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U.S. Administration and Congress have supported the P5 Plan

Spawned numerous U.S. International agreements
* U.S. - CERN Agreement, May 2015

* UK - U.S. Science & Technology Agreement, Sep 2017
* DOE-DAE Project Annex Il on Neutrino Research, Apr 2018
* U.S. - ltaly Neutrino Agreement, Jun 2018

=

......... CERN — FNAL HL LHC Agreement, Mar 2021

* U.S. - CERN FCC and HL-LHC Agreement, Dec 2020
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HEPAP 2019 Assessment on P5 Plan Progress

Year-long evaluation of progress, halfway into plan’s decadal horizon
» Status of the implementation of the P5 vision
 Status of the science drivers in 2019

* Checks and balances in carrying out the plan

Criteria for Evaluation

* Realization of science impact

* Engagement of global partners
* Sustained productivity - science results and construction of projects
* Balance of project scales

Balance of components: research, operations, & projects

HEPAP Assessment of Progress on 2014 P5 Report
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In2019, y gh the 10-year icplan
for U.S. particle physics presented in the 2014 report
of the Particle Physics Project Prioritization Panel
(P5), the High Energy Physics Advisory Panel
(HEPAP) evaluated the plan’s implementation.The
review concluded that the U.S. Department of
Energy (DOE) and National Science Foundation
(NSF) have successfully carried out the first five
years of the plan, which focused on construction
of experimental facilities. Going forward, reviewers
said, it will be important to fully support plans for
operating those facilities and provide adequate
research support to the particle physics community
for carrying out the remainder of the plan and
achieving its scientific goals.

The 2014 P5 report,“Building for Discovery: Strategic
Plan for U.S. Particle Physics in the Global Context,”
presented a 10-year strategic plan for U.S.High
Energy Physics (HEP).The plan emphasized the
global nature of particle physics and recommended
construction of projects both large and small,
including a new international facility in the U.S.to
study the nature of neutrinos.These projects would
push the field forward by advancing discovery
science in five intertwined areas of science that drive
progress in the field.

Last year, HEPAP evaluated the implementation of
this report to date.The panel heard presentations
on the current High Energy Physics science
landscape, including developments in each of the
P5 science drivers; the status of each project; and
how the agencies have been executing the plan.

The assessment concluded that:

» The five P5 science drivers continue to describe
the most urgent questions in our field.

» The DOE and NSF have closely followed the advice
given in the P5 Report and have been successfully
executing the plan. All the projects in the plan are

https://science.osti.gov/-/media/hep/hepap/pdf/Reports/HEPAP-Assessment-of-Progress-on-2014-P5-Report-(2020).pdf

underway, with some projects nearing completion
and the rest proceeding in a timely fashion. This
suite of projects is expected to yield exciting
discovery science for the next decade.

v

Thanks to generous DOE Office of Science budgets,
construction of the Long-Baseline Neutrino Facility
and Deep Underground Neutrino Detector is
farther along than envisioned by P5.Timely
construction of this international facility is critical
to achieving our national priorities.

» While investments over the past 5 years have
focused on project construction, it will be
fundamentally important to balance the
components of the HEP budget to continue
successful execution of the P5 plan. Operations
of the newly constructed experiments require full
support to reap their scientific goals.The HEP
research program also needs strong support
to fully execute the plan, throughout the
construction, operations,and data analysis phases
of the experiments, and to lay a foundation for
the future.
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JoAnne Hewett
Chair, High Energy Physics Advisory Panel

On behalf of the members of HEPAP:

—Timothy Alan Bolton
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—~Rohini Godbole
—Jordan Goodman
—Michael Hildreth
—Kent Irwin
—Donatella Lucchesi
—Alysia Marino
—Meenakshi Narain
—Fulvia Pilat
—Soren Prestemon
—Patrizia Rossi
—Michael Syphers



2019 HEPAP P5 Assessment Conclusions

Five science drivers continue to describe
the most urgent questions in our field

DOE and NSF have closely followed the
advice given in the report and have been
successfully executing the plan

LBNF/DUNE construction is further along
than envisioned by P5 thanks to generous
DOE Office of Science budgets. Timely
construction is critical to achieving our
national priorities

While investments over past 5 yrs have
focused on construction, it will be important
to balance the components of the HEP
budget to continue successful execution of
the plan. Operations of newly constructed
experiments require full support to reap their
scientific goals and HEP research program
needs strong support to fully execute the
plan.



