unhindered access to the laboratory.

o Fellowship and associate programs, accessible to collaborators independent of background and
nationality

o Avibrant community that encourages cross-topic communication

e The principles of equity, diversity, and inclusion should govern the policy of both the
host laboratory and the international collaboration.
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Workforce

Key finding: Attracting, inspiring, training, and retaining a
diverse workforce is vital to the success of all particle physics
endeavors and more broadly to U.S. science and technology. A
robust particle physics workforce will both leverage and be
representative of the diversity of the nation.

Key Recommendation: Explore frontier science using cutting-
edge technologies to inspire the public and the next generation
of scientists while opening new pathways to diversify the
workforce and realize the full potential of the field.
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Workforce

LLLL

2014 2015 2018 2019 2020
YEAR OF GRADUATION

80%

60%

40%

20%

M % MEN © % WOMEN

100%

80%

60%
40%
20%
-~ — o e B -

2014 2015 2018 2019 2020

W% WHITE % ASIAN [ % HISPANIC OR LATINO " % BLACK OR AFRICAN AMERICAN

% NATIVE AMERICAN % MORE THAN ONE RACE % OTHER % NOT REPORTED

Demographics of particle physics PhD recipients

>

o

o

m

PhD Institution for Accelerator Physicists

Cornell University
65

Indiana University
45

Stanford University
21

Stony Brook University
27

University of Maryland
15

Northern lllinois University
26

UCLA
26

University of Colorado
6

University of Chicago
6

UC Berkeley
6

Duke University
6

Old Dominion University
6

M University of Tennessee
4

N University of New Mexico
4

0 Michigan State University
4

P UT Austin
3

Q MIT
4

R Florida State University
2

S Carnegie Mellon University
2

T UC Irvine
2

U University of Mississippi
2

V Other
14
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The best thing you can do for workforce overall... | " 7>

Finding: Frontier large-scale research facilities offer the most
comprehensive method of answering fundamental questions while
exciting and inspiring a whole new STEM workforce.

. . T AR T e W
el T T rr

¢ Recommendation: A next-generation international flagship particle physics facility
~  based in the U.S. would attract a whole new generation of scientists while boosting

5 opportunities to train students and sustain a leading scientific workforce. The U.S. should
not wait until DUNE is commissioned to embark upon its next major particle physics
initiative but should move quickly to intensify its R&D program with the aim of

accelerating progress in this direction to enable a timely decision.




In conclusion...

Frontier research in particle physics necessitates international collaboration and cooperation. The
combined expertise and resources from nations around the world enable discoveries and
technological advances impossible to achieve by any single nation. It is the global particle
physics program that collectively addresses the burning scientific questions across the

breadth of the field.

To be a leader in particle physics, the US must also be a
leader in global collaboration.
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