P5 Plan in 2022: 8 yrs into the Plan

Particle Physics Experiment Timeline

Current Dark Energy Experiments
Current Dark Matter Experiments
t LHC Experiments

Current Neutrino Experiments

Small Experiments

ATLAS & CMS Upgrades
LSS

DESI

Mu2e

LZ
SuperCDMS-SNOLAB

HL-LHC Detector Upgrades

HL-LHC Accelerator Upgrades

LBNF/DUNE

PIP-11

CMB S4

P5 projects report card

8 Projects have been completed (and transitioned to
commissioning & operations)

* Belle-2, Muon g-2, Phase | ATLAS, Phase | CMS

« CD-4in 2020: DESland LZ

* CD-4in 2021: FACET-Il and LSSTCamera

4 Projects at CD-2/3 (Baseline/Construction)
 HL-AUP, Mu2e, PIP-Il, Super-CDMS

3 Projects at CD-1 (preparing for baseline)
« HL-ATLAS, HL-CMS, LBNF/DUNE

1 Project at CD-0
« CMB-S4

ILC

OGhAAHAHRBCC

Broad portfolio of small projects from R&D phase to operations

The science drivers
( & Analysis

‘ Fabrication/
Construction
Use the Higgs Pursue physics Identify the new Understand dark Explore the a
Boson as a tool associated with physics of dark energy and unknown e Deian 5
for discovery neutrino mass matter inflation




Dec. [deg]

Stats for the 20220228 night
0.03

Moon illumination:

32 DARK tiles completed

10?

10

Counts

107!

Reaping Science from Recently Completed Projects

DESI

Main/DAR7Ks;’ 1798/9929 (=18%) completed tiles up to 20220228

Footprint coverage to date

Brookhaven
result

Fermilab :

result

—e

—

RS

Experiment
Average

T T

205 210 215

138 fb' (13 TeV)
T
t

wZ_ .-

i Vector bosons
¢ 3 generation fermions
¢ 2" generation fermions

SM Higgs boson

R.A. [deg] =7 7 3 0.01 0.01
F Belle I 2018 e Data —_—
F f Ldt = 276 pb™ % Standard Model
I 3 Prediction
ete— nwrui(y)
ete— T'T(Y) . 3 T Y T T
3 inibienale 176 180 185 19.0 195 20.0
i o an 9
a,x10 - 1165900
; 1 1 1 1 1 bl | 1 1
(o] 1 2 3 4 5 6 z 2
CMS
T T T m| E>lp ETO_
[ ATLAS Run2 - [ mMu=125.38 GeV
= e e
T % «.is afree parameter w T —_
E rediction = o
? SM predicti ; é_lf b
o [
3 e o 3 102
- ve [ .
—/// el = = 1o :
E Force carriers Higgs boson Eu -
c . (ol AR [+ L
S ZESETUEE S S LSS eSS
E 1 1074 k.,
- I/ 4 (% 1.4
F I E 1.2F
o i i g i 1 ‘g 1.0
l“..ll/ AT Ll M| = § 0'87‘
10’( 1 10 102 06

Particle mass [GeV]

10 10?2
Particle mass (GeV)

WIMP-nucleon og; [em®]

Events / 100 MeV

20.0 S data/> pred = 0.86 + 0.06 (sys) = 0.19 (stat)
17.5. MicroBooNE 6.67 x102° POT

15.0

12,5

10.0

¢ Data (25)

CC v, (25.8)
Fitted
Background (3.2)
Pre-Constraint
Prediction

LEE (11.6)

. Constrained
Uncertainties

Data/Pred
QOMKNNW

600
E, [MeV]

800

A

“1200

'
IS
»

PR | L s PR

I\ VYT

\

10°

=]

10°

WIMP Mass [GeV/c?]

FACET-If beam diagnostics




New DOE Programs/Initiatives since P5: Science is Dynamic!

Opportunities for

New programs as envisioned by small projects portfolio in 2014 P5 report DOE National Laboratory-led
QuantISED Experiments

* Quantum Information Science
*  QuantISED program
* 5 DOE National QIS Research Centers with strong HEP participation

» Artificial Intelligence/Machine Learning

* Emergent new program
DMNI BRN oz |
« Dark Matter New Initiatives
* R&D Funded for 6 novel small-exp’t concepts e
& . X X L L O O O
* 3 Priority Research Directions identified in 2018 il FL U O VU AL VUL TR R

* There is more to Dark Matter than WIMPS!

esearch Needs for

Bastc R &
Microelectronics

Microelectronics

« RENEW




How do we know the time is right for a new strategic plan?

AT s e T _ | Healthy HEP program requires a mix of project stages

2015 i 2016 | 2017 i 2018 | 2019 ] 1220228112023 #2024}

Current Dark Energy Experiments r

RIPIR RIRIEIE

Current Dark Matter Experiments k

Current LHC Experiments

Current Neutrino Experiments

Small Experiments
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Today’s projects lead to tomorrow’s

HL-LHC Detector Upgrades

HL-LHC Accelerator Upgrades

science
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The science drivers Operation
( & Analysis
k Fabrication/

Construction

Use the Higgs Pursue physics Identify the new Understand dark Explore the
Boson as a tool associated with physics of dark energy and unknown
for discovery neutrino mass matter inflation

Conceptual &
Technical Design




2020’s U.S. Strategic Planning Timeline

Process Description

2020 2021 2022 2023
JFMAMIJ JASONDIJFMAMIJ JASONDIJFMAMIJ JASONDIJFMAM]

NSB HL-LHC MREFC Decision

European Strategy Process

NAS Astro2020 Survey

APS/DPF Snowmass Process

~ {Report
| Writing

NAS EPP Decadal Survey

P5 Process

Community
Input Phase

JFMAMIJ JASONDIJFMAMIJ JASONDIJFMAMIJJASONDIJFMAM)
2020 2021 2022 2023

There are a lot of moving parts and pieces!




European Particle Physics Strategy: 2020 Update

Implementation of strategy should proceed in strong collaboration with global partners and neighbouring fields

Chaired by Halina Abramowicz Other essential scientific activities for particle physics

High-priority future initiatives « Experiments in diverse areas that offer potential
high-impact particle physics programmes at

* Ramp up R&D effort on advanced accelerator o
laboratories in Europe should be supported

technologies
« Continue to vigorously support a broad programme

* Investigate technical and financial feasibility of future . .
of theoretical research covering the full spectrum of

hadron collider @ CERN > 100 TeV . .
particle physics

« e+e- Higgs and EW factory as a possible first stage .
* Detector R&D programmes and associated

Synergies with neighbouring fields infrastructure should be supported

* Explore boundary between particle and nuclear « Develop computing and software infrastructures
* Synergy with particle and astro-particle Environmental and societal impact discussed
Organizational structures and relationships discussed » Early-career, communication, technology transfer,

travel




International Benchmarking HEPAP Subpanel

A core tenet of the 2014 P5 Report is that particle physics is fundamentally a global enterprise
Co-chaired by Bonnie Fleming and Patty McBride

Charge Summar
ge ou Y CANTHE U.S. COMPETE

«  How can the U.S. particle physics program maintain critical international in Basic Energy Sciences?
CRITICAL RESEARCH FRONTIERS AND STRATEGIES

cooperation in an increasingly competitive environment for both talent and B
resources?

« |dentify key areas where the U.S. currently has, or could aspire to, leadership
roles in HEP via its unique or world-leading capabilities, or leading scientific and
technical resources.

» How can programs and facilities be structured to attract and retain talented
people?

Report due at Fall 2022 HEPAP meeting
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U.S. HEP Strategic Planning Process: Astro Decadal Survey

Astronomy & Astrophysics Decadal Survey: 2020-2021
* NCR & NAS

Astro2020 Process
* Chaired by Fiona Harrison & Robert Kennicutt
community science community APC
* Report released Nov 21 white papers white papers
(573) (294)
Science Panels (6) Program Panels (6) SoPS| Panel
frontier questions project assessments as;sesg, R 0(:
discovery areas (science, technical, cost, risk) prolession, provide

actionable advice

SCIENCI;Zx L gﬁaﬂ&?ﬁgﬁngDICINE
Pathways to Discovery in Astronomy

and Astrophysics for the 2020s : :
_ Steering Committee

y 5
Ya "

assimilate panel reports, address cross-cutting areas
integrate science program, identify key strategic questions,

b saadesl Lo prioritized investment strategy within budget guidelines




Realizing the Astro2020 Program:
Pathways From Foundations to Frontiers

Worlds and Suns in Context « Pathways to Habitable Worlds

« New Messengers and New Physics * New Windows on the Dynamic
Universe

» Unveiling the Drivers of Galaxy Growth

» Cosmic Ecosystems

Build the Foundations Guiding Principles
« Expand grants to bring science and ideas to fruition « Balance the portfolio
+ Develop and diversify the scientific workforce
« Support data archives and curation
« Bolster theory underpinnings
» Advance crucial laboratory measurements + Nurture sustainability
« Expand support for early-stage and basic technology development
« Promote scientific literacy and engage the public

« Broaden and optimize the science

« Advance diversity and equity

ase‘a'aoeds
P
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NAS Study on Elementary Particle Physics: Progress and Promise

Setting a vision for the field of Elementary Particle Physics

Co-chaired by Maria Spiropulu and Michael Turner

Charge

|ldentify the fundamental questions in particle physics that could motivate research in the next
decade and beyond, irrespective of tools and techniques to address them

Distinguish which of these questions could be addressed with available experimental and theoretical
tools in the coming decade and which could require new techniques or approaches

Suggest technical research areas that could provide particle physics with new tools needed to enable
new techniques and approaches

Suggest different ways of thinking and alternative approaches from other areas of science that could
be incorporated into and benefit the overall particle physics enterprise

14



Snowmass is critical piece of U.S. strategic planning

Unique, key elements of Snowmass

 Community driven ]
Snowmass results guide the

direction of the field and are the
scientific input to the next P5

* Science driven

* Everyone can contribute

* Full coverage of the field
* Vision of what could be

* Brings science communities together

2013 Community

Summer Study

* Brings different generations of researchers together 05 Pariel Phyin

Proceedings, 2005 International Linear Collider Physics and Detector Workshop and 2nd

» Defines key scientific questions and approaches

1984 DPF Summer Study on the Design and Utilization of the Superconducting Super Collider (SSC) (Snowmass 84) Proceedings of the 1996 DPF/DPB Summer Study

23 June-13 July 1984. Snowmass, CO, United States (C84-06-23)

on New Directions in High-energy Physics

SNOWMASS 2001

Part of the SNOWMASS series Workshop on B Physi

Note: CN changed to QCD184:57:1984 (SSC), and back to follow Snowmass series at Hadron Acceleral

Physics of the Superconducting Supercollider: Proceedings, 1986 Summer Study, June
23 - July 11, 1986, Snowmass, Colorado

the future of particle ph L
High-energy physics in the 1990s. Proceedings, Summer Study, Snowmass, USA, June 27 Gl o Rt g
R..Donaldsen (LBL, Berkeley)(ed.), J.N. Marx (LBL, Berkeley)(ed.) - July 15, 1988

1986 Proceedings of Snowmass 2001

n (SLAC)(ed.)
770 pages Snowmass Village, Colorado

Contribution to: Snowmass '86 Summer Study on the Physics of the Superconc June 30--July 21

Published: 1988 in New York by American Institute of Physics



How to Snowmass®: These 10 days will be very busy!

Snowmass is finally here! Do’s

Much has been accomplished over the last 2 years « Reach outside your sphere of knowledge!

¢ Much, much, much work has been done! * Learn something new!

« Studies are 99% complete  Meet somebody new!

*  Whitepapers are written « Attend meetings outside of your own frontier!
« Talks have been given * Participate as fully as humanly possible!

* Learn to appreciate the full breadth and wonder of HEP!

Seattle Snowmass 2022 Home indico Logistics v Links w About w Code of Conduct [ Discuss Versus presentation!
i 38 {-1
5 ! Pt
==

* Be cognizant of the folks that are attending virtually!

- Seattle Snowmass Summer Study2022
July 17-26, 2022 in Seattle 'ﬁ"?ﬁ::

.
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We are one community - we speak with one voice that
represents all
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